
Mir wurde  heute,  den 03.08.2023,  ein Video des  inzwischen leider  verstorbenen  Dr. Rashid Buttar 
zugespielt, das ich noch nicht kannte. Es scheint älter zu sein und wurde bereits durch Reuters und Co. am 
11.05.2020 erwartbar als FakeNews diskreditiert.

Aber ist die Begründung eines Reuters-Faktencheck korrekt oder selbst FakeNews?
https://www.reuters.com/article/uk-factcheck-coronavirus-patent-idUSKBN22M0SW

„Das  Video  enthält  eine  Einführung  von  Dr.  Rashid  Buttar,  einem  in  den  USA ansässigen  Osteopathen,  dessen  Videos  
Kontroversen  ausgelöst  haben,  weil  sie  verschwörungsähnliche  Behauptungen  enthalten,  gefolgt  von  mehreren  
gesundheitsbezogenen Behauptungen und angeblichen Beweisen dafür, dass alte Viruspatente belegen, dass der neue Ausbruch  
den Pharmaunternehmen Jahre im Voraus bekannt war. […] 

Die zentrale Behauptung des Videos ist, dass alte Patente zeigen, dass dieses Virus seit Jahren irgendwie verborgen oder  
bekannt war. Das Video präsentiert zwei bereits existierende Patente für das Virus als Beweis dafür, dass hinter der aktuellen  
Pandemie eine Verschwörung steckt. Im Video werden zwei Patente für dieses Coronavirus vorgestellt - das amerikanische  
Patent  "US2006257852"  und  das  europäische  Patent  "EP3172319B1"  (später  als  "EP3172319A1"  ausgewiesen).  Die  
aufgeführten Patentnummern sind tatsächlich echt, aber sie beziehen sich auf SARS, das durch SARS-CoV (oder SARS-CoV-1)  
verursacht wird, und nicht auf COVID-19, das durch SARS-CoV-2 verursacht wird. Sie können öffentlich über Google  hier 
(US2006257852A1 ist ein Synonym für das Patent US2006257852,  hier ),  hier und hier eingesehen werden. In beiden wird  
"SARS-CoV" mehrfach erwähnt, nicht aber "SARS-CoV-2", der neue Stamm, der COVID-19 verursacht.

Das Pirbright-Institut, das im Video als Inhaber des europäischen Patents erwähnt wird, hat sich die Finanzierung durch die  
Bill & Melinda Gates Foundation gesichert, die es auch als  Hauptakteur aufführt (hier). Die Patentanmeldung erfolgte  
weder  im Verborgenen noch war  sie  Teil  einer  Verschwörung,  da  sie  sich  auf  einen  völlig  anderen  Virusstamm bezog.“ 
GoogleTrans.

Was Reuters indes ungewollt zeigt, ist die Bezeichnung „CoV“ und setzt man nun das Wort „COVID-19“ korrekt 
um, so lautet es plötzlich passender „CoVID-19“ oder „CoVid-AI“.

Sicherlich „Spielerei“ oder „Zufall“. SARS-CoV-n war wohl die korrekte Bezeichnung, denn man wußte früh, daß 
es „Varianten“ geben  wird. Besser bekannt  als  „Mutationen“.  Müßig fortdauernd auf die Aussagen von Gates, 
Fauci und Drosten eingehen zu müssen, daher versuche ich es mit weiteren Patenten, die Reuters wohl nicht finden 
wollte.

Ein Laie sollte keine Studien oder Patente erklären müssen und das möchte ich auch nicht. Allerdings finde ich, so  
ich nicht irre, im US-  Patent   7.452,542 B2   der Vanderbilt University, vom 18.11.2008 das Spike-Protein.

Interessanter scheint hierzu das  AU-Patent 2004230485 B2 zu sein und es gibt weitere, sehr viel ältere Patente, 
wie wir durch Dr. David Martin wissen. Letzterer sprach im Mai 2023 vor dem EU-Parlament von einer Biowaffe.

„Im Jahr 2003 wurde in Hongkong, China und einer Reihe anderer Länder auf der ganzen Welt ein Ausbruch eines virulenten  
Atemwegsvirus festgestellt, der heute als schweres akutes respiratorisches Syndrom (SARS) bekannt ist. Die Patienten hatten  
typischerweise Symptome wie Fieber und Trockenheit Husten, Atemnot, Kopfschmerzen und Hypoxie. Isolate des SARS-Virus  
scheinen zumindest mit dem RNA-Polymerase-Gen mehrerer bekannter Coronaviren homolog zu sein. Eine phylogenetische  
Analyse dieser Homologie wird in Peiris et al., "Coronavirus as a Mögliche Ursache des schweren akuten respiratorischen  
Syndroms", Lancet, […], auf die hier vollumfänglich Bezug genommen wird.

Andere sequenzierte Fragmente des Genoms des SARS-Virus scheinen sich mit dem offenen Leseraster lb von Coronaviren  
zu  überlappen.  Siehe  Drosten et  al.,  „Identification  of  a  Novel  Coronavirus  in  Patients  with  Severe  Acute  Respiratory  
Syndrome“, New England Journal of Medicine, hierin durch Bezugnahme aufgenommen in seiner Gänze.“

https://patents.google.com/patent/US20060257852A1/en?oq=US2006257852
https://patents.google.com/patent/AU2004230485B2/en
https://www.nejm.org/doi/full/10.1056/nejmoa030747
https://www.nejm.org/doi/full/10.1056/nejmoa030747
http://image.tlhelancet.com/extras/03art3477web.pdf
http://image.tlhelancet.com/extras/03art3477web.pdf
https://patentimages.storage.googleapis.com/64/16/fa/96730b7eef685a/US7452542.pdf
https://patents.google.com/patent/EP3172319A1/en
https://patents.google.com/patent/EP3172319B1/en
https://pubchem.ncbi.nlm.nih.gov/patent/US2006257852#section=Patent-URL
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background

 

The severe acute respiratory syndrome (SARS) has recently been identified as a new
clinical entity. SARS is thought to be caused by an unknown infectious agent.

 

methods

 

Clinical specimens from patients with SARS were searched for unknown viruses with
the use of cell cultures and molecular techniques. 

 

results

 

A novel coronavirus was identified in patients with SARS. The virus was isolated in cell
culture, and a sequence 300 nucleotides in length was obtained by a polymerase-chain-
reaction (PCR)–based random-amplification procedure. Genetic characterization in-
dicated that the virus is only distantly related to known coronaviruses (identical in 50 to
60 percent of the nucleotide sequence). On the basis of the obtained sequence, conven-
tional and real-time PCR assays for specific and sensitive detection of the novel virus
were established. Virus was detected in a variety of clinical specimens from patients
with SARS but not in controls. High concentrations of viral RNA of up to 100 million
molecules per milliliter were found in sputum. Viral RNA was also detected at extremely
low concentrations in plasma during the acute phase and in feces during the late con-
valescent phase. Infected patients showed seroconversion on the Vero cells in which
the virus was isolated. 

 

conclusions

 

The novel coronavirus might have a role in causing SARS. 

abstract
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he severe acute respiratory syn-

 

drome (SARS) was recently identified as a
new clinical entity.

 

1,2

 

 Patients present with
fever, dry cough, dyspnea, headache, and hypox-
emia. Typical laboratory findings are lymphopenia
and mildly elevated aminotransferase levels. Death
may result from progressive respiratory failure due
to alveolar damage.

 

3

 

 SARS appears to be caused by
an unknown infectious agent that is transmitted
from human to human. The World Health Organi-
zation (WHO) had recorded 2353 cases by April 4,
2003. About 4 percent of patients with SARS have
died.

 

4

 

 The SARS epidemic started in Asia, with the
majority of cases occurring in China and the Asia–
Pacific region. The epidemic has spread from Asia to
other continents through international travel. The
WHO has established a network of international
laboratories to facilitate the identification of the
causative agent of SARS. As part of this network,
we have identified and characterized a novel coro-
navirus in patients with SARS. 

 

patients and samples

 

The index patient was a 32-year-old male physician.
From March 3 to 9, 2003, he treated a patient with
atypical pneumonia in Singapore who had arrived
from Hong Kong. On March 9 (day 1) his illness
started with abrupt onset of fever (temperature,
39.4°C), when he was in New York. On day 4, a dry
cough and a sore throat developed, along with
erythema on the trunk. During a stopover in Frank-
furt, Germany, on his flight to Singapore, he was
transferred to an isolation unit at the Frankfurt Uni-
versity Hospital with suspected SARS (day 7). He had
hypoxemia (partial pressure of oxygen in arterial
blood, 59 mm Hg) and required oxygen supple-
mentation. Chest radiography showed worsening
bilateral opacifications. Laboratory abnormalities
included elevated levels of aspartate aminotrans-
ferase (46 U per liter) and lactate deydrogenase
(478 U per liter) and an elevated maximal C-reac-
tive protein level (30.7 mg per deciliter), as well as
leukopenia and lymphopenia. Convalescence began
on day 10. Treatment involved levofloxacin, vanco-
mycin, imipenem, doxycycline, and oseltamivir.

Two contacts of the index patient (Contacts 1 and
2) were isolated as well. Contact 1, the patient’s
wife, reported a headache after admission (March
15, day 1). Fever (temperature, 38.2°C) and myalgia

developed on day 2. The temperature decreased dur-
ing days 5 and 6, but on day 7 fever developed again
and there were crackles over her lungs, accompa-
nied by dry cough and hypoxemia (partial pressure
of oxygen in arterial blood, 65 mm Hg). Convales-
cence began on day 9. Laboratory abnormalities in-
cluded a maximal C-reactive protein level of 1.5 mg
per deciliter, leukopenia, and lymphopenia. Ther-
apy comprised erythromycin and ceftriaxone.

Contact 2, the mother of Contact 1, had head-
ache and myalgia on March 13 (day 1) and sore
throat and fever (temperature, 38.2°C) on day 2. Fe-
ver disappeared on day 3. She reported burning pain
in the eyes on days 4 and 5. There were no patholog-
ic findings on chest radiography. Pathologic labo-
ratory findings included a maximal C-reactive pro-
tein level of 9.9 mg per deciliter, an increase in the
aspartate aminotransferase level to 154 U per liter,
and an increase in the lactate dehydrogenase level
to 319 U per liter between days 9 and 16. Therapy
involved imipenem, levofloxacin, doxycycline, and
oseltamivir.

A total of 49 specimens from 18 patients with
suspected or probable SARS, according to the WHO
case definition, and from 21 healthy contact per-
sons were sampled between March 5 and March 27,
2003, during the SARS epidemic in Hanoi, Viet-
nam.

 

2

 

 A total of 54 stool samples from patients in
Germany were available as controls.

 

microbiologic and virologic testing for 
typical and atypical respiratory pathogens

 

Respiratory and blood specimens from the patients
in Frankfurt were tested by polymerase chain reac-
tion (PCR) with specific primers for 

 

Mycoplasma
pneumoniae, Chlamydia pneumoniae,

 

 human cytomeg-
alovirus, adenoviruses, respiratory syncytial virus,
parainfluenzavirus types 1, 2, 3, and 4, Hendra vi-
rus, Nipah virus, human metapneumovirus, influ-
enzaviruses A and B, rhinovirus, and human coro-
navirus strains OC43 and 229E, as well as with
universal primers for herpesviruses, arenaviruses,
bunyaviruses, enteroviruses, alphaviruses, flavivi-
ruses, filoviruses, and paramyxoviruses. Respiratory
specimens were also tested by antigen enzyme-
linked immunosorbent assay (ELISA) for 

 

M. pneu-
moniae,

 

 influenzaviruses A and B, and respiratory
syncytial virus. Antigen ELISA for legionella species
was performed with urine. Paired serum samples
were tested serologically for 

 

C. pneumoniae

 

 (IgA and
IgG), 

 

C. trachomatis

 

 (IgA and IgG), 

 

C. psittaci

 

 (IgG),

t
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M. pneumoniae,

 

 

 

Coxiella burnetii,

 

 influenzaviruses A
and B (IgG and IgA), dengue virus (IgG and IgM),
measles virus (IgG and IgM), hantaviruses, adeno-
viruses, parainfluenzavirus types 1, 2, and 3, and
respiratory syncytial virus. 

Electron microscopy was performed with nega-
tive staining of respiratory and blood samples. In
addition, cells in bronchoalveolar-lavage fluid were
analyzed with the use of ultrathin sections embed-
ded in Epon and LR Gold resins. Vero, Madin–Derby
canine-kidney, and A549 cells were inoculated with
respiratory and blood specimens from all three pa-
tients and grown under biosafety level 3 or 4 condi-
tions.

 

rna extraction

 

Sputum samples were shaken for 30 minutes with
an equal volume of acetylcysteine (10 g per liter)
and 0.9 percent sodium chloride. The resulting ho-
mogenate, native body fluids, resuspended swab
samples (in 1 ml of phosphate-buffered saline), or
tissue-culture supernatant was extracted with a viral
RNA kit (QIAamp, Qiagen; elution volume, 60 µl).
Stool specimens were extracted with the QIAamp
stool kit (Qiagen).

 

random reverse-transcriptase–pcr 
procedure

 

A volume of 2 µl of RNA solution was analyzed with
a random reverse-transcriptase (RT)–PCR assay. The
Superscript II platinum 

 

Taq

 

 polymerase one-step
RT-PCR kit (Invitrogen) was used for the reaction
(20 µl total volume). Reactions contained 10 µl of
buffer concentrate, 2 mM of magnesium sulphate,
0.8 µl of enzyme mixture, and 1.9 µM of each of two
primers. Fifteen primer pairs were used. Some of the
primers contained degenerate positions, and most
had a thymidine residue at their 3' ends to allow
DNA polymerase to work in spite of incomplete
nucleotide matches at the ends of the primers.

 

4

 

The primers were originally designed to target the
genome of yellow fever virus strain 17D and the
polymerase gene of Paramyxoviridae. Thermal cy-
cling comprised 42°C for 30 minutes; 95°C for
3 minutes; 10 cycles of 95°C for 10 seconds, 55°C
for 15 seconds (decreasing by 1°C per cycle), 72°C
for 40 seconds; 40 cycles of 95°C for 10 seconds,
56°C for 10 seconds, and 72°C for 40 seconds. Prod-
ucts were analyzed on a 1 percent agarose gel, gel-
purified, and reamplified with the use of the corre-
sponding primers but without degenerate positions.

Products were sequenced with the use of a didesoxy
terminator sequencing reaction (BigDye termina-
tor reaction mix, Applied Biosystems) and an auto-
mated DNA sequencer (model 3100, Applied Bio-
systems).

 

rt-pcr specific for the novel coronavirus

 

For diagnostic RT-PCRs, the Superscript II platinum

 

Taq

 

 polymerase one-step RT-PCR kit was used. De-
tails of the procedures are summarized in Table 1.
An RNA standard transcribed in vitro was generat-
ed by amplification of the target region with primers
BNIoutS2 and BNIoutAs. The fragment was cloned
and transcribed into RNA in vitro, essentially as de-
scribed elsewhere.

 

5

 

sequence and phylogenetic analysis

 

We searched for homologies to known sequences
using the nucleotide or translated data base of the
Basic Local Alignment Search Tool (BLAST) at http:
//www.ncbi.nlm.nih.gov:80/BLAST/. Phylogenetic
analysis was performed with the use of the Phyloge-
ny Inference Package (PHYLIP), version 3.57c.

 

6

 

microbiologic testing for common 
pathogens

 

A large number of tests for known respiratory
pathogens were performed with specimens from all
three patients in Frankfurt. The test results were
negative, except as follows.

Paramyxovirus-like particles were seen in throat
swabs and sputum samples from the index patient
by electron microscopy. The particles were scarce.
However, several PCR tests specific for virus species
of the family Paramyxoviridae were negative (includ-
ing tests for human metapneumovirus), as were
PCR assays based on primers designed to react
broadly with all members of that family. 

 

C. pneumoniae

 

 was not detected by PCR or antigen
ELISA in sputum of the index patient from day 9.
However, on day 11, electron microscopy of cells in
a bronchoalveolar-lavage specimen from the index
patient showed a severe intracellular bacterial infec-
tion, and the bronchoalveolar-lavage cells reacted in
immunofluorescence analyses with a monoclonal
antibody directed against 

 

C. pneumoniae

 

. Consistent
with this finding, there was an increase by a factor
of four in the 

 

C. pneumoniae

 

 IgA titer in the index pa-
tient between day 10 and day 13. 

results
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* Sequence was communicated through the World Health Organization’s SARS etiology network by colleagues from the Centers for Disease Control 
and Prevention (CDC).

† Formulation was included in the Superscript II reverse transcriptase (RT)/platinum 

 

Taq

 

 polymerase one-step RT-PCR kit (Invitrogen).
‡ Formulation was supplied with platinum 

 

Taq

 

 DNA polymerase (Invitrogen).
§ Formulation was supplied by Sigma.
¶Fluorescence was measured with the Roche LightCycler, F1 detection channel, and the Applied Biosystems 7000 SDS machine, FAM detection 

 

channel without passive reference dye.

 

Table 1. Primers and Protocols for Diagnostic Polymerase-Chain-Reaction Assays.

Protocol
No. Oligonucleotides Target and Fragment Length

 






















 

Reagent Formulation Thermal Cycling Profile

 

1

 

IN-2*

 

ggg TTg ggA CTA TCC 
TAA gTg TgA

 

IN-4*

 

TAA CAC ACA AAC 
ACC ATC ATC A

CDC fragment
452 bp

10 µl 2¬ reaction buffer†

2.45 mM magnesium sulfate†
500 nM each primer
0.4 µl reverse-transcriptase/

 

Taq

 

 DNA polymerase 
mixture†

2 µl RNA
20 µl total volume

45°C, 30 min
95°C, 3 min
10 cycles of

95°C, 10 sec
60°C, 10 sec (decrease 

by 1°C per cycle)
72°C, 30 sec

40 cycles of
95°C, 10 sec
56°C, 10 sec
72°C, 30 sec

2

 

IN-6*

 

ggT Tgg gAC TAT
CCT AAg TgT gA

 

IN-7*

 

CCA TCA TCA gAT AgA
ATC ATC ATA

CDC fragment
440 bp

3

 

BNIoutS2

 

ATg AAT TAC CAA
gTC AAT ggT TAC

 

BNIoutAs

 

CAT AAC CAg TCg 
gTA CAg CTA

BNI-1 fragment
189 bp

4

 

SAR1S

 

CCT CTC TTg TTC 
TTg CTC gCA

 

SAR1As

 

TAT AgT gAg CCg 
CCA CAC Atg

CDC fragment 
nested PCR 
for protocols 1 and 2

121 bp

 















 

5 µl 10¬ reaction buffer‡
200 µM dNTP
2.5 mM magnesium chloride‡
200 nM each primer
1.25 units platinum 

 

Taq

 

 
polymerase‡

1 µl PCR product from previ-
ous round

50 µl total volume

95°C, 3 min
10 cycles of

95°C, 10 sec
60°C, 10 sec (decrease 

by 1°C per cycle)
72°C, 20 sec

20 cycles of
95°C, 10 sec
56°C, 10 sec
72°C, 20 sec

5

 

BNIinS

 

gAA gCT ATT CgT
CAC gTT Cg

 

BNIinAs

 

CTg TAg AAA ATC
CTA gCT ggA g

BNI-1 fragment 
nested PCR for protocol 3

108 bp

6

 

BNITMSARS1

 

TTA TCA CCC gCg
AAg AAg CT

 

BNITMSARAs2

 

CTC TAg TTg CAT 
gAC AgC CCT C

 

BNITMSARP

 

6-carboxyfluorescein-
TCg TgC gTg gAT Tgg
CTT TgA TgT-6-
carboxy-

 

N,N,N',N

 

'-
tetramethylrhodamin

BNI-1 fragment
5'-nuclease
real-time
77 bp

12.5 µl 2¬ reaction buffer†
3.6 mM magnesium sulfate†
1 µg bovine serum albumin§ 
240 nM probe
200 nM each primer 
0.6 µl reverse-transcriptase/

 

Taq

 

 DNA polymerase 
mixture†

5 µl RNA
25 µl total volume

45°C, 15 min
95°C, 3 min
40 cycles of 

95°C, 10 sec
58°C, 30 sec

Fluorescence measured 
at 58°C¶
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isolation and characterization
of a novel coronavirus

 

After six days of incubation (on March 21), a cyto-
pathic effect was seen on Vero-cell cultures inocu-
lated with sputum obtained from the index patient
on day 7. Twenty-four hours after a single passage,
nucleic acids were purified from the supernatant.
Random amplification was performed with 15 dif-
ferent PCRs under low-stringency conditions. We
had previously shown that this method is able to
detect unknown pathogens growing in cell culture
(unpublished data). To detect RNA viruses, an ini-
tial reverse-transcription step was included.

About 20 distinct DNA fragments were obtained
and sequenced. The resulting sequences were sub-
jected to BLAST data-base searches. Most of the
fragments matched human chromosome sequenc-
es, indicating that genetic material of the cultured
cells had been amplified (Vero cells are derived from
monkeys). Three of the fragments did not match
any nucleotide sequence in the data base. However,
when a translated BLAST search was performed
(comparison of the amino acid translation in all six
possible reading frames with the data base), these
fragments showed homology to coronavirus amino
acid sequences, indicating that a coronavirus had
been isolated. Two of the fragments were 300 nucle-
otides in length and identical in sequence, and the
third fragment was 90 nucleotides in length (se-
quences BNI-1 and BNI-2, respectively, as reported
on the Web site of the WHO network on March 25)
(Fig. 1A). Detailed sequence analysis revealed that
both fragments were located in the open reading
frame 1b of coronaviruses and did not overlap with
a 400-nucleotide coronavirus fragment identified
by colleagues at the Centers for Disease Control
and Prevention (CDC) (sequence CDC, reported on
the Web site of the WHO network on March 24)
(Fig. 1A).

There were sequences of six coronaviruses of all
phylogenetic lineages (groups 1, 2, and 3) in the se-
quence data base that overlapped with sequences
BNI-1 and BNI-2. All known sequences were only
distantly related to the new sequences (Fig. 1B).
The BNI-1 nucleotide sequence diverged from the
known sequences by between 39 percent (bovine
coronavirus) and 46 percent (porcine epidemic di-
arrhea virus). Such distances are typically found be-
tween different genetic lineages of coronaviruses.

 

7

 

A stable phylogeny was obtained with the BNI-1
fragment, indicating that the isolated coronavirus
segregates between genetic groups 2 and 3 (Fig. 1C).

The novel coronavirus isolate was termed FFM-ic
(for Frankfurt am Main index case).

To compare our isolate with that obtained by the
CDC, a fragment corresponding to the CDC frag-
ment was amplified from the cell-culture superna-
tant and sequenced. Both sequences were 100 per-
cent identical. Next, primers specifically targeting
the BNI-1 fragment and the CDC fragment were
synthesized. With the use of a long-range PCR pro-
tocol,

 

8

 

 a region extending from the CDC fragment
to the BNI-1 fragment was amplified. The obtained
fragment had the expected length of 3 kb. It was se-
quenced from both ends, and the sequences were
found to be identical to the CDC and BNI-1 se-
quences, respectively, demonstrating that the two
sequences were derived from a contiguous RNA
molecule and, thus, from the same virus. Since the
same virus was isolated from two independent cas-
es of SARS, and since there was serologic evidence
of an acute infection with this virus in our index pa-
tient and also in Contact 1 (as described below), it
was considered that the coronavirus might have a
role in causing SARS. Specific diagnostic assays
were therefore established for the detection of the
pathogen.

 

establishment of diagnostic pcr assays 
targeting the bni-1 fragment

 

A nested set of primers was designed within the
BNI-1 fragment (Fig. 1B). The outer set of primers
(protocol 3) (Table 1) detected the virus in clinical
specimens from the index patient and Contact 1,
who also had clinical signs of SARS (Table 2). Ad-
ditional specimens were positive on nested RT-PCR
(protocols 3 plus 5) (Tables 1 and 2). (The avail-
ability of PCR protocols at http://www.bni.
uni-hamburg.de/ was reported to the WHO network
on March 27 and to ProMed mail [an international
e-mail notification service for infectious-disease
outbreaks] on March 30.) To have a practical and
quantitative test, a real-time RT-PCR with a 5'-
nuclease probe was established (protocol 6) (Ta-
ble 1 and Fig. 1B). After optimization with the use
of quantified RNA transcribed in vitro, the assay re-
liably detected 10 copies of RNA per reaction, cor-
responding to 830 RNA molecules per milliliter of
specimen (Fig. 2). The sensitivities of nested and
real-time PCR were equivalent (Table 2). The spec-
ificity of the PCR with outer primers, of the nested
PCR, and of the real-time PCR (protocols 3, 3 plus 5,
and 6, respectively) (Table 1) was tested with the use
of RNA purified from cultures of bovine coronavi-
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rus, avian infectious coronavirus, porcine transmis-
sible gastroenteritis coronavirus, and human coro-
naviruses 229E and OC43. None of the PCR assays
cross-reacted with these viruses — a finding that is
consistent with their considerable genetic differenc-
es from the novel coronavirus.

Quantification of the viral RNA concentration in
clinical specimens from the index patient and Con-
tact 1 by real-time PCR revealed that the highest con-
centration — as high as 100 million copies per mil-
liliter — was present in sputum (Table 2). After
enrichment of virus by ultracentrifugation, viral
RNA was also detected in the serum of the index
patient, indicating the presence of low-level viremia
during symptomatic disease. Both the index patient
and Contact 1 had viral RNA in stool samples ob-
tained during late convalescence, suggesting that
virus may be shed in feces for prolonged periods.
To investigate whether the novel coronavirus was
prevalent in patients in Germany who had gastro-
intestinal symptoms, a collection of 54 stored
stool samples was tested with the use of the real-
time RT-PCR assay. None of the samples tested
positive.

The established PCR assays have also been used
to test respiratory samples from German patients
with symptoms and a travel history compatible with
SARS. So far, 67 samples from 55 patients have been
tested. One patient fulfilling the WHO criteria for
probable SARS was coronavirus-positive on PCR.
PCR protocols, as well as positive control material,
have been made available to laboratories worldwide.

 

testing of a panel of specimens 
from patients from asia with sars 

 

To provide evidence for the hypothesis that the nov-
el coronavirus is associated with SARS, further spec-
imens from patients with probable and suspected
SARS, as well as healthy contacts of patients affected
by the SARS epidemic in Hanoi, Vietnam, were test-
ed by nested PCR assays targeting the CDC and
BNI-1 fragments (protocols 2 plus 4 and 3 plus 5,
respectively) (Table 1). The prevalence of the virus
was 100 percent among patients with probable cas-
es of SARS and 23 percent among those with sus-
pected cases of SARS, whereas virus was not detect-
ed at all in the healthy contacts (Table 3). These
preliminary data may point to an association be-
tween the novel coronavirus and SARS. A total of
15 of the PCR products were sequenced — 7 from
the CDC fragment and 8 from the BNI-1 fragment.
All sequences were 100 percent identical to the cor-
responding CDC and BNI-1 sequences, providing

evidence of an epidemiologic link among these pa-
tients. Furthermore, these findings suggest that the
virus is rather stable genetically. 

 

serologic response

 

The serologic response to the coronavirus was test-
ed by a standard immunofluorescence technique
with serial serum samples from all three patients
and coronavirus FFM-ic–infected Vero cells. Spe-
cific IgG was not detected in serum from the index
patient and Contact 1 until day 9 and day 10, re-
spectively. Thereafter, the IgG titer increased to
1:1500 in the index patient and 1:250 in Contact 1.
No antibody response developed in Contact 2. 

 

Figure 1 (facing page). Genetic Characterization of the 
Novel Coronavirus. 

 

Panel A shows a schematic representation of coronavi-
rus genome organization (with bovine coronavirus, ac-
cession number NC_003045, as an example). Genes are 
depicted by brown arrows pointing in the direction of 
translation. Vertical arrows indicate the genomic location 
of the sequence fragments of the novel coronavirus 
found by the CDC and in our study (BNI-1 and BNI-2). 
UTR denotes untranslated region, orf open reading 
frame, NS nonstructural protein, HE hemagglutinin-
esterase glycoprotein, S spike glycoprotein, E small 
membrane gene, M membrane glycoprotein, and 
N nucleoprotein.

The top part of Panel B shows the nucleotide-sequence 
alignment of fragment BNI-1 with known coronaviruses. 
The lower part of Panel B shows the amino acid–sequence 
alignment of fragment BNI-1 with known coronaviruses. 
The nucleotide sequence was translated into single-letter 
amino acid code. Bovine-CV denotes bovine coronavirus, 
avian-IBV avian infectious bronchitis virus, murine-HV 
murine hepatitis virus, porcine-TGEV porcine transmis-
sible gastroenteritis coronavirus, porcine-EDV porcine 
epidemic diarrhea virus, and human CV-229E human 
coronavirus 229E. A dot indicates that the position is 
identical to the reference sequence (BNI-1). The oligonu-
cleotides for the nested reverse-transcriptase polymer-
ase chain reaction (RT-PCR, brown) and the real-time 
RT-PCR (purple) are shown as arrows pointing in the 
direction of their elongation.

In Panel C, a phylogenetic tree shows relations among 
coronavirus polymerase gene fragments (corresponding 
to BNI-1) according to the neighbor-joining method. The 
maximum likelihood method revealed the same rela-
tions (data not shown). Genetic distances are indicated 
by the lengths of the branches. Analyses were performed 
on a bootstrapped data set (100 replicates). In addition 
to the coronavirus isolate FFM-ic, avian infectious bron-
chitis virus (IBR31131), bovine coronavirus (AF220295), 
human coronavirus 229E (12175745), murine hepatitis 
virus (9629812), porcine epidemic diarrhea virus 
(19387576), and porcine transmissible gastroenteritis 
coronavirus (13399293) were included in the analysis. 
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The principal finding of the study is the identifica-
tion of a novel coronavirus in patients with SARS. It
appears that patients with SARS are acutely infected
with this virus, since they have virus-specific IgG
seroconversion. The high rate of positivity among
patients with probable cases during an outbreak of
SARS in Hanoi, in conjunction with the complete
negativity among all healthy contacts of patients
affected by the same outbreak, provides evidence of
an association between the disease and the presence

of this novel virus. The involvement of a coronavirus
in a respiratory disease would not be without prec-
edent: the two human coronaviruses are known to
cause mild respiratory illness.

 

9

 

 One should bear in
mind, however, that in the past, viruses have been
initially isolated from patients with a specific dis-
ease but subsequent investigations revealed no actu-
al association at all.

 

10,11

 

 Thus, larger studies with
appropriate control groups are needed to verify or
eliminate our hypothesis about the cause of SARS.
The assays that have been established provide an
excellent tool for such studies. It should also be

discussion

 

* PCR denotes polymerase chain reaction, BAL bronchoalveolar-lavage fluid, and ND not done. Plus signs indicate posi-
tive results, and minus signs negative results.

† Values are copies per milliliter. 
‡ Sample was tested 24 hours after passage. 
§ Test was positive but below the limit of reliable quantification (800 copies per milliliter).
¶Test was performed after ultracentrifugation of 2 ml of plasma.

 

Table 2. Detection of the Novel Coronavirus in Various Clinical Specimens with the Use of Different PCR Assays.* 

Sample Result on PCR Assay

 

IN-2
IN-4

SAR1S
SAR1As

BNIoutS2
BNIoutAs

BNIoutS2
BNIoutAs

and Nested
BNIinS

BNIinAs Real-Time PCR†

Cell culture‡ + + + + 8.3¬10

 

6

 

Index patient

 

 

Sputum, day 9 ¡ + + + 1.0¬10

 

8

 

Throat swab, day 9 ¡ ¡ ¡ + <800§

Nasal swab, day 9 ¡ ¡ ¡ ¡ <800§

Plasma, day 9 ¡ ¡ ¡ + 190¶

BAL, day 11 ¡ + + + 4.1¬10

 

5

 

Stool, day 25 ND ND ND ND +

 

Contact 1

 

Sputum, day 3 ¡ + + + 6.3¬10

 

4

 

Throat swab, day 3 ¡ ¡ ¡ ¡ ¡

Nasal swab, day 3 ¡ ¡ ¡ ¡ ¡

Plasma, day 3 ¡ ¡ ¡ ¡ ¡¶

Stool, day 19 ND ND ND ND +

 

Contact 2

 

Sputum, day 5 ¡ ¡ ¡ ¡ ¡

Plasma, day 5 ¡ ¡ ¡ ¡ ¡¶

Stool, day 21 ND ND ND ND ¡
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taken into account that antigen that was present in
primary cultures was used to detect the antibody
response, and it remains to be firmly established
that this response is indeed directed against the
novel coronavirus rather than against an unknown
agent that might have been isolated simultaneous-
ly. This possibility could be tested with the use of
plaque-purified virus or recombinant proteins as
antigen. 

By testing for a broad range of known pathogens,
we also obtained evidence for infection with para-
myxoviruses and 

 

C. pneumoniae

 

. Paramyxoviruses —
in particular, human metapneumovirus, which was
previously implicated in SARS

 

12

 

 — could be largely
ruled out by further investigation. Infection with
chlamydia was confirmed in several assays. Howev-
er, chlamydia was not found in other patients with
SARS.

 

3

 

 Hence, it remains unclear whether these
pathogens have a role as causative factors or cofac-
tors in SARS. 

The quantitative analysis of various clinical spec-
imens from the patients with SARS reveals interest-
ing features of the viral infection. First, the viral
RNA concentration in sputum was high in both pa-
tients, suggesting that shedding of the virus from
the respiratory tract could be the primary route of
transmission. The extremely high RNA concentra-
tions found in sputum from the index patient would
be consistent with a high level of contagiousness of
the SARS agent. The detection of low amounts of vi-
ral RNA in serum from the index patient on day 9
would be compatible with a long viremic phase,
suggesting that replication does not occur only in
the respiratory tract. The elevated levels of aspartate
aminotransferase and lactate dehydrogenase

 

3

 

 in-
deed suggest that the agent causing SARS is also
replicating outside the respiratory tract. The pres-
ence of viral RNA in stool of the patients late during
convalescence is reminiscent of characteristics of
other coronaviruses.

 

13

 

 Shedding of the virus in feces
may be an additional source of spreading, provided
that the virus is stable in this environment. From a
diagnostic point of view, it is important to note that
nasal and throat swabs seem less suitable for diag-
nosis, since these materials contain considerably
less viral RNA than sputum, and the virus may es-
cape detection if only these materials are tested.
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Figure 2. Real-Time Polymerase Chain Reaction (PCR) Targeting the BNI-1 
Fragment of the Novel Coronavirus.

 

The plot shows an amplification of a limiting-dilution series of standard RNA 
transcribed in vitro. The y axis indicates the fluorescence signal recorded in 
each amplification cycle, as plotted along the x axis. Numbers at the right 
show the number of copies of RNA per reaction. The inset graph presents a 
standard curve showing the relation between the concentration in standard 
samples (on the x axis) and the number of cycles it took to generate a fluores-
cence signal in the respective samples (on the y axis). The standard curve al-
lows quantification of coronavirus RNA in clinical samples. 
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* RT-PCR denotes reverse-transcriptase polymerase chain reaction.
† Samples were from the lower respiratory tract in five patients and nasopharyn-

geal swabs in one patient (all positive); samples were obtained 3 to 13 days 
after the onset of illness.

‡ Nasopharyngeal samples from 13 patients were used; they were obtained 3 to 
12 days after the onset of illness.

 

Table 3. Proportion of Patients with a Positive RT-PCR Result for Coronavirus.*

Group

Mean No. 
of Samples 
per Patient

Fraction of Patients Testing 
Positive

 

IN-6/IN-7 
and Nested

SAR1S/
SAR1As

BNIoutS2/
BNIoutAs

and Nested 
BNIinS/BNIinAs

Patients with probable SARS † 2.2 5/5 5/5

Patients with suspected SARS‡ 1.3 3/13 3/13

Contacts 1.0 0/21 0/21
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THE SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS

All documents cited herein are incorporated by reference in their entirety.

RELATED APPLICATIONS, FROM WHICH PRIORITY IS CLAIMED

This application incorporates by reference in its entirety US provisional patent application

60/462,218, Attorney Reference No. PP20474.001, filed on April 10, 2003 via Express Mail with

the US post office, US provisional patent application 60/462,465, Attorney Reference No.

PP20480.001, filed on April 11, 2003 via Express Mail with the US post office, US provisional

patent application 60/462,418, Attorney Reference No. PP20480.002, filed on April 12, 2003 via

Express Mail with the US post office, US provisional patent application 60/462,748, Attorney

Reference No. PP20480.003, filed on April 13, 2003 via Express Mail with the US post office,

US provisional patent application 60/463,109, Attorney Reference No. PP20480.004, filed on

April 14, 2003 via Express Mail with the US post office, US provisional patent application

60/463,460, Attorney Reference No. PP20480.005, filed on April 15, 2003 via Express Mail with

the US post office, US provisional patent application 60/463,668, Attorney Reference No.

PP20480.006, filed on April 16, 2003 via Express Mail with the US post office, US provisional

patent application 60/463,983, Attorney Reference No. PP20480.007, filed on April 17, 2003 via

Express Mail with the US post office, US provisional patent application 60/463,971, Attorney

Reference No. PP20480.008, filed on April 18, 2003 via Express Mail with the US post office,

US provisional patent application 60/464,899, Attorney Reference No. PP20480.009, filed on

April 22, 2003 via Express Mail with the US post office, US provisional patent application

60/464,838, Attorney Reference No. PP20507.001, filed on April 22, 2003 via Express Mail with

the US post office, US provisional patent application 60/465,273, Attorney Reference No.

PP20518.001, filed on April 23, 2003 via Express Mail with the US post office, US provisional

patent application 60/465,535, Attorney Reference No. PP20518.002, filed on April 24, 2003 via

Express Mail with the US post office, US provisional patent application 60/468,312, Attorney

Reference No. PP20480.010, filed on May 5, 2003 via Express Mail with the US post office, and

US provisional patent application 60/473,144, Attorney Reference No. PP20480.011, filed on

May 22, 2003, US provisional patent application 60/495,024, Attorney Reference No.

PP20480.012, filed on August 14, 2003 via Express Mail with the US post office, US provisional

patent application 60/505,652, Attorney Reference No. PP20480.013, filed on September 23,

2003 via Express Mail with the US post office, US provisional patent application 60/510,781,

Attorney Reference No. PP20480.014, filed on October 11, 2003 via Express Mail with the US
-1-
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post office, US provisional patent application 60/529,464, Attorney Reference No. PP20480.015,

filed on December 11, 2003 via Express Mail with the US post office, US provisional patent

application 60/536,177, Attorney Reference No. PP20480.016, filed on January 12, 2004 via

Express Mail with the US post office, and US provisional patent application 

Attorney Reference No. PP20480.017, filed on April 7, 2004 via Express Mail with the US post

office.

FIELD OF THE INVENTION

The invention relates to nucleic acids and proteins from Severe Acute Respiratory

Syndrome (SARS) Virus. These nucleic acids and proteins can be used in the preparation and

LO manufacture of vaccine formulations for the treatment or prevention of SARS. The invention

also relates to diagnostic reagents, kits (comprising such reagents) and methods which can be

used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The

invention also relates to methods for the treatment or prevention of SARS utilizing small

molecule viral inhibitors and combinations of small molecule viral inhibitors and kits for the

treament of SARS.

BACKGROUND OF THE INVENTION

An outbreak of a virulent respiratory virus, now known as Severe Acute Respiratory

Syndrome (SARS), was identified in Hong Kong, China and a number of other countries around

the world in 2003. Patients typically had symptoms including fever, dry cough, dyspnea,

headache, and hypoxcmia. Isolates of the SARS virus appear to have homology with at least the

RNA polymerase gene of several known coronaviruses. A phylogenetic analysis of this

homology is presented in Peiris et al., "Coronavirus as a possible cause of severe acute

respiratory syndrome", Lancet, published online April 8, 2003 at

http://image.tlhelancet.com/extras/03art3477web.pdf, incorporated herein by reference in its entirety.

Other sequenced fragments of the SARS virus genome appear to overlap with the open reading

frame lb of coronaviruses. See, Drosten et al., "Identification of a Novel Coronavirus in

Patients with Severe Acute Respiratory Syndrome", New England Journal of Medicine,

published online at http://www.nejm.org on April 10, 2003, incorporated herein by reference in its

entirety.

The Genome Science Center in British Colombia, Canada published on its website

(http://www.bcgsc.ca/bioinfo/SARS/) a draft genome assembly of 29,736 base pairs of a virus believed

to be a SARS virus, referred to as the TOR2 isolate. This draft genome assembly is given herein

as SEQ ID NO: 1.

The Centers for Disease Control (CDC) published a nucleotide sequence of a SARS-CoV

strain (SEQ ID NO: 2) on its website (http://www.cdc.gov/ncidod/sars/pdf/nucleoseq.pdf). The CDC

-2-
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has also published a phylogenetic tree of the predicted N, S and M proteins (attached as FIGURE

This tree places the SARS virus outside any of the previously known coronavirus groups.

There is a growing need for prophylactic or therapeutic vaccines against the SARS virus as

well as diagnostic and screening methods and compositions to identify the presence of the virus

in, mammalian tissue or serum.

SUMMARY OF THE INVENTION

The invention relates to nucleic acids and proteins from Severe Acute Respiratory

Syndrome (SARS) virus. These nucleic acids and proteins can be used in the preparation and

manufacture of vaccine formulations for the treatment or prevention of SARS. Such vaccine

formulations may include an inactivated (or killed) SARS virus, an attenuated SARS virus, a

split SARS virus preparation and a recombinant or purified subunit formulation of one or more

SARS viral antigens. Expression and delivery of the polynucleotides of the invention may be

facilitated via viral vectors and/or viral particles.

The invention also relates to diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a

biological sample. The invention further includes non-coding SARS viral polynucleotide

sequences, SARS viral sequences encoding for non-immunogenic proteins, conserved and

variant SARS viral polynucleotide sequences for use in such diagnostic compositions and

methods.

The invention further relates to vaccine formulations comprising one or more SARS virus

antigens and one or more other respiratory virus antigens. Additional respiratory virus antigens

suitable for use in the invention include antigens from influenza virus, human rhinovirus (HRV),

parainfluenza virus (PIV), respiratory syncytial virus (RSV), adenovirus, metapneumovirus, and

rhinovirus. The additional respiratory virus antigen could also be from a coronavirus other than

the SARS coronavirus. Preferably, the additional respiratory virus antigen is an influenza viral

antigen.

The compositions of the invention may further comprise one or more adjuvants. Adjuvants

suitable for use in the invention include mucosal, transdermal or parenteral adjuvants. Mucosal

adjuvants suitable for use in the invention include detoxified bacterial ADP-ribosylating toxins,

such as E. coli heat labile toxoids LTK63), chitosan and derivatives thereof, and non-toxic

double mutant forms of Bordetella pertussis toxoids. Parenteral adjuvants suitable for use in the

invention include MF59 and aluminum or aluminum salts.

The invention also provides methods for treating SARS by administering small molecule

compounds, as well as methods of identifying potent small molecules for the treatment of SARS.
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In one aspect of the invention a method of identifying a therapeutically active agent is

provided comprising: contacting the therapeutically active agent with a cell infected with the

SARS virus; measuring attenuation of a SARS related enzyme.

In a more particular embodiment, the therapeutically active agent is a small molecule. In

another more particular embodiment, the therapeutically active agent is a nucleoside analog. In

another more particular embodiment the therapeutically active agent is a peptoid, oligopeptide,

or polypeptide. In another embodiment the SARS related enzyme is SARS protease. In another

embodiment the SARS related enzyme is SARS polymerase. In still another embodiment the

SARS related enzyme is a kinase. Methods of identifying therapeutically active agents for

[0 treatment of SARS virus infection are further discussed in Section V below.

In another aspect of the invention a method of treating a human infected with SARS is

provided comprising administering a small molecule to a patient in need thereof. In one

embodiment the small molecule is an inhibitor of SARS protease. In another embodiment the

small molecule is an inhibitor of SARS polymerase. In another embodiment the SARS related

enzyme is a kinase. In still another embodiment the small molecule is administered orally or

parenterally.

The invention also provides the use of such small molecules in the manufacture of a

medicament for the treatment of severe acute respiratory syndrome.

Small molecule compounds of the present invention include those of less than 1000 g/mol,

preferably with an aromatic region and greater than one heteroatom selected from O, S, or N.

Preferred small molecules include, but are not limited to acyclovir, gancyclovir, vidarabidine,

foscamet, cidofovir, amantidine, ribavirin, trifluorothymidine, zidovudine, didanosine,

zalcitabine, and combinations thereof. Interferons may also be used for treating patients,

including interferon-a and interferon-p. Interferon treatment has shown promise in treating

SARS in monkeys (Enserink (2004) Science 303:1273-1275), particularly when pegylated

(Haagmans et al. (2004) Nature Medicine 10:290-293).

One aspect of the present invention relates to methods for identifying individuals exposed

to, and biological samples containing SARS virus (SARSV), and to kits for carrying out the

methods. Such methods can utilize nucleic acid detection techniques such as PCR, RT-PCR (the

Coronaviridae are RNA viruses), transcription-mediated amplification (TMA), ligase chain

reaction (LCR), branched DNA signal amplification assays, isothermal nucleic acid sequence

based amplification (NASBA), other self-sustained sequence replication assays, boomerang

DNA amplification, strand-displacement activation, cycling probe technology, or combinations

of such amplification methods. Such nucleic acid detection techniques utilize oligonucleotides

having nucleotide sequence similar to, or complementary to, the SARS viral genome, as primers

for amplification) and as probes for capture or detection), as is well known in the art.

-4-
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Alternatively, or in addition to the nucleic acid detection methods described supra, the

methods of the present invention can utilize various immunoassay techniques for detection of

SARSV antigens and/or antibodies.

Accordingly, the present invention relates to methods of identifying individuals exposed to

SARSV, or biological samples containing SARSV, by detecting the presence of SARSV

antigens using antibodies which specifically bind to the same. The antibodies are preferably

monoclonal antibodies. Quantification of the amount of viral antigens present in a sample of an

individual may be used in determining the prognosis of an infected individual. Preferably, the

SARSV antigens to be detected are generally one of the structural proteins, particularly those

present on the surface of the viral particles and include, for example, the spike glycoprotein 

also called E2; the envelope (small membrane) protein also called sM; the membrane

glycoprotein also called El; the hemagglutinin-esterase glycoprotein also called E3;

and the nucleocapsid phosphoprotein In preferred embodiments, the antigens to be detected

are the S, E and M proteins using antibodies to the same.

The present invention relates to kits for identifying individual SARSV and reagents used in

such kits. The kits comprise a first container which contains antibodies which specifically bind to

a SARSV antigen and a second container which contains the SARSV antigen. The antibodies are

preferably monoclonal antibodies. The kits may be adapted for quantifying the amount of

antigen in a sample of an individual. Such information may be used in determining the prognosis

of an infected individual.

The present invention relates to methods of identifying individuals exposed to SARS virus,

or biological samples containing SARSV, by detecting the presence of antibodies against SARS

virus antigen in a sample using SARS antigen. Quantification of the amount of anti-SARS

protein from SARS antibodies present in a sample of an individual may be used in determining

the prognosis of an infected individual. Any one or more of the viral proteins (structural proteins

or nonstructural proteins) may be used as antigen to detect the SARSV antibodies; preferably a

SARSV antigen that is conserved amoung SARSV isolates is preferred. In this regard,

nonstructural protein Pol, Hel, 3CLp, MP, PLP1, PLP2) may be particularly useful.

The present invention relates to kits for identifying individuals exposed to SARS and

reagents used therein. The kits comprise a first container which contains antibodies which were

produced in response to exposure to an antigen from SARS virus and a second container which

contains the SARS antigen(s). The kits may be adapted for quantifying the amount of anti-SARS

antibodies present in a sample of an individual. Such information may be used in determining the

prognosis of an infected individual.

The present invention relates to methods of identifying individuals exposed to SARS virus,

or biological samples containing SARSV, by detecting the presence of nucleic acid from SARS
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virus. Quantification of the amount of SARS nucleic acid present in a sample of an individual

may be used in determining the prognosis of an infected individual. The methods utilize

oligonucleotide probes and/or primers that are similar or complementary in sequence to the

SARSV genome or transcription or replication products. Preferred probes and primers are

described herein. Also included in the present invention are kits for carrying out the methods of

detecting the SARSV nucleic acid.

The invention further includes a method for the treatment and/or prevention of SARS

through the administration of a therapeutically effective amount of at least one antiviral

compound from among those described in the US Patents and published international patent

LO applications listed in Table 1 and Table 2. In one embodiment of the method, the antiviral

compound is a small molecule. In another embodiment, the antiviral compound is a protease

inhibitor. In a further embodiment, the antiviral protease inhibitor is a 3C-like protease inhibitor

and/or a papain-like protease inhibitor. In another embodiment, the antiviral compound is an

inhibitor of an RNA-dependent RNA polymerase. In another embodiment, a first antiviral

compound which is a protease inhibitor is administered with a second antiviral compound which

is an RNA-dependent RNA polymerase inhibitor. The invention further provides for the

administration of a steroidal anti-inflammatory drug in combination with at least one antiviral

compound, for example, from the antiviral compounds described in the documents listed in

Table 1 and Table 2.

The invention further provides for a method for the treatment and/or prevention of SARS

through the administration of a therapeutically effective amount of at least one antiviral

compound from among those described in the US Patents and published international patent

applications listed in Table 1 and Table 2 by inhalation. In one embodiment of the method, the

antiviral compound is a small molecule. In another embodiment, the antiviral compound is a

protease inhibitor. In a further embodiment, the antiviral protease inhibitor is a 3C-like protease

inhibitor and/or a papain-like protease inhibitor. In another embodiment, the antiviral compound

is an inhibitor of an RNA dependent RNA polymerase. In another embodiment, a first antiviral

compound which is a protease inhibitor is administered with a second antiviral compound which

is an RNA-dependent RNA polymerase inhibitor. The invention further provides for the

administration of a steroidal anti-inflammatory drug in combination with at least one antiviral

compound, for example, from the antiviral compounds described in the documents listed in

Table 1 and Table 2 by inhalation. The steroidal anti-inflammatory drug may be administered by

inhalation for a local effect or administered for systemic absorption such as via an oral or

intravenous route.

The invention further provides the use of an antiviral compound, as defined above, in the

manufacture of a medicament for the treatment of severe acute respiratory syndrome.

-6-
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)The invention further provides for a kit for use by a consumer for the treatment and/or
prevention of SARS. Such a kit comprises: a pharmaceutical composition

0 0  comprising a therapeutically effective amount of at least one antiviral compound from
among those described in the US Patents and published international patent
applications listed in Table 1 and Table 2 and a pharmaceutically acceptable carrier,

00 vehicle or diluent; a container for holding the pharmaceutical composition; and,
o optionally; instructions describing a method of using the pharmaceutical
en compositions for the treatment and or the prevention of SARS. The kit may optionally

contain a plurality of antiviral compounds for the treatment of SARS wherein the anti

viral compounds are selected from 3C-like protease inhibitors and papain-like protease
Cinhibitors.

In a further embodiment, the kit contains an antiviral compound which is an RNA-

dependent RNA polymerase inhibitor. When the kit comprises more than one antiviral
compound, the antiviral compounds contained in the kit may be optionally combined in

the same pharmaceutical composition.

An additional aspect of the invention provides for the use of at least one of the antiviral

compounds described in the US Patents and published international patent applications

listed in Table 1 and Table 2 for the manufacture of a medicament for the treatment or

prevention of SARS.

Throughout this specification the word "comprise", or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element, integer or

step, or group of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which has

been included in the present specification is solely for the purpose of providing a

context for the present invention. It is not to be taken as an admission that any or all of

these matters form part of the prior art base or were common general knowledge in the

field relevant to the present invention as it existed before the priority date of each claim

of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1: Schematic of coronavirus genome organization.

FIGURE 2: Schematic of coronavirus ORFla/ORFlb gene products.

FIGURE 3 Alignment of coronavirus polynucleotide sequences for selected

genes (including nucleocapsid matrix and hemagluttinin-esterase 

-7-
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FIGURE 4 Alignment of coronavirus polypeptide sequences (including
C ORFla/ORFIb, nucleocapsid hemagluttinin-esterase envelope (Sm or E),
00  matrix and spike 

FIGURE 5: Alignment of spike polypeptide sequences, taken from Figure 4, in the
region of the junction of the S 1 and the S2 domains, and protease cleavage site for

00 selected coronaviruses.

FIGURE 6: CDC phylogenetic tree of SARS-CoV strain (Clustalx 1.82, neighbor-
Cr joining tree).

Figure 6A shows coronavirus N protein analysis, Figure 6B shows coronavirus S

protein analysis, and Figure 6C shows coronavirus M protein analysis.
c FIGURE 7: Conserved and specific sequence of the SARS virus. Figures 7A-7D show

multiple sequence alignments (CLUSTAL W 1.82) of the structural proteins of the
SARS virus genome (7A: PEP4 Spike protein; 7B: PEP7 small membrane protein; 7C:
PEP8 matrix glycoprotein; 7D: PEP 13 nucleocapsid protein), which have counterparts
in all or some of the other known coronaviruses. Figures 7E-7H show dendrograms
reporting the protein distances among the

-7A-
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sequences in alignments 7A-7D. Labels 229E: human coronavirus; MEV: murine hepatitis virus;

TGV: transmissible gastroenteritis virus; AIBV: avian infectious bronchitis virus; BOVINE:

Bovine coronavirus; PEDV: porcine epidemic diarrhea virus.

FIGURE 8: Alignment of the 5'UTR of several coronaviruses, to show consensus nucleotide

sequence at the 

FIGURE 9: Sequences of preferred primers for amplification of the 5'UTR. F and R denote

forward and reverse PCR primers, and the numbers indicate nucleotide positions withing Figure

8.

FIGURE 10: Alignment of the 3'UTR of several coronaviruses, to show consensus nucleotide

sequence at the 3'UTR.

FIGURE 11: Sequences of preferred primers for amplification of the 3'UTR. F and R denote

forward and reverse PCR primers, and numbers indicate nucleotide positions within Figure 

FIGURE 12: Coiled-coil prediction for SEQ ID NO: 6042, using Coils program (Figure 12A) or

LearrCoil (Figure 12B).

FIGURE 13: Example of insertion of a reporter gene-of-interest at a site between exisiting SARS

virus genes. Small nonstructural gene products are not depicted schematically.

FIGURE 14: Schematic depicting representative examples of SARS virus replicons. Small

nonstructural gene products are not depicted schematically.

FIGURE 15: SARS virus nsp2 proteinase (3CLp) and identification of catalytic and substrate

sites.

FIGURE 16: alignment of SARS virus nsp2 proteinase (3CLp) with that of avian IBV, MHV,
and BCoV. Residues in dotted boxes are key residues the substrate sites Y residues in

solid boxes are catalytic cysteine and histidine residues.

FIGURE 17: Genome organization of SARS coronavirus. Replicase and structural regions are

shown, along with the predicted products of cleavage within ORFla and ORFlb. The position of

the 5' RNA leader sequence the 3' poly(A) tract and the ribosomal frame-shift consensus

between ORFla and ORFlb are also indicated. Each box represent a protein product. They are
shaded according to the level of amino acid identity with corresponding proteins of other

coronaviruses (see also Table The SARS-specific genes are white. Positions of the 9 SARS-

specific six-base IG sequences (5'-ACGAAC-3'; SEQ ID NO 7293) are indicated by arrows.

FIGURE 18: Genome organization of Coronaviruses representative of group 1 (HCoV-229E,
accession number: AF304460), group 2 (mouse hepatitis virus MHV, accession number:

NC_001846), group 3 (avian infectious bronchitis virus AIBV, accession number: NC_001451)
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and SARS coronavirus. Other completely sequenced coronaviruses used in this study are

available at the following accession numbers: porcine epidemic diarrhea virus (PEDV),

AF353511; transmissible gastroenteritis virus (TGV), NC_002306; Bovine coronavirus (BCoV):

AF220295. Red boxes represent group-specific genes. The position of the leader RNA sequence

and poly(A) tract is also indicated in genomes where they are reported. The position of specific

IG sequences is indicated by circles of different shades. In the SARS genome, we also find three

IG sequences specific for group 2 coronavirus. 

FIGURE 19: Topological model predicted for the spike protein anchored to the viral membrane.

Structural and predicted functional domains are indicated. The N-terminal region (S is

0 predicted to contain the receptor binding domain. Two coiled coil regions within the S2 domain,

partially superimposed to leucine zipper motifs are presumably involved in oligomerization. The

hydrophobic domain is responsible for membrane anchoring.

FIGURE 20: Phylogenetic tree obtained from the multiple sequence alignment of a 922 bp

internal region of the pol gene from 12 coronaviruses and SARS. Numbers at the nodes represent

the result of a bootstrap analysis and strongly support the branches. Sequences not available

within the complete coronavirus genomes have been retrieved from GenBank at the following

accession numbers: hemagglutinating encephalomyelitis virus of swine (PHEV), AF124988,

Human OC43 virus (OC43), AF124989, canine coronavirus (CCV), AF124986, feline infectious

peritonitis virus (FIPV), AF124987, turkey coronavirus (TCV), AF124991, syaloacryoadenitis

virus of rats (SDAV), AF124990.

FIGURE 21: 21A. Unrooted tree obtained from the alignment of consensus sequences of the

group I and group II S1 domain of spike proteins (Gl_cons and G2_cons) with those of a group

3 spike (AIBV) and the spike of SARS virus. The number indicates the result of a bootstrap

analysis. The sequences used to generate the consensus profile from group 1 are: HcoV-229E,

accession number P15423; porcine epidemic diarrhea virus (PEDV), ace no: NP_598310;

transmissible gastroenteritis virus (TGV), acc no: NP_058424; Canine coronavirus (CCV), acc

no: S41453; porcine respiratory virus (PRV), ace no: S24284; feline infectious peritonitis virus

(FIPV), ace no: VGIH79. The sequences used to generate the consensus profile from group 2

are: mouse hepatitis virus (MHV), acc no: NP_045300; Bovine coronavirus (BCoV), ace no:

NP_150077; Human coronavirus OC43, acc no: P36334; hemagglutinating encephalomyelitis

virus of swine (PHEV), ace no: AAL80031; for group 3, only the sequence of the spike protein

of avian infectious bronchitis virus (AIBV), ace no: AA034396 was used. 21B: Schematic

representation of cysteine positions in S1 domains of group 1, 2 and 3, compared to the SARS

spike. Horizontal bars represent the S1 amino acid sequences (in the case of SARS and AIBV) or

the consensus profiles (generated from group 1, Gl_cons, and from group 2, G2_cons). The
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length of the bars are not to scale. Relative cysteine positions are indicated by rectangle bars.
Only cysteines perfectly conserved within each consensus are reported. Lines connect cysteines
conserved between the SARS S domain and the consensus sequences as shown.

FIGURE 22: illustration of a Neisseria Adhesin A protein (NadA).

FIGURE 23: Raw translation from SARS coronavirus genome (reading frame 

FIGURE 24: Raw translation from SARS coronavirus genome (reading frame +3)

FIGURE 25: lb and Spike open reading frames, separated by 

FIGURE 26: SARS growth in vero cells.

FIGURE 27: chromatogram of the capture step of SARS coronavirus on Matrix Cellufine
Sulfate Superformance 150/10. Analysis was on 100ml coronoavirus harvest. The left Y axis
shows absorbance at 280nm. The right Y axis shows the gradient The X axis shows the
volume (ml).

FIGURE 28: Silver-stained MCS chromatography fractions. Lanes are: marker;
coronavirus vero cell harvest; coronavirus vero cell harvest, after 0.65#m filtration;
flowthrough; wash; 20% peak (virus peak). Lanes were loaded with 1 /g of test

protein.

FIGURE 29: Western Blot of MCS chromatography fractions. Lanes are as described for Fig.28.

FIGURE 30: Linear density gradient ultracentrifugation, 15-60% sucrose (SW28, 2 hours,
20000 rpm). The graph shows protein concentration and sucrose concentration 

FIGURE 31: Silver-stained density gradient fractions on NuPage 4-12% Bis-Tris-Ge (Novex),
reduced conditions, heated for 10 minutes at 70 0C. Lanes are: marker; 20% peak MCS;

density gradient fraction 11; density gradient fraction 12; density gradient fraction 13;
density gradient fraction 14; density gradient fraction 15; density gradient fraction 16;
density gradient fraction 17. The bulk of proteins was in fractions 15 to 17. Lanes 2, 8 and 9

were loaded with 1lg protein.

FIGURE 32: Chromatogram of the Capture Step of SARS coronavirus on MCS. Details are as
for Figure 27, except that 200ml harvest was used.

FIGURE 33: Silverstain (left) and Western Blot (right) of chromatographic fractions. Lanes are
as described for Figures 28 and 29, except that lane is the 5% peak. Treatment before

i0 SDS-PAGE was at room temperature for 30 minutes.

FIGURE 34: Density Gradient Ultracentrifugation, 15-40% sucrose (SW28, 2 hours, 20000
rpm). The graph shows protein concentration and sucrose concentration 
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FIGURE 35: Silverstain (left) and Western Blot (right) of Density Gradient Ultracentrifugation
fractions on NuPage 4-12% Bis-Tris-Ge (Novex), reduced conditions. Lanes are: marker; (2)
density gradient fraction 6; density gradient fraction 7; density gradient fraction 8; 
density gradient fraction 9; density gradient fraction 10; density gradient fraction 
Fractions 7-10 (lanes 3-6) contained pure coronavirus proteins. The bulk of impurities was in
fraction 15 (lane Lanes 2, 8 and 9 were loaded with -1 g protein. Treatment before
SDS-PAGE was at room temperature for 30 minutes.

FIGURE 36: EM pictures of Density Gradient Fractions 8-10. Figure 36A shows fraction 8;
Figure 36B shows fraction 9; Figure 36C shows fraction 

FIGURE 37: Spike/NadA fusion constructs.

FIGURES 38 and 39: Results of the expression in E.coli of S1L, SlL-NadA and S1L-NadAAanchor.
Figure 38 shows SDS-PAGE analysis of total lysates from BL21(DE3)/pET, BL21(DE3)/pET-
S1L and BL21(DE3)/pET-S1L-NadAAanchor. The bands are indicated by an arrow, and the three
lanes are, from left to right: BL21(DE3)/pET; BL21(DE3)/pET-S1 L; BL21(DE3)/pET-
SIL-NadAAanchor. Figure 39 shows (39A) SDS-PAGE and (39B) western blot analyses of total
lysates from BL21(DE3)/pET, BL21(DE3)/pET-S 1L-NadA (grown under un-induced condition)
and BL21(DE3)/pET-S1L-NadA (grown under induced condition). The bands are indicated by an
arrow, and lanes are, from left to right: BL21(DE3)/pET; BL21(DE3)/pET-S 1L-NadA;
BL21(DE3)/pET-S 1L-NadA. The western blot shows the presence of oligomeric forms of the
protein.

FIGURE 40: Schematic of SARS Spike clones.

FIGURE 41: Transient Expression of SARS Spike Proteins (western blot of COS7 cell lysate).
Each lane of the 4-20% TG SDS gel was loaded with 20/tg cell lysate (total 1.2mg). The labeling
antibodies are shown.

FIGURE 42: Western blot analyses of COS7 cell lysates on 4% TG SDS gel showing
oligomerization state of intracellular S molecules.

FIGURE 43: Western blot analyses of COS7 cell lysates on 4-20% TG SDS gel showing
Transient Expression of SARS Spike Proteins. Lanes are: mock, AF; mock, DF; nSh,
AF; nSh, DF; nShATC, AF; nShATC, DF. Each lane was loaded with Sl of each

0 sample, 400#l total. The blot was labeled with antibody against the His-tagged protein.

FIGURE 44: Western blot analyses of COS7 cell medium on 4-20% TG SDS gel showing
Transient Expression of SARS Spike Proteins. Truncated spike protein is secreted. Spike
proteins were purified from the culture medium (from a 10cm plate), first by a ConA column and
then finally by His-tag Magnetic beads. Each lane was loaded with one third of the material.

-11-
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FIGURE 45: Western blot analyses of COS7 cell lysates on 4-20% TG SDS gel showing

glycoslation of SARS spike proteins. In the two left-hand blots (lanes samples were boiled

in SDS and P-mercaptoethanol; in the two right-hand blots (lanes 6-11), samples were in SDS

only, with no boiling. Lanes 1-8 were labeled with a monoclonal raised against the His-tag

protein; labes 9-11 were labeled with rabbit anti-SARS antibody.

FIGURE 46: Effect of SARS spike protein expression on cell viability.

FIGURE 47: Western blot analyses of COS7 cell lysates on 4% TG SDS gels showing

oligomerization state of intracellular spike molecules. Blots were labeled with anti-His-tag mAb.

The membrane fraction of COS7 cell lysate was fractionated by a sizing column before loading

the lanes. Fractions 7 to 14 show bands with kDa values of: 71000, 1400, 898, 572, 365,232, 148

and 99, respectively.

FIGURE 48: Fractionation of cells into aqueous and detergent fractions.

FIGURE 49: Schematic of constructs for use in OMV preparation.

FIGURE 50: SARS HRI and HR2 constructs.

FIGURE 51: Vaccine protection froms SARS in Balb/c mouse model.

FIGURE 52: Expressed on Spike protein in transfected 293 cell lysates (52A) or COS7 cell

culture supematants (52B). Proteins were separated on 4-20% TG SDS gels. The label was anti-

His-tag, except for the right-hand three lanes of 52B, where the label was rabbit anti-SARS

serum. In Figure 52A, the left-hand three lanes were treated with DTT and were boiled, but

neither treatment was used for the right-hand three lanes. In Figure 52B, no DTT was used, but

all lanes were heated to 80'C for 5 minutes.

FIGURE 53: Western blot of Spike proteins expressed in COS7 cells. Proteins were incubated at
room temperature 800C or 100"C to check for any effect on molecular weight. FIGURE 54

shows similar experiments on SARS virions.

FIGURE 55: Results of a pulse chase experiment, showing expression and processing of SARS

spike protein following infection with alphavirus replicon particles. Cells were treated with or
without EndoH as shown.

FIGURE 56: Effect of heating on Spike protein trimers.

FIGURE 57: Coomassie blue-stained gel of yeast-expressed proteins. Lanes are: 1-See Blue

Standard (10/zl); 2-pAB24 gbl (20/zg); 3-SARS Spike S1 c.1 gbl 2 0pg); 4-SARS Spike S1 c.2

gbl (20pg); 5-See Blue Standard (10l); 6-pAB24 ip (5pl); 7-SARS Spike S1 c.1 (5pl); 8-SARS

Spike S1 c.2 

FIGURES 58 to 64: Schematics of preparation of yeast expression constructs.

-12-
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FIGURES 65 to 66: Yeast-expressed sequences for Spike.

FIGURE 67: Western blots showing expression of SARS spike protein from alphavirus replicon

particles and replicon RNA. Figure 67A was run under non-reducing conditions and at room

temperature no heating), with lanes: VEE/SIN-spike infection; VEE/SIN-GFP

infection; Replicon-spike RNA transfection; Replicon-GFP RNA transfection. Figure 67B

was run with SARS virions at different temperatures, as shown.

FIGURE 68: induction of antibody responses in mice. Vaccine groups are: Inactivated SARS

Virus; Truncated Recombinant Spike Protein; Full length Spike: DNA+DNA.PLG+

Alphavirus; Full length Spike: Alphavirus particles only.

FIGURE 69: Binding of human monoclonal antibody S3.2 to purified truncated Spike protein.

The X-axis shows antibody concentration, and the Y-axis shows ELISA absorbance. The

interpolation result is 2158.13.

FIGURE 70: Geometric mean ELISA titers of antibodies induced by the SARS-CoV spike

protein delivered as different vaccines (left to right: inactivated virus; 3gg truncated spike

protein; 75/zg DNA encoding truncated spike protein.

FIGURE 71: Neutralization titers after immunization with (left) nSdATC protein or (right) DNA

encoding nSdATC, delivered on PLG.

FIGURE 72: Correlation between the spike antigen binding and neutralizing antibodies

FIGURE 73: Western blot of CHO cell lines expressing Spike protein in full-length form (left) or

in truncated form (right). Proteins were separated by 4-12% SDS-PAGE, with boiling in DTT

and staining by polyclonal serum.

FIGURE 74: Structural components of SARS-CoV spike glycoprotein and expression construct.

L denotes leader peptide (residues 1-13), TM the transmembrane, and Cy the cytoplasmic tail

segments. The hexa-His tags are not shown.

FIGURE 75: Western blot analysis of SARS spike proteins expressed in COS7 cells. In Figure

COS7 cells were transfected with indicated plasmid constructs and the expressed proteins

in cell lysates 48 hr post-transfection were analysed by SDS-PAGE (4-20% polyacrylamide) in

reducing and denaturing condtions, with proteins visualized by anti-histidine Mab. In Figure

proteins were collected from cell culture medium 48 hr post-transfection and purified first

by a ConA column and then by His-tag magnetic beads. Purifed proteins were analysed by SDS-

PAGE (4-20% polyacrylamide) and were visualized by anti-SARS rabbit serum.
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FIGURE 76: Endo H sensitivity of C-terminal truncated spike protein (SA) found in cell lysate
(lanes 1,2) and culture medium (lanes Positions of internal SA protein and secreted SA
protein are marked with arrow heads.

FIGURE 77: Oligomeric status of the SARS spike protein. Recombinant S protein oligomer in
COS7 cells transfected with the full-length spike construct (nSh). The cell lysates were treated
with DTT and/or heat as indicated above each lane. The different forms of S protein in treated
and untreated samples were visualized by SDS-PAGE polyacrylamide) and Western blot
analysis using anti-histidine MAb.

FIGURE 78: Effect of heat denaturation on the oligomeric status of recombinant S protein in the
absence of DTT. The COS7 cell lysates were heated before the electrophoresis as indicated and
the S proteins were visualized as described fogiFigure 77.

FIGURE 79: Effect of heat denaturation on the oligomeric status of spike protein in SARS virion
particles. SARS-CoV were grown in Vero cells, purified and solubilized from the virion particles
by SDS, heat-denatured as indicated and visualized as described in Figure 77, except that rabbit
antiserum against the purified virus was used as a probe.

FIGURE 80: Analysis of the oligomeric status of SARS virion spike protein by cross-linking
experiment. Solubilized SARS virion proteins were treated with DMS. Both untreated and
DMS treated virion proteins were heat denatured in the absence of DTT and visualized by
4% PAGE followed by silver staining.

FIGURES 81 82: Analysis of the oligomeric status of truncated spike protein by heat
denaturation. Truncated spike protein within COS7 cell lysates (81) or secreted into culture
medium (82) were heat denatured as indicated in the absence of DTT and visualized by Western
blot analysis.

FIGURE 83: Reactivity of deglycosylated full-length spike oligomer with conformational and
non-conformational antibody. The full-length recombinant spike oligomer was partially
deglycosylated with PNGase F in non denaturating condition and visualized by Western blot
analysis using anti-histidine Mab (lane 1,2,3) or rabbit antiserum against purified SARS CoV
(lane 4,5,6).

FIGURE 84: Localization of expressed SARS spike proteins in fractionated COS7 cell lysate
0 visualized by western blot. Cells were transfected with indicated plasmids and lysed with

Dounce homogeniser in hypotonic buffer 48 hr post transfection. Cell lysate was centrifuged to
obtain soluble cytosol and insoluble membrane fraction that was further solublized by 4% Triton
X-100. Proteins were heated with SDS at 80 C and analysed by SDS-PAGE (4-20%
polyacrylamide) in reducing condtion. Proteins were visualized by anti-histidine Mab. The
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cytosol fractions were loaded in lanes 1, 3, and 5 and the membrane fractions were loaded in

lanes 2, 4, and 6.

FIGURE 85: Intracellular and surface expression of recombinant full-length or truncated

spike protein in COS7 cells. The cells were fixed at 48 hrs posttransfection and either

treated with detergent (Cytofix/perm, BD Biosciences) for intracellular immunofluorescence

or with 2% paraformaldehyde for cell surface immunofluorescence observation (D,E,F)

at x40 magnification. Mock transfected cells were included as controls.

FIGURES 86-105: SDS-PAGE od E.coli expressed proteins. Tot total protein; Sol soluble

protein fraction. Labels are protein names (Tables 26-30).

FIGURE 106: Immunofluorescence after administration of vector encoding optimsed N antigen.

FIGURE 107: Immunofluorescence of native and codon-optimsed M sequences.

FIGURE 108: Immunofluorescence of native and codon optimsed E sequences.

FIGURES 109-111: Western blots of Vero cells using rabbit antibodies obtained after

immunization with spike proteins expressed in E.coli.

FIGURE 112: Spike protein expression in 293 cells. Lanes: Markers; Mock transfected;

cells expressing nS protein, lysate; cells expressing nSdTC protein, lysate; cells

expressing nS protein, supernatant; cells expressing nSdTC protein, supernatant.

Staining antibody: (2 to 5) mouse serum obtained after DNA immunization; (6 to 9) rabbit serum

obtained after immunization with whole killed virus.

FIGURE 113: Six reading frames of SEQ ID NO: 9968.

FIGURE 114: Six reading frames of SEQ ID NO: 10033.

FIGURE 115: Alignment of bovine coronavirus pol lab (top row; SEQ ID NO: 10068), avian

infectious bronchitis pol lab (second row; SEQ ID NO: 10069), murine hepatitis virus pol lab

(third row; SEQ ID NO: 10070), SEQ ID NOS: 9997/9998 (fourth row) and a consensus

sequence (bottom row; SEQ ID NO: 10071).

FIGURE 116: Schematic of coronavirus genome organization.

FIGURE 117: Schematic of coronavirus ORFla/ORFlb gene products, including region.

FIGURE 118: Alignment.

FIGURE 119: Alternative start codons within SEQ ID NO: 10080.

FIGURE 120: Six reading frames of SEQ ID NO: 10084.

FIGURE 121: Alignment of SEQ ID NO: 10033 and SEQ ID NO: 10084.

FIGURE 122: Reading frames in SEQ ID NO: 10084.
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FIGURE 123: Start codon analysis for SEQ ID NO: 10084.

FIGURE 124: BLAST analysis of SEQ ID NO: 10210.

FIGURE 125: Epitope analysis of SEQ ID NO: 10210 by either (13A) Hopp Woods or (13B)

Kyte Doolittle.

FIGURE 126: Reading frames in SEQ ID NO: 10299.

FIGURE 127: Reading frames in SEQ ID NO: 10505.

FIGURE 128: Reading frames in SEQ ID NO: 11563.

FIGURE 129: Reading frames in SEQ ID NO: 10033.

FIGURE 130: Alignment of SEQ ID NO: 9997 and SEQ ID NO: 10033.

FIGURE 131: Reading frames in SEQ ID NO: 10299.

FIGURE 132: Reading frames in SEQ ID NO: 10505.

FIGURE 133: Western Blot of SARS protease purification fractions.

FIGURE 134: Cleavage of DABCYL-EDANS (a fluorescent tagged peptide with a SARS

protease cleavage site) by SARS protease at different concentrations. The graph shows

activity/concentration correlations with no protease 0.95 uM protease and 2.86 uM

protease 

In the event of a discrepancy between a sequence in the sequence listing and a sequence

in the drawings, the drawings should take precedence.

DETAILED DESCRIPTION OF THE INVENTION

The practice of the present invention will employ, unless otherwise indicated, conventional

methods of chemistry, biochemistry, molecular biology, immunology and pharmacology, within

the skill of the art. Such techniques are explained fully in the literature. See, Remington's

Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 19th Edition (1995); Methods

In Enzymology Colowick and N. Kaplan, eds., Academic Press, Inc.); and Handbook of

Experimental Immunology, Vols. I-IV Weir and C.C. Blackwell, eds., 1986, Blackwell

Scientific Publications); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd

Edition, 1989); Handbook of Surface and Colloidal Chemistry (Birdi, K.S. ed., CRC Press,

1997); Short Protocols in Molecular Biology, 4th ed. (Ausubel et al. eds., 1999, John Wiley 

Sons); Molecular Biology Techniques: An Intensive Laboratory Course, (Ream et al., eds., 1998,

Academic Press); PCR (Introduction to Biotechniques Series), 2nd ed. (Newton Graham eds.,

1997, Springer Verlag); Peters and Dalrymple, Fields Virology (2d ed), Fields et al. B.N.

Raven Press, New York, NY.
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All publications, patents and patent applications cited herein, are hereby incorporated by

reference in their entireties.

Severe Acute Respiratory Syndrome (SARS) virus has recently been identified as a new

viral species. The SARS viral species includes the following isolates.

two virus isolates described in Peiris et al. "Coronavirus as a possible cause of severe acute

respiratory syndrome" Lancet published online at

http://inage.thelancet.coml/extras/O3art3477web.pdf on April 8 2003, incorporated herein by

reference in its entirety and the sequences deposited with GenBank at accession number

AY268070.

the isolates and viral sequences described in Drosten et al., "Identification of a Novel

Coronavirus in Patients with Severe Acute Respiratory Syndrome", New England Journal

of Medicine, published online at http://www.nejm.org on April 10, 2003.

the isolates and viral sequences described on the website of the WHO network on March 

and 24, 2003.

the isolates and viral sequences described in Tsang et al., "A Cluster of Cases of Severe

Acute Respiratory Syndrome in Hong Kong" New England Journal of Medicine, published

online at http://www.nejm.org on March 31, 2003.

the isolates and viral sequences described in Poutanen et al., "Identification of Severe

Acute Respiratory Syndrome in Canada" New England Journal of Medicine, published

online at http://www.nejm.org on March 31, 2003.

As described in the Lancet article, a 646 base pair polynucleotide from the SARS virus has weak

homology to viruses of the family Cornoaviridae. The Lancet article further reports that a

deduced amino acid sequence (of 215 amino acids) from this sequence has about 57% sequence

homology to the RNA polymerase of bovine coronavirus and murine hepatitis virus.

Phylogenetic analysis of the protein sequences are also presented in the Lancet article showing

that the polymerase sequence is most closely related to the group II coronaviruses.

Additional SARS viral isolates can be identified, isolated and/or sequenced by virologists

skilled in the art. Virologists can readily identify new viral isolates as a SARS virus. Criteria

which a virologist may use to identify new SARS isolates include: sequence homology of the

new isolate to known SARS viral isolates; similar genomic organization of the new viral isolate

to known SARS viral isolates; immunological (serologic) similarity or identity with known

SARS viral isolates; pathology; and similarity of virion morphology with known SARS viral

isolates; and similarity of infected cell morphology as that caused by known SARS viral isolates

(visualized, for instance, by electron microscopy).

Methods for isolating and sequencing SARS viral isolates include the methods described

by Peiris et al. in the Lancet paper. As reported in the Lancet paper, RNA from clinical samples
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can be reverse transcribed with random hexamers and cDNA can be amplified with primers

having sequences of SEQ ID NOS: 6584 6585 in the presence of 2.5 mmol/L magnesium

chloride (940 C for 1 min, 50 0C for 1 min, and 72°C for 1 min).

Reverse transcription of a viral isolate using random hexamers can be accomplished in an
RT-PCR assay as follows. Virus isolates are propagated on mammalian cells, particularly fetal
rhesus kidney cells. Total RNA from virus-infected and virus-uninfected fetal rhesus kidney
cells is then isolated. RNA samples are reverse transcribed with a primer having SEQ ID NO:
6586. cDNA can be amplified by a primer having SEQ ID NO: 6587. Unique PCR products (in
size) in the infected cell preparation are then cloned and sequenced, and genetic homology of the
sequence compared with those in GenBank.

One skilled in the art would be able to identify and clone additional genomic regions using
a variety of standard cloning techniques, such as, for example, using random primer RT-PCR

and detection of sequences overlapping one or more of the above sequences, and/or using
oligonucleotide primers, degenerate primers, based on the sequences provided herein (see
Figures 1-5, Figures 8-11, SEQ ID NOS: 3-20).

Cloning, sequencing and identification of SARS virus by one skilled in the art can be
further facilitated by the use of polynucleotide sequences, particularly RNA polymerase

sequences, from related Coronaviruses.

Sequence homology of new viral isolates with the known SARS isolates described above

can be readily determined by one skilled in the art. New SARS isolates may be identified by a
percent homology of viral nucleotide sequences of 99%, 95%, 92%, 90%, 85%, or 

homology of the new virus to known SARS viral polynucleotide sequences. New SARS isolates

may also be identified by percent homology of 99%, 95%, 92%, 90%, 85%, or 80% homology of
the polypeptides encoded by the polynucleotides of the new virus and the polypeptides encoded
by known SARS virus.

New SARS isolates may also be identified by a percent homology of 99%, 95%, 92%,

85%, or 80% homology of the polynucleotide sequence for specific genomic regions for

the new virus with the polynucleotide sequence for specific genomic regions of the known SARS

viruses. Additionally, new SARS isolates may be identified by a percent homology of 99%,
95%, 92%, 90%, 85%, or 80% homology of the polypeptide sequence encoded by the

polynucleotide of specific genomic regions of the new SARS virus to the polypeptide sequence
encoded by the polynucleotides of specific regions of the known SARS virus. These genomic

regions may include regions gene products) which are typically in common among

numerous coronaviruses, as well as group specific regions antigenic groups), such as, for
example, any one of the following genomic regions which could be readily identified by a

virologist skilled in the art: 5'untranslated region (UTR), leader sequence, ORFla, ORFIb,
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nonstructural protein 2 (NS2), hemagglutinin-esterase glycoprotein (HE) (also referred to as E3),
spike glycoprotein (also referred to as E2), ORF3a, ORF3b, ORF3x, nonstructural protein 4

(NS4), envelope (small membrane) protein (also referred to as sM), membrane glycoprotein

(also referred to as El), ORF5a, ORF5b, nucleocapsid phosphoprotein ORF7a, ORF7b,

intergenic sequences, 3'UTR, or RNA dependent RNA polymerase (pol). The SARS virus may

have identifiable genomic regions with one or more the above-identified genomic regions. A

SARS viral antigen includes a protein encoded by any one of these genomic regions. A SARS

viral antigen may be a protein or a fragment thereof, which is highly conserved with

coronaviruses. A SARS viral antigen may be a protein or fragment thereof, which is specific to

the SARS virus (as compared to known comaviruses). (See, Figures 1-5, Figures 8-11, SEQ ID
NOS: 3-20).

One skilled in the art could also recognize electron microscopy of a SARS virus infected

mammalian cell. Electron microscopy of SARS infected cells are shown in the Lancet paper.

As discussed in the paper, electron.microscopy of negative stained potassium phospho-

tungstate, pH 7.0) ultracentrifuged cell-culture extracts of SARS infected fetal rhesus kidney

cells show the presence of pleomorphic enveloped virus particles of around 80-90 nm (range 

130 nm) in diameter with surface morphology compatible with a coronavirus (see Lancet paper,
Figure Thin-section electron microscopy of infected cells reveals virus particles of 55-90 nm

diameter within smooth walled vesicles in the cytoplasm (see Lancet paper, Figure 2B).

Electron microscopy can also be used to observe virus particles at the cell surface. Electron

microscopy of a human lung biopsy sample depicts similar viral morphology. See Lancet paper

Figure 2A.

I. SARS POLYPEPTIDES AND POLYNUCLEOTIDES

The invention relates to nucleic acids and proteins from SARS virus. Such polynucleotides

and polypeptides are exemplified further below.

In one embodiment, the polynucleotides of the invention do not include one of the

following five primers, disclosed at http://content.nejm.org/cgi/reprint/NEJMoaO3078Iv2.pdf: SEQ ID
NOS: 6034-38.

The invention also includes polynucleotide sequences which can be used as probes for

diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose

or identify the presence or absence of a SARS virus in a biological sample. The invention

includesa polynucleotide sequence comprising one or more of the primer sequences identified in

SEQ ID NOS: 21-1020. The invention further includes polynucleotide sequence comprising the

complement of one or more of the primer sequences identified in SEQ ID NOS: 21-1020.
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The invention includes a polypeptide sequence comprising an amino acid sequence from

the sequence shown in Figure 23. Such amino acid sequences are SEQ ID NOS: 6588-6809. The

invention includes polypeptides comprising an amino acid sequence having sequence identity to

these sequences, and the invention includes a fragment of a polypeptide comprising one of these

sequences.

The invention includes a polypeptide comprising an amino acid sequence from the

sequence shown in Figure 24. Such amino acid sequences are SEQ ID NOS: 6810-7179. The

invention includes a protein comprising an amino acid sequence having sequence identity to

these sequences, and the invention includes a fragment of a protein comprising one of these

sequences.

The invention includes a protein comprising SEQ ID NO: 6039. The invention includes a

polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 6039.

The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6039. The

invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6039, or a

fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding SEQ ID NO: 6039, or a fragment thereof. The invention includes an immunogenic

composition comprising a polypeptide comprising SEQ ID NO: 6039, or a fragment thereof.

The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO:

6039, or a fragment thereof. SEQ ID NO: 6039 demonstrates functional homology with ORFla

of coronaviruses.

Predicted transmembrane or hydrophobic regions of SEQ ID NO: 6039 are identified

below. Although the polyprotein of coronaviruses is proteolytically cleaved into numerous

smaller proteins, hydrophobic domains in the polyprotein are known to mediate the membrane

association of the replication complex and to be able to dramatically alter the architecture of host

cell membranes. Accordingly, the hydrophobic domains of the polyprotein are targets for

genetic mutation to develop attenuated SARS virus vaccines. The hydrophobic domains are also

targets for small molecule inhibitors of the SARS virus. The hydrophobic domains may also be

used to generate antibodies specific to those regions to treat or prevent SARS virus infection.
Predicted Transmembrane Helices in SEQ ID NO: 6039

The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices 43 found Outside to inside helices 43 found

from to score center from to score center
100 100) 118 116) 103 107 94 97) 118 112) 291 104
473 473) 488 488) 1003 481 400 400) 418 415) 243 407
529 532) 549 549) 541 539 473 473) 488 488) 1113 481
584 (584) 606 601) 1049 594 523 528) 548 548) 285 538
773 773) 791 789) 514 782 583 583) 606 601) 662 593
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1071
1121
1679
2098
2145
2206
2316
2335
2373
2597
2753
2831
2879
2990
3024
3054
3105
3143
3253
3346
3375
3438
3559
3589
3611
3659
3756
3890
3916
4035
4217
4239

(1071) 1089
(1121) 1137
(1679) 1696
(2102) 2119
(2145) 2160
(2209)2224
(2316)2332
(2339)2358
(2373)2390
(2600) 2615
(2753)2770
(2833)2854
(2882)2900
(2996)3 012
(3024)3042
(3058)3075
(3109)3 127
(3143)3 163
(3255)3272
(3346)3366
(3375)3392
(3438)3455
(3567)3584
(35B9)3 606
(3611)3629
(3659)3 674
(3758)3777
(3890)3904
(3919)3934
(4035)4 051
(4217)4232
(42 39)4257

(1086)
(1137)
(1696)
(2116)
(2160)
(2224)
(2332)
(2354)
(2390)
(2615)
(2768)
(2851)
(2897)
(3010)
(3039)
(3072)
(3123)
(3159)
(3272)
(3366)
(3392)
(3453)
(3581)
(3604)
(3629)
(3674)
(3774)
(3904)
(3934)
(4051)
(4232)
(4254)

243
459
404
509
797

2686
2123
2101

532
307

2242
759
526

1289
2281
2536
2010

184
319
203
305

1021
1885
2018
2304
1561
2352

485
241
335
272
402

1078
1130
1686
2109
2153
2216
2325
2346
2380
2607
2760
2841
2889
3003
3032
3065
3116
3152
3262
3356
3384
3445
3574
3596
3621
3667
3767
3897
3926
4044
4224
4247

776
1068
1121
1679
2098
2148
2208
2309
2342
2373
2753
2832
2858
2879
2990
3020
3059
3105
3142
3343
3437
3489
3560
3591
3610
3656
3681
3710
3723
3760
3881
4099
4234
d338

(776) 791
(1071) 1089
(1121) 1137
(1679)1696
(2 098)2119
(2 148)2163
(2210)22 31
(2309)2332
(2342)23 68
(2373)2390
(2755)277 0
(2835)2854
(2858)2873
(2882)2899
(2990)3005
(3024)3042
(3059) 3075
(3108) 3127
(3145) 3162
(3351)3366
(3437) 3453
(3491)3508
(3560) 3577
(3591)3606
(3610) 3627
(3658)3678
(3684) 3701
(3713(3738
(3723)3738
(3760) 3777
(3884) 3902
(4099) 4114
(4234) 4254
(4341) 4360

(791)
(1086)
(1137)
(1694)
(2116)
(2163)
(2226)
(2326)
(2360)
(2390D)
(2770)
(2851)
(2873)
(2899)
(3005)
(3042)
(3075)
(3123)
(3162)
(3366)
(3453)
(3505)
(3577)
(3606)
(3627)
(3675)
(3699)
(3728)
(3738)
(3775)
(3900)
(4114)
(4249)
(4360)

1435
370
455
34D
678
434

2389
1773
1666

254
2119

687
253
400
875

2795
2137
1902

540
496
848
302

1460
2193
1484,
1240

590
1696
1670
2367

249
389
325
505

783
1078
1130
1686
2109
2155
2219
2318
2353
2380
2763
2844
2866
2889
2998
3032
3067
3115
3152
3358
3444
3498
3569
3598
3620
3668
3691
3721
3730
3767
3892
4106
4241
4348

Accordingly, the invention includes a polypeptide comprising a fragment of SIEQ ED NO:

6039, wherein said fragment comprises an am-ino acid sequence including one or more of the

hydrophobic transmembrane sequences identified above. The invention includes a polypeptide

comprising a fragment of SEQ IID NO: 6039 wherein said fragment comprises one or more of the

following polypeptide sequences of SEQ l13 NO: 6039: 473-488, 529-549, 584-606, 773-79 1,

2098-21 19, 2145-2160, 2206-2224, 2316-2332, 2335-2358, 2373-2390, 2753-2770, 2831-2854,

2879-2900, 2990-3012, 3024-3042, 3054-3075, 3105-3127, 3438-3455, 3559-3584, 3589-3606,

3611-3629, 3659-3674, 3756-3777, 473-488, 583-606, 776-791, 2098-2119, 2208-2231, 2309-

2332, 2342-2368, 2753-2770, 2832-2854, 2990-3005, 3020-3042, 3059-3075, 3105-3127, 3 142-

3162, 3437-3453, 3560-3577, 3591-3606, 3610-3627, 3656-3678, 3710-3738, 3723-3738, and

3760-3777. Preferably, the fragment comprises one or more of the following polypeptide

sequences of SEQ ID NO: 6039: 2206-2224, 23 16-2332, 2335-2358, 2753-2770, 3024-3042,

3054-3075, 3105-3127, 3589-3606, 3611-3629, 3756-3777, 2208-2231, 2753-2770, 3020-3042,

3059-3075, and 3591-3606. Preferably, the fragment comprises one or more of the following
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polypeptide sequences of SEQ ID NO: 6039: 2206-2224 and 3020-3042. The invention also

includes polynucleotides encoding each of the polypeptide fragments identified above.

The invention includes an attenuated SARS virus wherein said attenuated SARS virus

contains an addition, deletion or substitution in the polynucleotides encoding for one of the

hydrophobic domains identified above. The invention also includes a method for creating an

attenuated SARS virus comprising mutating a SARS virus by adding, deleting or substituting the

viral genome of the SARS virus to alter the coding of one or more of the hydrophobic domains

of SEQ ID NO: 6039 identified above.

The invention includes an antibody which specifically identifies one or more of the

hydrophobic regions of SEQ ID NO: 6039 identified above. The invention includes a small

molecule which binds to, interferes with the hydrophobicity of or otherwise disrupts one or more

of the hydrophobic regions of SEQ ID NO: 6039 identified above.

Predicted N-glycosylation sites of SEQ ID NO: 6039 are identified in the chart below.
Prediction of N-glycosylation sites in SEQ ID NO: 6039

Position Potential Jury NGlyc
agreement result

48 NGTC SEQ ID NO: 7180 0.6371 
389 NHSN SEQ ID NO: 7181 0.6132 
916 NFSS SEQ ID NO: 7182 0.5807 

1628 NHTK SEQ ID NO: 7183 0.5610 
1696 NKTV SEQ ID NO: 7184 0.5297 
2031 NPTI SEQ ID NO: 9764 0.5299 WARNING: PRO-
X1.

2249 NSSN SEQ ID NO: 7185 0.6329 
2459 NPTD SEQ ID NO: 9765 0.5599 WARNING: PRO-
X1.
2685 NVSL SEQ ID NO: 7186 0.6071 
4233 NATE SEQ ID NO: 7187 0.6144 

Accordingly, the invention comprises a fragment of SEQ ID NO: 6039 wherein said

fragment comprises an amino acid sequence which includes one or more of the N-glycosylation

sites identified above. Preferably, the fragment comprises one or more sequences selected from

the group consisting of SEQ ID NOS: 7180-7187 9764-9765. Preferably, the fragment

comprises the amino acid sequence NSSN (SEQ ID NO: 7185).

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6039 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6039 are identified in Table 13. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified as SEQ ID
NOS: 7400-7639; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

-22-
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polypeptides of or The invention further comprising a method of expression or delivery
of such polynucleotides through viral vectors and/or viral particles. The invention further
comprises a polypeptide comprising two or more of the T-epitope sequences identified as SEQ
ID NOS: 7400-7639, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a
complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)
as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a
CTL response. The use preferably protects or treats disease and/or infection caused by a SARS
virus.

The invention provides the use of a polypeptide in the manufacture of a medicament for
immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide
is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a
human), comprising the step of administering to the mammal a polypeptide as defined above,
wherein said immune response is a cell-mediated immune response and, preferably, a CTL
response. The immune response is preferably protective or therapeutic.

The ORFla and ORFlb sequences of coronaviruses are typically translated as a single
ORFlab polyprotein. Slippage of the ribosome during translation generates an a-1 frameshift.
One region of such slippage is illustrated below:

0 gggttttacacttagaaacacagtctgtaccgtctgcggaatgtggaaaggttatggctgagttgtga
+1 G F T L R N T V C T V C G M W K G Y G C S C D
+3 G F Y T K H S L Y R L R N V E R L W L L 

ccaactccgcgaacccttgatgcagtctgcggatgcatcaacgtttttaaacgggttgcggtgtaagt
+1 Q L R E P L M Q S A D A S T F L N G F A V V
+3 P T P R T L D A V C G C I N V F K R V C G V S

gcagcccgtcttacaccgtgcggcacaggcactagtactg (SEQ ID NO: 7224)
+1 Q P V L H R A A Q A L V L (SEQ ID NOS: 7225-7226)
+3 A A R L T P C G T G T S T (SEQ ID NOS: 7227-7229)

0 which would generate the following translational slippage (SEQ ID NOS: 7230-7231):
ccaactccgcgaacccttgatgcagtctgcggatgcatcaacgtttttaaacgggtttgcggtgtaagt

Q L RE P L M Q S A D A S T F L NR VC G V S

Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 7232. The
invention includes a polypeptide comprising an amino acid sequence having sequence identity to
SEQ ID NO: 7232. The invention includes a fragment of a polypeptide comprising SEQ ID NO:
7232 The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO:
7232 or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide
sequence encoding SEQ ID NO: 7232 or a fragment thereof. The invention includes an

0 immunogenic composition comprising a polypeptide comprising SEQ ID NO: 7232 or a

-23-
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fragment thereof. The invention includes an antibody which recognizes a polypeptide

comprising SEQ ID NO: 7232 or a fragment thereof.

The invention also includes a polypeptide comprising amino acid sequence X1-X2-X3

where X1 is SEQ ID NO: 7233, X2 is from one to ten amino acids, and X3 is SEQ ID NO: 7234.

X2 can comprise any sequence of one to ten amino acids (SEQ ID NOS: 7235-7244) but, in

preferred embodiments, X2 is selected from the group consisting of F, FL, FLN, FLNR (SEQ ID

NO: 7245), FLNRV (SEQ ID NO: 7246) and FLNRVC (SEQ ID NO: 7247). Preferably, X2 is

SEQ ID NO: 7247. These preferred embodiments are shown as SEQ ID NOS: 7248-7253.

The invention includes a polypeptide comprising an amino acid sequence having sequence

identity to said amino acid sequences X1-X2-X3 The invention includes a fragment of a

polypeptide comprising said amino acid sequences X1-X2-X3 The invention includes a

diagnostic kit comprising a polypeptide comprising said amino acid sequences X1-X2-X3 or a

fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding said amino acid sequences X1-X2-X3 or a fragment thereof. The invention includes an

immunogenic composition comprising a polypeptide comprising said amino acid sequences

X1-X2-X3 or a fragment thereof. The invention includes an antibody which recognizes a

polypeptide comprising said amino acid sequences X1-X2-X3 or a fragment thereof.

The amino acid sequences X1-X2-X3 SEQ ID NOS: 7235-7244) demonstrate

functional homology with the polyprotein of murine hepatitis virus. This polyprotein is cleaved

to produce multiple proteins. Proteins which can be generated from the X1-X2-X3 polyprotein,

where X2 is six amino acids (SEQ ID NO: 7240) are listed below.

Mouse virus protein Coordinates in Mouse virus Coordinates in SEQ ID NO: 7240
Nsp2 3334-3636 3241-3546
Nsp3 3637-3923 3547-3836
Nsp4 3924-4015 (or 4012) 3837-3919

4016 (or 4013)-4209 3920-4117
Nsp6 4210-4319 4118-4230
Nsp7 4320-4456 4231-4369
Nsp9 4457-5384 4370-5301

5385-5984 5302-5902
Nspl1 5985-6505 5903-6429
Nspl2 6506-6879 6430-6775
Nspl3 6880-7178 6776-7073

The invention includes a fragment of the amino acid sequence X1-X2-X3 SEQ ID

NOS: 7235-7244) wherein the fragment comprises one of the polypeptide sequences identified in

the above table. The invention further includes a fragment of the amino acid sequence X1-X2-X3

wherein said fragment comprises a polypeptide sequence which has a serine at its N-terminus

and a glutamine at its C-terminus. The invention further includes a fragment of the amino acid

sequence XI-X 2-X3 wherein said fragment comprises a polypeptide sequence which has an
-24-
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Alanine at its N-terminus and a glutamine at its C-terminus. The invention further includes a

fragment of the amino acid sequence X1-X2-X3 wherein said fragment comprises a polypeptide

sequence which has a Asparagine at its N-terminus and a glutamine at its C-terminus. The

invention further includes a fragment of the amino acid sequence X1-X2-X3 wherein said

fragment comprises a Cysteine at its N-terminus and a Glutamine at its C-terminus. Each of the

fragments identified above can be used in fusion proteins.

The invention includes a diagnostic kit comprising a polypeptide comprising at least one of

the fragments of the amino acid sequence X1-X2-X3 SEQ ID NOS: 7235-7244) identified in

the above paragraph. The invention includes a diagnostic kit comprising a polynucleotide

sequence encoding at least one of the fragments of the amino acid sequence X1-X2-X3 identified

in the above paragraph. The invention includes an immunogenic composition comprising a

polypeptide comprising at least one of the fragments of the amino acid sequence XI-X 2-X3

identified in the above paragraph. The invention includes an antibody which recognizes a

polypeptide comprising at least one of the fragments of the amino acid sequence X1-X2-X3

identified in the above paragraph.

Predicted N-glycosylation sites of the amino acid sequence X1-X2-X3 when X2 is six amino

acids are identified at the asparagines located at the following amino acid positions 48; 389; 556;

916; 1628; 1696; 1899; 2079; 2249; 2252; 2507; 2685; 3303; 3373; 3382; 3720; 4150; 4233;

4240; 5016; 5280; 5403; 5558; 5650; 5905; 6031; 6130; 6474; 6918; 6973. Accordingly, the

invention comprises a fragment of SEQ 1D NO: 7239 wherein said fragment is at least ten amino

acids and wherein said fragment comprises one or more of the asparagines from the amino acid

positions of SEQ ID NO: 7239 selected from the group consisting of 8; 389; 556; 916; 1628;

1696; 1899; 2079; 2249; 2252; 2507; 2685; 3303; 3373; 3382; 3720; 4150; 4233; 4240; 5016;

5280; 5403; 5558; 5650; 5905; 6031; 6130; 6474; 6918; and 6973.

A zinc binding region 2 site within SEQ ID NOS: 7235-7244 is identified at amino acid

residues 2102-2112 (SEQ ID NO: 7254 HGIAAINSVPW). The polypeptide of SEQ ID NOS:

7235-7244 will be processed by the SARS virus into multiple peptides. This zinc binding region

falls within the nspl region of the polypeptide. SEQ ID NO: 7254 is a target for screening of

chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID

NO: 7254. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ

ID NO: 7254. The invention includes a method of screening SEQ ID NO: 7254 for an inhibitor.

The invention includes the recombinant expression of SEQ ID NO: 7254 in a host cell. The

invention includes a fragment of SEQ ID NOS: 7235-7244, wherein said fragment comprises

SEQ ID NO: 7254. The invention includes a polypeptide comprising SEQ ID NO: 7254 wherein

said polypeptide is complexed with a zinc ion. The invention includes a small molecule which
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prevents a zinc ion from complexing with the polypeptide of SEQ ID NO: 7254. The invention

includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 7254.

The polyprotein encoded by the SARS virus will contain at least two protease domains: a

papain-like cystein protease (PLP) and a chymotrypsin-picomavirus 3C-like protease (3CLp).

(There may be more than one copy of the PLP domain). These proteases function to cleave the

polyprotein into multiple smaller proteins. The 3C-like protease, also known as the "main

protease" or Mpro, is itself cleaved from the polyprotein by its own autoprotease activity. See

generally, Chapter 35 of Fields Virology (2nd ed), Fields et al. B.N. Raven Press, New

York, NY, and Anand et al., EMBO Journal (2002) 21 3213-3224. This 3CLp generally

corresponds with the Nsp2 region identified above.

The SARS virus 3CLp protein is further characterized by SEQ ID NO: 6569 (also SEQ ID

NO: 9769), as shown in FIGURE 

FIGURE 16 also illustrates the SARS virus 3CLp, in allignment with the 3CLp of avian

infectious bronchitis (IBV; SEQ ID NO: 6570), mouse hepatitis virus (MHV; SEQ ID NO:

6571), and bovine coronavirus (BCoV; SEQ ID NO: 6572). Accordingly, the invention includes

a polypeptide sequence comprising SEQ ID NO: 6569, or a fragment thereof, or a polypeptide

sequence having sequence identity thereto. The invention further includes a polynucleotide

sequence encoding SEQ ID NO: 6569, or a fragment thereof. The invention includes a

polynucleotide sequence encoding a polypeptide sequence having sequence identity to SEQ ID

NO: 6569.

The invention further includes a method of screening for an inhibitor of the SARS virus

3CLp protein. In one embodiment, the invention includes a method of screening for an inhibitor

of SEQ ID NO: 6569. The invention includes a method of recombinantly expressing the SARS

virus 3CLp protein in a host cell. The invention includes a method of recombinantly expressing

a polypeptide sequence comprising SEQ ID NO: 6569 or an enzymatically active fragment

thereof or a polypeptide sequence having sequence identity thereto. The invention includes a

small molecule which inhibits or reduces the proteolytic activity of the SARS virus 3CLp

protein. The invention includes a small molecule which inhibits or reduced the proteolytic

activity of the polypeptide comprising SEQ ID NO: 6569.

Catalytic residues of the SARS virus 3CLp are identified in FIGURE 15 and 16.

Specifically, a catalytic histidine and a catalytic cysteine are identified. Such catalytic sites are

targets for small molecules which could inhibit or reduce the protease activity of 3CLp.

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6569,

wherein said fragment comprises at least one catalytic site. Preferably, the catalytic site is

selected from the group consisting of the indicated catalytic histidine and the catalytic cysteine in

FIGURE 15 and 16. The invention includes a polynucleotide encoding a polypeptide, wherein
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said polypeptide comprises a fragment of SEQ ID NO: 6569, wherein said fragment comprises at

least one catalytic site. Preferably, the catalytic site is selected from the group consisting of the

indicated catalytic histidine and the catalytic cysteine.

The invention further includes a method of screening a compound library to identify a

small molecule which inhbits a catalytic site of a SARS virus 3CLp. Preferably, the 3CLp

comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence having sequence identity

thereto. The catalytic site is preferably selected from the group consisting of the indicated

catalytic histidine and the catalytic cysteine in FIGURE 15 and 16.

The invention includes a small molecule which inhibits the catalytic site of a SARS virus

3CLp. Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence

having sequence identity thereto. The catalytic site is preferably selected from the group

consisting of the indicated catalytic histidine and the catalytic cysteine in FIGURE 15 and 16.

Residues of the substrate site of the SARS virus 3CLp are identified in FIGURE 15 and 16.

Specifically, a substrate site is indicated at a phenylalanine, a tyrosine and a histidine. Such

substrate sites are targets for small molecules which could inhibit or reduce the protease activity

of 3CLp. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID

NO:.6569, wherein said fragment comprises at least one substrate site. Preferably, the substrate

site is selected from the group consisting of the indicated substrate phenylalanine, tyrosine and

histidine in FIGURE 15 and 16. The invention includes a polynucleotide encoding a

polypeptide, wherein said polypeptide comprises a fragment of SEQ ID NO: 6569, wherein said

fragment comprises at least one substrate site. Preferably, the substrate site is selected from the

group consisting of the indicated substrate phenylalanine, tyrosine and histidine in FIGURE 

and 16.

The invention further includes a method of screening a compound library to identify a

small molecule which blocks a substrate site of a SARS virus 3CLp. Preferably, the 3CLp

comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence having sequence identity

thereto. The substrate site is preferably selected from the group consisting of the indicated

substrate phenylalanine, tyrosine and histidine in FIGURE 15 and 16.

The invention includes a small molecule which inhibits the substrate site of a SARS virus

3CLp. Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence

having sequence identity thereto. The substrate site is preferably selected from the group

consisting of the indicated substrate phenylalanine, tyrosine and histidine in FIGURE 15 and 16.

The invention further includes a diagnostic kit comprising a polynucleotide encoding a

SARS virus 3CLp or a fragment thereof. Preferably, the SARS virus 3CLp comprising SEQ ID

NO: 6569 or a fragment thereof or a polypeptide sequence having sequence identity thereto.

Preferably, the fragment comprising one or more sites selected from the group consisting of a
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catalytic site and a substrate site. Preferably, the catalytic site is selected from the group

consisting of one or more of the sites identified in FIGURE 15 and 16. Preferably, the substrate

site is selected from the group consisting of one or more of the sites identified in FIGURE 

and 16.

The invention further comprises a diagnostic kit comprising an antibody specific to a

SARS virus 3CLp or a fragment thereof. Preferably, the antibody is specific to the polypeptide

comprising SEQ ID NO: 6569 or a fragment thereof or a polypeptide sequence having sequence

identity thereto. Preferably, the antibody is specific to one or more sites of a SARS virus 3CLp

selected from the group consisting of a catalytic site and a substrate site. Preferably, the catalytic

site is selected from the group consisting of one or more of the sites identified in FIGURE 

and 16. Preferably, the substrate site is selected from the group consisting of one or more of the

sites identified in FIGURE 15 and 16.

The invention includes a polypeptide comprising an amino acid sequence from the

sequence shown in Figure 25. The two amino acid sequences within Figure 25, separated by a 

are SEQ ID NOS: 7188 7189. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to the figure 25 translation. The invention includes a

fragment of a polypeptide comprising the figure 25 sequence. The invention includes a

diagnostic kit comprising a polypeptide comprising the figure 25 translation, or a fragment

thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding

the figure 25 translation, or a fragment thereof. The invention includes an immunogenic

composition comprising a polypeptide comprising the figure 25 translation, or a fragment

thereof. The invention includes an antibody which recognizes a polypeptide comprising the

figure 25 sequence, or a fragment thereof. The figure 25 sequence demonstrates functional

homology with ORFlb of coronaviruses.

SEQ ID NO: 7188 is an open reading frame within Figure 25. The invention includes a

polypeptide comprising SEQ ID NO: 7188. The invention includes a polypeptide comprising an

amino acid sequence having sequence identity to SEQ ID NO: 7188. The invention includes a

fragment of a polypeptide comprising SEQ ID NO: 7188. The invention includes a diagnostic

kit comprising a polypeptide comprising SEQ ID NO: 7188, or a fragment thereof. The

invention includes a diagnostic kit comprising a polynucleotide sequence encoding SEQ ID NO:

7188, or a fragment thereof. The invention includes an immunogenic composition comprising a

polypeptide comprising SEQ ID NO: 7188, or a fragment thereof. The invention includes an

antibody which recognizes a polypeptide comprising SEQ ID NO: 7188, or a fragment thereof.

SEQ ID NO: 7190 is an open reading frame within SEQ ID NO: 7188. The invention

includes a polypeptide comprising SEQ ID NO: 7190, a fragment thereof or a polypeptide

having sequence identity thereto. The invention further includes a polynucleotide encoding SEQ
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ID NO: 7190, a fragment thereof or a polypeptide sequence having sequence identity thereto.

An example of a polynucleotide encoding SEQ ID NO: 7190 is given as SEQ ID NO: 7191.

SEQ ID NO: 7188 also contains an open reading frame comprising SEQ ID NO: 6042.

The invention includes a polypeptide comprising SEQ ID NO: 6042. The invention includes a

polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 6042.

The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6042. The

invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6042, or a

fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding SEQ ID NO: 6042, or a fragment thereof. The invention includes an immunogenic

composition comprising a polypeptide comprising SEQ ID NO: 6042, or a fragment thereof.

The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO:

6042, or a fragment thereof. SEQ ID NO: 6042 demonstrates functional homology to a

coronavirus spike protein.

Predicted transmembrane regions of SEQ ID NO: 6042 are identified below.

Predicted Transmembrane helices of SEQ ID NO: 6042

The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices 18 found Outside to inside helices 13 found

from to score center from to score center
1 1) 16 16) 959 9 1 1) 17 17) 684 

233 237) 257 252) 905 244 222 222) 240 237) 238 229
345 347) 364 361) 490 354 244 247) 264 264) 613 254
345 354) 369 369) 420 362 349 355) 369 369) 314 362
497 497) 513 513) 239 506 496 496) 511 511) 488 503
573 573) 588 588) 811 580 573 573) 591 591) 712 581
645 648) 666 663) 302 656 650 652) 666 666) 474 659
690 696) 714 711) 428 704 674 679) 702 696) 190 686
857 860) 882 874) 1508 867 691 696) 713 711) 210 704

1031 (1031)1046 (1046) 446 1039 866 868) 886 886) 1172 876
1199 (1203)1219 (1217) 2667 1210 1198 (1201)1215 (1215) 3221 1208

SEQ ID NO: 6042, the spike protein, is a surface exposed polypeptide. Recombinant

expression of a protein can be hindered by hydrophobic transmembrane regions. Accordingly,

the invention includes a polypeptide comprising SEQ ID NO: 6042 wherein one or more of the

hydrophobic regions identified above is removed. The invention further includes a

polynucleotide encoding such a polypeptide. The invention includes recombinantly expressing

the protein in a host cell. Primers for amplifying the gene for spike protein and fragments

thereof, such as fragments encoding the soluble ectodomain, include SEQ ID NOS: 9753-9763

(Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164).

Further characterization of SEQ ID NO: 6042 is set forth below.

PSORT Prediction of Protein Localization Sites

-29-



WO 2004/092360 PCT/US2004/011710

version 6.4(WWW)
SEQ ID NO: 6042 1255 Residues
Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 2
Position of the most N-terminal TMS: 496 at i=2

MTOP: membrane topology (Hartmann et al.)
I(middle): 503 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
Length of UR: 13
Peak Value of UR: 3.28
Net Charge of CR: 0
Discriminant Score: 8.66

GvH: Examining signal sequence (von Heijne)
Signal Score 5.94
Possible cleavage site: 13

Seems to have a cleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:
calculated from 14

ALOM new cnt: 1 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB

ALOM: finding transmembrane regions (Klein et al.)
count: 1 value: -12.26 threshold: 
INTEGRAL Likelihood =-12.26 Transmembrane 1202-1218 (1194-1228)

PERIPHERAL Likelihood 0.16
modified ALOM score: 2.55
Seems to be a Type Ia membrane protein
The cytoplasmic tail is from 1219 to 1255

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway
(14) or uncleavable?
Gavel: Examining the boundary of mitochondrial

motif at: 14
Uncleavable? Ipos set to: 24

Discrimination of mitochondrial target seq.:
positive 2.18)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

(37 Residues)

targeting seq.

Reasoning Step: 2

KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 24) from: 1 to: 10 Score: 
SKL motif (signal for peroxisomal protein):

pos: 964(1255), count: 1 SRL

SKL score (peroxisome): 0.1
Amino Acid Composition Tendency for Peroxisome: 1.37

AAC not from the N-term., score modified
Peroxisomal proteins? Status: notclr

AAC score (peroxisome): 0.079
Amino Acid Composition tendency for lysosomal proteins

score: 0.39 Status: notclr
GY motif in the tail of typela? (lysosomal)
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
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Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Type Ia is favored for plasma memb. proteins
Checking the NPXY motif..
Checking the YXRF motif..
Checking N-myristoylation..

Final Results 
plasma membrane Certainty= 0.460(Affirmative) succ>
microbody (peroxisome) Certainty= 0.171(Affirmative) succ>
endoplasmic reticulum (membrane) Certainty= 0.100(Affirmative) succ>
endoplasmic reticulum (lumen) Certainty= 0.100(Affirmative) succ>

SEQ ID NO: 6042 appears to have a N-terminus signaling region, followed by a surface

exposed region, followed by a transmembrane region followed by a C-terminus cytoplasmic

domain region. Accordingly, the invention includes an immunogenic, surface exposed fragment

of SEQ ID NO: 6042. Preferably, said fragment comprises an amino acid sequence which does

not include the last 50 amino acids of the C-terminus of SEQ ID NO: 6042. Preferably, said

fragment comprises an amino acid sequence which does not include the last 70 amino acids of

the C-terminus of SEQ ID NO: 6042. Preferably, said fragment does not include a transdomain

region of SEQ ID NO: 6042. Preferably, said fragment does not include a C-terminus

cytoplasmic domain of SEQ ID NO: 6042. Preferably, said fragment does not include a N-

terminus signal sequence. Preferably, said fragment does not include amino acids 1-10 of the N-

terminus of SEQ ID NO: 6042. Preferably, said fragment does not include amino acids 1-14 of

the N-terminus of SEQ ID NO: 6042. Two oligopeptide fragments of SEQ ID NO: 6042 that are

able to elicit anti-spike antibodies are SEQ ID NOS: 7398 7399, as described (with additional

C-terminus cysteines) by Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164.

C-terminal truncations of spike protein, with removal of part of the cytoplasmic region, or

removal upto and including the transmembrane region, are described by Yang et al. (2004)

Nature 428:561-564.

A variant of SEQ ID NO: 6042 that is included within the invention is SEQ ID NO: 9962.

Compared to SEQ ID NO: 6042, this sequence has Ser at residue 581 instead of Ala, and has Phe

at residue 1152 instead of Leu.

The spike protein of coronaviruses may be cleaved into two separate chains into S1 and S2.

The chains may remain associated together to form a dimer or a trimer. Accordingly, the

invention includes a polypeptide comprising SEQ ID NO: 6042 wherein said polypeptide has

been cleaved into S1 and S2 domains. The invention further includes a polypeptide comprising

SEQ ID NO: 6042 wherein amino acids 1-10, preferably amino acids 1-14 of the N-terminus are

removed and further wherein SEQ ID NO: 6042 is cleaved into S1 and S2 domains. Preferably

the polypeptide is in the form of a trimer.
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The spike protein appears to form an alpha-helical structure in the transmembrane region

of the protein, preferably in the S2 domain. This alpha-helical structure is thought to associate

with at least two additional spike proteins to form a trimer. Helical or coiled regions of the spike

protein are identified below. Predicted coiled-coils of SEQ ID NO: 6042 (spike protein) are at

amino acids 900-1005 and 1151-1185 (see Figure 12).

Accordingly, the invention comprises a polypeptide sequence comprising a fragment of

SEQ ID NO: 6042 wherein said fragment includes a coiled region of SEQ ID NO: 6042. Said

fragment preferably includes the amino acid sequences selected from the group consisting of

amino acid positions 900 to 1005 and amino acid positions 1151 to 1185 of SEQ ID NO: 6042.

The invention comprises a polypeptide sequence comprising a fragment of SEQ ID NO: 6042,

wherein said fragment does not include a coiled region of SEQ ID NO: 6042. Said fragment

preferably includes the amino acid sequences selected from the group consisting of amino acid

positions 900 to 1005 and amino acid positions 1151 and 1185 of SEQ ID NO: 6042.

The spike protein is believed to play an integral role in fusion and infection of

Coronaviruses with mammalian host cells. Analysis of coronavirus spike proteins as well as

similar surface proteins in other viruses has identified at least two structural motifs, typically

located within the S2 domain, associated with this fusion event: heptad repeats (HR) and

membrane fusion peptides.

At least two 4,3 hydrophobic heptad repeat (HR) domains are typically found in the

ectodomain of the S2 domain of Coronaviruses. One heptad repeat region (HR1) is typically

located adjacent to a fusion peptide while a second heptad region (HR2) is typically located near

the C-terminus of the S2 domain, close to the transmembrane anchor. Heptad repeats are

characteristic of coiled-coil structures and the heptad repeats found in viral surface proteins (such

as coronavirus spike protein) are thought to form bundled helix structures which are involved in

viral entry. See Bosch et al., J. Virology (2003) 77:8801-8811 (Figure 1B of this reference

illustrates an alignment of the HR1 and HR2 regions of five coronaviruses along with SARS,

annotated "HCov-SARS").

Heptad repeats generally contain a repeating structure of seven amino acids, designated a-

b-c-d-e-f-g, where hydrophobic sidechains of residues a and d typically form an apolar stripe,

and electrostatic interactions are found in residues e and g. Position a is most frequently Leu, Ile

or Ala and position d is usually Leu or Ala. Residues e and g are often Glu or Gln, with Arg and

Lys also prominent at position g. Charged residues are common to positions b, c andfas these

residues may be in contact with solvent. Exceptions to these general parameters are known. For

instance Pro residues are sometimes found within the heptad.

The HR1 and HR2 sequences of an MHV strain have been postulated to assemble into a

thermostable, oligomeric, alphahelical rold-like complex, with the HR1 and HR2 helices
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oriented in an antiparallel manner. Id. In this same study, HR2 was asserted to be a strong

inhitibor of both virus entry into the cell and cell-cell fusion.

HR1 and HR2 sequences have been identified in the SARS virus genome. The SARS virus

HR1 region comprises approximately amino acids 879 to 1005 of SEQ ID NO: 6042 or

fragments thereof capable of forming at least one alpha-helical turn. Preferably, said fragments

comprise at least 7 at least 14, 21, 28, 35, 42, 49 or 56) amino acid residues. SEQ ID NO:

7192, includes amino acids 879 to 1005 of SEQ ID NO: 6042.

A preferred fragment of HR1 comprises amino acid residues 879 to 980 of SEQ ID NO:

6042. This preferred fragment is SEQ ID NO: 7193.

Another preferred fragment of HR1 comprises amino acid residues 901 to 1005 of SEQ

ID NO: 6042. This preferred fragment is SEQ ID NO: 7194.

The SARS virus HR2 region comprises approximately amino acids 1144 to 1201 of SEQ

ID NO: 6042, or fragments thereof capable of forming at least one alpha-helical turn. Preferably,

said fragments comprise at least 7 at least 14, 21, 28, 35, 42, 49 or 56) amino acid residues.

SEQ ID NO: 7195 includes amino acids 1144 to 1201. A preferred fragment of HR2 comprises

amino acids 1144 to 1195 of SEQ ID NO: 6042. This preferred fragment is SEQ ID NO: 7196.

Membrane Fusion peptides sequences within the spike protein are also believed to

participate in fusion (and infection) of the virus with a host cell. Fusion peptides generally

comprise about 16 to 26 amino acid residues which are conserved within viral families. These

Membrane Fusion peptides are relatively hydrophobic and generally show an asymmetric

distribution of hydrophobitiy when modeled into an alpha helix. They are also generally rich in

alanine and glycine.

At least three hydrophobic Membrane Fusion peptide regions have been identified within

coronaviruses (PEP1, PEP2, and PEP3). See, Luo et al., "Roles in Cell-Cell Fusion of Two

Conserved Hydrophobic Regions in the Murine Coronavirus Spike Protein", Virology (1998)

244:483-494. Figure 1 of this paper shows an alignment of Membrane Fusion peptide sequences

of Mouse Hepatitis Viris, Bovine Corona Virus, Feline Infectious Peritonitis Virus,

Transmissible Gastroenteritis Virus and Infectious Bronchitis Virus. See also, Bosch et al., "The

Coronavirus Spike Protein is a Class I Virus Fusion Protein: Structural and Functional

Characterization of the Fusion Core Complex" Journal of Virology (2003) 77(16):8801-8811.

PEP1 (SEQ ID NO: 7197), PEP2 (SEQ ID NO: 7198) and PEP3 (SEQ ID NO: 7199)

sequences within the SARS spike protein have been identified.

The coronavirus spike proteins (and other similar surface viral proteins) are thought to

undergo a conformational change upon receptor binding to the target cell membrane. One or

more of the hydrophobic Membrane Fusion peptides are thought to become exposed and inserted

into the target membrane as a result of this conformational change. The free energy released
-33-
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upon subsequent refolding of the spike protein to its most stable conformation is believed to play

a role in the merger of the viral and cellular membranes.

One or more SARS HR sequences, preferably HR2, or a fragment thereof may be used to

inhibit viral entry and membrane fusion with a target mammalian host cell. The invention

provides a method of inhibiting viral infection comprising administering a composition

comprising one or more SARS HR polypeptides or a fragment thereof. Preferably, the

composition comprises a SARS HR2 sequence.

In another embodiment, the invention includes a composition comprising a SARS HR1

sequence, or a fragment thereof and a SARS HR2 sequence, or a fragment thereof. The HR1 and

HR2 sequences may optionally be associated together in an oligomer. The composition may

comprise the intermediate domain sequence between the HR1 and HR2 domains. The use of

such an intermediate sequence may facilitate oligomerization or other structural interaction

between the HR regions.

HR sequences for use in the invention may be produced recombinantly by methods known

in the art. The SARS HR sequences may be modified to facilitate bacterial expression. In

particular, the HR sequences may be modified to facilitate transport of the recombinant protein

to the surface of the bacterial host cell. For example, leader sequences to a bacterial membrane

protein may be added to the N terminus of the recombinant HR sequences. HR sequences for use

in the invention may alternatively be produced by chemical synthesis by methods known in the

art (see below).

As discussed in more detail later in the specification, Applicants have identified structural

similarities between the SARS spike protein and the surface protein of Neisseria meningitidis,

NadA (and other similar bacterial adhesion proteins). Another means of facilitating bacterial

expression of HR sequences includes the addition of the stalk and/or anchor sequences of a

NadA-like protein to the C-terminus of the recombinant HR sequences. Recombinant sequences

containing the bacterial anchor sequence may preferably be prepared in outer membrane vesicles

(the preparation of which is discussed in more detail later in the application). Recombinant

sequences missing the bacterial anchor sequences may be secreted and isolated from the

supernatant.

The invention includes a polypeptide sequence comprising a first sequence and a second

sequence, wherein said first sequence comprises a leader sequence for a bacterial membrane

protein and wherein said second sequence comprises a HR sequence of a coronavirus.

Preferably, said first sequence comprises the leader sequence for a bacterial adhesin protein.

More preferably, said bacterial adhesion protein is NadA. Preferably said second sequence

comprises HR1, HR2 or both. In one embodiment, the second sequence comprises HR1, HR2

and the intermediate domain sequence present in the naturally occrding spike protein. For
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example, the second sequence may comprise a fragment of a coronavirus spike protein

comprising the amino acids starting with the N-terminus of the HR1 region and ending with the

C-terminus of the HR2 region.

The invention further includes a polypeptide sequence comprising a first, second, third and
fourth sequence, wherein the first sequence comprises a leader sequence for a bacterial

membrane protein; wherein said second sequence comprises a HR sequence of a coronavirus;
wherein said third sequence comprises a stalk domain of a bacterial adhesion protein; and
wherein said fourth sequence comprises an anchor domain of a bacterial adhesion protein. In
one embodiment, the first sequence comprising the leader peptide sequence is removed. In
another embodiment, the third sequence comprising the stalk domain is removed. In another
embodiment, the fourth sequence comprising the anchor domain is removed.

The polypeptide sequences of the above described constructs may be linked together by
means known in the art, including, for example, via glycine linkers.

Examples of constructs which may be used in such bacterial expression systems are shown
in FIGURE 50. Polypeptide sequences of each of the constructs illustrated in FIGURE 50 are
given as SEQ ID NOS: 7200 to 7206.

7200 Leader NadA (1-29) HR1 (879-980) 6Xgly HR2 (1144-1195) stalk+anchor NadA (88-405)
7201 Leader NadA (1-29) HRI (879-980) 6Xgly HR2 (1144-1196) stalk NadA (88-351)
7202 Leader NadA (1-29) HR1 HR2 (879-1196) stalk+anchor NadA (88-405)
7203 Leader NadA (1-29) HR1 HR2 (879-1196)-stalk NadA (88-351)
7204 HR1 HR2 (879-1196)-stalk NadA (88-351)-6xhis
7205 Leader NadA (1-29) HR1 HR2 (879-1196)-anchor NadA (351-405)
7206 'Leader NadA (1-29) HR1 HR2 (879-1196)

Administration of one of more of these Membrane Fusion sequences may also interfere
with the ability of a coronavirus to fuse to a host cell membrane. Accordingly, the invention
includes an isolated polypeptide comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 7197, SEQ ID NO: 7198and SEQ ID NO: 7199. The invention
further includes an isolated polypeptide comprising an amino acid sequence having sequence
homology to an amino acid sequence selected from the group consisting of SEQ ID NO: 7197,
SEQ ID NO: 7198and SEQ ID NO: 7199.

Two or more of these SARS Membrane Fusion peptides can be combined together. The
invention includes a composition comprising two SARS Membrane Fusion peptides wherein said
peptides are selected from at least two of the amino acids selected from the group consisting of
SEQ ID NO: 7197, SEQ ID NO: 7198and SEQ ID NO: 7199, or a sequence having sequence
identity thereto.

(0 Two or more of the SARS Membrane Fusion peptides may be linked together.

Accordingly, the invention includes a polypeptide comprising a first amino acid sequence and a
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second amino acid sequence, wherein said first and second amino acid sequences are selected

from the group consisting of SEQ ID NO: 7197, SEQ ID NO: 7198and SEQ ID NO: 7199, or a

sequence having sequence identity thereto. Preferably, said first amino acid sequence and said

second amino acid sequence are different SARS Membrane Fusion peptides, they are not the

same.

The invention also includes a method of treating or preventing SARS virus infection

comprising administering one or more of the SARS Membrane Fusion peptide compositions

described above.

As discussed above, the spike protein is capable of forming trimers. The invention further

includes a polypeptide comprising SEQ ID NO: 6042 in trimeric form. The invention includes a

composition comprising at least polypeptides wherein each polypeptide comprises at least the

alpha-helical coiled region of a SARS virus spike protein. Preferably, the spike protein

comprises SEQ ID NO: 6042 or a fragment thereof.

The invention further includes a composition comprising a SARS virus spike protein or a

fragment thereof wherein said protein is associated with a transmembrane and wherein said

fragment comprises the alpha-helical region of the SARS virus spike protein. Preferably, the

composition comprises at least three SARS virus spike proteins or a fragment thereof, wherein

the fragment comprises the alpha-helical region of the SARS virus spike protein.

The invention further includes an antibody which specifically binds to a trimeric form of

SARS virus spike proteins. Preferably, the spike protein comprises SEQ ID NO: 6042 or a

fragment thereof. The invention includes an antibody which specifically binds to a trimeric form
of SARS virus spike proteins wherein said proteins are associated with a transmembrane.

The invention further includes an antibody which specifically binds to a monomeric form

of SARS virus spike protein or a fragment thereof. Preferably, the antibody specifically binds to

a monomeric form of SEQ ID NO: 6042 or a fragment thereof.

The invention further includes a small molecule which interferes with or disrupts the

coiling of a SARS viral spike protein trimer.

The invention further includes an attenuated SARS virus for use as a vaccine wherein said

attenuated virus contains a polynucleotide insertion, deletion or substitution which does not

disrupt the trimeric conformation of the SARS virus spike protein. The invention further

includes an attenuated SARS virus for use as a vaccine wherein said attenuated virus contains a

polynucleotide insertion, deletion or substitution which does not disrupt the alpha-helical

formation of the SARS virus spike protein.

The spike protein may be recombinantly produced. In one embodiment, the spike protein

is expressed in virus like particles so that the protein is attached to a cell membrane. Such

attachment may facilitate presentation of immunogenic epitopes of the spike protein. Preferably,
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the alpha-helical portion of the spike protein is associated with the cell membrane. Preferably,
the spike proteins form a trimer within the transmembrane region of attachment.

Predicted N-glycosylation sites of SEQ ID NO: 6042 are identified below:
Position Potential Jury NGlyc

agreement result
29 NYTQ SEQ ID NO: 7207 0.7751 

NVTG SEQ ID NO: 7208 0.8090 
109 NKSQ SEQ ID NO: 7209 0.6081 
119 NSTN SEQ ID NO: 7210 0.7039 
158 NCTF SEQ ID NO: 7211 0.5808 
227 NITN SEQ ID NO: 7212 0.7518 
269 NGTI SEQ ID NO: 7213 0.6910 
318 NITN SEQ ID NO: 7214 0.6414 
330 NATK SEQ ID NO: 7215 0.6063 
357 NSTF SEQ ID NO: 7216 0.5746 
589 NASS SEQ ID NO: 7217 0.5778 
602 NCTD SEQ ID NO: 7218 0.6882 
699 NFSI SEQ ID NO: 7219 0.5357 
783 NFSQ SEQ ID NO: 7220 0.6348 

1080 NGTS SEQ ID NO: 7221 0.5806 
1116 NNTV SEQ ID NO: 7222 0.5106 
1176 NESL SEQ ID NO: 7223 0.6796 

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:
6042 wherein said fragment comprises one or more of the glycosylation sites identified above
(SEQ ID NOS: 7207-7223). The invention further includes a polynucleotide encoding one or
more of the fragments identified above. This glycosylation site can be covalently attached to a
saccharide. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID
NO: 6042 wherein said fragment comprises one or more of the glycosylation sites identified

0 above and wherein said polypeptide is glycosylated at one or more of the sites identified above.
Predicted O-glycosylation sites are identified below:

Residue No. Potential Threshold Assignment
Thr 698 0.8922 0.7696 T
Thr 706 0.9598 0.7870 T
Thr 922 0.9141 0.7338 T
Ser 36 0.8906 0.7264 S
Ser 703 0.8412 0.7676 S

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein
0 said fragment comprises one or more of the O-glycosylation sites identified above. The

invention further includes a polynucleotide encoding one or more of the fragments identified
above. The invention further includes a polypeptide comprising a fragment of SEQ ID NO:
6042 wherein said fragment comprises one or more of the O-glycosylation sites identified above
and further wherein the polypeptide is covalently bonded to a saccharide at one or more of the
included glycosylation sites.

The invention further includes a polypeptide comprising a fragment of SEQ ID NO: 6042
wherein said fragment comprises one or more of the N-glycosylation sites identified above and
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further wherein said fragment comprises one or more of the O-glycosylation sites identified

above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

Predicted phosphorylation sites of SEQ ID NO: 6042 are Ser-346, Tyr-195, and Tyr-723.

Accordingly, the invention comprises a polypeptide comprising a fragment of SEQ ID NO: 6042

wherein said fragment comprises at least ten amino acid residues and wherein said fragment

comprises one or more of the amino acids selected from the group consisting of Ser-346, Tyr-

195, and Tyr-723. In one embodiment, one or more of the amino acids selected from the group

consisting of Ser-346, Tyr-195, and Tyr-723 are phosphorylated.

Expression and functional characterization of the spike glycoprotein has been described by

Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164.

T-epitopes for SEQ ID NO: 6042 are identified in Table 16. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified as SEQ ID

NOS: 8041-8280; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 8041-8280, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide comprising SEQ ID NO: 6040. The invention

includes a polypeptide comprising an amino acid sequence having sequence identity to SEQ ID

NO: 6040. The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6040.
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The invention includes a polynucleotide encoding SEQ ID NO: 6040 or a fragment thereof. The

invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6040 or a

fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding SEQ ID NO: 6040 or a fragment thereof. The invention includes an antibody which

recognizes a polypeptide comprising SEQ ID NO: 6040 or a fragment thereof.

SEQ ID NO: 6040 demonstrates functional homology with a membrane protein of

coronaviruses. Predicted transmembrane helices of SEQ ID NO: 6040 are identified below:

Predicted Transmembrane Helices

The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices 3 found
from to score center

27 30) 48 45) 1138 38
137 139) 153 153) 486 146

Outside ;o inside helices 3 found
from to score center

28 31) 45 45) 819 38
71 73) 90 90) 210 81

136 142) 156 156) 272 149

The amino acid region with the highest predicted transmembrane helical region is from

amino acid position 27 to 48 of SEQ ID NO: 6040. Such transmembrane regions are often

difficult to express recombinantly. Accordingly, the invention includes a polypeptide

comprising a fragment of SEQ ID NO: 6040 wherein said fragment does not include the amino

acid sequence between positions 27 to 48. The invention includes a polypeptide comprising a

fragment of SEQ ID NO: 6040 wherein said fragment does not include the amino acid sequence

between positions 28 to 45. The invention also includes a polynucleotide sequence encoding any

of the above-identified polypeptides.

SEQ ID NO: 6040 is predicted to be a hypothetical protein of the SARS virus. A

prediction of the protein localization of SEQ ID NO: 6040 is set forth below. SEQ ID NO: 6040

is predicted to be located in one of the following locations: mitochondrial matrix space,

microbody (peroxisome), nucleus, and mitochondrial inner membrane. SEQ ID NO: 6040 is

predicted to be associated with an organelle inside an infected cell.

Accordingly, SEQ ID NO: 6040 is a target for screening of chemical inhibitors to the

SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6040 or a fragment

thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID

NO: 6040 or a fragment thereof. The invention includes a method of screening SEQ ID NO:

6040 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6040

in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ
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ID NO: 6040 from associating with an organelle inside of an infected cell. The invention

includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6040.

PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

SEQ ID NO: 6040 163 Residues
Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: D

McG: Examining signal sequence (McGeoch)
Length of UR: 9
Peak Value of UR: 1.75
Net Charge of CR: 1
Discriminant Score: -2.56

GvH: Examining signal sequence (von Heijne)
Signal Score 1.94
Possible cleavage site: 53
Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:
calculated from 1

ALOM new cnt: 0 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 0 value: 1.32 threshold: 
PERIPHERAL Likelihood 1.32
modified ALOM score: -1.16

Gavel: Examining the boundary of mitochondrial targeting seq.
motif at: 156
HRSVTI

Discrimination of mitochondrial target seq.:
notclr 0.88)

Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein

Reasoning Step: 2

KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 156) from: 27 to: 44 Score: 
Mitochondrial matrix? Score: 0.36
SKL motif (signal for peroxisomal protein):

pos: 99(163), count: 1 SKL

SKL score (peroxisome): 0.3
Amino Acid Composition Tendency for Peroxisome: -4.28
Peroxisomal proteins? Status: notclr
Amino Acid Composition tendency for lysosomal proteins

score: 0.02 Status: notclr
Modified score for lysosome: 0.152
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting

Found: pos: 132 KRKR
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
nuc modified. Score: 0.60
Nuclear Signal Status: notclr 0.30)
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Checking CaaX motif..
Checking N-myristoylation..
Checking CaaX motif..

Final Results 
mitochondrial matrix space Certainty= 0.480(Affirmative) succ>
microbody (peroxisome) Certainty= 0.300(Affirmative) suc>
nucleus Certainty= 0.300(Affirmative) succ>
mitochondrial inner membrane Certainty= 0.188(Affirmative) succ>

Predicted N-glycosylation sites of SEQ ID NO: 6040 are identified below.

Position Potential Jury NGlyc
agreement result

2 NKTG (SEQ ID NO: 7255) 0.7804 
106 NLTL (SEQ ID NO: 7256) 0.6123 

Accordingly, the invention comprises a fragment of SEQ ID NO: 6040 wherein said

fragment is at least ten amino acids and wherein said fragment comprises one or more of the

asparagines from the amino acid positions of SEQ ID NO: 6040 selected from the group

consisting of 2 and 106. The invention includes a fragment of SEQ ID NO: 6040 wherein said

fragment comprises one or more amino acid sequences selected from the group consisting of

SEQ ID NO: 7255 and SEQ ID NO: 7256. Preferably, the fragment comprises the amino acid

sequence NKTG (SEQ ID NO: 7255).

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6040 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6040 are identified in Table 14. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 7640-7800; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 7640-7800, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus.



WO 2004/092360 PCT/US2004/011710

The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide comprising SEQ ID NO: 6041. SEQ ID NO: 6041

demonstrates functional homology with a portion of an ORF lab polyprotein. The invention

includes a polypeptide comprising an amino acid sequence having sequence identity to SEQ ID

NO: 6041. The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6041.

The invention includes a polynucleotide sequence encoding an amino acid sequence having

sequence identity to SEQ ID NO: 6041. The invention includes a polynucleotide encoding a

fragment of a polypeptide comprising SEQ ID NO: 6041.

The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO:

6041 or a fragment therof. The invention includes a diagnostic kit comprising a polynucleotide

encoding SEQ ID NO: 6041 or a fragment thereof. The invention includes an immunogenic

composition comprising a polypeptide comprising SEQ ID NO: 6041 or a fragment thereof. The

invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 6041 or

a fragment thereof.

The polyproteins of coronaviruses are associated with enzymatic activity. Accordingly,

SEQ ID NO: 6041 is a target for screening of chemical inhibitors to the SARS virus. The

invention includes a polypeptide comprising SEQ ID NO: 6041 or a fragment thereof. The

invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6041 or

a fragment thereof. The invention includes a method of screening SEQ ID NO: 6041 for an

inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6041 in a host cell.

The invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6041

from performing enzymative activity. The invention includes a fusion protein wherein said

fusion protein comprises SEQ ID NO: 6041.

Predicted transmembrane or hydrophobic regions of SEQ ID NO: 6041 are identified

below. Although the polyprotein of coronaviruses is proteolytically cleaved into numerous

smaller proteins, hydrophobic domains in the polyprotein are known to mediate the membrane

association of the replication complex and to be able to dramatically alter the architecture of host

cell membranes. Accordingly, the hydrophobic domains of the polyprotein are targets for

genetic mutation to develop attenuated SARS virus vaccines. The hydrophobic domains are also
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targets for small molecule inhibitors of the SARS virus. The hydrophobic domains may also be

used to generate antibodies specific to those regions to treat or prevent SARS virus infection.
Possible transmembrane helices of SEQ ID NO: 6041
The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices 18 found

234
256
319
503
613
677
849

1080
1147
1557
1954
2369
2513

from

234) 254
256) 272
319) 334
505) 522
615) 633
679) 703
851) 869

(1080)1097
(1149)1163
(1557)1581
(1954)1971
(2372)2395
(2513)2532

to score center
250)
270)
334)
519)
629)
696)
865)

(1094)
(1163)
(1577)
(1971)
(2387)
(2529)

1046
252
227
405
619
467
229
306
354
817
832
300
690

241
263
327
512
622
689
858

1087
1156
1567
1964
2379
2522

Outside to insid
from

239 239) 254

239 248) 272
311 314) 334
499 503) 522
617 617) 634
849 853) 872

1147 (1147)1162
1564 (1564)1581
1951 (1951)1968
2513 (2522)2539

e helices 14 found
to score center
254) 924 247
263) 468 256
328) 267 321
519) 485 512
631) 425 624
872) 572 864

(1162) 765 1155
(1579) 883 1572
(1966) 657 1958
(2537) 711 2529

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6041, wherein said fragment comprises an amino acid sequence including one or more of the

hydrophobic transmembrane sequences identified above. The invention includes a polypeptide

comprising a fragment of SEQ ID NO: 6041 wherein said fragment comprises one or more of the

following polypeptide sequences of SEQ ID NO: 6041: 234-254, 613-633, 1557-1581, 1954-

1971, 2513-2532, 239-254, 1564-1581, 1951-1968, 2513-2539. Preferably, the fragment

comprises one or more of the following polypeptide sequences of SEQ ID NO: 6041: 234-254

and 239-254. The invention also includes polynucleotides encoding each of the polypeptide

fragments identified above.

The invention includes an attenuated SARS virus wherein said attenuated SARS virus

contains an addition, deletion or substitution in the polynucleotides encoding for one of the

hydrophobic domains identified above. The invention also includes a method for creating an

attenuated SARS virus comprising mutating a SARS virus by adding, deleting or substituting the
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viral genome of the SARS virus to alter the coding of one or more of the hydrophobic domains

of SEQ ID NO: 6041 identified above.

The invention includes an antibody which specifically identifies one or more of the

hydrophobic regions of SEQ ID NO: 6041 identified above. The invention includes a small

molecule which binds to, interferes with the hydrophobicity of or otherwise disrupts one or more

of the hydrophobic regions of SEQ ID NO: 6041 identified above.

Predicted N-glycosylation sites of SEQ ID NO: 6041 are identified below:

Position Potential Jury NGlyc
agreement result

571 NLSH (SEQ ID NO: 7257) 0.6598 
835 NTSR (SEQ ID NO: 7258) 0.5762 

958 NVTD (SEQ ID NO: 7259) 0.7494 

1113 NISD (SEQ ID NO: 7260) 0.7259 
1205 NSTL (SEQ ID NO: 7261) 0.6296 

1460 NVTG (SEQ ID NO: 7262) 0.6844 

1685 NHSV (SEQ ID NO: 7263) 0.5181 

2029 NKTT (SEQ ID NO: 7264) 0.5423 

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6041, wherein said fragment comprises one or more of the N-

glycosylation sites identified above. The invention comprises a polypeptide comprising a

fragment of SEQ ID NO: 6041 wherein said fragment comprises one or more of sequences SEQ

ID NOS: 7257-7264. Preferably, the fragment comprises one or more of the sequences SEQ ID

NOS: 7257, 7259, 7260, 7261 and 7262. The invention further comprises a polynucleotide

encoding one or more of the polypeptides identified above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6041 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6041 are identified in Table 15. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 7801-8040; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 7801-8040, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a
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CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus.

The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide sequence SEQ ID NO: 6043 or a fragment thereof.

The invention includes a polypeptide comprising an amino acid sequence having sequence

identity to SEQ ID NO: 6043. The invention includes a polynucleotide sequence encoding the

amino acid sequence of SEQ ID NO: 6043 or a fragment thereof.

Predicted transmembrane regions of SEQ ID NO: 6043 are set forth below.

Inside to outside helices 4 found
from to score center

41 41) 56 56) 1789 49
76 79) 99 99) 2142 89

105 105) 125 125) 1250 115

Outside to inside helices 3 found
from to score center

41 41) 59 56) 2053 49
76 82) 98 96) 1580 89

103 105) 125 123) 1257 115

The amino acid region with the highest predicted transmembrane helical region is from

amino acid position 76 to 99 of SEQ ID NO: 6043. Such transmembrane regions are often

difficult to express recombinantly. Accordingly, the invention includes a polypeptide

comprising a fragment of SEQ ID NO: 6043 wherein said fragment does not include one or more

of the hydrophobic amino acid sequences identified above. Preferably, the fragment does not

include the amino acids between positions 27 to 48. The invention also includes a

polynucleotide sequence encoding any of the above-identified polypeptides.

SEQ ID NO: 6043 is predicted to be a hypothetical protein of the SARS virus. A

prediction of the protein localization of SEQ ID NO: 6043 is set forth below. SEQ ID NO: 6043

is predicted to be located in one of the following locations: mitochondrial inner membrane,

plasma membrane, Golgi body, and mitochondrial intermembrane space. SEQ ID NO: 6043

may be associated with an organelle inside an infected cell.

Accordingly, SEQ ID NO: 6043 is a target for screening of chemical inhibitors to the

SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6043 or a fragment

thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID
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NO: 6043 or a fragment thereof. The invention includes a method of screening SEQ ID NO:

6043 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6043

in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ

ID NO: 6043 from associating with an organelle inside of an infected cell. The invention

includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6043.

PSORT Prediction of Protein Localization Sites for SEQ ID NO: 6043
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 3
Position of the most N-terminal TMS: 40 at i=2

MTOP: membrane topology (Hartmann et al.)
I(middle): 47 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
Length of UR: 12
Peak Value of UR: 1.41
Net Charge of CR: 0
Discriminant Score:' -4.67

GvH: Examining signal sequence (von Heijne)
Signal Score 3.44
Possible cleavage site: 

Seems to have no N-terminal signal seq.
Amino Acid Composition of Predicted Mature Form:

calculated from 1
ALOM new cnt: 2 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 2 value: -6.90 threshold: 
INTEGRAL Likelihood -6.90 Transmembrane 83 99 78 101)

INTEGRAL Likelihood -5.04 Transmembrane 40 56 37 

PERIPHERAL Likelihood -0.32
modified ALOM score: 1.48
Likely a Type IIIb membrane protein (Nexo Ccyt)

Gavel: Examining the boundary of mitochondrial targeting seq.
motif at: 128
MRCWLC

Discrimination of mitochondrial target seq.:
notclr 0.76)

Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein

Reasoning Step: 2

Type IIIa or IIIb is favored for ER memb. proteins
KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 128) from: 39 to: 56 Score: 11.5
Seems to have an intramitochondrial signal

Mitochondrial inner membrane? Score: 0.59
Mitochondrial intermemb.space? Score: 0.22
SKL motif (signal for peroxisomal protein):

pos: 92(274), count: 1 SHL
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SKL score (peroxisome): 0.3
Amino Acid Composition Tendency for Peroxisome: 4.78
Peroxisomal proteins? Status: positive
Amino Acid Composition tendency for lysosomal proteins

score: 1.16 Status: notclr
Type III proteins may be localized at Golgi
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Check the Number of TMSs for typeIII (plasma memb.)
Checking N-myristoylation..

Final Results 
mitochondrial inner membrane Certainty= 0.664(Affirmative) succ>
plasma membrane Certainty= 0.600(Affirmative) succ>
Golgi body Certainty= 0.400(Affirmative) succ>
mitochondrial intermembrane space Certainty= 0.362(Affirmative) suc>

Predicted N- and 0- glycosylation sites of SEQ ID NO: 6043 are identified below.
Position Potential Jury NGlyc

agreement result
227 NATF (SEQ ID NO: 7265) 0.6328 

Residue No. Potential Threshold Assignment
Thr 28 0.9095 0.6280 T
Thr 32 0.8740 0.6595 T
Thr 34 0.9058 0.6655 T
Thr 170 0.6816 0.6600 T
Thr 267 0.9240 0.5779 T
Thr 268 0.7313 0.5708 T
Thr 269 0.9859 0.5583 T
Thr 270 0.8023 0.5492 T
Ser 27 0.6930 0.6091 S
Ser 252 0.6457 0.5977 S

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6043, wherein said fragment comprises the N-glycosylation sites

or O-glycosylation sites identified above. The invention comprises a polypeptide comprising a

fragment of SEQ ID NO: 6043 wherein said fragment comprises one or more of the N-

glycosylation sites or O-glycosylation sites identified above. The invention further comprises a

polynucleotide encoding one or more of the polypeptides identified above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6043 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6043 are identified in Table 17. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 8281-8486; an amino acid sequence having sequence identity to an amino acid
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sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 8281-8486, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide comprising SEQ ID NO: 6044. The invention

includes a polypeptide comprising a fragment of SEQ ID NO: 6044 or a sequence having

sequence identity to SEQ ID NO:206. The invention includes a polynucleotide encoding SEQ

ID NO: 6044.

SEQ ID NO: 6044 is identified as a hypothetical protein. Predicted hydrophobic or

transmembrane regions of SEQ ID NO: 6044 are identified below:
Inside to outside helices 3 found

from to score center
1 1) 17 15) 891 8

47 47) 66 63) 221 56

Outside to inside helices 4 found
from to score center

1 4) 21 19) 599 11

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6044 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. Preferably, the fragment does not include the amino acids between

positions 1 to 19. The invention also includes a polynucleotide sequence encoding any of the

above-identified polypeptides.

SEQ ID NO: 6044 is predicted to be a hypothetical protein of SARS virus. A prediction of

the protein localization of SEQ ID NO: 6044 is set forth below. SEQ ID NO: 6044 is predicted

to be located in one of the following locations: nucleus, mitochondrial matrix, lysosome (lumen),
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and microbody (peroxisome). SEQ ID NO: 6044 may be associated with an organelle inside an

infected cell.

Accordingly, SEQ ID NO: 6044 is a target for screening of chemical inhibitors to the

SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6044 or a fragment

thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID

NO: 6044 or a fragment thereof. The invention includes a method of screening SEQ ID NO:

6044 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6044

in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ

ID NO: 6044 from associating with an organelle inside of an infected cell. The invention

LO includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6044.

PSORT Prediction of Protein Localization Sites for SEQ ID NO: 6044
version 6.4(WWW)

154 Residues
Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 0

McG: Examining signal sequence (McGeoch)
Length of UR: 7
Peak Value of UR: 1.06
Net Charge of CR: 1
Discriminant Score: -7.97

GvH: Examining signal sequence (von Heijne)
Signal Score -3.28
Possible cleavage site: 34

Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

calculated from 1
ALOM new cnt: 0 thrshld changed to -2

Cleavable signal was detected in ALOM?: OB

ALOM: finding transmembrane regions (Klein et al.)

count: 0 value: 1.43 threshold: 
PERIPHERAL Likelihood 1.43
modified ALOM score: -1.19

Gavel: Examining the boundary of mitochondrial targeting seq.

motif at: 151
FRKKQV

Discrimination of mitochondrial target seq.:
notclr (-0.46)

Reasoning Step: 2

KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 151) from: 46 to: 50 Score: 

Mitochondrial matrix? Score: 0.36
SKL motif (signal for peroxisomal protein):

pos: -1(154), count: 0
Amino Acid Composition Tendency for Peroxisome: 0.61

Peroxisomal proteins? Status: notclr
AAC score (peroxisome): 0.149

Amino Acid Composition tendency for lysosomal proteins
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score: 0.81 Status: notclr
Modified score for lysosome: 0.231
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting

Found: pos: 134 KHKK
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)

Found: pos: 136 KK VSTNLCTHSF RKKQV
Final Robbins Score (nucleus): 0.60
Checking the RNA binding motif (nucleus or cytoplasm)
nuc modified. Score: 0.90
Nuclear Signal Status: positive 0.70)
Checking CaaX motif..
Checking N-myristoylation..
Checking CaaX motif..

Final Results 
nucleus Certainty= 0.880(Affirmative) succ>
mitochondrial matrix space Certainty= 0.360(Affirmative) succ>
lysosome (lumen) Certainty= 0.231(Affirmative) succ>
microbody (peroxisome) Certainty= 0.149(Affirmative) succ>

One predicted O-glycosylation site of SEQ ID NO: 6044 is identified at residue 4:

Residue No. Potential Threshold Assignment
Thr 4 0.6839 0.6484 T

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6044, wherein said fragment comprises the O-glycosylation site

identified above. The invention further comprises a polynucleotide encoding one or more of the

polypeptides identified above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6044 wherein

said fragment does not include one or more of the glycosylation sites identified above: The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6044 are identified in Table 18. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 8487-8665; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 8487-8665, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS



WO 2004/092360 PCT/US2004/011710

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide sequence comprising SEQ ID NO: 6045. The

invention includes a polypeptide sequence comprising an amino acid sequence having sequence

identity to SEQ ID NO: 6045. The invention includes a polypeptide sequence comprising a

fragment of SEQ ID NO: 6045. The invention includes a polynucleotide sequence encoding any

of these polypeptides.

SEQ ID NO: 6045 demonstrates functional homology with the envelope or small

membrane protein of coronaviruses. The invention includes a diagnostic kit comprising a

polypeptide comprising SEQ ID NO: 6045 or a fragment thereof. The invention includes a

diagnostic kit comprising a polynucleotide encoding SEQ ID NO: 6045 or a fragment thereof.

The invention includes an immunogenic composition comprising SEQ ID NO: 6045 or a'

fragment thereof. The invention includes an antibody which recognizes a polypeptide

comprising SEQ ID NO: 6045 or a fragment thereof.

Predicted transmembrane regions of SEQ ID NO: 6045 are identified below:

Inside to outside helices 1 found
from to score center

17 19) 33 33) 2881 26

Outside to inside helices 1 found
from to score center

17 17) 34 34) 2981 27

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6045 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. Preferably, the fragment does not include the amino acids between

positions 17 to 34. The invention also.includes a polynucleotide sequence encoding any of the

above-identified polypeptides. In one embodiment, the invention includes a polypeptide

comprising a fragment of SEQ ID NO: 6045 wherein said fragment does not include amino acid

residues 1-34 of SEQ ID NO: 6045.

Predicted protein Localization Site of SEQ ID NO: 6045 is below.

PSORT Prediction of Protein Localization Sites for SEQ ID NO: 6045
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1



WO 2004/092360 PCT/US2004/011710

Preliminary Calculation of ALOM (threshold: 
count: 2
Position of the most N-terminal TMS: 17 at i=l

MTOP: membrane topology (Hartmann et al.)
I(middle): 24 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
Length of UR: 29
Peak Value of UR: 3.40
Net Charge of CR: -2
Discriminant Score: 13.07

GvH: Examining signal sequence (von Heijne)
Signal Score 4.37
Possible cleavage site: 32

positive value of mtop 
Seems to have an uncleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:
calculated from 1

ALOM new cnt: 1 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 1 value: -15.12 threshold: 
INTEGRAL Likelihood =-15.12 Transmembrane 17
PERIPHERAL Likelihood 0.47
modified ALOM score: 3.12
Seems to be a Type Ib (Nexo Ccyt) membrane protein
The cytoplasmic tail is from 34 to 76 (44 Residues)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

or uncleavable?
Gavel: Examining the boundary of mitochondrial targeting

motif at: 6
Uncleavable? Ipos set to: 16

Discrimination of mitochondrial target seq.:
notclr 0.19)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

Reasoning Step: 2

Relative position of the end of the tail: 44%
Memb.protein with uncleavable signl is often at ER
KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 16) from: 70 to: 99 Score: 21.5
Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):
i0 pos: count: 0

Amino Acid Composition Tendency for Peroxisome: -4.11
Peroxisomal proteins? Status: negative
Amino Acid Composition tendency for lysosomal proteins

score: 0.68 Status: notclr
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)

0 Nuclear Signal Status: negative 0.00)
Check cytoplasmic tail for typelb (plasma memb.)

33 8 44)

seq.
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Checking the NPXY motif..
Checking the YXRF motif..
Checking N-myristoylation..

Final Results 
plasma membrane Certainty= 0.730(Affirmative) suc>
endoplasmic reticulum (membrane) Certainty= 0.640(Affirmative) succ>
endoplasmic reticulum (lumen) Certainty= 0.100(Affirmative) succ>
outside Certainty= 0.100(Affirmative) succ>

Predicted N-glycosylation sites of SEQ ID NO: 6045 are identified at residues 48 and 66:
Position Potential Jury NGlyc

agreement result
48 NVSL 0.6514 (SEQ ID NO: 7266)
66 NSSE 0.5880 (SEQ ID NO: 7267)

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6045, wherein said fragment comprises one or more of the

N-glycosylation sites identified above. The invention comprises a polypeptide comprising a

fragment of SEQ ID NO: 6045 wherein said fragment comprises one or more of the N-

glycosylation sites identified above. The invention further comprises a polynucleotide encoding

one or more of the polypeptides identified above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6045 wherein

said fragment does not include one or more of the glycosylation sites identified above. The

invention also includes a polynucleotide encoding such a polypeptide.

T-epitopes for SEQ ID NO: 6045 are identified in Table 19. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 8666-8820; an amino acid sequence having sequence identity to an amino acid

;0 sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 8666-8820, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

0 immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.
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The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide sequence comprising SEQ ID NO: 6046. The

invention includes polypeptide sequences comprising an amino acid sequence having sequence

identity to SEQ ID NO: 6046. The-invention includes a polypeptide sequence comprising a

fragment of SEQ ID NO: 6046. The invention includes a polynucleotide encoding one of these

polypeptides.

SEQ ID NO: 6046 has functional homology with a matrix protein of a coronavirus. The

invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6046 or a

fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide encoding

SEQ ID NO: 6046 or a fragment thereof. The invention includes an immunogenic composition

comprising SEQ ID NO: 6046 or a fragment thereof. The invention includes an antibody which

recognizes a polypeptide comprising SEQ ID NO: 6046 or a fragment thereof.

Predicted transmembrane regions of SEQ ID NO: 6046 are identified below.

Inside to outside helices 3 found
from to score center

21 21) 38 36) 2412 29
51 53) 69 69) 2645 
74 82) 96 96) 2464 89

Outside to inside helices 3 found
from to score center

18 21) 38 38) 2363 28
52 52) 67 67) 2363 
76 76) 95 92) 2605 84

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6046 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. Preferably, the fragment does not include the amino acids between

positions selected from the group consisting of 18 to 38, 52 to 67 and 76 to 95. The invention

also includes a polynucleotide sequence encoding any of the above-identified polypeptides.

Predicted protein localization of SEQ ID NO: 6046 is set forth below.

PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 3
Position of the most N-terminal TMS: 21 at i=l

MTOP: membrane topology (Hartmann et al.)
I(middle): 28 Charge diffirence(C-N): 
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McG: Examining signal sequence (McGeoch)
Length of UR: 1
Peak Value of UR: 3.16
Net Charge of CR: -3
Discriminant Score: 2.21

GvH: Examining signal sequence (von Heijne)
Signal Score 4.29
Possible cleavage site: 39

positive value of mtop 

Seems to have an uncleavable N-term signal sea.
Amino Acid Composition of Predicted Mature Form:

calculated from 1
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 3 value: -7.64 threshold: 
INTEGRAL Likelihood -7.64 Transmembrane
INTEGRAL Likelihood -7.59 Transmembrane
INTEGRAL Likelihood -5.04 Transmembrane
PERIPHERAL Likelihood 2.38
modified ALOM score: 2.13
Likely a Type IIIb membrane protein (Nexo Ccyt)

Rule: vesicular pathway

21 
50 

79 

37
66
95

18 39)
43 72)
72 99)

Rule: vesicular pathway
Rule: vesicular pathway

2) or uncleavable?
Gavel: Examining the boundary of mitochondrial targeting seq.

motif at: 2
Uncleavable? Ipos set to: 12

Discrimination of mitochondrial target seq.:
negative (-4.16)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

Reasoning Step: 2

Type IIIa or IIIb is favored for ER memb. proteins
Memb.protein with uncleavable signl is often at ER
KDEL Count: 0
Checking apolar signal for intramitochondrial sorting
SKL motif (signal for peroxisomal protein):

pos: -1(221), count: 0
Amino Acid Composition Tendency for Peroxisome: 5.01
Peroxisomal proteins? Status: notclr
Amino Acid Composition tendency for lysosomal proteins

score: 2.30 Status: positive
Type III proteins may be localized at Golgi
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Check the Number of TMSs for typeIII (plasma memb.)
Checking N-myristoylation..

Final Results

endoplasmic reticulum (membrane) Certainty= 0.685(Affirmative) succ>
plasma membrane Certainty= 0.640(Affirmative) succ>
Golgi body Certainty= 0.460(Affirmative) succ>
endoplasmic reticulum (lumen) Certainty= 0.100(Affirmative) succ>
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One predicted N-glycosylation sites of SEQ ID NO: 6046 is identified at residue 4:

Prediction of N-lvcosvlation sites

Position Potential Jury NGlyc
agreement result

4 NGTI 0.8430 (SEQ ID NO: 7268)

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6046, wherein said fragment comprises the N-glycosylation site

identified above. The invention further comprises a polynucleotide encoding one or more of the

polypeptides identified above.

The invention further comprises a polypeptide comprising a fragment of amino acid

sequence SEQ ID NO: 6046, wherein said fragment does not include the N-glycosylation site

identified above. The invention includes a polynucleotide encoding such a fragment.

A variant of SEQ ID NO: 6046 that is included within the invention is SEQ ID NO: 9963.

Compared to SEQ ID NO: 6046, this sequence has Val at residue 72 instead of Ala.

T-epitopes for SEQ ID NO: 6046 are identified in Table 20. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 8821-9018; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 8821-9018, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MIHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.
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The invention includes a polypeptide sequence comprising SEQ ID NO: 6047 or a

fragment thereof or an amino acid sequence having sequence identity thereto. Predicted

transmembrane regions of SEQ ID NO: 6047 are identified below.

Inside to outside helices 2 found
from to score center

7 10) 29 27) 729 17
21 24) 41 41) 640 34

Outside to inside helices 2 found
from to score center

4 4) 22 19) 874 12
22 24) 41 41) 499 31

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6047 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. Preferably, the fragment does not include the amino acids between

positions selected from the group consisting of 4 to 22 and 22 to 41. The invention also includes

a polynucleotide sequence encoding any of the above-identified polypeptides.

SEQ ID NO: 6047 is predicted to be a hypothetical protein of SARS virus. A prediction of

the protein localization of SEQ ID NO: 6047 is set forth below. SEQ ID NO: 6047 is predicted

to be located in one of the following locations: plasma membrane, endoplasmic reticulum, Golgi

body, and microbody (peroxisome). SEQ ID NO: 6047 may be associated with an organelle

inside an infected cell or with viral entry to a host cell.

Accordingly, SEQ ID NO: 6047 is a target for screening of chemical inhibitors to the

SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6047 or a fragment

thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID

NO: 6047 or a fragment thereof. The invention includes a method of screening SEQ ID NO:

6047 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6047

in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ

ID NO: 6047 from associating with an organelle inside of an infected cell or interacting with a

host cell membrane. The invention includes a fusion protein wherein said fusion protein

comprises SEQ ID NO: 6047. Predicted protein localization of SEQ ID NO: 6047 is set forth

below.

PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold; 
count: 1
Position of the most N-terminal TMS: 2 at i=l

MTOP: membrane topology (Hartmann et al.)
I(middle): 9 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
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Length of UR: 6
Peak Value of UR: 3.08
Net Charge of CR: 0
Discriminant Score: 5.12

GvH: Examining signal sequence (von Heijne)
Signal Score -4.45
Possible cleavage site: 34
Seems to have an uncleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:
calculated from 1

ALOM new cnt: 1 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 1 value: -2.44 threshold: 
INTEGRAL Likelihood -2.44 Transmembrane
PERIPHERAL Likelihood 1.22
modified ALOM score: 0.59
Seems to be a Type II (Ncyt Cexo) membrane protein
The cytoplasmic tail is from 1 to 1 (1 Residues)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

5) or uncleavable?
Gavel: Examining the boundary of mitochondrial targetil

motif at: 
Uncleavable? Ipos set to: 

Discrimination of mitochondrial target seq.:
notclr 1.48)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

2 18 1 

ng seq.

Reasoning Step: 2

Relative position of the cytoplasmic tail: 1%
Larger value is favared for ER memb. proteins

Memb.protein with uncleavable signl is often at ER
KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 15) from: 64 to: 93 Score: 30.0
Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):
pos: count: 0

Amino Acid Composition Tendency for Peroxisome: 1.91
Peroxisomal proteins? Status: notclr

AAC score (peroxisome); 0.161
Amino Acid Composition tendency for lysosomal proteins

score:
Checking th

i0 Checking th
Checking th
Checking th,
Checking the
Checking th,
Checking thi
Checking th4

0.04 Status: notclr
consensus for Golgi
consensus for Golgi
cytoplasmic tail of type II. (Golgi)
amount of Basic Residues (nucleus)
4 residue pattern for Nuclear Targeting
7 residue pattern for Nuclear Targeting
Robbins Dingwall consensus (nucleus)
RNA binding motif (nucleus or cytoplasm)

Nuclear Signal Status: negative 0.00)
Check mitochondrial signal for typell (plasma memb.)
Type II is favored for plasma memb. proteins

0 Checking the NPXY motif..
Checking the YXRF motif...
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Checking N-myristoylation..

Final Results 
plasma membrane Certainty= 0.685(Affirmative) succ>
endoplasmic reticulum (membrane) Certainty= 0.640(Affirmative) succ>
Golgi body Certainty= 0.370(Affirmative) succ>
microbody (peroxisome) Certainty= 0.161(Affirmative) suco>

T-epitopes for SEQ ID NO: 6047 are identified in Table 21. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 9019-9131; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 9019-9131, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide comprising SEQ ID NO: 6048, a fragment thereof or

an amino acid sequence having sequence identity thereto. Predicted transmembrane regions of

SEQ ID NO: 6048 are identified below.
Inside to outside helices 2 found

from to score center
3 3) 18 18) 1857 

100 100) 117 115) 2904 107

Outside to inside helices 2 found
from to score center

1 1) 15 15) 1299 8
100 100) 117 115) 3009 107

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6048 wherein said fragment does not include one or more of the hydrophobic amino acid
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sequences identified above. Preferably, the fragment does not include the amino acids between
positions selected from the group consisting of 1 to 15 and 100 to 117. The invention also
includes a polynucleotide sequence encoding any of the above-identified polypeptides.

SEQ ID NO: 6048 is predicted to be a hypothetical protein of SARS virus. A prediction of
the protein localization of SEQ ID NO: 6048 is set forth below. SEQ ID NO: 6048 is predicted
to be located in one of the following locations: plasma membrane, lysosome (membrane),
microbody (peroxisome), and endoplasmic reticulum (membrane). SEQ ID NO: 6048 may be
associated with an organelle inside an infected cell or may interact with a host cell plasma
membrane during viral entry to the host cell.

Accordingly, SEQ ID NO: 6048 is a target for screening of chemical inhibitors to the
SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6048 or a fragment
thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID
NO: 6048 or a fragment thereof. The invention includes a method of screening SEQ ID NO:
6048 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6048
in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ
ID NO: 6048 from associating with an organelle inside of an infected cell or prevents the
polypeptide from associating with the cell membrane of a host cell. The invention includes a
fusion protein wherein said fusion protein comprises SEQ ID NO: 6048. Predicted protein
localization of SEQ ID NO: 6048 is set forth below.

0O PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 2
Position of the most N-terminal TMS: 3 at i=2

MTOP: membrane topology (Hartmann et al.)
0 I(middle): 10 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
Length of UR: 13
Peak Value of UR: 3.38
Net Charge of CR: 1
Discriminant Score: 10.02

GvH: Examining signal sequence (von Heijne)
Signal Score 2.56
Possible cleavage site: 

Seems to have a cleavable N-term signal seq.
3 Amino Acid Composition of Predicted Mature Form:

calculated from 16
ALOM new cnt: 2 thrshld changed to -2
Cleavable signal was detected in ALOM?: 1B
ALOM: finding transmembrane regions (Klein et al.)

count: 1 value: -14.75 threshold: 
INTEGRAL Likelihood =-14.75 Transmembrane 101 117 95 120)
PERIPHERAL Likelihood 6.63
modified ALOM score: 3.05
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Seems to be a Type la membrane protein
The cytoplasmic tail is from 118 to 122 (5 Residues)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

or uncleavable?
Gavel: Examining the boundary of mitochondrial targeting seq.

motif at: 
Uncleavable? Ipos set to: 

Discrimination of mitochondrial target seq.:
notclr 0.73)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

Reasoning Step: 2

KDEL Count: 0
Checking apolar signal for intramitochondrial sorting

(Gavel position 25) from: 3 to: 12 Score: 
SKL motif (signal for peroxisomal protein):

pos: -1(122), count: 0
Amino Acid Composition Tendency for Peroxisome: 2.46

AAC not from the N-term., score modified
Peroxisomal proteins? Status: notclr

AAC score (peroxisome): 0.115
Amino Acid Composition tendency for lysosomal proteins

score: -0.40 Status: negative
GY motif in the tail of typela? (lysosomal)
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Type Ia is favored for plasma memb. proteins
Checking the NPXY motif..
Checking the YXRF motif..
Checking N-myristoylation..
Checking GPI anchor..

Seems to be GPI-anchored (0.85)

Final Results
plasma membrane Certainty= 0.919(Affirmative) succ>
lysosome (membrane) Certainty= 0.200(Affirmative) succ>
microbody (peroxisome) Certainty= 0.115(Affirmative) succ>
endoplasmic reticulum (membrane) Certainty= 0.100(Affirmative) succ>

T-epitopes for SEQ ID NO: 6048 are identified in Table 22. The invention includes a
0 polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID
NOS: 9132-9308; an amino acid sequence having sequence identity to an amino acid
sequence of The invention further comprising a polynucleotide sequence encoding the
polypeptides of or The invention further comprising a method of expression or delivery
of such polynucleotides through viral vectors and/or viral particles. The invention further
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comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 9132-9308, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,
wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide comprising SEQ ID NO: 6049, a fragment thereof or

an amino acid sequence having sequence identity thereto. Predicted transmembrane or

hydrophobic regions of SEQ ID NO: 6049 are identified below.
Inside to outside helices 1 found

from to score center
13 13) 30 28) 3532 

Outside to inside helices 1 found
from to score center

9 11) 29 26) 3395 19

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6049 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. The invention also includes a polynucleotide sequence encoding any

of the above-identified polypeptides.

SEQ ID NO: 6049 is predicted to be a hypothetical protein of SARS virus. A prediction of

the protein localization of SEQ ID NO: 6049 is set forth below. SEQ ID NO: 6049 is predicted

to be located in one of the following locations: outside, microbody (peroxisome), endoplasmic

reticulum (membrane) and endoplasmic reticulum (lumen). The highest ranking indicates that

SEQ ID NO: 6049 is located on the outside of a cell. Accordingly, SEQ ID NO: 6049 may be a

surface exposed protein.

Accordingly, SEQ ID NO: 6049 may be used in an immunogenic composition to raise an

immune response against the SARS virus. It also may be used to generate antibodies specific to

the SARS virus. Such antibodies may be used in a method of treatment or prevention of a SARS

virus infection. Such antibodies may further be used in a diagnostic test to identify the presence

or absence of SARS virus in a biological sample.
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The invention includes a polypeptide comprises SEQ ID NO: 6049 or a fragment thereof.
The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO:
6049 or a fragment thereof. The invention includes a method of screening SEQ ID NO: 6049 for
an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6049 in a host
cell. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO:
6049. Predicted protein localization of SEQ ID NO: 6049 is set forth below.

PSORT Prediction of Protein Localization Sites

version 6.4(WWW)
Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 1
Position of the most N-terminal TMS: 11 at i=l

MTOP: membrane topology (Hartmann et al.)
I(middle): 18 Charge diffirence(C-N): 

McG: Examining signal sequence (McGeoch)
Length of UR: 24
Peak Value of UR: 3.69
Net Charge of CR: -2
Discriminant Score: 13.56

GvH: Examining signal sequence (von Heijne)
Signal Score 0.52
Possible cleavage site: 

Seems to have a cleavable N-term signal seq.
Amino Acid Composition of Predicted Mature Form:

calculated from 26
ALOM new cnt: 1 thrshld changed to -2
Cleavable signal was detected in ALOM?: 1B
ALOM: finding transmembrane regions (Klein et al.)

count: 0 value: 14.80 threshold: 
PERIPHERAL Likelihood 14.80
modified ALOM score: -3.86

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

or uncleavable?
Gavel: Examining the boundary of mitochondrial targeting seq.

0 motif at: 2
Uncleavable? Ipos set to: 12

Discrimination of mitochondrial target seq.:
notclr 1.42)

Rule: vesicular pathway
Rule: vesicular pathway
Rule: vesicular pathway

Reasoning Step: 2

0 KDEL Count: 0
Number of Potential N-glycosylation Sites: 0
Out: score 0.800
Checking apolar signal for intramitochondrial sorting

(Gavel position 12) from: 44 to: 73 Score: 30.0
Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):
pos: count: 0
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Amino Acid Composition Tendency for Peroxisome: 9.47
AAC not from the N-term., score modified

Peroxisomal proteins? Status: notclr
AAC score (peroxisome): 0.320

Amino Acid Composition tendency for lysosomal proteins
score: -6.47 Status: negative

Number of NX(S/T) motif: 0
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Checking CaaX motif..
Checking N-myristoylation..
Checking CaaX motif..

Final Results 
outside Certainty= 0.820(Affirmative) succ>
microbody (peroxisome) Certainty= 0.320(Affirmative) succ>
endoplasmic reticulum (membrane) Certainty= 0.100(Affirmative) succ>
endoplasmic reticulum (lumen) Certainty= 0.100(Affirmative) succ>

T-epitopes for SEQ ID NO: 6049 are identified in Table 23. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 9309-9437; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 9309-9437, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

-64-
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The invention includes a polypeptide comprising SEQ ID NO: 6050 or a fragment thereof
or an amino acid sequence having sequence identity thereto. Predicted transmembrane or
hydrophobic regions are identified below.

Inside to outside helices 1 found
from to score center

13 15) 32 30) 558 23

Outside to inside helices 1 found
from to score center

16 16) 30 30) 364 23

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:
6050 wherein said fragment does not include one or more of the hydrophobic amino acid
sequences identified above. The invention also includes a polynucleotide sequence encoding any
of the above-identified polypeptides.

SEQ ID NO: 6050 is predicted to be a hypothetical protein of SARS virus. A prediction of
the protein localization of SEQ ID NO: 6050 is set forth below. SEQ ID NO: 6050 is predicted
to be located in one of the following locations: lysosome (lumen), mitochondrial matrix space,
mitochondrial inner membrane, and mitochondrial intermembrane space. SEQ ID NO: 6050
may be associated with an organelle inside an infected cell during the viral replication cycle.

Accordingly, SEQ ID NO: 6050 is a target for screening of chemical inhibitors to the
SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6050 or a fragment
thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID
NO: 6050 or a fragment thereof. The invention includes a method of screening SEQ ID NO:
6050 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6050
in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ
ID NO: 6050 from associating with an organelle inside of an infected cell or prevents the
polypeptide from associating with the cell membrane of a host cell. The invention includes a
fusion protein wherein said fusion protein comprises SEQ ID NO: 6050. Predicted protein
localization of SEQ ID NO: 6050 is set forth below.

PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

MYSEQ 84 Residues
Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 0

.0 McG: Examining signal sequence (McGeoch)
Length of UR: 3
Peak Value of UR: 1.46
Net Charge of CR: 2
Discriminant Score: -5.73

GvH: Examining signal sequence (von Heijne)
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Signal Score -0.12
Possible cleavage site: 29

Seems to have no N-terminal signal seq.
Amino Acid Composition of Predicted Mature Form:

calculated from 1
ALOM new cnt: 0 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 0 value: 8.43 threshold: 
PERIPHERAL Likelihood 8.43
modified ALOM score: -2.59

Gavel: Examining the boundary of mitochondrial targeting seq.
motif at: 61
ARCWYL

Discrimination of mitochondrial target seq.:
positive 1.66)

Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein
Rule: mitochondrial protein

Reasoning Step: 2

KDEL Count: 0
'Checking apolar signal for intramitochondrial sorting

(Gavel position 61) from: 52 to: 58 Score: 
Mitochondrial matrix? Score: 0.38
SKL motif (signal for peroxisomal protein):

pos: count: 0

Amino Acid Composition Tendency for Peroxisome: 1.47
Peroxisomal proteins? Status: notclr

AAC score (peroxisome): 0.263
Amino Acid Composition tendency for lysosomal proteins

score: 2.86 Status: positive
Modified score for lysosome: 0.850
Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting
Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)
Checking the RNA binding motif (nucleus or cytoplasm)
Nuclear Signal Status: negative 0.00)
Checking CaaX motif..
Checking N-myristoylation..
Checking CaaX motif..

Final Results

lysosome (lumen) Certainty= 0.850(Affirmative) succ>
mitochondrial matrix space Certainty= 0.544(Affirmative) succ>
mitochondrial inner membrane Certainty= 0.266(Affirmative) succ>
mitochondrial intermembrane space Certainty= 0.266(Affirmative) succ>

One predicted N-glycosylation sites of SEQ ID NO: 6050 is identified at residue 43:
Position Potential Jury NGlyc

agreement result
43 NVTI 0.6713 (SEQ ID NO: 7269)

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino

acid sequence of SEQ ID NO: 6050 wherein said fragment comprises the N-glycosylation site
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identified above. The invention further comprises a polynucleotide encoding one or more of the

polypeptides identified above.

The invention further comprises a polypeptide comprising a fragment of amino acid

sequence SEQ ID NO: 6050 wherein said fragment does not include the N-glycosylation site

identified above. The invention includes a polynucleotide encoding such a fragment.

T-epitopes for SEQ ID NO: 6050 are identified in Table 24. The invention includes a

polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid

sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID

NOS: 9438-9538; an amino acid sequence having sequence identity to an amino acid

sequence of The invention further comprising a polynucleotide sequence encoding the

polypeptides of or The invention further comprising a method of expression or delivery

of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ

ID NOS: 9438-9538, or a polynucleotide encoding such a polypeptide.

The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a polypeptide sequence comprising SEQ ID NO: 6051 or a

fragment thereof or an amino acid sequence having sequence identity thereto. The invention

includes a polypeptide sequence comprising SEQ ID NO: 6052 or a fragment thereof or an

amino acid sequence having sequence identity thereto.

O0 SEQ ID NO: 6051 and SEQ ID NO: 6052 demonstrate functional homology with a

nucleocapsid protein of a coronavirus. The invention includes a diagnostic kit comprising a

polypeptide comprising SEQ ID NO: 6051, SEQ ID NO: 6052 or a fragment thereof. The

invention includes a diagnostic kit comprising a polynucleotide encoding SEQ ID NO: 6051,

SEQ ID NO: 6052 or a fragment thereof. The invention includes an immunogenic composition

comprising SEQ ID NO: 6051, SEQ ID NO: 6052 or a fragment thereof. The invention includes
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an antibody which recognizes a polypeptide comprising SEQ ID NO: 6051, SEQ ID NO: 6052

or a fragment thereof.

SEQ ID NO: 6051 is predicted to be phosphorylated at Ser-79; Thr-92; Ser-106; Thr-116;

Thr-142; Ser-184; Ser-188; Ser-202; Ser-236; Thr-248; Ser-251; Ser-256; Thr-377.

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6051

wherein said fragment includes one or more of the amino acid residues of SEQ ID NO: 6051

selected from the group consisting of Ser-79; Thr-92; Ser-106; Thr-116; Thr-142; Ser-184; Ser-

188; Ser-202; Ser-236; Thr-248; Ser-251; Ser-256; Thr-377. The invention further includes a

polypeptide comprising a fragment of SEQ ID NO: 6051 wherein said fragment does not include

one or more of the amino acid residues of SEQ ID NO: 6051 selected from the group consisting

of Ser-79; Thr-92; Ser-106; Thr-116; Thr-142; Ser-184; Ser-188; Ser-202; Ser-236; Thr-248;

Ser-251; Ser-256; Thr-377. Two further useful fragments of the N protein for

immunoassay) are SEQ ID NOS: 9783 9784, which are lysine-rich and can be used to

distinguish the SARS virus from other coronaviruses.

Predicted transmembrane regions of SEQ ID NO: 6051 are identified below.

Inside to outside helices 1 found
from to score center

304 304) 323 319) 495 312

Outside to inside helices 2 found
from to score center

304 304) 319 319) 597 312

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO:

6051 wherein said fragment does not include one or more of the hydrophobic amino acid

sequences identified above. The invention also includes a polynucleotide sequence encoding any

of the above-identified polypeptides.

Predicted protein localization of SEQ ID NO: 6051 is set forth below. SEQ ID NO: 6051

is predicted to be localized near the nucleus, lysosome (lumen), mitochondrial matrix space, and

microbody (peroxisome). The highest ranking is for localization near the nucleus. Coronavirus

nucleocapsid proteins are known to bind to viral RNA. Coronavirus nucleocapsid proteins are

also thought to be important for cell mediated immunity. Accordingly, the invention includes a

polynucleotide comprising SEQ ID NO: 6051. The invention further includes a viral vector or

particle suitable for in vivo delivery of the polynucleotide sequence comprising a SARS virus

nuceocapsid polynucleotide sequence or a fragment thereof. In one embodiment, the

polynucleotide comprises SEQ ID NO: 6051 or a fragment thereof. The invention further

includes a method for eliciting a cell mediated immune response comprising delivering a

polynucleotide encoding a SARS virus nucleocapsid protein or a fragment thereof to a mammal.

In one embodiment, the polynucleotide comprising SEQ ID NO: 6051 or a fragment thereof.
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The invention further includes a method of screening SEQ ID NO: 6051 for an inhibitor.
The invention includes the recombinant expression of SEQ ID NO: 6051 in a host cell. The
invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6051 from
binding to SARS virus RNA during viral replication. The invention includes a fusion protein
wherein said fusion protein comprises SEQ ID NO: 6051. Predicted protein localization of SEQ
ID NO: 6051 is set forth below.

PSORT Prediction of Protein Localization Sites
version 6.4(WWW)

Species classification: 4

Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 
count: 0

McG: Examining signal sequence (McGeoch)
Length of UR: 3
Peak Value of UR: 0.19
Net Charge of CR: 0
Discriminant Score: -15.98

GvH: Examining signal sequence (von Heijne)
Signal Score -6.36
Possible cleavage site: 58
Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:
calculated from 1

ALOM new cnt: 0 thrshld changed to -2
Cleavable signal was detected in ALOM?: OB
ALOM: finding transmembrane regions (Klein et al.)

count: 0 value: 5.04 threshold: 
PERIPHERAL Likelihood 5.04
modified ALOM score: -1.91

Gavel: Examining the boundary of mitochondrial targeting seq.
motif at: 17
PRITFG

Discrimination of mitochondrial target seq.:
negative (-3.97)

Reasoning Step: 2

KDEL Count: 0
Checking apolar signal for intramitochondrial sorting
Mitochondrial matrix? Score: 0.10
SKL motif (signal for peroxisomal protein):

pos: -1(399), count: 0
Amino Acid Composition Tendency for Peroxisome: 0.04
Peroxisomal proteins? Status: notclr

AAC score (peroxisome): 0.072
Amino Acid Composition tendency for lysosomal proteins

score: 0.96 Status: notclr
;0 Modified score for lysosome: 0.246

Checking the amount of Basic Residues (nucleus)
Checking the 4 residue pattern for Nuclear Targeting

Found: pos: 256 KKPR
Found: pos: 372 KKKK

Checking the 7 residue pattern for Nuclear Targeting
Checking the Robbins Dingwall consensus (nucleus)

Found: pos: 372 KK KKTDEAQPLP QRQKK
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Found: pos: 373 KK KTDEAQPLpQ RQKKQ
Final Robbins Score (nucleus): 0.80
Checking the RNA binding motif (nucleus or cytoplasm)
nuc modified. Score: 0.90
Nuclear Signal Status: positive 0.90)
Checking CaaX motif..
Checking N-myristoylation..
Checking CaaX motif..

Final Results 
nucleus Certainty= 0.980(Affirmative) succ>
lysosome (lumen) Certainty= 0.246(Affirmative) succ>
mitochondrial matrix space Certainty= 0.100(Affirmative) succ>
microbody (peroxisome) Certainty= 0.072(Affirmative) suc>

Predicted N-glycosylation sites of SEQ ID NO: 6051 are identified below.
Position Potential Jury NGlyc

agreement result
48 NNTA 0.6879 (SEQ ID NO: 7270)

270 NVTQ 0.7684 (SEQ ID NO: 7271)

Residue No. Potential Threshold Assignment
Thr 166 0.8547 0.6439 T
Thr 367 0.5575 0.5403 T
Thr 394 0.8217 0.5821 T

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino
acid sequence of SEQ ID NO: 6051 wherein said fragment comprises one or more of the N-
glycosylation sites identified above. The invention further comprises a polynucleotide encoding

O0 one or more of the polypeptides identified above.

The invention further comprises a polypeptide comprising a fragment of amino acid
sequence SEQ ID NO: 6051 wherein said fragment does not include one or more of the
N-glycosylation sites identified above. The invention includes a polynucleotide encoding such a
fragment.

T-epitopes for SEQ ID NO: 6052 are identified in Table 25. The invention includes a
polypeptide for use as an antigen, wherein the polypeptide comprises: an amino acid
sequence selected from the group consisting of the T-epitope sequences identified in SEQ ID
NOS: 9539-9752; an amino acid sequence having sequence identity to an amino acid
sequence of The invention further comprising a polynucleotide sequence encoding the

0 polypeptides of or The invention further comprising a method of expression or delivery
of such polynucleotides through viral vectors and/or viral particles. The invention further
comprises a polypeptide comprising two or more of the T-epitope sequences identified in SEQ
ID NOS: 9539-9752, or a polynucleotide encoding such a polypeptide.

A variant of SEQ ID NO: 6052 that is included within the invention is SEQ ID NO: 9964.
Compared to SEQ ID NO: 6052, this sequence has le at residue 54 instead of Thr.
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The use as an antigen is preferably a use: as a T-cell antigen; for generating a

complex between a class I MHC protein a class I HLA) and a fragment of said antigen; (3)

as an antigen for raising a cell-mediated immune response; and/or as an antigen for raising a

CTL response. The use preferably protects or treats disease and/or infection caused by a SARS

virus. The invention provides the use of a polypeptide in the manufacture of a medicament for

immunising a mammal (typically a human) against SARS viral infection wherein the polypeptide

is as defined above.

The invention provides a method of raising an immune response in a mammal (typically a

human), comprising the step of administering to the mammal a polypeptide as defined above,

wherein said immune response is a cell-mediated immune response and, preferably, a CTL

response. The immune response is preferably protective or therapeutic.

The invention includes a composition comprising a SARS virus nucleocapsid protein or a

fragment thereof and further comprising a SARS virus membrane protein or a fragment thereof.

The composition may further comprising one or more adjuvants discussed below.

The invention further includes a composition comprising a polypeptide comprising SEQ

ID NO: 6051 or a fragment thereof or a sequence having sequence identity thereto and further

comprising a polypeptide comprising SEQ ID NO: 6040, or a fragment thereof or a sequence

having sequence identity thereto. Such composition may be used, for instance, in a vaccine.

Such composition may further comprise one or more adjuvants discussed below.

The invention includes a composition comprising a SARS virus nucleocapsid protein or a

fragment thereof and a SARS virus spike protein or a fragment thereof. In one embodiment the

nucleocapsid protein comprises a polypeptide sequence comprising SEQ ID NO: 6051 or a

fragment thereof or a sequence having sequence identity thereto. In one embodiment, the spike

protein comprises a polynucleotide comprising SEQ ID NO: 6042 or a fragment thereof or a

sequence having sequence identity thereto. The composition may further comprise one or more

of the adjuvants discussed below.

The invention further includes a composition comprising antibodies specific to a SARS

virus nucleocapsid protein and comprising antibodies specific to a SARS virus spike protein. In

one embodiment the antibody is specific to a nucleocapsid protein comprises a polypeptide

sequence comprising SEQ ID NO: 6051 or a fragment thereof or a sequence having sequence

identity thereto. In one embodiment, the antibody is is specific to a spike protein comprises a

polynucleotide comprising SEQ ID NO: 6042 or a fragment thereof or a sequence having

sequence identity thereto.

The invention further includes polynucleotide sequences, and fragments thereof, of a

SARS virus which are conserved among coronaviruses, and polypeptides encoded thereby. Such

conserved sequences can be identified in the alignments shown in FIGURE 7. Such conserved
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sequences may be used in the vaccines of the invention or in the diagnostic reagents, kits and
methods of the invention.

The invention further includes polynucleotide sequences, and fragments thereof, of a
SARS virus which are specific to SARS virus and not shared with coronaviruses. Such SARS
specific sequences are also identified as SEQ ID NOS: 6040, 6043, 6044, 6047, 6048, 6049 and
6050. Such SARS specific sequences may be used in the vaccines of the invention or in the
diagnostic reagents, kits and methods of the invention.

The invention also includes polynucleotide sequences which can be used as probes or
primers for diagnostic reagents, kits (comprising such reagents) and methods which can be used
to diagnose or identify the presence or absence of a SARS virus in a biological sample. The
invention includes a polynucleotide sequence comprising one or more of the primer sequences
identified inSEQ ID NOS: 6076-6265 (Table The invention further includes polynucleotide
sequence comprising the complement of one or more of the primer sequences identified in SEQ
ID NOS: 6076-6265.

The invention also includes polynucleotide sequences which can be used as probes or
primers for diagnostic reagents, kits (comprising such reagents) and methods which can be used
to diagnose or identify the presence or absence of a SARS virus in a biological sample. The
invention includes a polynucleotide sequence comprising one or more of the primer sequences
identified in SEQ ID NOS: 6266-6343 (Table The invention further includes polynucleotide
sequence comprising the complement of one or more of the primer sequences identified in SEQ
ID NOS: 6266-6343.

The invention also includes polynucleotide sequences which can be used as probes or
primers for diagnostic reagents, kits (comprising such reagents) and methods which can be used
to diagnose or identify the presence or absence of a SARS virus in a biological sample. The
invention includes a polynucleotide sequence comprising one or more of the primer sequences
identified in SEQ ID NOS: 6344-6392 (Table The invention further includes polynucleotide
sequence comprising the complement of one or more of the primer sequences identified in SEQ
ID NOS: 6344-6392..

The invention also includes polynucleotide sequences which can be used as probes or
primers for diagnostic reagents, kits (comprising such reagents) and methods which can be used
to diagnose or identify the presence or absence of a SARS virus in a biological sample. The
invention includes a polynucleotide sequence comprising one or more of the primer sequences
identified in SEQ ID NOS: 6393-6559 (Tables 8 The invention further includes
polynucleotide sequence comprising the complement of one or more of the primer sequences
identified in SEQ ID NOS: 6393-6559.
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The invention also includes polynucleotide sequences which can be used as probes or
primers for diagnostic reagents, kits (comprising such reagents) and methods which can be used
to diagnose or identify the presence or absence of a SARS virus in a biological sample. The
invention includes a polynucleotide sequence comprising one or more of the primer and probe
sequences identified in SEQ ID NOS: 6560-6568. The invention further includes polynucleotide
sequence comprising the complement of one or more of the primer sequences identified in SEQ
ID NOS: 6560-6568.

The invention includes a polypeptide sequence comprising any one of even-numbered SEQ
ID NOS: 7272-7290, or a fragment thereof, or a sequence having sequence identity thereto. The
invention further includes a polynucleotide sequence encoding any one of even-numbered SEQ
ID NOS: 7272-7290, or a fragment thereof, or a sequence having sequence identity thereto.
Examples of such polynucleotide sequences are odd-numbered SEQ ID NOS: 7273-7291.

The invention includes a polynucleotide sequence comprising an intergenic sequence
which is common to each open reading frame of the SARS virus. The SARS virus is thought to
use this sequence to signal translation of the open reading frame. The intergenic sequence
comprises a 10mer SEQ ID NO: 7292, or optionally a hexamer SEQ ID NO: 7293. When the
virus transcribes its positive RNA strand to RNA strand, the virus replicating structure
uses the strand template to transcribe nucleotides at the 5' end prior to the first intergenic
sequence, followed by the intergenic sequence, followed by the selected open reading frame.
The virus then creates multiple mRNAs comprising the 5' end, the intergenic sequence and
coding sequence. For more details on Nidovriales replication (including Coronavirus) see e.g.,
Ziebuhr et al., "Virus-encoded proteinases and proteolytic processing in the Nidovirales",
Journal of General Virology 81:853-879 (2000), incorporated herein by reference in its entirety.

The invention comprising a polynucleotide sequence comprising SEQ ID NO: 7292 or the
complement thereof. The invention comprising a polynucleotide sequence comprising SEQ ID
NO: 7293 or the complement thereof. The invention further comprises a polynucleotide
sequence comprising nucleotides from the 5' end of the SARS viral genome, or its reverse
complement, and further comprising an intergenic sequence or its reverse complement. The
polynucleotide may further comprise one or more of the SARS virus open reading frames.

0 Examples of polynucleotide sequences comprising nucleotides from the 5' end of the SARS virus
genome followed by the intergenic sequence are SEQ ID NOS: 7294-7301.-

The invention includes a polynucleotide sequence comprising a sequence selected from the
group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO:
7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID
NO: 7300 and SEQ ID NO: 7301, or a fragment thereof, or a sequence having sequence identity
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thereto. In one embodiment, the polynucleotide does not consist entirely of a known SARS virus

sequence.

The SARS virus intergenic sequence can be used to create a RNAi molecule. Such a
SARS virus specific RNAi molecule can be used to treat SARS virus infection. The invention

includes a RNAi molecule comprising a double stranded RNA molecule wherein one RNA

strand comprises a sequence selected from the group consisting of SEQ ID NO: 7292, SEQ ID
NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ
ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301, or a fragment
thereof. Preferably, said RNA strand comprises a sequence selected from the group consisting of
SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the other RNA strand comprises the
reverse complement of the first strand or a polynucleotide sequence which hybridizes to the first
strand.

The invention includes the use of RNAi in a method of treatment for SARS virus infection
comprising administering to a mammal an effective amount of the si RNA molecule. Preferably,
the RNAi molecule comprises the molecule described above. Further discussion of the RNAi
applications of the intergenic sequence is included in section IV of the specification below.

The invention also includes the use of a SARS virus antisense nucleotide sequence,
preferably antisense directed to the SARS virus intergenic sequence. Such an antisense sequence

may be used in the treatment of a subject infected with the SARS virus. The antisense of the
SARS virus intergenic sequence can be designed to bind to the SARS viral polynucleotides to
block access of the viral replication machinery to the intergenic sequence. Such an antisense
sequence may also be used to identify the presence or absence of a SARS virus in a biological
sample. The antisence can itself be labeled or the antisense associated with viral polynucleotides
can be detected by means known in the art.

Antisense nucleic acids are designed to specifically bind to RNA, resulting in the
formation of RNA-DNA or RNA-RNA hybrids, with an arrest of DNA replication, reverse

transcription or messenger RNA translation. Antisense polynucleotides based on a selected

sequence can interfere with expression of the corresponding gene. Antisense polynucleotides

will bind and/or interfere with the translation of the corresponding mRNA.

The invention also includes the use of the intergenic region with a ribozyme.

Trans-cleaving catalytic RNAs (ribozymes) are RNA molecules possessing

endoribonuclease activity. Ribozymes are specifically designed for a particular target, and the
target message must contain a specific nucleotide sequence. They are engineered to cleave any
RNA species site-specifically in the background of cellular RNA. The cleavage event renders the
mRNA unstable and prevents protein expression. Importantly, ribozymes can be used to inhibit
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expression of a gene of unknown function for the purpose of determining its function in an in

vitro or in vivo context, by detecting the phenotypic effect.

One commonly used ribozyme motif is the hammerhead, for which the substrate sequence

requirements are minimal. Design of the hammerhead ribozyme is disclosed in Usman et al.,

Current Opin. Struct. Biol. (1996) 6:527-533. Usman also discusses the therapeutic uses of

ribozymes. Ribozymes can also be prepared and used as described in Long et al., FASEB J.

(1993) 7:25; Symons, Ann. Rev. Biochem. (1992) 61:641; Perrotta et al., Biochem. (1992) 31:16-

17; Ojwang et al., Proc. Natl. Acad. Sci. (USA) (1992) 89:10802-10806; and US Patent

5,254,678. Ribozyme cleavage of HIV-I RNA is described in US Patent 5,144,019; methods of

cleaving RNA using ribozymes is described in US Patent 5,116,742; and methods for increasing

the specificity of ribozymes are described in US Patent 5,225,337 and Koizumi et al., Nucleic

Acid Res. (1989) 17:7059-7071. Preparation and use of ribozyme fragments in a hammerhead

structure are also described by Koizumi et al., Nucleic Acids Res. (1989) 17:7059-7071.:

Preparation and use of ribozyme fragments in a hairpin structure are described by Chowrira 

Burke, Nucleic Acids Res. (1992) 20:2835. Ribozymes can also be made by rolling transcription

as described in Daubendiek Kool, Nat. Biotechnol. (1997) 15(3):273-277.

SThe hybridizing region of the ribozyme may be modified or may be prepared as a branched

structure as described in Horn Urdea, Nucleic Acids Res. (1989) 17:6959-67. The basic

structure of the ribozymes may also be chemically altered in ways familiar to those skilled in the

art, and chemically synthesized ribozymes can be administered as synthetic oligonucleotide

derivatives modified by monomeric units. In a therapeutic context, liposome mediated delivery

of ribozymes improves cellular uptake, as described in Birikh et al., Eur. J. Biochem. (1997)

245:1-16.

Therapeutic and functional genomic applications of ribozymes proceed beginning with

knowledge of a portion of the coding sequence of the gene to be inhibited. In the present

invention, the target sequence preferably comprises the intergeneic sequence of the SARS virus.

Preferably, the sequence is selected from the group consisting of SEQ ID NO: 7292 and SEQ ID

NO: 7293. A target cleavage site is selected in the target sequence, and a ribozyme is

constructed based on the 5' and 3' nucleotide sequences that flank the cleavage site. Preferably,

the 5' nucleotide sequence includes the 5' untranslated region of the SARS virus. The ribozyme

may then further be constructed from one or more of the polynucleotide sequences selected from

the group consisting of SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO:

7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301.

Antisense treatment of HIV infection is described in the following references, each of

which is incorporated herein by reference in their entirety. (antisense RNA complementary to

the mRNA of gag, tat, rev, env) (Sezakiel et al., 1991, J. Virol. 65:468-472; Chatterjee et al.,
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1992, Science 258:1485-1488; Rhodes et al., 1990, J. Gen. Virol. 71:1965. Rhodes et al., 1991,

AIDS 5:145-151; Sezakiel et al., 1992, J. Virol. 66:5576-5581; Joshi et al., 1991, J. Virol.

65:5524-5530).

The invention includes the use of decoy RNA to disrupt the SARS virus replication and

life cycle. Methods of making and using such decoy RNA for treatment of a viral infection are

known in the art. The invention includes delivery of genes encoding, for example, the SARS

virus intergenic sequence, to infected cells. Preferably, the sequence comprises one or more of

the sequences selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ

ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298,

SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301. Preferably, the sequence

comprises one or more of the sequences selected from the group consisting of SEQ ID NO: 7292

and SEQ ID NO: 7293. Preferably, the sequence comprises SEQ ID NO: 7293.

In the present invention, delivery of intergenic sequence which is not linked to the SARS

virus open reading frames disrupts the translation process of the viral RNA and decreases the

production of vial proteins. Similar methods of treatment for HIV viral infection have been

described. The following references discuss the use of decoy RNA of HIV TAR or RRE for

treatment of HIV infection. Each of these references is incorporated herein by reference in their

entirety. (Sullenger et al., 1990, Cell 63:601-608; Sullenger et al., 1991, J. Virol. 65:6811-6816;

Lisziewicz et al., 1993, New Biol. 3:82-89; Lee et al., 1994, J. Virol. 68:8254-8264), ribozymes

(Sarver et al., 1990, Science 247:1222-1225; Wecrasinghe et al., 1991, J. Virol. 65:5531-5534;

Dropulic et al., 1992, J. Virol. 66:1432-1441;Ojwang et al., 1992, Proc. Natl. Acad. Sci. USA.

89:10802-10806; Yu et al., 1993, Proc. Natl. Acad. Sci. USA. 90:6340-6344; Yu etal:, 1995,

Proc. Natl. Acad. Sci. USA. 92:699-703; Yamada et al., 1994, Gene Therapy 1:38-45).

The invention includes the use of the SARS virus intergenic sequence in diagnostic

reagents, kits (comprising such reagents) and methods which can be used to diagnose or identify

the presence or absence of a SARS virus in a biological sample. Such diagnostic reagents, kits,

and methods are further discussed in Section II of the specification.

The invention includes a pair of primers for amplifying a SARS polynucleotide sequence

comprising a first primer comprising a sequence which is substantially identical to a portion

of a sequence selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ

ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298,

SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301 and (ii) a second primer

comprising a sequence which is substantially complementary to a portion of a sequence selected

from the group consisting of the sequence SEQ ID NO: land the sequence SEQ ID NO: 2, such

that the primer pair and (ii) defines a template sequence within a sequence from the group

consisting of the sequence SEQ ID NO: land the sequence SEQ ID NO: 2. Preferably, the (i)
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first primer comprises a sequence which is substantially identical to a portion of a sequence

selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the

first primer comprises a sequence which is substantially identical to a portion of the sequence

of SEQ ID NO: 7293. The amplicon defined by said first and second primers is preferably

between 50 and 250 nucleotides in length. The primers may optionally be labeled to facilitate

their detection. Methods and compositions for use in labeling primers are discussed further in

the application in Section III.

The invention further includes a pair of primers for amplifying a SARS polynucleotide

sequence comprising a first primer comprising a sequence which is substantially identical to a

portion of the complement of a portion of a sequence selected from the group consisting of SEQ

ID NO: 7292, SEQ ED NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296,

SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO:

7301 and (ii) a second primer comprising a sequence which is substantially complementary to a

portion of the complement of a sequence selected from the group consisting of the sequence SEQ

ID NO: land the sequence SEQ ID NO: 2, such that the primer pair defines a template sequence

within a sequence selected from the group consisting of the sequence SEQ ID NO: 1 and the

sequence SEQ ID NO: 2. The amplicon defined by said first and second primers is preferably

between 50 and 250 nucleotides in length. The primers may optionally be labeled to facilitate

their detection.. Methods and compositions for use in labeling primers are discussed further in

the application in Section III.

The invention includes a kit comprising a first primer comprising a sequence which is

substantially identical to a portion of a sequence selected from the group consisting of SEQ ID

NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO:' 7296, SEQ

ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301

and (ii) a second primer comprising a sequence which is substantially complementary to a

portion of a sequence selected from the group consisting of the sequence SEQ ID NO: 1 and the

sequence SEQ ID NO: 2, such that the primer pair and (ii) defines a template sequence within

a sequence from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2. Preferably, the (i)

first primer comprises a sequence which is substantially identical to a portion of a sequence

selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the

first primer comprises a sequence which is substantially identical to a portion of the sequence

of SEQ ID NO: 7293. The primers may optionally be labeled to facilitate their detection.

Methods and compositions for use in labeling primers are discussed further in the application in

Section III.

Other preferred kits comprise a first primer comprising a sequence which is

substantially identical to a portion of the complement of a portion of a sequence selected from
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the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO:

7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID

NO: 7300 and SEQ ID NO: 7301 and (ii) a second primer comprising a sequence which is

substantially complementary to a portion of the complement of a sequence selected from the

group consisting of SEQ ID NO: 1 and SEQ ID NO: 2, such that the primer pair defines a

template sequence within a sequence selected from the group consisting of SEQ ID NO: 1 and

SEQ ID NO: 2.

The invention further includes an attenuated SARS virus for use as a vaccine wherein the

intergenic region has been mutated to reduce expression of the viral structural or nonstructural

proteins. The attenuated SARS virus may comprises one or more additions, deletions or

insertion in one or more of the intergenic regions of the viral genome. Preferably, the attenuated

SARS virus comprises an addition, deletion or insertion in one or more occurrences of the

sequence selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293.

Preferably, the addition, deletion or insertion occurs in one or more occurrences of SEQ ID NO:

7293.

The invention further comprises a small molecule which inhibits binding or association of

the SARS viral replication machinery, such as a ribonucleoprotein, with the intergenic region of

the viral genome. Preferably, the small molecule inhibits binding or association of the SARS

viral machinery with a sequence selected from the group consisting of SEQ ID NO: 7292 and

SEQ ID NO: 7293. Preferably, the small molecule inhbiits binding or association of the SARS

viral machinery with SEQ ID NO: 7293. The invention further includes a method of screening

for a small molecule for treatment of SARS viral infection comprising using an assay to identify

a small molecule which interferes with the association of the SARS viral replication machinery

with the intergenic region of the SARS viral genome.

The invention further provides a novel SARS polynucleotide sequence SEQ ID NO: 9968.

All six reading frames of this 690mer sequence are shown in Figure 113. The constituent amino

acid sequences from Figure 113, having at least 4 amino acids, are listed as SEQ ID NOS: 9969

to 10032.

Accordingly the invention includes a polynucleotide sequence comprising SEQ ID NO:

9968. It also provides polynucleotide sequences having sequence identity to SEQ ID NO: 9968.

The degree of sequence identity is preferably greater than 50% 60%, 70%, 80%, 

88%, 90%, 92%, 95%, 99% or more).

The invention includes an amino acid sequence encoded by the polynucleotide sequence of

SEQ ID NO: 9968, including the amino acid sequences selected from the group consisting of

SEQ ID NO5 9969 to 10032. Preferably, the amino acid sequence comprises SEQ ID NO: 9997

or comprises SEQ ID NO: 9998.
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The invention also provides amino acid sequences having sequence identity to an amino

acid sequence encoded by SEQ ID NO: 9968. The invention provides amino acids having

sequence identity to an amino acid sequence selected from the group consisting of SEQ ID NOS:
9969 to 10032. The degree of sequence identity is preferably greater than 50% 60%, 

80%, 85%, 88%, 90%, 92%, 95%, 99% or more).

A portion of SEQ ID NO: 9968 matches with approximately 98% identity to a previously

published SARS polynucleotide sequence, commonly referred to as "BNI-1" (SEQ ID NO:

10033). BNI-1 was sequenced at Bernhard Nocht Institute for Tropical Medicine, National

Reference Center for Tropical Infectious Diseases in Hamburg, Germany. The BNI-1 sequence

was published on the WHO website on April 4, 2003 at http://www.who.int/csr/sars/primers/en and in
Dorsten et al., "Identification of a Novel Coronavirus in Patients with Severe Acute Respiratory

Syndrome", New England Journal of Medicine, published online at http:/wAww.nejm.org on April

2003. Both references are incorporated herein by reference in their entirety. The six reading
frames of this 302mer sequence are shown in Figure 114 (see also Figure 129). The constituent

amino acid sequences from Figure 114, having at least 4 amino acids, are listed as SEQ ID NOS:
10034 to 10065. An alignment of SEQ ID NO: 10034 with SEQ ID NO: 9997 is shown in Figure
130:

The invention provides for polynucleotide sequences comprising fragments of SEQ ID

NO: 9968. In one embodiment, the fragment does not consist entirely of SEQ ID NO: 10033 or

of a known coronavirus.

The invention provides for amino acid sequences comprising fragments of an amino acid
sequence encoded by SEQ ID NO: 9968. In one embodiment, the fragment does not consist

entirely of an amino acid sequence encoded by SEQ ID NO: 10033 or a known coronavirus.

The invention provides for amino acids comprising fragments of an amino acid sequence

selected from the group consisting of SEQ ID NOS: 9969 to 10032. In one embodiment, the

fragment does not consist entirely of an amino acid sequence encoded by the polynucleotide

sequence of SEQ ID NO: 10033 or a known coronavirus.

Approximately 100 nucleotides at the 5' end of SEQ ID NO: 9968 do not match any

portion of the BNI-1 polynucleotide sequence (SEQ ID NO: 10033). This unmatched portion is

set forth as SEQ ID NO: 10066. The invention thus further provides a polynucleotide comprising

the sequence comprising SEQ ID NO: 10066, polynucleotide sequences having sequence

identity to SEQ ID NO: 10066, or polynucleotide sequences comprising fragments of SEQ ID
NO: 10066.

The invention further comprises an amino acid sequence encoded by SEQ ID NO: 10066,
an amino acid sequence having sequence identity to an amino acid sequence encoded by SEQ ID

NO: 10066, or an amino acid sequence comprising fragments of an amino acid sequence
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encoded by SEQ ID NO: 10066. Preferably, the amino acid sequence comprises SEQ ID NO:

10067.

SEQ ID NO: 9997/9998 demonstrates homology with the a region of pollab of several

coronaviruses. FIGURE 115 shows an alignment of SEQ ID NOS: 9997/9998 to amino acid

sequences for pol lab of bovine coronavirus (SEQ ID NO: 10068), avian infectious bronchitis

virus (SEQ ID NO: 10069) and murine hepatitis virus (SEQ ID NO: 10070). A consensus amino

acid sequence of SEQ ID NOS: 9997/9998, SEQ ID NO: 10068, SEQ ID NO: 10069, and SEQ

ID NO: 10070 is shown in the bottom row of the alignment in Figure 115 SEQ ID NO:

10071).

As shown in FIGURE 113, the polynucleotide sequence encoding SEQ ID NO: 9997 has a

stop codon after codon 205, between SEQ ID NOs: 9997 and 9998. Optionally, the stop codon

can be removed and the amino acid sequence continued (SEQ ID NO: 10072). Accordingly, the

invention provides for an amino acid sequence comprising SEQ ID NO: 9997 and/or SEQ ID

NO: 9998, or SEQ ID NO: 10072, and further comprising an amino acid sequence encoding for

the C-terminus of a coronavirus pollab gene or a fragment thereof.

As shown in FIGURE 115, SEQ ID NOs: 10068, 10069, 10070 and 10071 contain amino

acids prior to the N-terminus of SEQ ID NO: 9997. The invention also provides for an amino

acid sequence comprising SEQ ID NO: 9997 and further comprising an amino acid sequence

encoding for the N-terminus of a coronavirus pollab protein or a fragment thereof.

The pollab sequences on FIGURE 115 contain a coding region indicated on the

schematic of FIGURE 117 by a In FIGURE 115, the beginning of this genomic region is

designated by the arrow crossing in front of amino acid 6080 of the consensus sequence SEQ ID

NO: 10071. The end of this genomic region is designated by the arrow crossing in front of

amino acid 6604 of the consensus sequence. The invention provides for an amino acid sequence

comprising SEQ ID NO: 9997 and/or SEQ ID NO: 9998, or SEQ ID NO: 10072, and further

comprising a first amino sequence prior to the N-terminus of said SEQ ID NO: 9997 and/or SEQ

ID NO: 9998, or SEQ ID NO: 10072, wherein said first amino acid sequence has homology to an

N-terminus sequence of a known coronavirus pollab protein or a fragment thereof.

The invention further provides for an amino acid sequence comprising SEQ ID NO: 9997

and SEQ ID NO: 9998, wherein the stop codon after SEQ ID NO: 9971 is removed SEQ ID

NO: 10072), and further comprising a second amino acid sequence following the C terminus of

SEQ ID NO: 9998, wherein said second amino acid sequence is homologous with a C terminus

of a known coronavirus pollab protein or a fragment thereof.

Examples of such proteins are shown aligned in FIGURE 118, and are SEQ ID NOs:

10073 to 10077. SEQ ID NO: 10073 comprises SEQ ID NO: 9997 and further comprises amino
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acids prior to the N-terminus and subsequent to the C-terminus from the pollab protein of

avian infectious bronchitis virus. SEQ ID NO: 10074 comprises SEQ ID NO: 9997 and further

comprises amino acids prior to the N-terminus and subsequent to the C-terminus from the

pollab protein of bovine coronavirus. SEQ ID NO: 10075 comprises SEQ ID NO: 9997

and further comprises amino acids prior to the N-terminus and subsequent to the C-terminus

from the pollab protein of murine hepatitis virus. SEQ ID NO: 10076 comprises SEQ ID

NO: 9997 and further comprises amino acids prior to the N-terminus and subsequent to the

C-terminus from the consensus of the pollab protein of avian infectious bronchitis virus,

bovine coronavirus, and murine hepatitis virus (FIGURE 115). SEQ ID NO: 10077 comprises

the consensus sequence of SEQ ID NOS: 10073 to 10076.

The invention comprises an amino acid sequence selected from the group consisting of

SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077. The invention further includes an amino

acid sequence comprising fragments of an amino acid sequence selected from the group

consisting of SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077. The invention further

comprises an amino acid sequence with sequence identity to a sequence selected from the group

consisting of SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077.

The invention comprises polynucleotides encoding for the amino acid sequences selected

from the group consisting of SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077. The

invention comprises polynucleotides having sequence identity to polynucleotides encoding for

the amino acid sequences selected from the group consisting of SEQ ID NOS: 10073, 10074,

10075, 10076 and 10077. The invention comprises fragments of polynucleotides encoding SEQ

ID NOS: 10073, 10074, 10075, 10076 and 10077.

As shown in Figure 113, SEQ ID NO: 9968 includes a sequence that encodes SEQ ID NO:

10020 followed by a stop codon, giving a C-terminus threonine (Thr) residue. The corresponding

sequence from an amino acid sequence encoded by BNI-1 is SEQ ID NO: 10078, which

continues past the C-terminus of SEQ ID NO: 10020. Accordingly, the invention includes a

protein comprising amino acid sequence SEQ ID NO: 10020 or an amino acid sequence having

sequence identity to SEQ ID NO: 10020 or an amino acid sequence comprising a fragment of

SEQ ID NO: 10020, wherein the C-terminus residue of said protein is a threonine. Preferably,

the C-terminus of said protein is -ST. Still more preferably, the C-terminus of said protein is 

EST. The invention also includes a protein comprising amino acid sequence SEQ ID NO: 10078

or an amino acid sequence having sequence identity to SEQ ID NO: 10078 or an amino acid

sequence comprising a fragment of SEQ ID NO: 10078, wherein the C-terminus residue of said

protein is Thr. Preferably, the C-terminus of said protein is -ST. Still more preferably, the C-

terminus of said protein is -EST.



WO 2004/092360 PCT/US2004/011710

SEQ ID NO: 9968 also encodes a 54mer amino acid sequence SEQ ID NO: 10015. The

polynucleotide encoding SEQ ID NO: 10015 encodes two stop codons at its C-terminus (Figure

113). The corresponding region from the BNI-1 sequence does not contain this 54mer.

Accordingly, the invention includes a protein comprising amino acid sequence SEQ ID NO:

10015, or an amino acid sequence having sequence identity to SEQ ID NO: 10015 or an amino

acid sequence comprising a fragment of SEQ ID NO: 10015. The invention further includes a

polypeptide comprising SEQ ID NO: 10015 and further comprising a first amino acid sequence

prior to the N-terminus of SEQ ID NO: 10015.

SEQ ID NO: 9968 encodes the amino acid sequence SEQ ID NO: 9969. The

polynucleotide sequence contains a stop codon at the C-terminus of SEQ ID NO: 9969.

Accordingly, the invention includes a protein comprising amino acid sequence SEQ ID NO:

9969, or an amino acid sequence having sequence identity to SEQ ID NO: 9969. The invention

further includes a polypeptide comprising SEQ ID NO: 9969 and further comprising a first

amino acid sequence prior to the N-terminus of SEQ ID NO: 9969. The invention further

includes a polypeptide comprising the sequence SEQ ID NO: 10079.

SEQ ID NO: 9968 encodes amino acid sequence QRT (Figure 113), followed by a stop

codon. Accordingly, the invention includes a protein comprising amino acid sequence QRT. The

invention further includes a polypeptide comprising amino acid sequence QRT and further

comprising a first amino acid sequence prior to the N-terminus of the sequence QRT.

SEQ ID NO: 9968 encodes amino acid sequence SEQ ID NO: 10022, followed by a stop

codon at its C-terminus. Accordingly, the invention includes a protein comprising amino acid

sequence SEQ ID NO: 10022, or an amino acid sequence having sequence identity to SEQ ID

NO: 10022. The invention further includes a polypeptide comprising SEQ ID NO: 10022 and

further comprising a first amino acid sequence prior to the N-terminus of SEQ ID NO: 10022.

SEQ ID NO: 9968 encodes amino acid sequence SEQ ID NO: 10027. Within the SEQ ID

NO: 10027 coding sequence there are at least three start codons, identified with underlining in

Figure 119. The open reading frame indicated by the first start codon is SEQ ID NO: 10081. The

open reading frame indicated by the second start codon is SEQ ID NO: 10082. The open reading

frame indicated by the third start codon is SEQ ID NO: 10083.

The invention provides a novel SARS polynucleotide sequence SEQ ID NO: 10084. All

six reading frames of this 1463mer sequence are shown in Figure 120 (see also Figure 122). The

constituent amino acid sequences from Figure 120, having at least 4 amino acids, are listed as

SEQ ID NOS: 10085 to 10209 (see Figures 120A to 120F).

The invention includes a polynucleotide sequence comprising SEQ ID NO: 10084. The

invention also provides polynucleotide sequences having sequence identity to SEQ ID NO:

10084. The invention also provides for polynucleotide sequences comprising fragments of SEQ
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ID NO: 10084. In one embodiment, the polynucleotide fragment does not consist entirely of

SEQ ID NO: 10033 or a known coronavirus polynucleotide sequence or a known SARS

polynucleotide sequence.

The invention includes an amino acid sequence encoded by the polynucleotide sequence of

SEQ ID NO: 10084, including the amino acid sequences of Figures 120A to 120F e.g. selected

from the group consisting of SEQ ID NOS: 10085 to 10209. Preferably, the amino acid sequence

comprises SEQ ID NO: 10149.

The invention also provides amino acid sequences having sequence identity to an amino

acid sequence encoded by SEQ ID NO: 10084. The invention provides amino acids having

sequence identity to an amino acid sequence from Figures 120A to 120F e.g. selected from the

group consisting of SEQ ID NOS: 10085 to 10209.'

The invention also provides fragments of amino acid sequences encoded by SEQ ID NO:

10084. The invention also provides fragments of amino acid sequences selected from the group

consisting of SEQ ID NOS: 10085 to 10209. In one embodiment, the fragment does not consist

entirely of an amino acid sequence encoded by SEQ ID NO: 10033 or an amino acid sequence of

a known coronavirus or an amino acid sequence of a known SARS virus. An alignment of the

matching portion of SEQ ID NO: 10033 and SEQ ID NO: 10084 is included in FIGURE 121.

,In one embodiment, the invention comprises an amino acid sequence comprising SEQ ID

NO: 10149. An alignment of the polynucleotide sequence SEQ ID NO: 10084 to the encoded

SEQ ID NO: 10149 is shown in FIGURE 122 Frame Analysis of the 5'3' Frame 3

translation by a computer program to predict start codon methionines (NetStart 1.0) (FIGURE

123) reveals SEQ ID NOS: 10210 to 10215.

The invention includes a protein comprising an amino acid sequence selected from the

group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211, SEQ ID NO: 10212, SEQ ID NO:

10213, SEQ ID NO: 10214 and SEQ ID NO: 10215. The invention includes a protein having

sequence identity to an amino acid sequence selected from the group consisting of SEQ ID NO:

10210, SEQ ID NO: 10211, SEQ ID NO: 10212, SEQ ID NO: 10213, SEQ ID NO: 10214 and

SEQ ID NO: 10215. In one embodiment, the protein does not consist entirely of an amino acid

sequence of a known SARS virus or of a known coronavirus.

The invention includes a fragment of a protein comprising an amino acid sequence selected

from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211, SEQ ID NO: 10212, SEQ

ID NO: 10213, SEQ ID NO: 10214 and SEQ ID NO: 10215. In one embodiment, the fragment

does not consist entirely of an amino acid sequence of a known SARS virus or of a known

coronavirus.

In one embodiment, the invention includes a polypeptide comprising the amino acid

sequence selected from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211 and
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SEQ ID NO: 10212. Partial results of a BLAST of SEQ ID NO: 10210 against GenBank is

included in FIGURE 124. These results indicate that SEQ ID NOS: 10210, 10211 and 10212

have functional similarities to a Coronavirus RNA polymerase, particularly the RNA polymerase

of murine hepatitis virus, bovine coronavirus, and avian infectious bronchitis.

In one embodiment, the invention is directed to a polypeptide comprising a first amino acid

sequence selected from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211 and

SEQ ID NO: 10212 and a second amino acid sequence from the C-terminus of a coronavirus

ORFlab sequence. Preferably, the second amino acid sequence is from a bovine coronavirus.

One example of this embodiment is shown below as SEQ ID NO: 10216. Amino acids 1-481 of

SEQ ID NO: 10216 are the first amino acid sequence of SEQ ID NO: 10210, and amino acids

482-1152 are the second amino acid sequence of the C-terminus of a bovine coronavirus

orf lab polyprotein (Gi 26008080) (NP_150073.2) (SEQ ID NO: 10217).

Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 10216. The

invention further includes a polypeptide comprising a first amino acid sequence of SEQ ID NO:

10210 and a second amino acid sequence of SEQ ID NO: 10217. The invention further includes

a polypeptide comprising a first amino acid sequence having greater than x% identity to SEQ ID

NO: 10210 and a second amino acid sequence having greater than y% identity to SEQ ID NO:

10217, wherein x is greater than or equal to 85% 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99% or more) and wherein y is greater than or equal to 

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more).

The invention also includes a polypeptide comprising a fragment of SEQ ID NO: 10210,

wherein said fragment includes an epitope. Computer-predicted epitopes of SEQ ID NO: 10210,

using a 17mer window, are included in FIGURE 125A (Hopp Woods) and FIGURE 125B

(Kyte Doolittle).

The amino acid sequence of SEQ ID NO: 10210 also contains two predicted glycosylation

sites at amino acids 81-84 (NNTE; SEQ ID NO: 10218) and at 180-183 (NHSV; SEQ ID NO:

10219). Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID

NO: 10210, wherein said fragment includes a glycosylation site. The invention further includes

a polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment includes the

Asn at position 81. Preferably, said Asn is glycosylated. The invention further includes a

polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment includes the

Asn at position 180. Preferably, said Asn is glycosylated.

In one embodiment, the invention includes a polypeptide comprising an amino acid

sequence from within Figure 120D and/or SEQ ID NOs: 10150 to 10160 e.g. from SEQ ID NO:

10154, 10155, 10158 and 10160. Within SEQ ID NO: 10154 the following amino acid sequences

starting with a Met and ending at a stop codon can be identified: SEQ ID NOS: 10220 to 10227.
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Accordingly, the invention includes a polypeptide comprising an amino acid sequence

selected from the group consisting of SEQ ID NO: 10220, SEQ ID NO: 10221, SEQ ID NO:

10222, SEQ ID NO: 10223, SEQ ID NO: 10224, SEQ ID NO: 10225, SEQ ID NO: 10226 and

SEQ ID NO: 10227, or a fragment thereof or an amino acid sequence having sequence identity

thereto.

In one embodiment, the invention includes a polypeptide comprising the amino acid

sequence within Figure 120E e.g. from SEQ ID NOS: 10161 to 10182, and in particular SEQ ID

NOS: 10171 and 10176. Within SEQ ID NOS: 10171 and 10176 the following amino acid

sequences starting with a Met and ending at a stop codon can be identified: SEQ ID NO: 10228

and SEQ ID NO: 10229.

Accordingly, the invention includes a polypeptide comprising an amino acid sequence

selected from the group consisting of SEQ ID NO: 10228 and SEQ ID NO: 10229, or a fragment

thereof or an amino acid sequence having sequence identity thereto.

In one embodiment, the invention includes a polypeptide comprising an amino acid

sequence from Figure 120F e.g. SEQ ID NOs: 10183 to 10209. Within Figure 120F the

following amino acid sequence starting with a Met and ending at a stop codon can be identified:

SEQ ID NO: 10187. Accordingly, the invention includes a polypeptide comprising an amino

acid sequence of SEQ ID NO: 10187, or a fragment thereof or an amino acid sequence having

sequence identity thereto.

In one embodiment, the polynucleotides of the invention do not include one of the

following primers, disclosed at http://content.nejnm.org/cgi/reprint/NEJMoa030781v2.pdf:

5'GGGTTGGGACTATCCTAAGTGTGA3' (SEQ ID NO: 10230)
'TAACACACAACICCATCATCA3' (SEQ ID NO: 10231)

'CTAACATGCTTAGGATAATGG3' (SEQ ID NO: 10232)
5'GCCTCTCTTGTTCTTGCTCGC3' (SEQ ID NO: 10233)

5'CAGGTAAGCGTAAAACTCATC3' (SEQ ID NO: 10234)

The invention also includes polynucleotide sequences which can be used as probes for

diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose

or identify the presence or absence of a SARS virus in a biological sample. The invention

includes the polynucleotide primers identified in Table 31 (SEQ ID NOS: 10235 to 10258), the

forward primers SEQ ID NOs: 10259 to 10281 and the reverse primers SEQ ID NOS: 10282 to

10298. The invention further includes polynucleotide sequences which are complementary to

any one of these primer sequences disclosed herein.

The invention provides a SARS polynucleotide sequence SEQ ID NO: 10299. All six

reading frames of this sequence are included in FIGURE 126 (See also Figure 131). The

constituent amino acid sequences from Figure 126, having at least 4 amino acids, are listed as

SEQ ID NOS: 10300 to 10337.
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Accordingly, the invention includes a polynucleotide sequence comprising SEQ ID NO:

10299. It also provides polynucleotide sequences having sequence identity to SEQ ID NO:

10299. The invention also provides for polynucleotide sequences comprising fragments of SEQ

ID NO: 10299. In one embodiment, the polynucleotide fragment does not consist entirely of a

known polynucleotide sequence of a SARS virus or a known polynucleotide sequence of a

coronavirus.

The invention includes an amino acid sequence encoded by the polynucleotide sequence of

SEQ ID NO: 10299, including the amino acid sequences shown in Figure 126, and the amino

acid sequences selected from the group consisting of SEQ ID NOS: 10300 to 10337. Preferably,

the amino acid sequence comprises SEQ ID NO: 10316.

The invention also provides amino acid sequences having sequence identity to an amino

acid sequence encoded by SEQ ID NO: 10299. The invention provides amino acid sequences

having identity to an amino acid sequence selected from the group consisting of SEQ ID NOS:

10300 to 10337.

1 The invention also provides fragments of amino acid sequences encoded by SEQ ID NO:

10299. The invention also provides fragments of amino acid sequences selected from the group

consisting of SEQ ID NOS: 10300 to 10337. In one embodiment, the fragment does not consist

entirely of a known amino acid sequence of a SARS virus or a known amino acid sequence of a

coronavirus.

In one embodiment, the invention comprises an amino acid sequence comprising SEQ ID

NO: 10316. Encoded open reading frames within SEQ ID NO: 10316 include SEQ ID NO:

10338 and SEQ ID NO: 10339.

In one embodiment, the invention comprises an amino acid sequence comprising a

sequence from within the 5'3' Frame 1 translation of SEQ ID NO: 10299. The following encoded

open reading frame is found within this translation: SEQ ID NO: 10340.

In one embodiment, the invention comprises an amino acid sequence comprising a

sequence from within the 3'5' Frame 1 translation of SEQ ID NO: 10299. An encoded open

reading frame within this translation is SEQ ID NO: 10341.

In one embodiment, the invention comprises an amino acid sequence comprising a

sequence from within the 3'5' Frame 2 translation of SEQ ID NO: 10299. An encoded open

reading frame within this translation is SEQ ID NO: 10342.

The invention includes a polypeptide comprising an amino acid sequence selected from the

group consisting of SEQ ID NO: 10338, SEQ ID NO: 10339, SEQ ID NO: 10340, SEQ ID NO:

10341 and SEQ ID NO: 10342. The invention includes a polypeptide having sequence identity

to an amino acid sequence selected from the group consisting of SEQ ID NO: 10338, SEQ ID

NO: 10339, SEQ ID NO: 10340, SEQ ID NO: 10341 and SEQ ID NO: 10342. The invention
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includes a fragment of a polypeptide comprising an amino acid sequence elected from the group
consisting of SEQ ID NO: 10338, SEQ ID NO: 10339, SEQ ID NO: 10340, SEQ ID NO: 10341
and SEQ ID NO: 10342. In one embodiment, the fragment does not consist entirely of a known
SARS virus amino acid sequence or of a known coronavirus amino acid sequence.

In one embodiment, SEQ ID NOS: 10338-10342 are used in fusion proteins. Accordingly,
the start codon methionines may be removed. The invention comprises a amino acid sequence
selected from the group consisting of SEQ 11D NO: 10343, SEQ ID NO: 10344, SEQ ID NO:
10345, SEQ I0D NO: 10346 and SEQ IlD NO: 10347.

In one embodiment, the invention comprises an amino acid sequence selected from the
[0 group consisting of SEQ ID NO: 10338 and SEQ ID NO: 10339. Partial 1BLAST results of SEQ

ED NO: 10338 against GenBank are given below:
>gi 11335931spIjP18457IjRRPB CVPFS RNA-DIRECTED RNA POLYMEPASE (ORFiB)gil93934Jpirl 1A43489 RNA-directed RNA polymnerase (EC 2.7.7.48) porcine
transmissible gastroenteritis virus (fragment)
giI833l611imbICA37284.11 polymerase [Transmissible 'gastroenteritis

virus)
Length =533

Score 131 bits (329), Expect 3e-30
0 Identities 55/89 Positives 69/89 Gaps 1/39 

Query: I LCD1VTYXQSAQGAPLKQMLKDQYEAIKIM 
MLWC±+ H±+TFYP+LQ+- W PG +MP LYK+QRM LE+C+L NYG +P GI NSbict: 217 MLWCENSHII(TFYPQLQSAE-WPYMTYIRCERNYYAVLDIT 

275

Query: 61 VAKYTQLCQYLNTLTLAVPSNNRVIHFGA 89
V KYTQLCQYLNT TL VP MRV+H GA

Sbjct: 276 VVKYTQLCQYLNTTTLCVPHKMRVLHLGA 304

0 These results indicate that SEQ ID NO: 10338 has functional similarities to an RNA-
directed RNA polymerase of porcine transmissible gastroenteritis virus.

Partial BLAST results of SEQ ID NO: 10339 against GenBank are given below:
>gblAAL57305.1 I replicase [bovine coronavirus]

Length 7094

Score 139 bits (351), Expect 7e-33
Identities 64/108 Positives =78/10B (72%)

Query: 1 MSIKVVIYESMWKGVTFPLAQWPVMNYMRLE 

M+ +SKVV V +iD+ FMLWC D V TFYPILQA+ W+PG +IMP LYK +ESbj ct: 6760 LNVKVVVFDQMWNEVTFPLASWPYMVYYNPE

6819

Query: 61 CDLQNYGENAVIPKGIMMXJAKYTQLCQYLNTLTLAVPSMVIHFGA 108
L NYG+ +P G MMNVAKYTQLCQYLNT TLAVP tNMRV±H GA

Sbj et: 6820 VSLWNYGKPVTLPTGCMMVKTL LTTLVVMVHG 6867

These results indicate that SEQ ED NO: 10339 has functional similarities to a replicase of
bovine coronavirus.
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The SARS virus may contain polymorphism at the Glu-20 residue of SEQ ID NO: 10338.

The invention includes a polypeptide comprising an amino acid sequence having sequence

identity to SEQ ID NO: 10338, wherein said polypeptide includes an amino acid sequence

selected from the group consisting of ASQAW (SEQ ID NO: 10348) and ASRAW (SEQ ID NO:

10349). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 10338,

wherein said fragment includes an amino acid sequence selected from the group consisting of

SEQ ID NO: 10348 and SEQ ID NO: 10349.

The SARS virus may contain polymorphism at the Ser-80 residue of SEQ ID NO: 10338.

below. The invention includes a polypeptide comprising an amino acid sequence having

sequence identity to SEQ ID NO: 10338, wherein said polypeptide includes an amino acid

sequence selected from the group consisting of VPSNM (SEQ ID NO: 10350) and VPTNM (SEQ

ID NO: 10351). The invention includes a fragment of a polypeptide comprising SEQ ID NO:

10338, wherein said fragment includes an amino acid sequence selected from the group

consisting of SEQ ID NO: 10350 and SEQ ID NO: 10351.

The invention also includes polynucleotide sequences which can be used as probes for

diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose

or identify the presence or absence of a SARS virus in a biological sample. The invention

includes a polynucleotide sequence comprising one or more of the primer sequences identified in

Table 32. The invention further includes polynucleotide sequence comprising the complement of

one or more of the primer sequences identified in Table 32.

The invention provides a SARS polynucleotide sequence SEQ ID NO: 10505. All six

reading frames of this sequence are shown in Figure 127 (see also Figure 132). The constituent

amino acid sequences from Figure 127, having at least 4 amino acids, are listed as SEQ ID NOS:

10506 to 10570.

The invention includes a polynucleotide sequence comprising SEQ ID NO: 10505. The

invention also provides polynucleotide sequences having sequence identity to SEQ ID NO:

10505. The invention also provides for polynucleotide sequences comprising fragments of SEQ

ID NO: 10505. In one embodiment, the polynucleotide fragment does not consist entirely of a

known SARS virus polynucleotide sequence or of a known coronavirus polynucleotide

sequence.

The invention includes an amino acid sequence encoded by the polynucleotide sequence of

SEQ ID NO: 10505, including the amino acid sequences shown in Figure 127, and particularly

those selected from the group consisting of SEQ ID NOS: 10506 to 10570. Preferably, the amino

acid sequence comprises SEQ ID NO: 10532 and/or SEQ ID NO: 10533.

The invention also provides amino acid sequences having sequence identity to an amino

acid sequence encoded by SEQ ID NO: 10505. The invention provides amino acid sequences
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having sequence identity to an amino acid sequence selected from the group consisting of the
sequences shown in Figure 127, and in particular SEQ ID NOs: 10506 to 10570.

The invention also provides fragments of amino acid sequences encoded by SEQ ID NO:
10505. The invention also provides fragments of amino acid sequences selected from the group
consisting of SEQ ID NOs: 10506 to 10570. In one embodiment, the fragment does not consist
entirely of a known amino acid sequence of a SARS virus or a known amino acid sequence of a
coronavirus.

In one embodiment, the invention includes a polypeptide comprising an amino acid
sequence from the 5'3' Frame 3 of Figure 127. Some encoded open reading frames within this

[0 translation are: SEQ ID NO: 10533; SEQ JID NO: 10571; SEQ ID NO: 10572; SEQ 11D NO:
10573; SEQ ED NO: 10574.

The invention includes a polypeptide sequence comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 10533, SEQ ID NO: 10571, SEQ I0D NO:
10572, SEQ IlD NO: 10573 and SEQ ID NO: 10574. The invention includes a polypeptide
having sequence identity to the amino acid sequence selected from the group consisting of SEQ
T1D NO: 10533, SEQ I1D NO: 10571, SEQ ID NO: 10572, SEQ ID NO: 10573 and SEQ ID NO:
10574.. The invention includes a fragment of a polypeptide sequence comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 10533, SEQ ED NO: 10571, SEQ
lID NO: 10572, SEQ 11D NO: 10573 and SEQ ID NO: 10574.

0 Partial BLAST results of SEQ IUD NO: 10533 against GenB ank are given below:
>gij7739601jg~bluAF6 926JjAF207902-11  nucleccapsid protein (rnurirnehepatitis virus strain ML-111

Length =451

Score 147 bits (370), Expect =3e-34
Identities =102/252 Positives 137/252 Gaps 18/252 

Query: 49 SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRATRR-VRGGDGKMESR 
106SWF+ *lTQ K +E +F +GQGVPI +Q GY+ R RR DG+ K+L PRWSbjct: 63 SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYJWYRHNRRSFKTPDGQHLPR 
122

Query: 1.07 YFYGGESPGNEIWAEALTKHGRPNATLLQTL 
166YFYYLGTGP A YG EG+VWXTA++ A A GT LPSbjct: 123 YFYYLGTGAGAEYGDDIEGVVJASQQATKTTADVERDPSSHEAIPTFPTL 
182

Query: 167 KGFYAEGSRGGSQASSRSSSRSRGNSR PS SR N P R A G G T L L L D L 2
+GFY EGS AS S N S8 PA +A L+L +LSbj ct: 183 QGFYWEGSGRSAPASRSGSRSQSROPNNPARSSSNQRQPASAVKPDMAEEIAAVAL 

242

Query: 227 QLESKVSGKGQQQQGQTVTKKSAJEASK KPRQKRTATKQYNVTQAFGRRGPEQTQG 282
GQ +Q VTK+SA E KPRQRT KQ V Q FGRGP QSbj ct: 243 K DAGQPKQ VTKQSAKVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ-- 

290

Query: 283 NFGDQDLIRQGT 294
NEG GT

Sbjct: 291 NFGCSEMLKLGT 302
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>gil31329991gblAAC16422.11 nucleocapsid protein [murine hepatitis virus
strain 2]

Length 451

Score 147 bits (370), Expect =3e-34
Identities 102/252 Positives 137/252 Gaps 18/252 

Query:

Sbojct:

Query:

Sbj at:

Query:

Sbjct:

Query:

Sbjct:

Query:

Sbjc Ct

SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW
SWFi -iTQ K +E +IF +GQGVPI +IQ GYi R RR DG+ K+L PRW
SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYWYRHNRRSFKTPDGQHKQLLPRW

YFYGGESPGNEIWAEALTKHGRPNATLLQTL
YFYYLGTGP A YG EG-IVWVA-I- A A GT LP
YFYYLGTGPH.AGAEYGDDIEGVVWVASQQADTKTTADVVJERDPSSHEAI PTKFAPGTVLP

KGFYAEGSRGGSQASSRSSSRSRGNSkNJSTPGSSRGNSPARNASGGGETALALLLLDRLN
+GFY EGS AS S N SS PA +A LiL+L
QGFYVEGSGKSAPASRSGSRSQSRGPNNRARSSSNQRQPASAVKPDMAEIAALVLJAKLG

QLESKVSGKGQQQQGQTVTKKSAAEASK- KPRQKRTATKQYNVTQAFGRRGPEQTQG
GQ +Q VTK±SA E KPRQKRT EQ V Q FG+RGP Q

K DAGQPKQ-- -VTKQSAKEVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ 

NFGDQDLIRQGT 294
NFG GT
NFGGSEMLKLOT 302

>gij1278771spIP03417INCA_CVMJ- Nucleocapsid protein
gil748591pirllvHIHMJ nucleocapsid protein murine hepatitis virus
(strain JHM)
gil58973lernbICAA25497.11 nucleocapsid protein [murine hepatitis virus]

Length 455

Score 146 bits (369)r, Expect 4e-34
Identities 110/254 Positives 142/254 Gaps 22/254 

Query:

Sbjct:

Query:

Sbj ct:-

Query:

Shict:

Query:

Sbj ct:

Query:

Sbi ct:

67

107

127

167

187

225

245

281

295

SWFTALTQHGK-EELRFPRCQGVPINTNSGPDDQIGYYRATRR-VRGGDGKMKELSPRW
SWF± +TQ K +E +F +GQGVPL Q GY± R RR DG± K+L PRW
SWFSGITQFQKGKEFQFAQGQGVPIANGI PASQQKGYWYRI-NRRSFKTPDGQQKQLLPRW

YFYYLGTGPEASLPYGAKEGIVVATEGALNTPKDHIGTPNPNNNATVQLPQGTTLP
YFYYLGTGP A YG EG+VWVAi- A I A GT LP
YFYYLGTGPYAGAEYGDDTEGVVWVASQQAETR'PSADIVERDPS SHEAT PTRFAPGTVLP

KGFYAEGSRGGSQASSRSSSR- -SRGNSRNSTPGSSRGNSPAMASGGGETALALLLLDR
+GFY EGS G S +SRS SR SRG N S5 PA L+L 
QGFYVEGS -GRSAPASRSGSRPQSRG-PNNmRSS SNQRQPASTVKPDM4AEIALVAK

LNQLESKVSGKGQQQQGQTVTKESAAEASK- -KPRQKRTATKQYNVTQAFGRRGPEQT
L GQ +iQ VTK±SA E KPRQKRT EQ V Q FG+RGP Q
LGK DAGQPKQ- VTKQSAKEVRQKILNKPRQKRTPNKQCPVQQCFGKRGPNQ.

QGNFGDQDLIRQGT 294
NFG GT
NFGGPEMLKLGT 306
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>gil66257661gblAAF19389.1IAF20i929_7 nucleccapsid protein [murine

hepatitis virus strain 2]

gil77693481gblAAF69338.1jAF20806&-11 nucleocapsid protein [murine

hepatitis virus]
Length 451

Score 146 bits (368), Expect =5e-34
Tdentities 102/252 Positives 137/252 Gaps 18/252 

Query:

Sbjct:

Query:

Shict:

Query:

Sbjct:

Query:

Sbjct:

Query:

Sbjct:

49 SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKNKELSPRW 106

SWF+ +TQ K +E +F +GQGVPI +Q GY+ R RR DG+ K+L PRW

63 SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYWYRHNRRSFKTPDGQHKQLLPRW 122

107 YFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLP 166

YFYYLGTGP A YG 4 EG+VWVA++ A A GT LP

123 YFYYLGTGPI-AGAEYGDDIEGVVWVASQQADTKTTADVVERDPSSHEAIPTRFAPGTVLP 182

167 KGFYAEGSRGGSQASSRSSSRSRGNS5INSTPGSSRGNSPARMASGGGETALALLLLDRLN 226

+GFY EGS AS S N SS PA +A L+L +L

183 QGFYVEGSGRSAPASRSGSRSQSRGPNNRARSSSNQRQPASAVKPDMAEEIAATHLAKLG 242

227 QLESKVSGKGQQQQGQTVTKKSAAEASK KPRQKRTATKQYNVTQAFGRRGPEQTQG 282

GQ +Q VTK+SA E KPRQKRT KQ V Q FG+RGP Q
243 K DAGQPKQ VTKQSAKEVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ--- 290

283 NFGDQDLIRQGT 294

NFG GT
291 NFGGSEMLKLGT 302

>gil217348541gblAAM77005.11AF481863-7 phosphorylated nucleocapsidprotein

N [porcine hemagglutinating encephalomyelitis virus]

Length 449

Score 145 bits (366), Expect 8e-34

Identities 107/253 Positives 145/253 Gaps 18/253 

Query: 49

Sbjct: 64

Query: 107

Sbjct: 124

Query: 166

Sbjct: 183

Query: 226

Sbjct: 237

Query: 282

Sbjct: 294

S'FTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW
SWF+ -ITQ K +E F GQGVPI GY+~ R KR DG ++iL PRW

SWFSGTTQFQKGKEFEFAEGQGVPTAPGVPATEAKGYWYRHNRRSFKTADGNQRQLLPRW

YFYYLGTGPEASLPYGANKEGIVWATEGA-LNTPKDHIGTRNPNNNAATVLQLPQGTTL
YFYYLGTGP A YG +G+i WVA+ A +NTP D I A P GT L

YFYYLGTGPHAKH-QYGTDIDGVFWVASNQADINTPAD- IVDRDPSSDEAIPTRFPPGTVL

PKGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARNASGGGETALALLLLDRL

P+G+Y EGS G S +SRS+SR+ N S SR NS R G +A D++i

PQGYYIEGS -GRSAPNSRSTSRA--PNRAPSAGSRSRANSGNRTSTPGVTPDMA DQI

NQLESKVSGKGQQQQGQTVTKKSAAEASK- KPRQKRTATKQYNVTQAFGRRGPEQTQ

L GK Q VTK++A E KPRQKR± KQ V Q FG±RGP Q
ASLVLAIKLGK-DATKPQQVTKQTAKEVRQKILLNKPRQKRSPNKQCTVQQCFGKRGPNQ- 

GNFGDQDLIRQGT 294

NFG GT
-NFGGGEMLKLGT 305
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>gil232957651gbIA-AL80036-11 nucleocapsid protein [porcine

hernagglutinating encephalomyelitis virus]

Length 449

Score 145 bits (365), Expect le-33

Identities =107/253 042%), Positives 145/253 Gaps 18/253 

Query: 49 SWFTALTQHGK-EE1LRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

SWF+ +TQ K +E F GQGVPI GY+ R RR DC PRW

Sbj at: 64 SVWFSGITQFQKGKEFEFAEGQGVPIAPGVPSTEAKGYWYRHNRRSFKTADGNQRQLLPRW 123

Query: 107 YFYYLGTGPEASTPYGAKEGIVWVATEGA-LNTPKDHIGTNPNNAA'XTLQLPQGTTL 165

YFYYLGTGP A YG +±C+GWVAi A +NT D I PGT L

Sbjct: 124 YFYYLGTGPHAKDQYGTDIDCVFWVASNQADINTPAD-IVDRDPSSDEA7PTRFPPGTVL 182

Query: 166 PKGFYAEGSRGGSQASSRSSSRSRGNSR1NSTPGSSRGNSPARMASGGGECALALLLLDRL 225

P-iG+Y EGS G S +SRS+SRi N S ,SR NS IR G +A D++

Sbj at: 183 PQGYYIEGS-GRSAPNSRSTSPA-PNRAPSAGSRSRANSGNRTSTPGVTPDMA----- DQI 236

Query: 226 NQLESKVSGKGQQQQGQTVTKKSAAEASK KPRQKRTATKQYNVTQAFGRRGPEQTQ 281

L GK Q VTKI-iA E KPRQKR+ KQ V Q FG+RGP Q
Sbj ct: 237 ASLVLAKLGK-DATKPQQVTKQTAKEVRQKILN\KPRQKRSPNKQCTVQQCFGKRG-PNQ- 293

Query: 282 GNFGDQDLIRQGT 294
NFG GT 

Sbjct: 294 -NFGGGEMLKLGT 305

These results indicate that SEQ ID NO: 10533 has functional similarities to a coronavirus

nucleocapsid protein.

In one embodiment, the invention comprises an amino acid sequence from the 53' Frame 1

of Figure 127 e.g. SEQ JID NO': 10506-105 14. Some encoded open reading frames within this

region are SEQ ID NOs: 10575 to 10578.

Accordingly, the invention includes a polypeptide comprising the amino acid sequence

selected from the group consisting of SEQ ID NO: 10575, SEQ ID NO: 10576, SEQ ID NO:

10577 and SEP ED NO: 10578. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to a sequence selected from the group consisting of SEQ ID

NO: 10097, SEQ lID NO: 10576, SEQ I1D NO: 10577 and SEQ H) NO: 10578. The invention

includes a fragment of a polypeptide comprising an am-ino acid sequence selected from the group

consisting of SEQ ID NO: 10097, SEQ ID NO: 10576, SEQ BD NO: 10577 and SEQ IlD NO:

10578.

In one embodiment, the invention includes a polypeptide comprising an amino acid

sequence from the 3'S' Frame 2 of Figure 127 e.g. SEQ ID NOs: 10547-10559. An open reading

frame within this region is SEQ ID NO: 10579.

The invention includes a polypeptide comprising an am-ino acid sequence of SEQ IID NO:

10579. The invention includes a polypeptide comprising an amino acid sequence having

sequence identity to SEQ ID NO: 10579. The invention includes a fragment of a polypeptide

comprising an amnino acid sequence of SEQ ID NO: 10579.
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The invention also includes polynucleotide sequences which can be used as probes for

diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose

or identify the presence or absence of a SARS virus in a biological sample. The invention

includes a polynucleotide sequence comprising one or more of the primer sequences identified in

Table 33. The invention further includes polynucleotide sequence comprising the complement

of one or more of the primer sequences identified in Table 33.

The invention includes a polynucleotide sequence comprising SEQ ID NO: 11323. A

polypeptide encoded by SEQ ID NO: 11323 is SEQ ID NO: 11324.

The invention includes a polypeptide comprising SEQ ID NO: 11324, sequence having

sequence identity to SEQ ID NO: 11324 and fragments of SEQ ID NO: 11324. The invention

includes a fragment of SEQ ID NO: 11324, wherein said polypeptide fragment begins with a

Methionine.

Accordingly, the invention includes a polynucleotide sequence comprising SEQ ID NO:

11323. It also provides polynucleotide sequences having sequence identity to SEQ ID NO:

11323. The invention also provides for polynucleotide sequences comprising fragments of SEQ

ID NO: 11323. In one embodiment, the polynucleotide fragment does not consist entirely of a

known SARS polynucleotide sequence or a known coronavirus polynucleotide sequence.

The invention includes an amino acid sequence encoded by the polynucleotide sequence

SEQ ID NO: 11323, including the amino acid sequence of SEQ ID NO: 11324.

The invention also provides amino acid sequences having sequence identity to an amino

acid sequence encoded by SEQ ID NO: 11323. The invention provides amino acid sequences

having sequence identity to SEQ ID NO: 11324.

The invention provides fragments of amino acid sequences encoded by SEQ ID NO:

11323. The invention also provides fragments of amino acid sequences of SEQ ID NO: 11324.

In one embodiment, the fragment does not consist entirely of a known SARS amino acid

sequence or a known coronavirus amino acid sequence.

The invention also includes polynucleotide sequences which can be used as probes for

diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose

or identify the presence or absence of a SARS virus in a biological sample. The invention

includes a polynucleotide sequence comprising one or more of the primer sequences identified as

SEQ ID NOS: 11325-11440 (left part) and SEQ ID NOS: 11441-11551 (right part). The invention

further includes polynucleotide sequence comprising the complement of one or more of the

primer sequences identified as SEQ ID NOS: 11325-11551.

The invention includes a polypeptide comprising SEQ ID NO: 11552. The SARS virus

contains polymorphism at the Isoleucine residue Ile-324. The invention includes a polypeptide

comprising an amino acid sequence having sequence identity to SEQ ID NO: 11552, wherein
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said polypeptide includes an amino acid sequence selected from the group consisting of YSYAI
(SEQ ID NO: 11553), SYAIH (SEQ ID NO: 11554), YAIHH (SEQ ID NO: 11555), IHHDK
(SEQ ID NO: 11556), SYAI (SEQ ID NO: 11557), YAIH (SEQ ID NO: 11558), AIHH (SEQ ID
NO: 11559), IHHD (SEQ ID NO: 11560), YAI, AIH, and IHH. The invention includes a
fragment of a polypeptide comprising SEQ ID NO: 11552, wherein said fragment includes an
amino acid sequence selected from the group consisting of YSYAI (SEQ ID NO: 11553),
SYAIH (SEQ ID NO: 11554), YAIHH (SEQ ID NO: 11555), IHHDK (SEQ ID NO: 11556),
SYAI (SEQ ID NO: 11557), YAIH (SEQ ID NO: 11558), AIHH (SEQ ID NO: 11559), IHHD
(SEQ ID NO: 11560), YAI, AIH, and IHH.

The invention includes a polypeptide comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 11561 and SEQ ID NO: 11562. The invention includes a
fragment of a polypeptide comprising an amino acid sequence selected from the group consisting
of SEQ ID NO: 11561 and SEQ ID NO: 11562.

The invention includes a diagnostic kit comprising a polypeptide comprising at least one of
the amino acid sequences selected from the group consisting of SEQ ID NOS: 11561 and 11562.
The invention includes a diagnostic kit comprising a polynucleotide sequence encoding a
polypeptide comprising at least one of the amino acid sequences selected from the group
consisting of SEQ ED NOS: 11561 and 11562. The invention includes an immunogenic
composition comprising a polypeptide comprising at least one of the amino acid sequences

,0 selected from the group consisting of SEQ ID NOs: 11561 and 11562. The invention includes an
antibody which recognizes a polypeptide comprising at least one of the amino acid sequences
selected from the group consisting of SEQ ID NOs: 11561 and 11562.

The invention includes a polynucleotide sequence SEQ ID NO: 11563 or a fragment
thereof or a sequence having sequence identity thereto. Polypeptide sequences which can be
translated from SEQ ID NO: 11563 are shown in Figure 128. The constituent amino acid
sequences from Figure 128, having at least 4 amino acids, are listed as SEQ ID NOs: 11564 to
11617.

The invention includes a polypeptide sequence selected from the group consisting of the
sequences of Figure 128, or a fragment thereof or a sequence having sequence identity thereto

3 e.g. SEQ ID NOS: 11563 to 11617.

A polypeptide sequence within SEQ ID NO: 11600 is SEQ ID NO: 11618. The invention
includes a polypeptide comprising SEQ ID NO: 11618, or a fragment thereof or a sequence
having sequence identity thereto.
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A polypeptide sequence within SEQ ID NO: 11602 is SEQ ID NO: 11641. The invention

includes a polypeptide comprising SEQ ID NO: 11641, or a fragment thereof or a sequence

having sequence identity thereto.

A polypeptide sequence within SEQ ID NO: 11609 is SEQ ID NO: 11619.

The invention includes a polynucleotide encoding an amino acid sequence selected from

the group consisting of: the amino acid sequences of Figure 128, and in particular SEQ ID

NOs: 11564-11617; SEQ ID NO: 11618; and SEQ ID NO: 11619, or (ii) a fragment

thereof. The invention includes a diagnostic kit comprising a one or more of these proteins. The

invention includes a diagnostic kit comprising a polynucleotide sequence encoding one or more

of these polypeptide sequences. The invention includes an antibody which recognizes one or

more of the polypeptide sequences.

The SARS virus may contain polymorphism at isoleucine residue Ile-326 in SEQ ID NO:

11620 (Chi-PEP3). The invention includes a polypeptide comprising an amino acid sequence

having sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino

acid sequence selected from the group consisting of YAIHH (SEQ ID NO: 11621) and YATHH

(SEQ ID NO: 11622). The invention includes a fragment of a polypeptide comprising SEQ ID

NO: 11620, wherein said fragment includes an amino acid sequence selected from the group

consisting of YAIHH (SEQ ID NO: 11621) and YATHH (SEQ ID NO: 11622).

The SARS virus may contain polymorphism at glutamine residue Gln-830 in SEQ ID NO:

11620. The invention includes a polypeptide comprising an amino acid sequence having

sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino acid

sequence selected from the group consisting of ASQAW (SEQ ID NO: 11623) and ASRAW (SEQ

ID NO: 11624). The invention includes a fragment of a polypeptide comprising SEQ ID NO:

11620, wherein said fragment includes an amino acid sequence selected from the group

consisting of ASQAW (SEQ ID NO: 11623) and ASRAW (SEQ ID NO: 11624).

The SARS virus may contain polymorphism at aspartic acid residue Asp-935 in SEQ ID

NO: 11620. The invention includes a polypeptide comprising an amino acid sequence having

sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino acid

sequence selected from the group consisting of DADST (SEQ ID NO: 11625) and DAYST (SEQ

ID NO: 11626). The invention includes a fragment of a polypeptide comprising SEQ ID NO:

11620, wherein said fragment includes an amino acid sequence selected from the group

consisting of DADST (SEQ ID NO: 11625) and DAYST (SEQ ID NO: 11626).

The SARS virus may contain polymorphism at serine residue Ser-577 in SEQ ID NO:

11627 (Chi-PEP4). The invention includes a polypeptide comprising an amino acid sequence

having sequence identity to SEQ ID NO: 11627, wherein said polypeptide includes an amino
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acid sequence selected from the group consisting of PCSFG (SEQ ID NO: 11628) and PCAFG
(SEQ ID NO: 11629). The invention includes a fragment of a polypeptide comprising SEQ ID
NO: 11627, wherein said fragment includes an amino acid sequence selected from the group

consisting of PCSFG (SEQ ID NO: 11628) and PCAFG (SEQ ID NO: 11629).

The SARS virus may contain polymorphism at valine residue Val-68 in SEQ ID NO:
11630 (Chi-PEP8). The invention includes a polypeptide comprising an amino acid sequence
having sequence identity to SEQ ID NO: 11630, wherein said polypeptide includes an amino
acid sequence selected from the group consisting of LAVVY (SEQ ID NO: 11631) and LAAVY

(SEQ ID NO: 11632). The invention includes a fragment of a polypeptide comprising SEQ ID
NO: 11630, wherein said fragment includes an amino acid sequence selected from the group
consisting of LAVVY (SEQ ID NO: 11631) and LAAVY (SEQ ID NO: 11632).

The SARS virus may contain polymorphism at isoleucine residue Ile-50 in SEQ ID NO:
11633 (Chi-PEP13). The invention includes a polypeptide comprising an amino acid sequence
having sequence identity to SEQ ID NO: 11633, wherein said polypeptide includes an amino
acid sequence selected from the group consisting of NNIAS (SEQ ID NO: 11634) and NNTAS
(SEQ ID NO: 11635). The invention includes a fragment of a polypeptide comprising SEQ ID
NO: 11633, wherein said fragment includes an amino acid sequence selected from the group
consisting of NNIAS (SEQ ID NO: 11634) and NNTAS (SEQ ID NO: 11635).

The SARS virus may contain a polymorphism at Serine residue Ser-943 in SEQ ID NO:
11636. The invention includes a polypeptide comprising an amino acid sequence having
sequence identity to SEQ ID NO: 11636, wherein said polypeptide includes an amino acid

sequence selected from the group consisting of AVSAC (SEQ ID NO: 11637) and AVGAC (SEQ
ID NO: 11638). The invention includes a fragment of a polypeptide comprising SEQ ID NO:
11636, wherein said fragment includes an amino acid seuence selected from the group consisting
of AVSAC (SEQ ID NO: 11637) and AVGAC (SEQ ID NO: 11638).

The invention includes a polynucleotide SEQ ID NO: 11639, or a fragment thereof or a
sequence having sequence identity thereto. The invention includes a polypeptide encoded by the
polynucleotide sequence set forth in SEQ ID NO: 11639, or a fragment thereof or a polypeptide
sequence having sequence identity thereto.

The invention includes a polynucleotide set forth in SEQ ID NO: 11640, or a fragment
thereof or a sequence having sequence identity thereto. The invention includes a polypeptide
encoded by the polynucleotide sequence set forth in SEQ ID NO: 11640, or a fragment thereof or
a polypeptide sequence having sequence identity thereto.

The invention includes each of the polynucleotides identified above. The invention
includes each of the polynucleotides set forth in the sequence listing. The invention further
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includes polynucleotides having sequence identity to each of the polynucleotides identified

above. The degree of sequence identity is preferably greater than 50% 60%, 61%, 62%,

63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,

79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 8788%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99% or more).

The invention includes polynucleotide sequences comprising fragments of each of the

polynucleotide sequences identified above. The fragments should comprise at least n

consecutive polynucleotides from a particular SEQ ID NO:, and, depending on the sequence, n is

7 or more 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120, 130, 140,

150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300 or more).

The invention includes each of the amino acid sequences encoded by each of the

polynucleotide sequences identified above. The invention includes each of the amino acid

sequences encoded by each of the polynucleotide sequences set forth in the sequence listing.

The invention further includes amino acid sequences having sequence identity to the amino acid

sequences encoded by each of the polynucleotide sequences identified above. The degree of

sequence identity is preferably greater than 50% 60%, 61%, 62%, 63%, 64%, 65%, 66%,

67%, 68%, 69%, 70%, 71%, 72%, 73%, 74% 76%, 77%, 78%, 79%, 80%, 81%, 82%,

83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% or more). The invention further includes fragments of amino acid sequences encoded by

each of the polynucleotide sequences identified above. The fragments should comprise at least n

consecutive amino acids from a particular SEQ ID NO:, and, depending on the sequence, n is 7

or more 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,

31, 32, 33,34, 35, 36, 37, 38, 39,40,45, 50, 55, 60, 65,70, 80, 90, 100, 120, 130, 140, 150,

160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300 or more).

The invention includes each of the amino acid sequences identified above. The invention

includes each of the amino acid sequence set forth in the sequence listing. The invention further

includes amino acid sequences having sequence identity to each of the amino acid sequences

identified above. The degree of sequence identity is preferably greater than 50% 

61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,

77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99% or more).

The invention further includes fragments of the amino acid sequences identified above.

The fragments should comprise at least n consecutive amino acids from a particular SEQ ID

NO:, and, depending on the sequence, n is 7 or more 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19,20,21,22, 23,24,25,26,27, 28, 29,30, 31,32,33,34,35,36,37,38,39,40,45,50,55,
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65, 70, 80, 90, 100, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, 300 or more).

The invention includes polynucleotides encoding each of the amino acid sequences
identified above. The invention includes polynucleotides encoding each of the amino acid
sequences set forth in the sequence listing. The invention further includes polynucleotides
having sequence identity with each of the polynucleotides encoding each of the amino acid
sequences identified above. The degree of sequence identity is preferably greater than 50% 

61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more).

The invention further includes fragments of polynucleotides encoding each of the amino
acid sequences identified above. The fragments should comprise at least n consecutive
polynucleotides from a particular SEQ ID NO:, and, depending on the sequence, n is 7 or more

7, 8, 9, 10, 11, 12, 13, 14, 15, 1.6,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120,130, 140, 150, 160,
170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300 or more).

As described in more detail below, polynucleotides for use as primers and/or as probes
may contain at least 4 or 8 contiguous nucleotides from a polynucleotide sequence of the
invention e.g. at least 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 
contiguous nucleotides and up to about 50, 75, 100, 200 contiguous nucleotides or more. While
6-8 nucleotides may be a workable length, sequences of 10-12 nucleotides are preferred, and
about 13, 14, 15, 16, 17, 18, 19, 20, or 21 or more nucleotides or more appears optimal for
hybridisation.

In one embodiment, the invention is directed to polynucleotides and amino acid sequences
that do not consist entirely of a known SARS virus polynucleotide or amino acid sequence or of
a known coronavirus polynucleotide or amino acid sequence. In one embodiment, the
polynucleotides and amino acid sequences of the invention do not consist entirely of the
sequence SEQ ID NO: 1. In another embodiment, the polynucleotides and amino acid sequences
of the invention do not consist entirely of the sequence SEQ ID NO: 2. SEQ ID NO: 9967 is a

!0 SARS genome sequence of the Frankfurt (FRA) isolate (GenBank: AY310120). Compared to
SEQ ID NO: 1, it differs at nucleotides 2546, 2590, 11437, 18954, 19073, 20585, 20899, 23209,
24922, 26589 28257; compared to SEQ ID NO:2, it differs at nucleotides 2560, 7922, 11451,
16625, 18968 19067. Further genome sequences have become available from GenBank, since
this application was originally filed, under accession numbers including AY559097, AY559096,
AY559095, AY559094, AY559093, AY559092, AY559091, AY559090, AY559089, AY559088,
AY559087, AY559086, AY559085, AY559084, AY559083, AY559082, AY559081, AY274119,
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AY323977, AY291315, AY502932, AY502931, AY502930, AY502929, AY502928, AY502927,

AY502926, AY502925, AY502924, AY502923, AY291451, AY390556, AY395003, AY395002,

AY395001, AY395000, AY394999, AY394998, AY394997, AY394996, AY394995, AY394994,

AY394993, AY394992, AY394991, AY394990, AY394989, AY394987, AY394986, AY394985,

AY394983, AY394979, AY394978, AY508724, AY394850, AY463059, AY463060, AY313906,

AY310120, AY461660, AY485278, AY485277, AY345988, AY345987, AY345986, AY282752,

AY357076, AY357075, AY350750, AY304495, AY304488, AY304486, AY427439, AY283798,

AY278491, AY278489, AY362699, AY362698, AY283797, AY283796, AY283795, AY283794,

AY278741, AY351680, AP006561, AP006560, AP006559, AP006558, AP006557, AY278554,

AY348314, AY338175, AY338174, AY321118, AY279354, AY278490, AY278487, AY297028,

AY278488, and NC_004718.

In another embodiment, the invention is directed to polynucleotides that encode proteins

which are not immunologically cross reactive with a protein of a mouse hepatitis virus, a bovine

coronavirus or an avian infectious bronchitis virus. In another embodiment, the invention is

directed to proteins which are not immunologically cross reactive with a protein of a mouse

hepatitis virus, a bovine coronavirus or an avian infectious bronchitis virus.

SEach of the polynucleotides identified above may be used to encode a portion of a fusion

protein. Accordingly, the invention compries one or more of the polynucleotides identified

above wherein the polynucleotides encoding for the start codon are removed. The invention

further comprises one or more of the amino acids identified above wherein the starting
methionine is removed.

Any of the polynucleotide or amino acid sequences discussed above may be used in

vaccines for the treatment or prevention of SARS virus infection, including as a SARS viral

antigen. Additionally, any of the polynucleotides or amino acid sequences discussed above may

be used as diagnostic reagents, or in kits (comprising such reagents) or in methods used to

diagnose or identify the presence or absence of a SARS virus in a biological sample.

SARS viral antigens of the invention may include a polypeptide with 99%, 95%, 

or 80% homology to one or more of the group consisting of the following proteins:

nonstructural protein 2 (NS2); hemagglutinin-esterase glycoprotein (HE) (also referred to as E3),

spike glycoprotein (also referred to as E2), nonstructural region 4 (NS4), envelope (small

membrane) protein (also referred to as sM), membrane glycoprotein (also referred to as

El), nucleocapsid phosphoprotein or RNA dependent RNA polymerase (pol).

A detailed discussion of Coroavirus biology can be found in Fields Virology (2nd ed),

Fields et al. B.N. Raven Press, New York, NY., Chapter 

Another example of a SARS virus isolate is set forth in Example 1 below. The invention

includes each of the polypeptide and polynucleotide sequences identified in Example 1. In
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addition, the invention includes vaccine formulations comprising one or more of the polypeptide

or polynucleotide sequences identified in Example 1. The invention includes diagnostic

regaents, kits (comprising such reagents) and methods which can be used to diagnose or identify

the presence or absence of a SARS virus in a biological sample using one or more of the

polypeptide or polynucleotide sequences identified in Example 1. The invention includes

methods for the treatment or prevention of SARS virus infection utilizing small molecule viral

inhibitors and combinations of small molecule viral inhibitors and kits for the treatment of

SARS. The small molecule inhibitors may specifically target one or more of the polypeptides or

polynucleotides identified in Example 1.

Further discussion of terms used in the application follows below.

"Respiratory Virus" as used herein refers to a virus capable of infecting the human

respiratory tract. Respiratory Viral Antigens suitable for use in the invention include Severe

Acute Respiratory Syndrome virus, coronavirus, influenza virus, human rhinovirus (HRV),
parainfluenza virus (PIV), respiratory syncytial virus (RSV), adenovirus, metapneumovirus, and
rhinovirus.

The terms "polypeptide", "protein" and "amino acid sequence" as used herein generally

refer to a polymer of amino acid residues and are not limited to a minimum length of the product.

Thus, peptides, oligopeptides, dimers, mulimers, and the like, are included within the definition.

Both full-length proteins and fragments thereof are encompassed by the definition. Minimum

fragments of polypeptides useful in the invention can be at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, or even 15 amino acids. Typically, polypeptides useful in this invention can have a

maximum length suitable for the intended application. Generally, the maximum lengthis not

critical and can easily be selected by one skilled in the art.

Polypeptides of the invention can be prepared in many ways e.g. by chemical synthesis (at
least in part), by digesting longer polypeptides using proteases, by translation from RNA, by

purification from cell culture from recombinant expression), from the organism itself (e.g.

after viral culture, or direct from patients), from a cell line source etc. A preferred method for

production of peptides <40 amino acids long involves in vitro chemical synthesis (Bodanszky

(1993) Principles of Peptide Synthesis (ISBN: 0387564314); Fields et al. (1997) Methods in

Enzymology 289: Solid-Phase Peptide Synthesis. ISBN: 0121821900). Solid-phase peptide

synthesis is particularly preferred, such as methods based on t-Boc or Fmoc (Chan White

(2000) Fmoc Solid Phase Peptide Synthesis ISBN: 0199637245) chemistry. Enzymatic synthesis

(Kullmann (1987) Enzymatic Peptide Synthesis. ISBN: 0849368413) may also be used in part or

in full. As an alternative to chemical synthesis, biological synthesis may be used e.g. the

polypeptides may be produced by translation. This may be carried out in vitro or in vivo.

Biological methods are in general restricted to the production of polypeptides based on L-amino
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acids, but manipulation of translation machinery of aminoacyl tRNA molecules) can be
used to allow the introduction of D-amino acids (or of other non natural amino acids, such as
iodotyrosine or methylphenylalanine, azidohomoalanine, etc.) (Ibba (1996) Biotechnol Genet
Eng Rev 13:197-216.). Where D-amino acids are included, however, it is preferred to use
chemical synthesis. Polypeptides of the invention may have covalent modifications at the
C-terminus and/or N-terminus, particularly where they are for in vivo administration e.g by
attachment of acetyl or carboxamide, as in the FuzeonTM product.

Reference to polypeptides and the like also includes derivatives of the amino acid
sequences of the invention. Such derivatives can include postexpression modifications of the
polypeptide, for example, glycosylation, acetylation, phosphorylation, and the like. Amino acid
derivatives can also include modifications to the native sequence, such as deletions, additions
and substitutions (generally conservative in nature), so long as the protein maintains the desired
activity. These modifications may be deliberate, as through site-directed mutagenesis, or may be
accidental, such as through mutations of hosts which produce the proteins or errors due to PCR
amplification. Furthermore, modifications may be made that have one or more of the following
effects: reducing toxicity; facilitating cell processing secretion, antigen presentation, etc.);
and facilitating presentation to B-cells and/or T-cells.

"Fragment" or "Portion" as used herein refers to a polypeptide consisting of only a part of
the intact full-length polypeptide sequence and structure as found in nature. For instance, a
fragment can include a C-terminal deletion and/or an N-terminal deletion of a protein.

A "recombinant" protein is a protein which has been prepared by recombinant DNA
techniques as described herein. In general, the gene of interest is cloned and then expressed in
transformed organisms, as described further below. The host organism expressed the foreign
gene to produce the protein under expression conditions.

The term "polynucleotide", as known in the art, generally refers to a nucleic acid molecule.
A "polynucleotide" can include both double- and single-stranded sequences and refers to, but is
not limited to, cDNA from viral, prokaryotic or eukaryotic mRNA, genomic RNA and DNA
sequences from viral RNA and DNA viruses and retroviruses) or prokaryotic DNA, and
especially synthetic DNA sequences. The term also captures sequences that include any of the

0 known base analogs of DNA and RNA, and includes modifications such as deletions, additions
and substitutions (generally conservative in nature), to the native sequence, so long as the nucleic
acid molecule encodes a therapeutic or antigenic protein. These modifications may be
deliberate, as through site-directed mutagenesis, or may be accidental, such as through mutations
of hosts that produce the antigens. Modifications of polynucleotides may have any number of
effects including, for example, facilitating expression of the polypeptide product in a host cell.
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Polynucleotides of the invention may be prepared in many ways e.g. by chemical synthesis
phosphoramidite synthesis of DNA) in whole or in part, by digesting longer nucleic acids

using nucleases restriction enzymes), by joining shorter nucleic acids or nucleotides (e.g.
using ligases or polymerases), from genomic or cDNA libraries, etc.

A polynucleotide can encode a biologically active immunogenic or therapeutic)
protein or polypeptide. Depending on the nature of the polypeptide encoded by the
polynucleotide, a polynucleotide can include as little as 10 nucleotides, where the
polynucleotide encodes an antigen.

By "isolated" is meant, when referring to a polynucleotide or a polypeptide, that the
indicated molecule is separate and discrete from the whole organism with which the molecule is
found in nature or, when the polynucleotide or polypeptide is not found in nature, is sufficiently
free of other biological macromolecules so that the polynucleotide or polypeptide can be used for
its intended purpose. The polynucleotides and polypeptides of the invention are preferably
isolated polynucleotides and isolated polypeptides.

"Antibody" as known in the art includes one or more biological moieties that, through
chemical or physical means, can bind to or associate with an epitope of a polypeptide of interest.
The antibodies of the invention include antibodies which specifically bind to a SARS viral
antigen. The term "antibody" includes antibodies obtained from both polyclonal and monoclonal
preparations, as well as the following: hybrid (chimeric) antibody molecules (see, for example,

!0 Winter et al. (1991) Nature 349: 293-299; and US Patent No. 4,816,567; F(ab') 2 and F(ab)
fragments; F, molecules (non-covalent hetcrodimers, see, for example, Inbar et al. (1972) Proc
Natl Acad Sci USA 69:2659-2662; and Ehrlich et al. (1980) Biochem 19:4091-4096); single-
chain Fv molecules (sFv) (see, for example, Huston et al. (1988) Proc Natl Acad Sci USA
85:5897-5883); dimeric and trimeric antibody fragment constructs; minibodies (see, Pack
et al. (1992) Biochem 31:1579-1584; Cumber et al. (1992) J mmunology 149B: 120-126);
humanized antibody molecules (see, for example, Riechmann et al. (1988) Nature 332:323-327;
Verhoeyan et al. (1988) Science 239:1534-1536; and U.K. Patent Publication No. GB 2,276,169,
published 21 September 1994); and, any functional fragments obtained from such molecules,
wherein such fragments retain immunological binding properties of the parent antibody

;0 molecule. The term "antibody" further includes antibodies obtained through non-conventional
processes, such as phage display.

As used herein, the term "monoclonal antibody" refers to an antibody composition having
a homogeneous antibody population. The term is not limited regarding the species or source of
the antibody, nor is it intended to be limited by the manner in which it is made. Thus, the term
encompasses antibodies obtained from murine hybridomas, as well as human monoclonal
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antibodies obtained using human rather than murine hybridomas. See, Cote, et al.
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, 1985, p 77.

An "immunogenic composition" as used herein refers to a composition that comprises an
antigenic molecule where administration of the composition to a subject results in the
development in the subject of a humoral and/or a cellular immune response to the antigenic
molecule of interest. The immunogenic composition can be introduced directly into a recipient
subject, such as by injection, inhalation, oral, intranasal or any other parenteral, mucosal or
transdermal intra-rectally or intra-vaginally) route of administration.

The term "derived from" is used to identify the source of molecule a molecule can be
derived from a polynucleotide, polypeptide, an immortalized cell line can be derived from any
tissue, etc.). A first polynucleotide is "derived from" a second polynucleotide if it has the same
or substantially the same basepair sequence as a region of the second polynucleotide, its cDNA,
complements thereof, or if it displays sequence identity as described above. Thus, a first
polynucleotide sequence is "derived from" a second sequence if it has the same or
substantially the same sequence as the second sequence or (ii) displays sequence identity to
polypeptides of that sequence.

A first polypeptide is "derived from" a second polypeptide if it is encoded by a first
polynucleotide derived from a second polynucleotide, or (ii) displays sequence identity to the
second polypeptides as described above. Thus, a polypeptide (protein) is "derived from" a

'0 particular SARS virus if it is encoded by an open reading frame of a polynucleotide of that
SARS virus, or (ii) displays sequence identity, as described above, to polypeptides of that SARS
virus.

Both polynucleotide and polypeptide molecules can be physically derived from a SARS
virus or produced recombinantly or synthetically, for example, based on known sequences.

A cultured cell or cell line is "derived from" another cell, cells or tissue if it is originally
obtained from existing cells or tissue. Non-limiting examples of tissue that cells may be derived
from include skin, retina, liver, kidney, heart, brain, muscle, intestinal, ovary, breast, prostate,
cancerous tissue, tissue infected with one or more pathogens viruses, bacteria etc.) and the
like. The cells described herein may also be derived from other cells including, but not limited

0 to, primary cultures, existing immortalized cells line and/or other isolated cells.
An "antigen" refers to a molecule containing one or more epitopes (either linear,

conformational or both) that will stimulate a host's immune system to make a humoral and/or
cellular antigen-specific response. The term is used interchangeably with the term
"immunogen." Normally, an epitope will include between about 3-15, generally about 5-15
amino acids. A B-cell epitope is normally about 5 amino acids but can be as small as 3-4 amino
acids. A T-cell epitope, such as a CTL epitope, will include at least about 7-9 amino acids, and a
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helper T-cell epitope at least about 12-20 amino acids. Normally, an epitope will include
between about 7 and 15 amino acids, such as, 9, 10, 12 or 15 amino acids. The term "antigen"
denotes both subunit antigens, antigens which are separate and discrete from a whole
organism with which the antigen is associated in nature), as well as, killed, attenuated or
inactivated bacteria, viruses, fungi, parasites or other microbes as well as tumor antigens,
including extracellular domains of cell surface receptors and intracellular portions that may
contain T-cell epitopes. Antibodies such as anti-idiotype antibodies, or fragments thereof, and
synthetic peptide mimotopes, which can mimic an antigen or antigenic determinant, are also
captured under the definition of antigen as used herein. Similarly, an oligonucleotide or

LO polynucleotide that expresses an antigen or antigenic determinant in vivo, such as in gene therapy
and DNA immunization applications, is also included in the definition of antigen herein.

An "immunological response" to an antigen or composition is the development in a
subject of a humoral and/or a cellular immune response to an antigen present in the composition
of interest. For purposes of the present invention, a "humoral immune response" refers to an
immune response mediated by antibody molecules, including secretory (IgA) or IgG molecules,
while a "cellular immune response" is one mediated by T-lymphocytes and/or other white blood
cells. One important aspect of cellular immunity involves an antigen-specific response by
cytolytic T-cells CTLs have specificity for peptide antigens that are presented in
association with proteins encoded by the major histocompatibility complex (MHC) and

0 expressed on the surfaces of cells. CTLs help induce and promote the destruction of intracellular
microbes, or the lysis of cells infected with such microbes. Another aspect of cellular immunity
involves an antigen-specific response by helper T-cells. Helper T-cells act to help stimulate the
function, and focus the activity of, nonspecific effector cells against cells displaying peptide
antigens in association with MHC molecules on their surface. A "cellular immune response"
also refers to the production of cytokines, chemokines and other such molecules produced by
activated T-cells and/or other white blood cells, including those derived from CD4+ and CD8+
T-cells. In addition, a chemokine response may be induced by various white blood or
endothelial cells in response to an administered antigen.

II. VACCINE FORMULATIONS

)The invention relates to vaccine formulations for the treatment or prevention of Severe
Acute Respiratory Syndrome (SARS). Vaccine formulations of the invention include an
inactivated (or killed) SARS virus, an attenuated SARS virus, a split SARS virus preparation and
a recombinant or purified subunit formulation of one or more SARS viral antigens. The
invention includes polypeptides and polynucleotides encoding for SARS viral antigens and
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immunogenic fragments thereof. Expression and delivery of the polynucleotides of the invention
may be facilitated via viral vectors and/or viral particles, including Virus Like Particles (VLPs).

A. Inactivated (or Killed) SARS Vaccines

The invention includes a composition comprising an inactivated (or killed) SARS virus and
methods for the production thereof. Inactivated SARS viral compositions can be used as

prophylactic or therapeutic SARS virus vaccine. Preferably the inactivated SARS virus vaccine
composition comprises an amount of inactivated SARS virus which, before inactivation, is
equivalent to a virus titer of from about 4 to 7 logs plaque forming units (PFU) or 4 to 7 logs
tissue culture infectious dose 50 (TCID50 per milliliter. More preferably, before inactivation the
virus titer is from 4 to 11, 7 to 11 or 9 to 11 PFU or TCID50 Still more preferably the
inactivated SARS virus vaccine composition comprises an amount of inactivated SARS virus
which, before inactivation, is equivalent to a virus titer of from about 5 to 9 PFU or 5 to 9
TCID50 per milliliter. In one embodiment, the PFU or TCID5s of the cultured SARS virus at
harvest is 6 to 8, more preferably about 7.5 PFU or TCID5o per milliliter. Upon concentration of
the viral harvest, the PFU or TCIDo0 is preferably 8 to 11, still more preferably about 9 PFU or
TCID50 per milliliter. The vaccine composition comprises a sufficient amount of the SARS virus
antigen to produce an immunological response in a primate.

Methods of inactivating or killing viruses are known in the art to destroy the ability of the
viruses to infect mammalian cells. Such methods include both chemical or physical means.

'0 Chemical means for inactivating a SARS virus include treatment of the virus with an effective
amount of one or more of the following agents: detergents, formaldehyde, formalin, 3-
propiolactone, or UV light. Additional chemical means for inactivation include treatment with
methylene blue, psoralen, carboxyfullerene (C60) or a combination of any thereof. Other
methods of viral inactivation are known in the art, such as for example binary ethylamine, acetyl
ethyleneimine, or gamma irradiation.

For example formaldehyde may be used at concentrations such as 0.1 to 0.02%, preferably
at 0.02 to 0.1 and still more preferably 'at 0.04 to 0.05%. The inactivating agent is added to
virus containing culture supematants prior to or after harvesting said culture supernatants from
vessels used for virus propagation, either with or without a step of cell disruption for release of

0 cell-associated virus prior to harvesting. Further, the inactivating agent may be added after said
culture supernatants have been stored frozen and thawed, or after one or more steps of
purification to remove cell contaminants. Preferably, however, formaldehyde is added after
removal of cells and cellular debris or after one or more purification steps. After addition of
formaldehyde, the virus containing mixture is transferred into an incubation vessel and incubated
at refrigeration temperatures +2 to 8°C) or alternatively at elevated temperatures, such as
ambient temperatures between approximately 20 and 30°C or at 33°C to 370C for a period of 12
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hours to 7 days, whereby the temperature chosen should be adjusted to the duration of
incubation. Prefered conditions are e.g. +2 -8 0 C for 3-7 days (prefered are 3 -7days), ambient
temperatures and incubation for 16 hours to 3 days (prefered 24- 48 hours), or 35-370C for 12-36
hours. If it is desirable to remove excess formalin, sodium thiosulfate or sodium metabisulfite at
equimolar or 1.5 -fold molar concentration (relative to formaldehyde) may be added after
completing the inactivation process.

For example, p-propiolactone may be used at concentrations such as 0.01 to 
preferably at 0.5% to and still more preferably at 0.025 to The inactivating agent is
added to virus containing culture supematants (virus material) prior to or after harvesting said

LO culture supematants from vessels used for virus propagation, either with or without a step of cell
disruption for release of cell-associated virus prior to harvesting. Further, the inactivating agent
may be added after said culture supematants have been stored frozen and thawed, or after one or
more steps of purification to remove cell contaminants. P-propiolactone is added to the virus
material, with the adverse shift in pH to acidity being controlled with sodium hydroxide 1
N NaOII), a Tris-buffer or sodium bicarbonate solution. After transfering the mixture to another
inactivation vessel, the combined inactivating agent-virus materials are incubated at temperatures
from 4°C to 37°C, for incubation times of preferably 24 to 72 hours.

Another inactivant which may be used is binary ethyleneimine (BEI). Equal volumes of a
0.2 molar bromoethylamine hydrobromide solution and a 0.4 molar sodium hydroxide solution

.0 are mixed and incubated at about 37°C. for 60 minutes. The resulting cyclized inactivant is
binary ethyleneimine, which is added to the virus materials at 0.5 to 4 percent, and preferably at
1 to 3 percent, volume to volume. The inactivating virus materials are held from about 4'C to
37 0 C for 24 to 72 hours with periodic agitation. At the end of this incubation 20 ml. of a sterile 1
molar sodium thiosulfate solution was added to insure neutralization of the BEI.

In one embodiment, the invention includes an inactivating method is designed to maximize
exposure of the virus to the inactivating agent and to minimize long-term exposure of the
temperature sensitive SARS virus particles to elevated temperatures. The invention includes an
inactivation method comprising exposing the virus to the inactivation agent (such as BPL) for 12
to 24 hours at refrigeration temperatures followed by hydrolysis of any residual inactivating

D agent by elevating the temperature for only 3 hours. Preferably, the refrigeration temperatures
are between 0 and 8°C, more preferably around 4°C. Preferably, the elevated temperature is
between 33 and 41'C, more preferably around 37°C. As assessed by a test for residual infectious
virus using 10 ml aliquots of the inactivated preparation, the method is able to inactivate SARS-
CoV in raw cell culture harvests below a theoretical limit of 0.03 infectious units/ml.

Diluted and undiluted samples of the inactivated virus materials are added to susceptible
cell (tissue) culture VERO) to detect any non-inactivated virus. The cultured cells are
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passaged multiple times and examined for the presence of SARS virus based on any of a variety
of methods, such as, for example, cytopathic effect (CPE) and antigen detection via
fluoroscent antibody conjugates specific for SARS virus). Such tests allow determination of
complete virus inactivation.

Prior to inactivation, the SARS virus will be cultured in a mammalian cell culture. The cell
culture may be adherently growing cells or cells growing in suspension. Preferably the cells are
of mammalian origin, but may also be derived from avian hens' cells such as hens' embryo
cells (CEF cells)), amphibian, reptile, insect, or fish sources. Mammalian sources of cells
include, but are not limited to, human or non-human primate MRC-5 (ATCC CCL-171),
WI-38 (ATCC CCL-75), HeLa cells, human diploid cells, fetal rhesus lung cells ATCC CL-
160), human embryonic kidney cells (293 cells, typically transformed by sheared adenovirus
type 5 DNA), VERO cells from monkey kidneys), horse, cow MDBK cells), sheep,
dog MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK 33016,
deposit number DSM ACC 2219 as described in WO 97/37001), cat, and rodent hamster
cells such as BHK21-F, HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be
obtained from a wide variety of developmental stages, including for example, adult, neonatal,
fetal, and embryo.

In certain embodiments the cells are immortalized PERC.6 cells are described, for
example, in WO 01/38362 and WO 02/40665, incorporated by reference herein in their

!0 entireties, as well as deposited under ECACC deposit number 96022940), or any other cell type
immortalized using the techniques described herein.

In preferred embodiments, mammalian cells are utilized, and may be selected from and/or
derived from one or more of the following non-limiting cell types: fibroblast cells dermal,
lung), endothelial cells aortic, coronary, pulmonary, vascular, dermal microvascular,
umbilical), hepatocytes, keratinocytes, immune cells T cell, B cell, macrophage, NK,
dendritic), mammary cells epithelial), smooth muscle cells vascular, aortic, coronary,
arterial, uterine, bronchial, cervical, retinal pericytes), melanocytes, neural cells astrocytes),
prostate cells epithelial, smooth muscle), renal cells epithelial, mesangial, proximal
tubule), skeletal cells chondrocyte, osteoclast, osteoblast), muscle cells myoblast,

0 skeletal, smooth, bronchial), liver cells, retinoblasts, and stromal cells. WO 97/37000 and WO
97/37001, incorporated by reference herein in their entireties, describe production of animal cells
and cell lines that capable of growth in suspension and in serum free media and are useful in the
production and replication of viruses.

Preferably, the SARS viruses of the invention are grown on VERO cells or fetal rhesus
kidney cells.
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Culture conditions for the above cell types are well-described in a variety of publications,

or alternatively culture medium, supplements, and conditions may be purchased commercially,
such as for example, as described in the catalog and additional literature of Cambrex Bioproducts

(East Rutherford, NJ).

In certain embodiments, the host cells used in the methods described herein are cultured in

serum free and/or protein free media. A medium is referred to as a serum-free medium in the

context of the present invention in which there are no additives from serum of human or animal

origin. Protein-free is understood to mean cultures in which multiplication of the cells occurs

with exclusion of proteins, growth factors, other protein additives and non-serum proteins. The

cells growing in such cultures naturally contain proteins themselves.

Known serum-free media include Iscove's medium, Ultra-CHO medium (BioWhittaker) or

EX-CELL (JRH Bioscience). Ordinary serum-containing media include Eagle's Basal Medium

(BME) or Minimum Essential Medium (MEM) (Eagle, Science, 130, 432 (1959)) or Dulbecco's

Modified Eagle Medium (DMEM or EDM), which are ordinarily used with up to 10% fetal calf

serum or similar additives. Optionally, Minimum Essential Medium (MEM) (Eagle, Science,

130, 432 (1959)) or Dulbecco's Modified Eagle Medium (DMEM or EDM) may be used without

any serum containing supplement. Protein-free media like PF-CHO (JHR Bioscience),

chemically-defined media like ProCHO 4CDM (BioWhittaker) or SMIF 7 (Gibco/BRL Life

Technologies) and mitogenic peptides like Primactone, Pepticase or HyPepTM (all from Quest

!0 International) or lactalbumin hydrolyzate (Gibco and other manufacturers) are also adequately

known in the prior art. The media additives based on plant hydrolyzates have the special

advantage that contamination with viruses, mycoplasma or unknown infectious agents can be

ruled out.

The cell culture conditions to be used for the desired application (temperature, cell density,

pH value, etc.) are variable over a very wide range owing to the suitability of the cell line

employed according to the invention and can be adapted to the requirements of the SARS virus.

The method for propagating the SARS virus in cultured cells mammalian cells)

includes the steps of inoculating the cultured cells with SARS virus, cultivating the infected cells

for a desired time period for virus propagation, such as for example as determined by SARS

virus titer or SARS virus antigen expression between 24 and 168 hours after inoculation)

and collecting the propagated virus. The cultured cells are inoculated with a SARS virus

(measured by PFU or TCIDso) to cell ratio of 1:10000 to 1:10. A lower range of ratios may also

be used e.g. 1:500 to 1:1, preferably 1:100 to 1:5, more preferably 1:50 to 1:10. The SARS virus

is added to a suspension of the cells or is applied to a monolayer of the cells, and the virus is

absorbed on the cells for at least 60 minutes but usually less than 300 minutes, preferably

between 90 and 240 minutes at 250C to 400C, more preferably 28'C to 370C, still more
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preferably at about 33 OC. The infected cell culture monolayers) may be treated either by
freeze-thawing or by enzymatic action to increase the viral content of the harvested culture
supernatants. The harvested fluids are then either inactivated or stored frozen.

A comparison of SARS infected Vero cells grown with and without fetal calf serum
is shown in FIGURE 26A. Briefly, Vero cells were split the day before infection and

cultivated in T175 flasks. Infection of 90% confluent Vero cell monolayers the following day
was performed with a SARS-CoV seed stock (strain FRA, passage 4, Accession number
AY310120), with or without 3% FCS (Fig. 26A). The addition of FCS to the cell media showed
little impact on virus yield.

0L Cultured cells may be infected at a multiplicity of infection of about 0.0001 to
preferably 0.002 to 5, more preferably to 0.001 to 2. Still more preferably, the cells are

infected at a m.o.i of about 0.01. A comparison of viral yield at varying m.o.i. levels is shown in
FIGURE 26B.

Infected cells may be harvested 30 to 60 hours post infection. Preferably, the cells are
harvested 34-48 hours post infection. Still more preferably, the cells are harvested 38 to 
hours post infection. See FIGURE 26C.

Methods of purification of inactivated virus are known in the art and may include one or
more of, for instance gradient centrifugation, ultracentrifugation, continuous-flow
ultracentrifugation and chromatography, such as ion exchange chromatography, size exclusion

0 chromatography, and liquid affinity chromatography. Additional method of purification include
ultrafiltration and dialfiltration. See JP Gregersen "Herstellung von Virussimpfstoffen aus
Zellkulturen" Chapter 4.2 in Pharmazeutische Biotecnologie (eds. O. Kayser and RH Mueller)
Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000. See also, O'Neil et al., "Virus
Harvesting and Affinity Based Liquid Chromatography. A Method for Virus Concentration and
Purification", Biotechnology (1993) 11:173-177; Prior et al., "Process Development for
Manufacture of Inactivated HIV-1", Pharmaceutical Technology (1995) 30-52; and Majhdi et al.,
"Isolation and Characterization of a Coronavirus from Elk Calves with diarrhea" Journal of
Clinical Microbiology (1995) 35(11): 2937-2942.

Other examples of purification methods suitable for use in the invention include
Spolyethylene glycol or ammonium sulface precipitation (see Trepanier et al., "Concentration of

human respiratory syncytial virus using ammonium sulfate, polyethylene glycol or hollow fiber
ultrafiltration" Journal of Virological Methods (1981) 3(4):201-211; Hagen et al., "Optimization
of Poly(ethylene glycol) Precipitation of Hepatitis Virus Used to prepare VAQTA, a Highly
Purified Inactivated Vaccine" Biotechnology Progress (1996) 12:406-412; and Carlsson et al.,
"Purification of Infectious Pancreatic Necrosis Virus by Anion Exchange Chromatography
Increases the Specific Infectivity" Journal of Virological Methods (1994) 47:27-36) as well as
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ultrafiltration and microfiltration (see Pay et al., Developments in Biological Standardization

(1985) 60:171-174; Tsurumi et al., "Structure and filtration performances of improved

cuprammonium regenerated cellulose hollow fibre (improved BMM hollow fibre) for virus

removal" Polymer Journal (1990) 22(12):1085-1100; and Makino et al., "Concentration of live

retrovirus with a regenerated cellulose hollow fibre, BMM", Archives of Virology (1994) 139(1-

2):87-96.).

Preferably, the virus is purified using chromatography, such as ion exchange

chromatography. Chromatic purification allows for the production of large volumes of virus

containing suspension. The viral product of interest can interact with the chromatic medium by a
simple adsorption/desorption mechanism, and large volumes of sample can be processed in a
single load. Contaminants which do not have affinity for the adsorbent pass through the column.
The virus material can then be eluted in concentrated form.

Preferred anion exchange resins for use in the invention include DEAE, EMD TMAE.

Preferred cation exchange resins may comprise a sulfonic acid-modified surface. In one

embodiment, the virus is purified using ion exchange chromatography comprising a strong anion
exchange resin EMD TMAE) for the first step and EMD-SO3 (cation exchange resin) for

the second step. A metal-binding affinity chromatography step can optionally be included for
further purification. (See, WO 97/06243).

A preferred resin for use in the invention is FractogelTM EMD. This synthetic methacrylate

based resin has long, linear polymer chains (so-called "tentacles") covalently attached. This
"tentacle chemistry" allows for a large amount of sterically accessible ligands for the binding of

biomolecules without any steric hindrance. This resin also has improved pressure stability.

Column-based liquid affinity chromatography is another preferred purification method for
use in the invention. One example of a resin for use in this purification method is MatrexTM

CellufineTM Sulfate (MCS). MCS consists of a rigid spherical (approx. 45-105 pm diameter)

cellulose matrix of 3,000 Dalton exclusion limit (its pore structure excludes macromolecules),
with a low concentration of sulfate ester functionality on the 6-position of cellulose. As the
functional ligand (sulfate ester) is relatively highly dispersed, it presents insufficient cationic

charge density to allow for most soluble proteins to adsorb onto the bead surface. Therefore the
;0 bulk of the protein found in typical virus pools (cell culture supernatants, e.g. pyrogens and most

contaminating proteins, as well as nucleic acids and endotoxins) are washed from the column

and a degree of purification of the bound virus is achieved.

The rigid, high-strength beads of MCS tend to resist compression. The pressure/flow

characteristics the MCS resin permit high linear flow rates allowing high-speed processing, even
in large columns, making it an easily scalable unit operation. In addition a chromatographic

purification step with MCS provides increased assurance of safety and product sterility, avoiding
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excessive product handling and safety concerns. As endotoxins do not bind to it, the MCS
purification step allows a rapid and contaminant free depyrogenation. Gentle binding and
elution conditions provide high capacity and product yield. The MCS resin therefore represents
a simple, rapid, effective, and cost-saving means for concentration, purification and
depyrogenation. In addition, MCS resins can be reused repeatedly.

The inactivated virus may be further purified by gradient centrifugation, preferably density
gradient centrifugation. For commercial scale operation a continuous flow sucrose gradient
centrifugation would be the preferred option. This method is widely used to purify antiviral
vaccines and is known to the expert in the field (See JP Gregersen "Herstellung von
Virussimpfstoffen aus Zellkulturen" Chapter 4.2 in Pharmazeutische Biotecnologie (eds. O.
Kayser and RH Mueller) Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.)

The density gradient centrifugation step may be performed using laboratory or commercial
scale gradient centrifugation equipment. For example, a swinging bucket rotor, a fixed angle
rotor, or a vertical tube rotor, particularly for laboratory scale production of the virus.
Preferably, the gradient centrifugation step is performed using a swinging bucket rotor. This
type of rotor has a sufficiently long pathlength to provide high quality separations, particularly
with multicomponent samples. In addition, swinging bucket rotors have greatly reduced wall
effects, and the contents do not reorient during acceleration and deceleration. Because of their
longer pathlength, separations take longer compared to fixed angle or vertical tube rotors. The
prepared sucrose solutions are controlled via refractometer on their sucrose concentration.

Sucrose gradients for density gradient centrifugation, such as in a swinging bucket
centrifuge tubes may be formed prior to centrifugation by the use of a gradient former
(continuous/linear). The volume of sample which can be applied to the gradient in a swinging
bucket rotor tube is a function of the cross-sectional area of the gradient that is exposed to the
sample. If the sample volume is too high, there is not sufficient radial distance in the centrifuge
tube for effective separation of components in a multicomponent sample.

An approximate sample volume for swinging bucket rotor SW 28 is 1-5 ml per tube (with a
tube diameter of 2.54 cm). The sample is applied to the gradient by pipetting the volume on top
of the gradient. The blunt end of the pipette is placed at 45-600 angle to the tube wall,

0 approximately 2-3 mm above the gradient. The sample is injected slowly and allowed to run
down the wall of the tube onto the gradient. After centrifugation gradient fractions are recovered
by carefully inserting a gauge needle until the bottom of the tube and starting to collect fractions
of 2 ml by pumping the liquid from the tube into falcon tubes.

Sucrose density gradients suitable for use with this density gradient centrifugation
purification step include 0 60%, 5 60%, 15 60%, 0 50%, 5 50%, 15 50%, 0 40%, 

40%, and 15 40%. Preferably, the sucrose density gradient is 15 40%, 5 40% or 0 
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Alternatively, a discontinuous sucrose density gradient may be used for purification. A

discontinuous sucrose density scheme provides for discrete, overlaying layers of differing

sucrose concentrations. In one example, a first layer of 50% sucrose is covered by a second

layer of 40% sucrose; the second layer is covered by a third layer of 20% sucrose; the third layer

is covered by a fourth layer of 10% sucrose; and the fourth layer is covered by the solution

containing the virus to be purified.

In oneembodiment, inactivated virus is purified by a method comprising a first step of

chromatography purification and a second step of gradient centrifugation. Preferably the first

step comprises liquid affinity chromatography, such as MCS. Preferably, the second step

comprises density gradient centrifugation using a swinging bucket rotor.

Additional purification methods which may be used to purify inactivated SARS virus

include the use of a nucleic acid degrading agent, preferably a nucleic acid degrading enzyme,
such as a nuclease having DNase and RNase activity, or an endonuclease, such as from Serratia

marcescens, commercially available as BenzonaseTM, membrane adsorbers with anionic

functional groups Sartobind TM or additional chromatographic steps with anionic functional

groups DEAE or TMAE). An ultrafiltration/dialfiltration and final sterile filtration step

could also be added to the purification method.

Preferably, the purification includes treatment of the SARS viral isolate with one or more

nucleic acid degrading enzymes. These enzymes may be used to reduce the level of host cell
!0 nucleic acid in the viral purification process. Nucleic acid digesting enzymes for use in cell

culture are known in the art and include, for example, BenzonaseTM.

The treatment of the virus with the nucleic acid degrading enzyme and inactivating agent

can be performed by a sequential treatment or in a combined or simultaneous manner.

Preferably, the nucleic acid degrading agent is added to the virus preparation prior to the addition

of the inactivating agent.

The purified viral preparation of the invention is substantially free of contaminating

proteins derived from the cells or cell culture and preferably comprises less than about 1000,

500, 250, 150, 100, or 50 pg cellular nucleic acid j/g virus antigen, preferably less than about

1000, 500, 250, 150, 100, or 50 pg cellular nucleic acid/ dose. Still more preferably, the purified

;0 viral preparation comprises less than about 20 pg, and even more preferably, less than about 

pg. Methods of measuring host cell nucleic acid levels in a viral sample are known in the art.
Standardized methods approved or recommended by regulatory authorities such as the WHO or

the FDA are preferred.

The invention includes an inactivated vaccine composition comprising a prophylactically

effective amount of SARS viral antigen, preferably spike or an immunogenic fragment thereof.

The SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 jg
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antigen/dose, more preferably 0.3 to 30 tg antigen/dose. Still more preferably, the antigen is
about 15 Gtg/dose.

In one embodiment, a lower concentration of SARS viral antigen is used in inactivated
vaccine compositions of the invention. Such lower concentration vaccines may optionally
comprise an adjuvant to boost the host immune response to the antigen. In such a "low dose"
vaccine, the SARS viral antigen is preferably present in a concentration of less than 15 ig
antigen/dose, less than 10, 7.5, 5 or 3 Ag antigen/dose.

The inactivated vaccine preparations of the invention may further comprise a stabilizer to
preserve the integrity of the immunogenic proteins in the inactivated viral preparation.
Stabilizers suitable for use in vaccines are known in the art and may include, for example,
buffers, sugars, sugar alcohols, and amino acids. Stabilizing buffers are preferably adjusted to a
physiological pH range and may include phosphate buffers, Tris buffers, TE (Tris/EDTA), TEN
(Tris/NaCl/EDTA) and Earle's salt solution. Stabilizing sugars may include, for example; one or
more of saccharose, glucose, fructose, dextranes, dextranesulphate, and trehalose. Stabilizing
sugar alcohols may include, for example, Xylite/Xylitole, Mannite/Mannitol, Sorbite/Sorbitol,
and Glycerol. Amino acids suitable for use in the invention include, for example, L-glutamine,
arginine, cysteine, and lysine. Additional stabilizers which may be used in the invention include
Tartaric acid, Pluronic F 68, and Tween 

SARS viral isolates which may be used for the inactivated viral preparations of the
,0 invention may be obtained and identified by any of the mechanisms described supra. For

example, a SARS isolate may be obtained from a clinical sample and plaque purified. Such
methods of viral isolation are known in the art.

Further purification procedures can be applied to ensure the seed virus used for preparation
of the vaccine does not contain, for example, unwanted adventitious agents. In one embodiment,
viral RNA from the viral isolate can be isolated from the virus, purified (and, optionally, the
sequence verified through PCR or other means) and then introduced into a suitable cell culture.

As an example of this technique, a clinical viral sample is plaque purified and amplified on
vero cells to generate a sufficient amount of the viral sample for analysis. Cellular remnants are
then cleared from the supernatant by centrifugation. The virus can then be pelleted by

0 ultracentrifugation and the pellet resuspended in PBS. After further centrifugation purification,
the virus containing fraction is treated with a DNase (and optionally also an RNase). Viral RNA
is then isolated from this fraction and transfected into a host cell.

Examples 2 and 3 provide an illustration of purification of inactivated whole SARS virus
using MCS chromatography resin purification followed by density gradient ultracentrifugation.
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Routes and methods of immunization of the vaccines of the invention are discussed in
more detail in a section below. Examples 4 and 5 provide illustrations of a mouse immunization
scheme with the inactivated SARS virus of the invention.

B. Attenuated SARS Vaccines

The invention includes a composition comprising an attenuated SARS virus. This

composition can be used as a prophylactic or therapeutic SARS virus vaccine. Methods of
attenuating viruses are known in the art. Such methods include serial passage of the SARS virus
in cultured cells mammalian cell culture, preferably fetal rhesus kidney cells or VERO
cells-see the discussion in Section A above regarding culture of SARS virus), until the SARS
virus demonstrates attenuated function. The temperature at which the virus is grown can be any
temperature at which with tissue culture passage attenuation occurs. Attenuated function of the
SARS virus after one or more passages in cell culture can be measured by one skilled in the art.
As used herein, attenuation refers to the decreased virulence of the SARS virus in a human
subject. Evidence of attenuated function may be indicated by decreased levels of viral
replication or by decreased virulence in an animal model.

Other methods of producing an attenuated SARS virus include passage of the virus in cell
culture at sub-optimal or "cold" temperatures and introduction of attenuating mutations into the
SARS viral genome by random mutagenesis chemical mutagenesis) or site specific directed
mutagenesis. Preparation and generation of attenuated RSV vaccines (the methods of which will
generally applicable to SARS virus) are disclosed in, for example, EP 0 640 128, US Patent No.
6,284,254, US Patent No. 5,922,326, US Patent No. 5,882,651.

The attenuated derivatives of SARS virus are produced in several ways, such as for
example, by introduction of temperature sensitive-mutations either with or without chemical
mutagenesis 5-fluorouracil), by passage in culture at "cold" temperatures. Such cold
adaptation includes passage at temperatures between about 20°C to about 320 C, and preferably
between temperatures of about 22°C to about 30°C, and most preferably between temperatures
of about 24°C and 280C. The cold adaptation or attenuation may be performed by passage at
increasingly reduced temperatures to introduce additional growth restriction mutations. The
number of passages required to obtain safe, immunizing attenuated virus is dependent at least in

;0 part on the conditions employed. Periodic testing of the SARS virus culture for virulence and
immunizing ability in animals mouse, primate) can readily determine the parameters for a
particular combination of tissue culture and temperature. The attenuated vaccine will typically be
formulated in a dose of from about 103 to 106 PFU or TCIDso, or more for maximal efficacy.

Attenuated virus vaccines for SARS-CoV also are produced by creating virus chimeras
comprising sequences derived from at least two different coronaviruses, one of which is a SARS-
CoV. For example, a virus chimera is produced that comprises nonstructural protein encoding
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genes derived from a first coronavirus murine, bovine, porcine, canine, feline, avian
coronavirus) and one or more structural protein encoding genes spike, E, M) from a SARS-
CoV. Alternatively, the virus chimera may comprise sequences derived from a human
coronavirus that is not a SARS-CoV OC43, 229E) together with sequences from a SARS-
CoV. Chimeric coronaviruses of the present invention are generated by a variety of methods,
including for example allowing for natural RNA recombination in a eukaryotic 
mammalian) cell that contains RNA from each of the parental coronaviruses following
infection) or by using standard molecular biology techniques known to those of skill in the art to
engineer desired virus chimeras (or portions thereof) as cDNA clones, which may then be used to
produce infectious virus (see for example, US 6593111 B2; Yount et al., 2003, Proc. Natl. Acad.
Sci. USA 100(22):12995-13000). An attenuated phenotype of the coronavirus chimeras
described herein can be readily measured by one of skill in the art.

Attenuated viruses can be also generated by deleting one or more open reading frames
(ORFs) that are not essential for viral replication. Preferably, these deletions occur in the,
structural region of the genome, such as ORF 3a, 3b, 6, 7a, 7b, 8a, 8b, 9b. See Haijema BJ,
Volders H, Rottier PJ. J Virol. (2004) 78(8):3863-71; and de Haan, C. P. S. Masters, X. Shen,
S. Weiss, and P. J. Rottier, "The group-specific murine coronavirus genes are not essential, but
their deletion, by reverse genetics, is attenuating in the natural host." Virology (2002) 296:177-
189. Deletion of such regions within a coronavirus such as SARS can be achieved, for example,

;0 by reverse genetics or "targeted recombination" (See, Masters, P. "Reverse genetics of
the largest RNA viruses", Adv. Virus Res. (1999) 53:245-264.

Methods of purification of attenuated virus are known in the art and may include one or
more of, for instance gradient centrifugation and chromatography. See Gregersen "Herstellung
von Virussimpfstoffen aus Zellkulturen" Chapter 4.2 in Pharmazeutische Biotecnologie (eds. 0.
Kayser and RH Mueller) Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.

C. Split SARS Vaccines

The invention includes a composition comprising a split SARS virus formulation and
methods for the manufacture thereof. This composition can be used as a prophylactic or
therapeutic SARS virus vaccine.

0 Methods of splitting enveloped viruses are known in the art. Methods of splitting
enveloped viruses are disclosed, for example, in WO 02/28422, incorporated herein by reference
in its entirety, and specifically including the splitting agents and methods described therein.
Methods of splitting influenza viruses are disclosed, for example, in WO 02/067983, WO
02/074336, and WO 01/21151, each of which is incorporated herein by reference in its entirety.
SThe splitting of the virus is carried out by disrupting or fragmenting whole virus, infectious
(wild-type or attenuated) or non-infectious (for example inactivated), with a disrupting
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concentration of a splitting agent. The disruption results in a full or partial solubilisation of the

virus proteins, altering the integrity of the virus.

Preferably, the splitting agent is a non-ionic or an ionic surfactant. Accordingly, the split

SARS virus formulations of the invention may also comprise at least one non-ionic surfactant or

detergent. Examples of splitting agents useful in the invention include: bile acids and derivatives

thereof, non-ionic surfactants, alkylglycosides or alkylthioglycosides and derivatives thereof,

acyl sugars, sulphobetaines, betains, polyoxyethylenealkylethers, N,N-dialkyl-Glucamides,

Hecameg, alkylphenoxypolyethoxyethanols, quaternary ammonium compounds, sarcosyl, CTAB

(cetyl trimethyl ammonium bromide) or Cetavlon.

Preferably, the ionic surfactant is a cationic detergent. Cationic detergents suitable for use
in the invention include detergents comprising a compound of the following formula:

R1\ R3

X-

wherein

R1 R2 and R3 are the same or different and each signifies alkyl or aryl, or

R1 and R2 together with the nitrogen atom to which these are attached form a 5- or 6-

membered heterocyclic ring, and

R3 signifies alkyl or aryl, or

RI, R2 and R3 together with the nitrogen atom to which these are attached, signify a 5- or 6-
membered heterocyclic ring, unsaturated at the nitrogen atom,

R4 signfies alkyl or aryl, and

X signifies an anion.

Examples of such cationic detergents are cetyltrimethylammonium salts, such as
ceytltrimethylammonium bromide (CTAB) and myristyltrimethylammonium salt.

Additional cationic detergents suitable for use in the invention include lipofectine,
lipofectamine, and DOT-MA.

Non-ionic surfactants suitable for use in the invention include one or more selected from

the group consisting of the octyl- or nonylphenoxy polyoxyethanols (for example the

commercially available Triton series), polyoxyethylene sorbitan esters (Tween series) and

polyoxyethylene ethers or esters of the general formula 

O(CH2

wherein n is 1-50, A is a bond or R is C1-so alkyl or phenyl C1-50 alkyl; and
combinations of two or more of these.

The invention comprises a method of preparing a split SARS virus comprising contacting

the SARS virus with a sufficient amount of splitting agent to disrupt the viral envelope. The loss
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of integrity after splitting renders the virus non-infectious. Once the disrupted viral envelope

proteins are generally no longer associated with whole intact virions, other viral proteins are

preferably fully or partially solubilized and are therefore not associated, or only in part

associated, with whole intact virions after splitting.

The method of preparing a split SARS virus may further comprise removal of the splitting

agents and some or most of the viral lipid material. The process may also include a number of

different filtration and/or other separation steps such as ultracentrifugation, ultrafiltration, zonal

centrifugation and chromatographic steps in a variety of combinations. The process may also

optionally include an inactivation step (as described above) which may be carried out before or

after the splitting. The splitting process may be carried out as a batch, continuous, or semi-

continuous process.

Split SARS virus vaccines of the invention may include structual proteins, membrane

fragments and membrane envelope proteins. Preferably, the split SARS virus preparations of the

invention comprise at least half of the viral structural proteins.

One example of a method of preparing a split SARS virus formulation includes the

following steps:

propagation of the SARS virus in cell culture, such as MRC-5 cells (ATCC CCL-171),

WI-38 cells (ATCC CCL-75), fetal rhesus kidney cells or vero cells (See the discussion in

Section A, above, regarding culture of SARS virus);

(ii) harvesting of SARS virus-containing material from the cell culture;

(iii) clarification of the harvested material to remove non-SARS virus material;

(iv) concentration of the harvested SARS virus;

separation of the whole SARS virus from non-virus material;

(vi) splitting of the whole SARS virus using a suitable splitting agent in a density gradient

centrifugation step; and

(vii) filtration to remove undesired materials.

The above steps are preferably performed sequentially.

The clarification step is preferably performed by centrifugation at a moderate speed.

Alternatively, a filtration step may be used for example with a 0.2jtm membrane.

The concentration step may preferably employ an adsorption method, for instance, using

CaHPO 4 Alternatively, filtration may be used, for example ultrafiltration.

A further separation step may also be used in the method of the invention. This further

separation step is preferably a zonal centrifugation separation, and may optionally use a sucrose

gradient. The sucrose gradient may further comprise a preservative to prevent microbial growth.

The splitting step may also be performed in a sucrose gradient, wherein the sucrose

gradient contains the splitting agent.
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The method may further comprise a sterile filtration step, optionally at the end of the
process. Preferably, there is an inactivation step prior to the final filtration step.

Methods of preparing split SARS virus formulations may further include treatment of the
viral formulation with a DNA digesting enzyme. These enzymes may be used to reduce the level
of host cell DNA in the viral purification process. DNA digesting enzymes for use in cell culture
are known in the art and include, for example, Benzonaseo.

Treatment of the SARS virus formulation with a DNA digesting enzyme may occur at any
time in the purification and splitting process. Preferably, however, the SARS virus formulation
is treated with a DNA digesting enzyme prior to use of a detergent. Still more preferably, the

.0 SARS virus formulation is treated with a DNA digesting enzyme, such as Benzonas, prior to
treatment with a cationic detergent, such as CTAB.

Methods of purification of split virus are known in the art. See JP Gregersen "Herstellung
von Virussimpfstoffen aus Zellkulturen" Chapter 4.2 in Pharmazeutische Biotecnologie (eds. O.
Kayser and RH Mueller) Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.

The invention includes a split vaccine composition comprising a prophylactically effective
amount of SARS viral antigen, preferably spike or an immunogenic fragment thereof. The
SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 pg antigen/dose,
more preferably 0.3 to 30 pg antigen/dose. Still more preferably, the antigen is about 
pg/dose.

0 In one embodiment, a lower concentration of SARS viral antigen is used in split vaccine
compositions of the invention. Such lower concentration vaccines may optionally comprise an
adjuvant to boost the host immune response to the antigen. In such a "low dose" vaccine, the
SARS viral antigen is preferably present in a concentration of less than 15 gg antigen/dose, 
less than 10, 7.5, 5 or 3 Ig antigen/dose.

D. Subunit SARS Vaccines

The invention includes a composition comprising an isolated or purified SARS viral
antigen or a derivative thereof. The composition may further comprise one or more adjuvants.

SARS viral antigens can be isolated or purified from a SARS virus grown in cell culture.
Alternatively, SARS viral antigens can be recombinantly produced by methods known in the art.

D The SARS viral antigens used in the invention can be produced in a variety of different
expression systems which are known in the art; for example those used with mammalian cells,
baculoviruses, bacteria, and yeast. Such expression systems will typically use polynucleotides
encoding the viral antigens of the invention. Such sequences can be obtained using standard
techniques of molecular biology, including translating the amino acid sequences listed herein.
Accordingly, the invention includes polynucleotides encoding for the viral antigens of the
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invention. In addition, the viral antigens of the invention can be produced (at least in part,
preferably in whole) via synthetic chemistry methods.

Insect cell expression systems, such as baculovirus systems, are known to those of skill in
the art and described in, Summers and Smith, Texas Agricultural Experiment Station
Bulletin No. 1555 (1987). Materials and methods for baculovirus/insert cell expression systems
are commercially available in kit form from, inter alia, Invitrogen, San Diego CA. Similarly,
bacterial and mammalian cell expression systems are also known in the art and described in, e.g.,
Yeast Genetic Engineering (Barr et al., eds., 1989) Butterworths, London.

A number of appropriate host cells for use with the above systems are also known. For
LO example, mammalian cell lines are known in the art and include immortalized cell lines available

from the American Type Culture Collection (ATCC), such as, but not limited to, Chinese
hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells

Hep G2), Madin-Darby bovine kidney ("MDBK") cells, as well as others. Mammalian
sources of cells include, but are not limited to, human or non-human primate 
(ATCC CCL-171), WI-38 (ATCC CCL-75), fetal rhesus lung cells (ATCC CL-160), human
embryonic kidney cells (293 cells, typically transformed by sheared adenovirus type 5 DNA),
VERO cells from monkey kidneys), horse, cow MDBK cells), sheep, dog MDCK
cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK 33016, deposit number DSM
ACC 2219 as described in WO 97/37001), cat, and rodent hamster cells such as BHK21-F,

0 HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be obtained from a wide
variety of developmental stages, including for example, adult, neonatal, fetal, and embryo.

Similarly, bacterial hosts such as E. coli, Bacillus subtilis, and Streptococcus spp., will find
use with the present expression constructs. Yeast hosts useful in the present invention include,
inter alia, Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenual
polymorpha, Kluyveromycesfragilis, Kluyveromyces lactis, Pichia guillerimondii, Pichia
pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells for use with
baculovirus expression vectors include, inter alia, Aedes aegypti, Autographa californica,
Bombyx mori, Drosophila melanogaster, Spodopterafrugiperda, and Trichoplusia ni.

Nucleic acid molecules comprising nucleotide sequences of the viral antigens or antibodies
of the invention can be stably integrated into a host cell genome or maintained on a stable
episomal element in a suitable host cell using various gene delivery techniques well known in the
art. See., US Patent No. 5,399,346.

Depending on the expression system and host selected, the molecules are produced by
growing host cells transformed by an expression vector under conditions whereby the protein is

i expressed. The expressed protein is then isolated from the host cells and purified. If the
expression system secretes the protein into growth media, the product can be purified directly
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from the media. If it is not secreted, it can be isolated from cell lysates. The selection of the

appropriate growth conditions and recovery methods are within the skill of the art.

The invention includes a composition comprising an isolated or purified SARS viral
antigen or a derivative thereof. The invention also includes a composition comprising at least
two isolated or purified SARS viral antigens or derivatives thereof, which have been co-purified

or purified separately and then combined. In one embodiment, the SARS viral antigen is a spike

protein. In yet another embodiment, the SARS viral antigen is a nucleocapsid protein, a
membrane glycoprotein, or an envelope protein. Preferably, the SARS viral antigen is
present in the composition in a purity greater than 75% 78%, 80%, 82%, 85%, 88%, 
92%, 95%, 98%).

The invention includes a vaccine composition comprising a prophylactically effective
amount of SARS viral antigen, preferably spike or an immunogenic fragment thereof. The
SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 ug antigen/dose,
more preferably 0.3 to 30 tg antigen/dose. Still more preferably, the antigen is about 
tg/dose.

In one embodiment, a lower concentration of SARS viral antigen is used in vaccine
compositions of the invention. Such lower concentration vaccines may optionally comprise an
adjuvant to boost the host immune response to the antigen. In such a "low dose" vaccine, the
SARS viral antigen is preferably present in a concentration of less than 15 ug antigen/dose, 
less than 10, 7.5, 5 or 3 fig antigen/dose.

The following example illustrates a method of preparing a SARS virus spike protein
subunit vaccine.

SARS virus S antigen may be isolated and purified from a variety of sources and using a
variety of methods, including, but not limited to, S antigen expressed in cultured eukaryotic cells

mammalian cells, such as VERO, CHO) or bacteria E. coli). Expression of may be
achieved by a variety of means, such as, for example, from SARS virus infected cell culture or
cell culture supernatants, from cultured cells stably transformed with a DNA expression cassette
encoding the SARS virus S protein RNA polymerase II promoter operably linked to a
SARS virus S gene), or from cultured cells infected with a replication-competent or replication-

,0 incompetent virus-based expression vector adenovirus vector, poxvirus vector, alphavirus
vector, retrovirus vector) encoding the SARS virus S protein, as a means to eliminate the need to
work with infectious SARS virus.

1. Subunit SARS Vaccines Produced from SARS Virus Cultures

The SARS virus may be grown in cultured mammalian celle, such as VERO cells, then
separated from the cultured cells. A SARS viral antigen, such as the S protein, can then be
solubilized and separated from the SARS virus, and further isolated and purified.
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In one example, the SARS virus may be produced as described in the Inactivated SARS

vaccine examples, then the desired SARS antigen, such as spike protein, may be further purified

from the end product using techniques known in the art.

In another example, a SARS subunit vaccine may be produced as follows. SARS virus

may be produced using a desired mammalian cell line on microcarrier beads in large, controlled

fermentors. For example, vaccine quality African Green Monkey kidney cells (VERO cells) at a

concentration of 10s cells/mL are added to 60 to 75 L of CMRL 1969 media, pH 7.2, in a 150 L

bioreactor containing 360 g of Cytodex-1 microcarrier beads and stirred for 2 hours. Additional

CMRL 1969 is added to give a total volume of 150 L. Fetal bovine serum (FBS) is added to a

final concentration of Glucose is added to a final concentration of 3.0 g/L and glutamine

is added to a final concentration of 0.6 g/L. Dissolved oxygen, pH, agitation and temperature are

controlled, and cell growth, glucose, lactate and glutamine levels are monitored. When cells are

in logarithmic phases usually on days 3 to 4 reached a density of about 1.0-2.5x106 cells/mL, the

culture medium is drained from the fermentor and 120 L of CMRL 1969, pH 7.2 (no FBS) is

added and the culture stirred for 10 minutes. The draining and filling of the fermentor is usually

repeated once but could be repeated up to three times. After washing the cells, the fermentor is

drained and 50 L of CMRL 1969 containing 0.1% FBS is added. The SARS virus

inoculum is added at a multiplicity of infection of 0.001 to 0.01. Trypsin may be added

to promote efficient infection. Additional CMRL 1969 with 0.1% FBS is added to give a final

volume of 150 L. Incubation is continued at 34 C. One viral harvest is obtained from a single

fermentor lot, typically at 2-7 days post-infection. Multiple harvests from a single fermentation

may also be obtained.

The isolation and purification of S protein may be effected by a variety of means, as

described below. For example, collecting S protein-containing flow-through from ion exchange

chromatography of solubilized SARS virus envelope proteins; loading the flow through onto a

hydroxyapatite matrix, and selectively eluting the S protein from the hydroxyapatite matrix. The

selectively eluted S protein may be further concentrated by tangential flow ultrafiltration.

Alternatively, the isolation and purification may be effected by collecting S protein-

containing flow-through from ion exchange chromatography of the solubilized SARS virus

envelope proteins; loading the flow through onto a hydroxyapatite matrix and collecting an S

protein-containing flow through, selectively removing detergent used in the solubilization step

from the hydroxyapatite matrix flow through to provide isolated and purified S protein. The

isolated and purified S protein may be subsequently concentrated by tangential flow

ultrafiltration
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Nucleic acid contaminants may be removed from the isolated and purified S protein by
treatment with a nucleic acid degrading agent as described above in the Inactivation section.
Preferably, the nucleic acid degrading agent is a nuclease, such as for example, Benzonase.

The isolated and purified S protein may be applied to a gel filtration medium and the S
protein subsequently collected therefrom to separate the S protein from contaminants of other
molecular weights.

Alternatively, the isolation and purification may be effected by loading S protein on a first
ion-exchange medium while permitting contaminants to pass through the medium, eluting the S
protein from the first ion-exchange medium, to separate the S protein from contaminants of other

0L molecular weights. The eluted S protein is applied to a second ion-exchange medium while
allowing contaminants to pass through the second ion-exchange medium. The S protein is
subsequently eluted therefrom, to provide the isolated and purified S protein. The eluted S
protein may be concentrated by tangential flow ultrafiltration.

Alternatively, substantially pure SARS virus S protein suitable for use as an immunogen in
a subunit vaccine formulation may be prepared from infected cell lysates, such as for example
using a non-denaturing detergent buffer containing 1% Triton X-100 and deoxycholate to lyse
infected cells. The cell lysates are clarified by centrifugation and S protein is purified from the
cell lysates by immunoaffinity purification. A monoclonal antibody against the S protein is
generated and coupled to beads and a column is constructed with those beads. SARS-infected

0 cell lysates are applied to the column, and the column is washed with PBS containing 0.1%
Triton X-100. Protein bound to the column is eluted with 0.1M glycine, pH 2.5, 0.1% Triton X-
100. Elution samples are buffered, such as for example, with Tris, and analyzed for the presence
of protein. Fractions containing the protein are pooled and dialyzed against PBS

As discussed above, the present invention includes isolated and purified S protein of SARS
virus. In one example, the virus is grown on a vaccine quality cell line, such as VERO cells, and
the grown virus is harvested. The virus harvest is filtered and then concentrated typically using
tangential flow ultrafiltration using a membrane of desired molecular weight cut-off and
diafiltered. The virus harvest concentrate may be centrifuged and the supernatant discarded. The
pellet from the centrifugation then is detergent extracted to solubilize the S protein, for example,
by resuspending the pellet to the original harvest concentrate volume in an extraction buffer
containing a detergent such as a non-ionic detergent including TRITON X-100.

Following centrifugation to remove non-soluble proteins, the S protein extract is purified
by chromatographic procedures. The extract may first be applied to an ion exchange
chromatography column such as a TMAE-fractogel or S-fractogel column equilibrated to permit
the S protein to flow through while impurities are retained on the column.
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Next, the flow through may be loaded onto a hydroxyapatite column, equilibrated to permit
binding of the S protein to the matrix and to permit contaminants to pass from the column. The
bound S protein is then eluted from the column by a suitable elutant. The resulting purified
solution of S protein may be further processed to increase its purity. The eluate first may be
concentrated by tangential flow ultrafiltration using a membrane of desired molecular weight
cut-off. The filtrate may be contacted with a polyethylene glycol of desired molecular weight,
for example, about 6000 to 8000, to precipitate the protein. Following centrifugation and discard
of the supernatant, the pellet may be resuspended in PBS and dialyzed to remove the
polyethylene glycol. Finally, the dialyzed solution of S protein may be sterile filtered. The

0 sterile filtered solution may be adsorbed onto alum. The polyethylene glycol precipitation and
resuspension purification step may be effected at an earlier stage of the purification operation, if
desired.

Alternatively, SARS virus is recovered following growth and harvesting of the virus, and a
concentrate obtained such as, for example using PEG precipitation or tangential flow filtration.
The virus is contacted with detergent to solubilize the S proteins. Following centrifugation, the
supernatant is recovered to further purification of the S protein and the non-soluble proteins
discarded.

The supernatant is applied to an ion exchange chromatography column, such as a TMAE-
fractogel or S-fractogel column, suitably equilibrated to permit retention of the S protein on the
column. The S protein is eluted from the ion-exchange column under suitable conditions. The
eluate then may be passed through a gel filtration column, such as a Sephacryl S-300 column, to
separate the S protein from contaminants of other molecular weights. A hydroxyapatite column
may be employed in place of the Sephacryl column.

The S protein may be eluted from the column to provide a purified solution of S protein.
The eluate may be concentrated by tangential flow ultrafiltration using a membrane of desired
molecular weight cut-off. The concentrated S protein solution then may be sterile filtered.

Alternatively, viral harvests may be concentrated by ultrafiltration and the concentrated
viral harvests may be subjected to an initial purification step, for example, by gel filtration
chromatography, polyethylene glycol precipitation or Cellufine sulfate chromatography. The
purified virus may then be detergent extracted to solubilize the S protein. Following
solubilization of the S protein, the supernatant may be loaded onto an ion-exchange column such
as Cellufine sulfate chromatography column equilibrated to permit the protein to bind to the
column while permitting contaminants to flow through. Similarly, a TMAE-fractogel or S-
fractogel column may be used in place of the Cellufine sulfate column. The two columns also
may be combined in sequential purification steps. The S protein is eluted from the columns to
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provide a purified solution of the protein. This solution may be concentrated by tangential flow

ultrafiltration using a membrane of desired molecular weight cut-off and diafiltered.

Specifically, in one method of S protein purification, the virus harvest concentrate is

centrifuged at 28,000 x g for 30 minutes at 4 C. The supernatant is discarded and the pellet

resuspended in extraction buffer consisting of 10 mM Tris-HC1, pH 7.0, 150 mM NaCI, 2%

Triton X-100 to the original harvest concentrate volume. Pefabloc is added to a final

concentration of 5 mM. The suspension is stirred at room temperature for 30 minutes. The

supernatant, containing the soluble S protein, is clarified by centrifugation at 28,000 x g for 

minutes at 4 C. A TMAE--Fractogel column is equilibrated with 10 mM Tris-HC1, pH 7.0, 150

[0 mM NaC1 containing 0.02% Triton X-100. The Triton X-100 supernatant, containing the soluble

S protein, is loaded directly onto the TRAE-Fractogel column. The total volume added plus 2

bed volumes of 10 mM Tris-HC1, pH 7.0, 150 mM NaC1 containing 0.02% Triton X-100 are

collected. The TMAE--Fractogel flow-through containing S protein is diluted 3-fold with 

mM Tris-HC1, pH 7.0, containing 0.02% Triton X-100.

An hydroxyapatite column is equilibrated with 10 mM Tris-HC1, pH 7.0, 50 mM NaC1,

0.02% Triton X-100. After loading the TMAE flow-through, the column is washed with 2

column volumes of 10 mM Tris-HC1, pH 7.0, 50 mM NaC1, 0.02% Triton X-100 followed by 4

column volumes of 5 mM sodium phosphate, pH 7.0, 1M NaC1, 0.02% Triton X-100. The

proteins are eluted with 4 column volumes of 20 mM sodium phosphate, pH 7.0, 1M NaC1,

0.02% Triton X-100. Fractions are collected based on A280 and the protein content and antigen

concentrations are measured. The purified S protein is ultrafiltered by tangential flow

ultrafiltration using a 300 kDa NMWL membrane.

2. Recombinant Production of Subunit SARS Vaccines

As discussed above, SARS virus proteins may be produced by recombinant expression.

Host cells suitable for recombinant expression include bacterial, mammalian, insect, yeast, etc.

Recombinant expression may be used to produce a full length SARS protein, a fragment thereof,

or a fusion therewith.

Fusion peptides may be used to facilitate the expression and purification of the

recombinant SARS protein. For example, recombinant production of the SARS polypeptides

can be facilitated by the addition a tag protein to the SARS antigen to be expressed as a fusion

protein comprising the tag protein and the SARS antigen. Such tag proteins can facilitate

purification, detection and stability of the expressed protein. Tag proteins suitable for use in the

invention include a polyarginine tag (Arg-tag), polyhistidine tag (His-tag), FLAG-tag, Strep-tag,

c-myc-tag, S-tag, calmodulin-binding peptide, cellulose-binding domain, SBP-tag,, chitin-

binding domain, glutathione S-transferase-tag (GST), maltose-binding protein, transcription

termination anti-terminiantion factor (NusA), E. coli thioredoxin (TrxA) and protein disulfide
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isomerase I (DsbA). Preferred tag proteins include His-tag and GST. A full discussion on the
use of tag proteins can be found at Terpe et al., "Overview of tag protein fusions: from
molecular and biochemical fundamentals to commercial systems", Appl Microbiol Biotechnol
(2003) 60:523-533.

After purification, the tag proteins may optionally be removed from the expressed fusion
protein, by specifically tailored enzymatic treatments known in the art. Commonly used
proteases include enterokinase, tobacco etch virus (TEV), thrombin, and factor Xa.

Accordingly, the invention further includes a SARS virus subunit vaccine comprising a
fusion protein. Preferably, the fusion protein comprises a first amino acid sequence encoded by
a SARS virus polynucleotide sequence. SARS virus polynucleotide sequences which may
encode said first amino acid sequence include one or more of the SARS virus polynucleotide
sequences identified in this application and fragments thereof.

The fusion protein may comprise an amino acid sequence of a SARS virus protein or a
fragment thereof. Said SARS virus protein may be selected from one or more of the group
consisting of the following SARS virus proteins: P28, P65, Nspl, Nsp2 (3CL protease), Nsp3,
Nsp3, Nsp4, Nsp 5, Nsp6, Nsp 7, Nsp 8, Nsp 9 (RNA polymerase), Nsp 10 (helicase), Nsp 11,
Nsp 12, Nsp 13, Spike, Orf 3, Orf 4, Envelope, Matrix, Orf 7, Orf 8, Orf 9, Orf 10, Orf 11,
Nucleocapsid and Orf 13.

In one embodiment, the fusion protein comprises a first amino acid sequence comprising a
,0 SARS virus antigen or a fragment thereof. Said SARS virus amino acid sequence may comprise

one or more of the T-epitope sequences identified above.

Preferably, the fusion protein comprises an amino acid sequence of a SARS virus spike
protein, or a fragment thereof. Specific fragments of the spike protein which may be used in the
fusion protein include the S1 domain and the S2 domain. Further fragments of the spike protein
which may be used in the fusion protein include regions of each of the S and S2 domains,
including the receptor binding region of the S1 domain, the oligomerization domain regions of
the S2 domain, the leucine zipper regions of the S2 domain, the membrane anchor region of the
S2 domain, the hydrophobic domain region of the S2 domain, the cystein-rich domain region of
the S2 domain, and the cytoplasmic tail region of the S2 domain. (See FIGURE 19). Amino

0 acid sequences of the Spike protein corresponding to these regions can be identified by those
skilled in the art, including, for example, using the functional predictions set forth earlier in the
application (predicted transmembrane helices, predicted N-terminus signaling regions, predicted
coiled-coil regions, etc.) as well as by homology comparison to the sequences of other known
Coronaviruses (See FIGURES 4F and 

The fusion protein may further comprise a second amino acid sequence. Said second
amino acid sequence may comprise a polypeptide sequence which facilitates protein expression
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or purification, preferably one of the tag sequences discussed above. Alternatively, said second

amino acid sequence may comprise a second amino acid sequence from a SARS virus.

Alternatively, said second amino acid sequence may comprises an amino acid sequence from

another virus or bacteria, including one or more of the viruses or bacteria identified in Section I,
below.

Said second amino acid sequence may comprise an amino acid sequence from another

respiratory virus. Said second amino acid sequence may comprise an amino acid sequence from

a virus selected from the group consisting of coronavirus, influenza virus, rhinovirus,

parainfluenza virus (PIV), respiratory syncytial virus (RSV), adenovirus, and metapneumovirus.

In one embodiment, said second amino acid sequence may comprise an amino acid

sequence from an adjuvant, including one or more of the adjuvants identified in section I, below.

In one embodiment, the invention includes a fusion protein comprising an amino acid

sequence of a SARS virus spike protein or a fragment thereof. The fusion protein may further

comprise a second amino acid sequence comprising an amino acid sequence selected from the
group consisting of a second SARS virus protein, a non-SARS virus protein, a bacterial protein,

and an adjuvant.

Bacterial Expression of Subunit SARS Vaccines

In one embodiment, bacterial host cells are used for recombinant expression of SARS virus

proteins. Bacterial host cells suitable for use in the invention include, for example, E. coli,

Bacillus subtilis, and Streptococcus spp.

The SARS viral protein may be modified to facilitate bacterial recombinant expression. In
particular, the SARS spike protein may be modified to facilitate transport of the spike protein to

the surface of the bacterial host cell.

Applicants have discovered that there is strong structural homology between the SARS

virus spike protein and the NadA protein of Neisseria meningitidis. Both proteins have an N-

terminal globular "head" domain (amino acids 24-87), an intermediate alpha-helix region with

high propensity to form coiled-coil structures (amino acids 88-350), and a C-terminal membrane

anchor domain formed by four amphipatix transmembrane beta strands (amino acids 351-405 of

NadA). In addition, a leucine zipper motive is present within the coiled-coil segment. See,
FIGURE 19 depicting the SARS spike protein structure Comanducci et al., "NadA, a Novel

Vaccine Candidate of Neisseria meningitidis", J. Exp. Med. 195 1445-1454 (2002). In

addition, a leucine zipper motif of NadA is present within the coiled-coil segment. The NadA

protein also forms high molecular weight surface-exposed oligomers (corresponding to three or

four monomers) anchored to meningococcal outer membrane.

When the NadA protein is expressed in E. coli, the full-length protein is assembled in

oligomers anchored to the outer membrane of E. coli, similar to the way the protein is presented
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in meningococcus. The NadA protein devoid of the predicted membrane anchor domain is then

secreted into the culture supematant. This secreted protein is soluble and still organized in

trimers.

The invention therefore includes a fusion protein comprising an amino acid sequence of a

SARS virus spike protein or a fragment thereof and a second amino acid sequence of a bacterial

adhesion protein or a fragment thereof. Preferably, said adhesion protein is selected from the

group consisting of NadA, YadA (of enteropathogenic Yersinia), and UspA2 (of Moraxella

catarrhalis). Additional NadA-like proteins include serum resistance protein DsrA of

Haemophilus ducreyi, the immunoglobulin binding proteins EibA, C, D, and F of E. coli, outer

.0 membrane protein 100 of Actinobacillus actinomycetemcomitans, the saa gene carried on the

large virulence plasmid present in shiga toxigenic strains of E. coli (STEC), and each of the

bacterial adhesion proteins described in U.K. Patent Application No. 0315022.4, filed on June

26, 2003, each of which are specifically incorporated herein by reference.

Preferably, said adhesion protein comprises NadA or a fragment thereof.

Such fusion proteins may be used to facilitate recombinant expression of immunogenic

portions of SARS surface antigens, such as spike. These fusion constructs may also allow the

SARS S1 and/or S2 domains to adapt to a native confirmation. These fusion proteins are also

able to oligomerize and form dimers or trimers, allowing the S and/or S2 domains to associate

and adapt conformations as in the native SARS spike protein. Further, these expression

constructs facilitate surface exposure of the SARS spike protein.

The fusion proteins of the invention preferably comprise a leader peptidc from a NadA like

protein, preferably NadA, a polypeptide from the immunogenic "head" region of the spike

protein, and a stalk region from either the NadA like protein or the Spike protein. During

expression and processing of the fusion protein, one or more amino acids may be cleaved off or

removed, such as, the leader peptide or a membrane anchor domain.

The stalk regions facilitate oligomerization of the expression protein. Optionally, the

fusion proteins of the invention further include an anchor region of a NadA like protein. This

anchor region allows the expression fusion protein to anchor and assemble on the bacterial cell

surface.

The fusion proteins of the invention include the following constructs:

the NadA leader peptide (optionally also including the first 6 amino acids of the mature

NadA protein to facilitate processing of the leader peptide and appropriate maturation of the

protein) followed by the Spike S1 domain. Preferably, this construct comprises amino acids 1-

29 of NadA (corresponding to the NadA leader peptide and the first 6 amino acids of the mature

NadA protein, as shown in FIGURE 22 and as set forth below) followed by amino acids 14-662
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of a SARS virus Spike protein (corresponding to the S1 domain, see FIGURE 19 and SEQ ID

NO: 6042 and as set forth below). Specifically, construct comprises SEQ ID NO: 7302.

(ii) the NadA leader peptide (optionally also including the first 6 amino acids of the mature

NadA protein to facilitate processing of the leader peptide and appropriate maturation of the

protein) followed by the Spike S domain, followed by the stalk and anchor membrane domains

of NadA. Preferably, this construct comprises amino acids 1-29 of NadA (corresponding to the

NadA leader peptide and the first 6 amino acids of the mature NadA protein, as shown in

FIGURE 22 and as set forth below) followed by amino acids 14-662 of a SARS virus Spike

protein (corresponding to the Sl domain, see FIGURE 19 and SEQ ID NO: 6042 and as set forth

below) followed by amino acids 88-405 of NadA (corresponding to the stalk and the anchor

membrane domains). Specifically, construct (ii) comprises SEQ ID NO: 7303.

(iii) the NadA leader peptide (optionally also including the first 6 amino acids of the

mature NadA protein) followed by a SARS virus Spike S domain, followed by the NadA stalk

domain. Preferably, this construct comprises amino acids 1-29 of NadA followed by amino

acids 14-662 of a SARS virus Spike protein (corresponding to the S1 domain), followed by

amino acids 88-350 of NadA (corresponding to the stalk domain). Specifically, construct (iii)

comprises SEQ ID NO: 7304.

(iv) the NadA leader peptide (optionally also including the first 6 amino acids of the

mature NadA protein), followed by a SARS virus Spike S1 and S2 domain (excluding the

putative transmembrane region), followed by the anchor domain of NadA. Preferably, this

construct comprises amino acids 1-29 of NadA, followed by amino acids 14-1195 of a SARS

virus Spike protein (corresponding to S1 and S2, excluding the putative transmembrane region),

followed by amino acids 351-405 of NadA (corresponding to the NadA anchor domain).

Specifically, construct (iv) comprises SEQ ID NO: 7305. Alternatively, the NadA anchor

domain may comprise amino acids 332 405 of NadA.

the NadA leader peptide (optionally also including the first 6 amino acids of the mature

NadA protein), followed by a SARS virus Spike S1 and S2 domain (exclusing the putative

transmembrane region). Preferably, this construct comprises amino acids 1-29 of NadA,

followed by amino acids 14-1195 of a SARS virus Spike protein. Specifically, construct (v)

comprises SEQ ID NO: 7306.

In each of constructs to the first 23 amino acids are the NadA leader peptide, and

the GS dipeptide at residues 679-680 arises from the insertion of a restriction enzyme site.

In constructs (ii) and (iii), the NadA "head" is replaced by the Spike S domain, and

the fusion proteins are anchored to the outer membrane of E.coli or secreted in the culture

supernatant, respectively. In constructs (iv) and the "head" and "stalk" domains of NadA are
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replaced by S1 and S2 Spike domains; also in this case, the two fusion proteins are anchored to

the outer membrane of E.coli or secreted in the culture supernatant, respectively.

Accordingly, the invention further includes a fusion protein comprising an amino acid

sequence of a SARS virus spike protein or a fragment thereof and a second amino acid sequence

of a bacterial adhesion protein or a fragment thereof. Preferably, amino acids corresponding to

the "head" of the adhesion protein are replaced by amino acids corresponding to a SARS virus

Spike S1 domain. Alternatively, the amino acids corresponding to the "head" and "stalk"

domains of the bacterial adhesion protein are replaced by amino acids corresponding to the

SARS virus spike protein S1 and S2 domains.

As discussed above and shown in Figure 19, the S1 domain of the Spike protein is

identified as the globular receptor binding "head" region. The S domain of the Spike protein

preferably comprises about amino acids 14-662 of SEQ ID NO: 6042. The S1 domain may

comprise a shorter amino acid sequence, wherein amino acids are removed from either the N-

terminal or C-terminal regions. Preferably, 3, 5, 7, 9, 13, 15, 20 or 25 amino acids are removed

from either the N-terminal or C-terminal regions. The S1 domain further includes amino acid

sequences having sequence identity to the S1 region of SEQ ID NO: 6042. An example of the

S1 domain is SEQ ID NO: 7307:

As discussed above and shown in Figure 19, the S2 domain of the Spike protein is

identified as the "stalk" region. The "stalk" region comprises oligomerization domain regions, a

leucine zipper domain regions, membrane anchor regions, hydrophobic domain regions, cystein-

rich domain region and a cytoplasmic tail region. The S2 domain of the Spike protein preferably

excludes the transmembrane region and comprises about amino acids 663-1195 of SEQ ID NO:

6042. The S2 domain may comprise a shorter amino acid sequence, wherein amino acids are

removed from either the N-terminal or C-terminal regions. Preferably, 3, 5, 7, 9, 13, 15, 20 or 

amino acids are removed from either the N-terminal or C-terminal regions. The S2 domain

further includes amino acid sequences having sequence identity to the S2 region of SEQ ID NO:

6042. An example of the S1 domain (with the transmembrane region excluded) is SEQ ID NO:

7308.

An example of the NadA protein described above is SEQ ID NO: 7309. As discussed

above, the leader sequence of NadA used in the fusion protein preferably comprises about the

first 29 amino acids of NadA (including a leader sequence with about 6 amino acids of the NadA

head protein). Examples of such a leader sequences are set forth as SEQ ID NOS: 7310 and

7311 below. The fusion protein may use a leader sequence comprising a shorter amino acid

sequence, wherein amino acids are removed from either the N-terminal or C-terminal regions.

Preferably, 1, 2, 3, 4, or 5 amino acids are removed from either the N-terminal or C-terminal end

of the sequence. The leader sequence used in the fusion protein may also include an amino acid
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sequences having sequence identity to SEQ ID NO: 7310 or SEQ ID NO: 7311. Preferably, the

leader sequence comprises SEQ ID NO: 7311.

Optionally, the fusion peptide comprises about the first 6 amino acids of the mature NadA

protein to facilitate processing of the leader peptide and appropriate maturation of the protein.

An examples of the first 6 amino acids of a mature NadA proteins is SEQ ID NO: 7312..

As discussed above, the stalk and anchor sequences of NadA used in the fusion protein

preferably comprise about amino acids 88-405 of NadA. An example of an amino acid sequence

comprising NadA stalk and anchor regions is set forth below as SEQ ID NO: 7313 below. An

example of an amino acid sequence comprising a NadA stalk region (without the anchor region)

is set forth as SEQ ID NO: 7314 below. An example of an amino acid sequence comprising a

NadA anchor region is set forth as SEQ ID NO: 7315 below. The fusion protein may use a stalk

(and/or anchor) sequence comprising a shorter amino acid sequence, wherein amino acids are

removed from either the N-terminal or C-terminal regions. Preferably, 1, 2, 3, 4, 5, 6, 7, 8 or 9

amino acids are removed from either the N-terminal or C-terminal end of the sequence. The

leader sequence used in the fusion protein may also include an amino acid sequences having

sequence identity to the SEQ ID NO: 7313.

The fusion proteins of the invention, including those described above, may be prepared, for

example, as follows. Single fragments (such as the regions described above) may be amplified

by PCR using the oligonucleotide primers set forth in the Table below. (S 1L refers to the Spike

protein fused to the leader peptide of NadA; S2 refers to the stalk region of the Spike protein,

with and without the stop codon). The oligonucleotides were designed on the basis of the DNA

sequence of NadA from N. meningitidis B 2996 strain and of Spike from SARS virus isolate

FRA1. Each oligonucleotide includes a restriction site as a tail in order to direct the cloning into

the expression vector pET21b.

SEQ ID NO: Restriction site
S1L For 7316 NdeI
S 1L Rev 7317 BamHI
S2 For 7318 BamHI
S2 Rev 7319 HindIII
S2-stop Rev 7320 XhoI
NadAss For 7321 BamHI
NadA 350  Rev 7322 XhoI
NadA 332  For 7323 Hindl
NadA405  Rev 7324 XhoI

The single fragments are sequentially cloned into pET21b vector, in order to express the

proteins under the control of inducible T7 promoter. The S1 domain of the Spike protein fused

to the leader peptide of NadA (S 1L) was obtained by PCR using the primers SIL-For and S 1L-

Rev. The forward oligonucleotide primer contains the NdeI restriction sequence and the
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sequence coding for the leader peptide of NadA plus the first 6 aminoacids of the mature protein.
The PCR fragment was cloned as a NdeI/BamHI fragment in the pET21b vector opened with the
same restriction enzymes. This clone (pET-S 1L) was then used to sequentially clone the other
different domains, as BamI/XhoI, BamHI/HindIII or Hindl/XhoI fragments. BamHI and
HindII restriction sites introduce the aminoacids GS and KL, respectively.

The PCR amplification protocol was as follows: 200ng of genomic DNA from Neisseria
meningitidis 2996 or 10 ng of plasmid DNA preparation (plasmid pCMVnew, containing the
entire gene coding of the Spike protein), were used as template in the presence of 40jiM of each

oligonucletide primer, 400-800 pM dNTPs solution, Ix PCR buffer (including 1.5mM MgC2),
2.5 units TaqI DNA polymerase (using Perkin-Elmer AmpliTaQ or Invitrogen Platinum Pfx
DNA polymerase).

After a preliminary 3 minute incubation of the whole mix at 95'C, each sample underwent
a two-step amplification: the first 5 cycles were performed using the hybridisation temperature
that excluded the restriction enzyme tail of the primer (Tml). This was followed by 30 cycles
according to the hybridisation temperature calculated for the whole length oligos (Tm2).
Elongation times, performed at 68°C or 72'C, varied according to the length of the fragment to
be amplified.The cycles were completed with a 10 minute extension step at 680 C or 72°C.

The amplified DNA was either loaded directly on agarose gel and the DNA fragment
corresponding to the band of correct size was purified from the gel using the QiagenTM Gel

,0 Extraction Kit, following the manufacturer's protocol.

The purified DNA corresponding to the amplified fragment and the plasmid vectors were
digested with the appropriate restriction enzymes, purified using the QIAquickTM PCR
purification kit (following the manufacturer's instructions) and ligation reactions were
performed.

The ligation products were transformed into competent E. coli DH5a and screening for
recombinant clones was performed by growing randomly-selected colonies and extracting the
plasmid DNA using the Qiagen QIAprep Spin Miniprep Kit, following the manufacturer's
instructions.

Recombinant plasmids were introduced into E. coli BL21(DE3) used as expression host.
0 Single recombinant colonies were inoculated into LB ampicillin and incubated at 37 0C for 14-

16 h. Bacteria were directly recovered by centrifugation (uninduced conditions) or diluted in
fresh medium and grown at 37°C until OD 0oo between 0.4-0.8. Protein expression was induced

by addition of 1 mM Isopropyl-l-thio--D-galactopyranoside (IPTG) for three hours (induced
conditions).

Whole cell lysates were obtained resuspending bacteria in SDS-sample buffer 1X and
boiling for 5-10 min. Equal amounts of proteins were separated using NuPAGE (Invitrogen) or
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BIORAD Gel System, according to the manufacturer's instructions. Proteins were revealed by
Coomassie-blue staining or transferred onto nitrocellulose membranes for western blot analysis.
Western blot was performed using a rabbit polyclonal anti-serum against purified NadAA351-405
(diluted 1:3000) and a secondary peroxidase-conjugate antibody (DAKO).

Results of the expression in E.coli of S 1L, S1L-NadA and S1L-NadAAanchor are shown in
FIGURES 38 and 39. Schematics of the fusion constructs are shown in FIGURE 37.

Bacterial expression of the SARS viral antigens may also be used to prepare compositions
comprising outer membrane vesicles wherein said outer membrane vesicles comprise one or
more SARS viral antigens.

Outer Membrane Vesicles also referred to as blebs, refer to vesicles formed or
derived from fragments of the outer membrane of a Gram negative bacterium. OMVs typically
comprise outer membrane proteins (OMPs), lipids, phospholipids, periplasmic material and
lipopolysaccharide (LPS). Gram negative bacteria often shed OMVs during virulent infections
in a process known as blebbing. OMVs can also be obtained from Gram negative bacteria via a
number of chemical denaturation processes, such as detergent extraction. Synthetic OMVs or
liposomes, comprising a lipid bilayer and typically enclosing an aqueous core, can also be
prepared with the SARS viral antigens of the invention.

The OMVs of the invention are preferably lipid vesicles comprising a lipid bilayer
surrounding an aquous core. Typically the lipid vesicles are of unilamellar structure a

!0 single lipid bilayer surrounds the aquous core), although multilammelar lipid vesicles may also
be used in the compositions of the invention. OMVs typically have sizes in the nanomolar to
micromolar range, from 1 nM to 100 ,uM, more typically from 10nM to 10 tM and
preferably from 30 nM to 1 pM.

The OMVs of the invention are preferably prepared from gram negative bacteria. Gram
negative bacteria are those bacteria that fail to resist decolorization in the commonly known
Gram staining method. Gram negative bacteria are characterized by a complex multilater cell
wall and often possess an outer layer polysaccharide capsule. Gram negative bacteria suitable
for producing OMVs include, for example, species from Neisseria, Moraxella, Kingella,
Acinetobacter, Brucella, Bordetella, Chlamydia, Porphyromonas, Actinobacillus, Borelia,

;0 Serratia, Campylobacter, Helicobacter, Haemophilus, Escherichia, Legionella, Salmonella,
Pseudomonas and Yersinia.

The OMVs of the invention preferably comprise one or more SARS viral antigens or a
fragment thereof. The SARS viral antigens may be recombinantly expressed in a Gram negative
bacterial host cell and then harvested with the OMV.

Antigenic components, such as recombinantly expressed SARS viral antigens, may be
located in any or all of the three main compartments of the lipid vesicles, including attached to
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either the interior or exterior surface of the lipid vesicle, for example via a membrane anchor
domain, or attachment to a lipid moiety; inserted into the lipid bilayer, for example where the
antigenic component is itself a hydrophobic or lipid based entity; or located within the aqueous
center or core of the lipid vesicle.

Synthetically prepared OMVs, or liposomes, may be used in the invention. Such
liposomes may comprise a number of different lipids and fatty acids. Suitable lipids for
inclusion in liposomes of the invention include but are not limited to 

diphosphate, phosphatidylserine, phosphatidylcholine, phosphatidylethanolamine,

phosphatidyglycerol, cholesterol, beta-oleolyl-gamma-palmitoyl, lipopolysaccharides and
galactocerbrosides.

Suitable means for extraction of OMVs from bacterial sources include deoxycholate
extraction, Tris/HCl/EDTA extraction, and lithium acetate extraction. Preferably, the extraction
process comprises a physical and/or chemical means to disrupt the bacterial cell outer membrane
in order to release sufficient OMVs for purification and isolation. See, WO 03/051379.

The OMVs of the invention may be enriched and/or supplemented with antigenic
components, such as SARS viral antigens, by methods known in the art, including, for example,
direct combination in vitro where an energetic combination step can optionally be applied to
facilitate integration of the antigenic component into a compartment of the liposome. Methods
of energetic combination suitable for use in the invention include homogenization,
ultrasonication, extrusion, and combinations thereof.

Preferably, the antigenic component, such as the SARS viral antigen, is recombinantly
produced by the host cell from which the OMV is derived. In one embodiment, such OMVs are
prepared by introducing nucleic acid sequence encoding for the SARS viral antigen into the
recombinant host cell. Preferably the nucleic acid sequence encoding for the SARS viral antigen
is controlled by a strong promoter sequence. Preferably, the nucleic acid sequence encoding the
SARS viral antigen further comprises an outer-membrane targeting signal. For example, the
nucleic acid sequence encoding the SARS viral antigen may be fused to a sequence encoding for
a naturally occurring outer membrane protein of the bacterial host. Preferably, the nucleic acid
sequence encoding the SARS viral antigen is fused to the signal peptide sequence of the

'0 naturally occurring outer membrane protein of the bacterial host.

Methods of preparing an optimizing OMVs for use in vaccines are disclosed in, for
example Filip et al., J. Bact. (1973) 115: 717-722; Davies et al., J. Immunol. Method (1990)
143:215-225; and WO 01/09350.

In one embodiment, a bacterial host cell, such as E. coli, are transformed to express the
SARS spike protein. As discussed above, the spike protein may be modified to facilitate
bacterial expression and transport of the spike protein to the surface of the host cell. Each of the
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Spike/NadA fusion constructs discussed above may be used in the OMV preparations of the
invention. Preferably, constructs comprising the spike S1 globular head domain fused to the
stalk region of NadA are used to generate OMVs. The construct may optionally include the
NadA leader peptide as well as the NadA anchor peptide. Schematic diagrams of these preferred
OMV constructs are depicted in FIGURE 49.

Example 6 describes one method of preparing the OMVs of the invention.
Mammalian Expression of Subunit SARS Vaccine

As discussed above, mammalian host cells may be used for recombinant expression of
SARS virus proteins. Mammalian host cells suitable for use in the invention include, for

0 example, Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells,
monkey kidney cells Hep G2), Madin-Darby bovine kidney ("MDBK") cells, as well as
others. Mammalian sources of cells include, but are not limited to, human or non-human primate

MRC-5 (ATCC CCL-171), WI-38 (ATCC CCL-75), human embryonic kidney cells (293
cells, typically transformed by sheared adenovirus type 5 DNA), VERO cells from monkey
kidneys (including, for example COS7 cells), horse, cow MDBK cells), sheep, dog 
MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK33016, deposit
number DSM ACC 2219 as described in WO 97/37001), cat, and rodent hamster cells such
as BHK21-F, HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be obtained
from a wide variety of developmental stages, including for example, adult, neonatal, fetal, and

3 embryo.

The polynucleotides encoding the SARS viral proteins may be modified to facilitate or
enhance expression. For example, commercial leader sequences known in the art, such as tPA or
IgK or interleukin-2, may be used in the recombinant constructs. Preferably, however, the
natural SARS leader sequence is used. Use of the natural leader sequence can be used to ensure

i that the protein will be trafficked in human cells in the same way as during a normal viral
infection, which may be advantageous e.g. for DNA vaccines, where antigen is expressed in situ.

As discussed above, tag sequences can be used in the expression constructs to facilitate
purification, detection and stability of the expressed protein. Tag proteins suitable for use in the
invention include a polyarginine tag (Arg-tag), polyhistidine tag (His-tag), FLAG-tag, Strep-tag,

Sc-myc-tag, S-tag, calmodulin-binding peptide, cellulose-binding domain, SBP-tag,, chitin-
binding domain, glutathione S-transferase-tag (GST), maltose-binding protein, transcription
termination anti-terminiantion factor (NusA), E. coli thioredoxin (TrxA) and protein disulfide
isomerase I (DsbA). Preferred tag proteins include His-tag and GST. A full discussion on the
use of tag proteins can be found at Terpe et al., "Overview of tag protein fusions: from
molecular and biochemical fundamentals to commercial systems", Appl Microbiol Biotechnol
(2003) 60:523-533.
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After purification, the tag proteins may optionally be removed from the expressed fusion

protein, by specifically tailored enzymatic treatments known in the art. Commonly used

proteases include enterokinase, tobacco etch virus (TEV), thrombin, and factor Xa.

One or more amino acid sequences or amino acid domains of the spike protein may be

removed to facilitate mammalian recombinant expression. For instance, the entire S2 domain or

the spike transmembrane region may be removed. Representative examples of some expression

constructs of both full length and truncated spike glycoprotein suitable for mammalian

expression are shown in FIGURE 40. Polynucleotide sequences representing each construct are

shown in SEQ ID NOS 6578-6583. A description of each annotation is shown below:

Clone Name Description Expression Construct
nSh natural leader sequence SEQ ID NO: 6578

full length Spike
histidine tag

nS natural leader sequence SEQ ID NO: 6579
full length Spike

nShATC natural leader sequence SEQ ID NO: 6580
Spike without transmembrane sequence
histidine tag

nSATC natural leader sequence SEQ ID NO: 6581
Spike without transmembrane sequence

nSlh natural leader sequence SEQ ID NO: 6582
S1 domain
histidine tag

nS1 natural leader sequence SEQ ID NO: 6583
Sl domain

Lo
Cloned cDNA fragments that encompass full-length Spike coding sequences, as well as a

Spike construct deleted of the transmembrane and cytoplasmic domains (TM-Cy-deleted Spike)

for secretion were inserted into an expression vector pCMVIII to create nSh and nShATC,

respectively. Both spike proteins were tagged with six histidine residues at the end of C-

terminus to aid initial characterization of the expressed spike proteins. Similar sequences

encoding full-length Spike or transmembrane and cytoplasmic domain deleted Spike, but without

the histidine "tag" are readily substituted by one of skill in the art.

The likely locations of the expressed spike constructs was assessed by separating expressed

proteins into an aqueous fraction (AF) and a detergent fraction (DF) using the procedure shown

0 in Figure 48, with results of western blot analysis shown in Figure 43. The above described

vector constructs were evaluated for expression after transfection into COS7 cells. The construct

expressing the full length spike protein remained in the cell membrane while the construct

expressing the truncated spike protein was located either in the cytosol (Figure 43) or secreted

into the cell medium (Figure 44). As shown in Figure 43, full-length spike protein is found in DF
(membrane) in an aggregated form, while the truncated protein is found in AF (cytosol) as a
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monomer. As shown in Figure 44, deleted proteins (ShATC) are secreted, and a small fraction of
full-length spike protein is detected in the medium by rabbit serum.

Recombinantly expressed spike proteins may be oligomerized. When the spike proteins
are to be used in a vaccine or to generate antibodies specific to the spike protein, they are
preferably oligomerized. In order to obtain oligomerized spike protein, it is preferred to
maintain the transmembrane domain in the recombinant expression construct. For example,
FIGURE 41 illustrates a western blot of COS7 cell lysates comparing expressed nSh and
nShATC using both anti-his tag and rabbit anti-SARS antibodies. As shown full-length (nSh)
aggregates, but the truncated (nShATC) spike protein does not. Antibody raised against the His-
tagged protein recognizes full-length and truncated spike proteins in native and reduced forms.
Rabbit antiserum recognizes spike protein only in non-reducing conditions. Spike aggregates or
oligomers were present in larger amounts in the cell lysates from the expressed nSh constructs.
Preferably, the oligomerized spike proteins form a homotrimer, as indicated in FIGURE 47

A further experiment, illustrated in FIGURE 42, demonstrates that the oligomerization of
the expressed nSh constructs is likely due to a non-covalent linkage (and is likely not due to, for
example, a disulfide bond). The oligomer dissociates into monomers at elevated temperature
(80-100°C), but is stable in reducing conditions if not heated.

It is further preferred that recombinantly expressed spike proteins are glycoslyated.
Tunicamycin and glycosidases were used to assess glycosylation. FIGURE 45 illustrates that

!0 glycoslation of expressed spike proteins is not affected by removal of the transmembrane domain
region. Both full-length (Sh) and truncated (ShATC) SARS spike proteins are glycosylated.

Preferably, expression of the constructs of the invention is not toxic to the mammalian host
cell. FIGURE 46 demonstrates that expression of the illustrated spike constructs is not toxic to
the COS7 host cell.

Methods for transfecting, expressing, culturing, isolating and purifying recombinant
proteins from mammalian cell cultures are known in the art. For example, the SARS spike
constructs of the invention may be expressed in 293 cells. These cells may be cultured and
transfected in static or monolayer cultures. For rapid large-scale production of SARS protein
antigens in sufficient quantities for in vitro and in vivo evaluation, including immunogenicity

0 studies, large-scale transient transfection of 293 (human embryonic kidney) cells may be used to
obtain milligram quantities of the recombinant antigen(s). Alternatively, larger scale transfection
of these cells may be performed with 293 cells in suspension culture. Preferably, the expressed
SARS proteins are harvested from the transfected cells between 48 and 72 hours after
transfection or even from 72 to 96 or more hours after transfection.

Where the host cells are transfected with truncated spike expression constructs, the
expressed spike protein is secreted from the host cells and collected from the cell media. After
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concentration, the spike protein may be purified from the media using, for example, GNA lectin
followed by DEAE and ceramic hydroxyapatite column chromatography.

Where the host cells are transfected with full length spike expression constructs, but rather
is retained within the cells, and may be purified from triton X-100 detergent extracted cells. The
full-length Spike protein can then be captured on GNA lectin, followed by hydroxyapatite and
SP chromatography.

Chinese Hamster Ovary (CHO) or other eukaryotic mammalian) cells that stably
express the SARS viral antigens of the invention may also be derived Figure 73).
Preferably, the cells are CHO cells, and these constructs will comprise one or more marker or

.0 selection genes in order to select for the desired CHO cells. In one embodiment, the constructs
comprise a CMV enhancer/promoter, ampicillin resistance gene, and a fused DBFR and
attenuated neomycin gene for selection purposes. Stable cell lines can then be produced using
the neomycin selection system in CHOK-1 cells. Selected clones can then be sequenced to
verify the integrity of the insert, and transient transfections can then be performed using Trans-
LT1 polyamine transfection reagent (PanVera Corp., Madison, WI) to assess the expression level
and also the integrity of the expressed protein by ELISA and western blot analysis.

Methods for derivation of CHO cells stably expressing the SARS viral antigens of the
invention comprise the steps of transfection and primary screening with selective medium.
Optionally, these steps are followed by subcloning to assure purity of cell lines. Cell culture

0 supernatants can be assayed using an antigen capture ELISA to quantify expression levels at all
stages of selection and amplification.

For full-length Spike expression constructs, methanol fixed cells can be screened for
internal expression by immunofluorescent staining using a rabbit anti-SARS antibody.
Successive measurements at the T75-flask stage of expansion can be employed to assure stability
of expression levels. The molecular mass and integrity of the expressed proteins can be checked
by PAGE both under native and reducing and denaturing conditions, followed by
immunoprobing.

In one embodiment, the pCMV3 vectors expressing SARS-CoV Spike proteins in either
full-length or truncated forms is introduced into CHOK-1 cells using the Trans-LT-1 reagent.
On day one, 1x10 6 cells are plated on 100 mm dishes in non-selective F12 media 10% Fetal
Bovine Serum 4 mM Glutamine. On day two, the cells are transfected with a DNA:LT-1
mixture and the media then replaced with complete F12 media. Twenty-four to forty-eight hours
later depending on the cell density, each 100 mm dish is split to 4-6 100 mm dishes. The
medium is changed to complete selective media containing Geneticin (neomycin) at 500 /g/ml.
All bovine serum used in these procedures is from TSE-free sources that meet current FDA
standards. Twenty-four hours later the medium is changed to complete selective medium plus
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500 ug/ml neomycin. Ten to fourteen days later, individual colonies are picked and transferred
to 96 well plates and cultured in complete selective medium but without G418. When
approximately 80% of the wells are confluent, twenty-four hour supernatants are screened by
spike capture ELISA positive clones are transferred to twenty-four well plates. For the initial
expression of full length Spike protein, methanol fixed cells will be screened by
immunoflourescent staining using a rabbit anti-SARS antibody. After the low expressing cell
lines have been eliminated and there are less than 20-30 cell lines, capture ELISA and westerns
will be used to determine the expression level after cell lysis. A portion of each cell line will be
pelleted, weighed and lysed in 1% triton lysis buffer containing MOPS, NaC1 and MgC12 at the
same ratio of cell weight to lysis buffer. After lysis the supernatant is collected and expression
level is determined. Three to four clones producing the highest levels of spike protein in correct
structure and conformation will be grown in three-liter bioreactors for expansion and adaptation
to low serum suspension culture conditions for scale-up.

The antigen capture ELISA assay for the SARS spike protein can be performed as
described in the art. A brief description of this assay follows. 96 well flat-bottom plates
(Coming, Coming, NY) are coated with 250ng per well of purified immunoglobulin obtained
from rabbit sera that were immunized with inactivated SARS virus. Between steps, the plates
are washed in a buffer containing 16%NaCl and 1% Triton X100. 100gL of supernatant or
lysate samples (diluted in a buffer containing 100mM NaPO4 0.1% Casein, 1mM EDTA, 1%

!0 Triton X100, 0.5M NaC1 and 0.01% Thiomersal, pH 7.5) are added and incubated for 2 hours at
37°C. Bound antigen is reacted against pooled SARS+ve serum or high affinity monoclonal
antibody either human or mouse against SARS spike protein (1 hour incubation, 37°C) and
detected using appropriate species-specific peroxidase conjugated second antibody (30 minute
incubation at 37°C; TAGO, Burlingame, CA). The plates are developed for 15 minutes at room
temperature using TMB substrate (Pierce, Rockford, IL) and the reaction stopped using 4N
phosphoric acid. The plates are read at a wavelength of 450nm and the concentration of protein
per ml sample is derived from a standard curve (OD vs. protein concentration) based on serial
dilutions of a known concentration of recombinant spike protein.

The immunoprobing analysis can also be performed following the standard methods
0 described elsewhere in the art. A brief description follows. 10-20 pl of the sample is analyzed

on 4-20% SDS PAGE under non-reducing/ denaturing conditions with mild heating. The gels
are run for 1.5-2.0 hours at 100V constant voltage. The proteins are then transferred onto
nitrocellulose membranes (Millipore, Bedford, MA) for 45 min using the semidry western
transfer system (BioRad, Hercules, CA) following the manufacturer's instructions. The
membrane is then reacted against polyclonal anti-spike rabbit serum, followed by anti-rabbit Ig
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conjugated to Alexa 688 (Molecular Probes, Oregon). The blots are scanned using an infrared
imaging system (LI-Cor, Inc., Lincoln, Nebraska).

The highest expressing candidate cell lines can be screened for spike protein expression
and stability in small-scale (3 liter) suspension cultures. The candidate clone can be further
evaluated for level of expression as well as integrity of expressed protein after amplification, and
subsequently tested for expression stability in the absence of selection. The selected clones can
also be tested for maintenance of the DNA sequence integrity of the integrated SARS spike
protein gene. To quickly monitor the expression levels in small flask (T25 or T75) and in the
three liter evaluation cultures, a lectin-based process (Gluvanthus Nivalis lectin) may be used to
isolate SARS spike protein to a degree of purity that allows semi-quantitation and
characterization of the protein in CHO supernatant. For full-length spike protein, it will be
obtained from triton X-100 detergent extracted cells. Full-length Spike protein will be then
captured on GNA lectin, followed by hydroxyapatite and SP chromatograph. Eluted protein is
then characterized by: 1) polyacrylamide gel electrophoresis (PAGE) and Coomassie staining, 2)
Immunoprobing with anti-SARS rabbit sera, 3) structural characterization using size exclusion
chromatography (SEC), as well as mass spec analysis using MALDI-TOF.

Routes and methods of immunization of the vaccines of the invention are discussed in
more detail in a section below. Examples 7 to 9 illustrate sample immunization protocols for the
recombinant spike proteins.

3 Vaccine testing

Prior to human administration, it is normal to test vaccines in animal models. A mouse
model of SARS coronavirus infection is known (Subbarao et al. (2004) J Virol 78:3572-77), and
other animals that may be used as models of infection and/or disease include ferrets and
monkeys. Thus the invention provides a non-human animal that is infected by the SARS

S coronavirus, wherein the animal is preferably a ferret or a primate a monkey or a macaque).
The animal may be gnotobiotic. The animal is preferably not a cat (Felis domesticus). The
animal may or may not display SARS disease symptoms e.g. ferrets (Mustelafuro) show
prominent pulmonary pathology after infection. See: Martina et al. (2003) Nature 425:915.
E. Polvnucleotides encoding the SARS Antigens of the Invention

The invention includes polynucleotides encoding for the SARS antigens of the invention.
In addition, the invention includes polynucleotides which have been optimized for recombinant
production codon optimization) of the SARS antigens of the invention, including
polynucleotides encoding for each of the SARS fusion constructs discussed above.
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F. Viral vector or Viral Particle delivery of the SARS Antigens of the Invention

The antigens of the invention may be expressed in vivo or in vitro by polynucleotides
encoding the antigens. Expression and delivery of the polynucleotides of the invention may be
facilitated via viral vectors and/or viral particles.

Gene-based delivery systems derived from viruses, such as alphaviruses, are useful for the
ex vivo and in vivo administration of heterologous genes, including one or more SARS genes,
having therapeutic or prophylactic applications. These systems can also be used for the
production of recombinant proteins derived from the SARS virus in cultured cells. Gene-based
delivery systems of the invention include viral vectors adenovirus vector, poxvirus vector,
alphavirus vector) and non-viral nucleic acid vectors DNA, RNA) encoding one or more
SARS virus antigens. Polynucleotides encoding SARS virus antigen(s) are incorporated into the
gene-based vaccines individually or in combination as bicistronic constructs).

1. Alphavirus

Alphaviruses are members of Togaviridae family and share common structural and
replicative properties. Sindbis virus (SIN) is the prototype virus for the molecular study of other
alphaviruses, and together with Venezuelan equine encephalitis virus (VEE) and Semliki Forest
virus (SFV), are the most widely utilized alphaviruses being developed into expression vectors
for heterologous genes (Schlesinger and Dubensky (1999) Curr Opin. Biotechnol. 10:434-439;
Schlesinger (2001) Expert Opin. Biol. Ther. 1:177-91).

;0 Alphaviruses possess a relatively small single-stranded RNA genome of positive polarity,
which is approximately 12 kb in length, capped and polyadenylated. The RNA interacts with
viral capsid protein monomers to form nucleocapsids, which in turn, are surrounded by a host
cell-derived lipid envelope from which two viral glycoproteins, El and E2, protrude forming
"spike" trimers of heterodimeric subunits. Two open reading frames (ORFs) encode as
polyproteins the enzymatic nonstructural replicase proteins ORF) and the virion structural
proteins ORF). The structural polyprotein is translated from a highly abundant subgenomic
mRNA, which is transcribed from a strong internal alphavirus promoter (Strauss and Strauss
(1994) Microbiol. Rev. 58:491-562). Replication of the genome occurs exclusively within the
host cell cytoplasm as RNA.

3 The most common alphavirus expression vectors have exploited both the positive-stranded
nature and modular organization of the RNA genome. These vectors, termed "replicons" due to
their property of self-amplification, permit insertion of heterologous sequences in place of the
structural polyprotein genes, while maintaining the and 3'-end cis replication signals, the
nonstructural replicase genes, and the subgenomic junction region promoter (Xiong et al. (1989)
Science 243:1188-1191; Liljestrom (1991) Bio/Technology 9:1356-1361). Chimeric alphavirus
vectors (and particles) from sequences derived from divergent virus families have also been
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described. (see, for example United States patent application serial number 09/236,140; see also,
US Patents 5,789,245, 5,842,723, 5,789,245, 5,842,723, and 6,015,694; as well as WO 95/07994,
WO 97/38087 and WO 99/18226). Co-owned International Publication WO 02/099035,
published December 12, 2002 and incorporated by reference in its entirety herein, describes
chimeric alphavirus molecules and modified alphavirus molecules having modified Biosafety
Levels.

The absence of structural protein genes renders alphavirus replicon vectors defective, in
that RNA amplification and high-level heterologous gene expression occurs within the target
cell, but cell-to-cell spread of vector is not possible due to the inability to form progeny virions.

.0 Through the years, several synonymous terms have emerged that are used to describe alphavirus
replicon particles. These terms include recombinant viral particle, recombinant alphavirus
particle, alphavirus replicon particle and replicon particle. However, as used herein, these terms
all refer to a virion-like unit containing an alphavirus-derived RNA vector replicon. Moreover,
these terms may be referred to collectively as vectors, vector constructs or gene delivery vectors.

Packaging of replicon RNA into particles can be accomplished by introducing the replicon
RNA into permissive cells RNA or DNA transfection, or particle infection) that also
contain one or more structural protein expression cassettes or "defective helper" constructs
encoding the alphavirus structural proteins. These structural protein encoding constructs may
themselves be introduced into the cells by transfection of either RNA or DNA, and most

3 commonly retain the native alphavirus subgenomic promoter, as well as and 3'-end cis
signals for co-amplification with the replicon, but are devoid of any replicase genes and the RNA
packaging signal (Liljestrom (1991) Bio/Technology 9:1356-1361; Pushko et al. (1997) Virology
239:389-401; Polo et al. (1999) PNAS 96:4598-4603). Permanent cell lines that are stable
transformed with constructs expressing the alphavirus structural proteins packaging cell

S lines) offer a means to avoid transient transfection production methods (Polo et al. (1999) PNAS
96:4598-4603).

The present invention includes compositions and methods for the production of replication
defective viral vector particles alphavirus replicon particles) for use in the ex vivo and in
vivo administration of heterologous genes encoding proteins having therapeutic or prophylactic
application, including genes encoding for one or more SARS viral antigens.

In one aspect, the invention includes a method of producing replication defective viral
vector particles alphavirus replicon particles) comprising the steps of introducing at least
one nucleic acid molecule comprising a viral vector alphavirus replicon RNA) into
immortalized cells of the present invention, under conditions that allow for complementation of
the viral vector alphavirus replicon RNA) and production of viral vector particles 
alphavirus replicon particles), and isolating the viral vector particles from the cells or cell culture
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supernatants. In certain embodiments, the immortalized cells are grown in suspension, for
example PERC.6 cells. In other embodiments, the methods are performed in large-scale
volumes, for example, liter volumes or greater, such as for example in roller bottles, large flasks,
Nunc Cell Factories, Coming Cell Cubes, fermentation vessels, etc).

In certain embodiments, the viral vector is an alphavirus replicon RNA that requires
complementation by providing one or more alphavirus structural proteins in trans, within the
immortalized cell. In such instances, the methods of complementation to produce alphavirus
replicon particles may involve the introduction of one or more nucleic acids RNA, DNA)
encoding said alphavirus structural protein(s) capsid and/or envelope glycoproteins) into
the immortalized cells, either transiently or stably, and either concurrent with or prior to the
introduction of the alphavirus replicon RNA. In certain embodiments, the alphavirus replicon
RNA is introduced into the cell by transfection an in vitro transcribed RNA. In other
embodiments, the alphavirus replicon RNA is introduced into the cell by transfection of a DNA

ELVIS), which is capable of transcribing within the cell, the replicon RNA. In yet other
embodiments, the alphavirus replicon RNA is introduced into the cell by infection with a seed
stock of alphavirus replicon particles. In certain embodiments, the nucleic acids encoding said
alphavirus structural protein(s) are defective helper RNA or are DNA that can transcribe within
the cell defective helper RNAs.

As discussed herein, "alphavirus RNA replicon vector", "RNA replicon vector", "replicon
,0 vector" or "replicon" refers to an RNA molecule that is capable of directing its own

amplification or self-replication in vivo, within a target cell. To direct its own amplification, the
RNA molecule should encode the polymerase(s) necessary to catalyze RNA amplification 
alphavirus nonstructural proteins nsP1, nsP2, nsP3, nsP4) and also contain cis RNA sequences
required for replication which are recognized and utilized by the encoded polymerase(s). An
alphavirus RNA vector replicon should contain the following ordered elements: 5' viral or
cellular sequences required for nonstructural protein-mediated amplification (may also be
referred to as 5' CSE, or 5' cis replication sequence, or 5' viral sequences required in cis for
replication, or 5' sequence which is capable of initiating transcription of an alphavirus),
sequences which, when expressed, code for biologically active alphavirus nonstructural proteins

3 nsP1, nsP2, nsP3, nsP4), and 3' viral or cellular sequences required for nonstructural
protein-mediated amplification (may also be referred as 3' CSE, or 3' viral sequences required in
cis for replication, or an alphavirus RNA polymerase recognition sequence). The alphavirus
RNA vector replicon also should contain a means to express one or more heterologous
sequence(s), such as for example, an IRES or a viral alphaviral) subgenomic promoter

junction region promoter) which may, in certain embodiments, be modified in order to
increase or reduce viral transcription of the subgenomic fragment, or to decrease homology with
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defective helper or structural protein.expression cassettes, and one or more heterologous
sequence(s) to be expressed. Preferably the heterologous sequence(s) comprises a protein-

encoding gene, which is the 3' proximal gene within the vector replicon. And preferably the
replicon further comprises a polyadenylate tract.

As discussed herein, "recombinant Alphavirus Particle", "alphavirus replicon particle" and
"replicon particle" refers to a virion-like unit containing an alphavirus RNA vector replicon.
Generally, the recombinant alphavirus particle comprises one or more alphavirus structural
proteins, a lipid envelope and an RNA vector replicon. Preferably, the recombinant alphavirus
particle contains a nucleocapsid structure that is contained within a host cell-derived lipid
bilayer, such as a plasma membrane, in which one or more alphaviral envelope glycoproteins

E2, El) are embedded. The particle may also contain other components targeting
elements such as biotin, other viral structural proteins or portions thereof, hybrid envelopes, or
other receptor binding ligands), which direct the tropism of the particle from which the
alphavirus was derived. Generally the interaction between alphavirus RNA and structural
protein(s) necessary to efficiently form a replicon particle or nucleocapsid may be an RNA-
protein interaction between a capsid protein and a packaging signal or packaging sequence
contained within the RNA.

"Alphavirus packaging cell line" refers to a cell which contains one or more alphavirus
structural protein expression cassettes and which produces recombinant alphavirus particles
(replicon particles) after introduction of an alphavirus RNA vector replicon, eukaryotic layered
vector initiation system, or recombinant alphavirus particle. The parental cell may be of
mammalian or non-mammalian origin. Within preferred embodiments, the packaging cell line is
stably transformed with the structural protein expression cassette(s).

"Defective helper RNA" refers to an RNA molecule that is capable of being amplified and
expressing one or more alphavirus structural proteins within a eukaryotic cell, when that cell also
contains functional alphavirus nonstructural "replicase" proteins. The alphavirus nonstructural
proteins may be expressed within the cell by an alphavirus RNA replicon vector or other means.
To permit amplification and structural protein expression, mediated by alphavirus nonstructural
proteins, the defective helper RNA molecule should contain 5'-end and 3'-end RNA sequences

'0 required for amplification, which are recognized and utilized by the nonstructural proteins, as
well as a means to express one or more alphavirus structural proteins. Thus, an alphavirus
defective helper RNA should contain the following ordered elements: 5' viral or cellular
sequences required for RNA amplification by alphavirus nonstructural proteins (also referred to
elsewhere as 5' CSE, or 5' cis replication sequence, or 5' viral sequences required in cis for
replication, or 5' sequence which is capable of initiating transcription of an alphavirus), a means
to express one or more alphavirus structural proteins, gene sequence(s) which, when expressed,
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codes for one or more alphavirus structural proteins C, E2, El), 3' viral or cellular
sequences required for amplification by alphavirus nonstructural proteins (also referred to as 3'
CSE, or 3' viral sequences required in cis for replication, or an alphavirus RNA polymerase
recognition sequence), and a preferably a polyadenylate tract. Generally, the defective helper
RNA should not itself encode or express in their entirety all four alphavirus nonstructural
proteins (nsP1, nsP2, nsP3, nsP4), but may encode or express a subset of these proteins or
portions thereof, or contain sequence(s) derived from one or more nonstructural protein genes,
but which by the nature of their inclusion in the defective helper do not express nonstructural
protein(s) or portions thereof. As a means to express alphavirus structural protein(s), the

LO defective helper RNA may contain a viral alphaviral) subgenomic promoter which may, in
certain embodiments, be modified to modulate transcription of the subgenomic fragment, or to
decrease homology with replicon RNA, or alternatively some other means to effect expression of
the alphavirus structural protein internal ribosome entry site, ribosomal readthrough
element). Preferably an alphavirus structural protein gene is the 3' proximal gene within the
defective helper. In addition, it is also preferable that the defective helper RNA does not contain
sequences that facilitate RNA-protein interactions with alphavirus structural protein(s) and
packaging into nucleocapsids, virion-like particles or alphavirus replicon particles. A defective
helper RNA is one specific embodiment of an alphavirus structural protein expression cassette.

Alphavirus for use in the invention may be grown in any one of the cell lines discussed
0 above as suitable for the SARS virus.

Alphavirus replicon particles may be produced according to the present invention by using
the above cell lines immortalized cell lines) and a variety of published and accepted
alphavirus vector methodologies. Such methodologies include, for example, transient packaging
approaches, such as the co-transfection of in vitro transcribed replicon and defective helper

3 RNA(s) (Liljestrom, Bio/Technology 9:1356-1361, 1991; Bredenbeek et al., J. Virol. 67:6439-
6446, 1993; Frolov et al., J. Virol. 71:2819-2829, 1997; Pushko et al., Virology 239:389-401,
1997; US Patents 5,789,245 and 5,842,723) or co-transfection of plasmid DNA-based replicon
and defective helper construct(s) (Dubensky et al., J. Virol. 70:508-519, 1996), as well as
introduction of alphavirus structural protein expression cassettes DNA-based defective
helper) into immortalized cell lines of the present invention to create stable packaging cell lines
(PCL) (Polo et al., PNAS 96:4598-4603, 1999; US Patents 5,789,245, 5,842,723, 6,015,694; WO
97/38087, WO 99/18226, WO 00/61772, and WO 00/39318). Stable packaging cell lines may
then be utilized for alphavirus replicon particle production. The PCL may be transfected with in
vitro transcribed alphavirus replicon RNA, transfected with a plasmid DNA-based replicon 
ELVIS vector), or infected with a seed stock of alphavirus replicon particles, and then incubated
under conditions and for a time sufficient to produce progeny alphavirus replicon particles in the
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culture supernatant. In addition, progeny replicon particles can subsequently be passaged in
additional cultures of naive PCL by infection, resulting in further expansion and commercial
scale preparations. Importantly, by using defective helper RNA or stable PCL based on the
"split" structural gene configuration, these replicon particle stocks may be produced free from
detectable contaminating RCV.

Following harvest, crude culture supematants containing the chimeric alphavirus replicon
particles may be clarified by passing the harvest through a filter 0.2 uM, 0.45 uM, 0.65 uM,
0.8 uM pore size). Optionally, the crude supernatants may be subjected to low speed
centrifugation prior to filtration to remove large cell debris. Within one embodiment, an

LO endonuclease Benzonase, Sigma #E8263) is added to the preparation of alphavirus replicon
particles before or after a chromatographic purification step to digest exogenous nucleic acid.
Further, the preparation may be concentrated prior to purification using one of any widely known
methods tangential flow filtration). Crude or clarified alphavirus replicon particles may be
concentrated and purified by chromatographic techniques ion exchange chromatography,
size exclusion chromatography, hydrophobic interaction chromatography, affinity
chromatography), such as those described in W001/92552, incorporated by reference in its
entirety herein. Two or more such purification methods may be performed sequentially.

EXAMPLE OF ALPHAVIRUS REPLICON PARTICLES ENCODING SARS VIRUS SPIKE (S)
ANTIGEN

0 The invention includes compositions and methods for the production of replication
defective viral vector particles alphavirus replicon particles) for use in the ex vivo and in
vivo administration of heterologous genes encoding proteins having therapeutic or prophylactic
application, including genes encoding for one or more SARS viral antigens.

The following example illustrates a method of preparing alphavirus replicon particles
encoding SARS virus spike antigen.

The SARS virus spike gene can be incorporated into alphavirus replicon particles derived
from a variety of alphavirus, such as Sindbis virus, Semliki Forest virus (US 5739026),
Venezuelan equine encephalitis virus (US 6531135), and replicon particle chimeras derived from
more than one alphavirus (US 6376236, WO 02/99035). In addition, the SARS virus spike gene
can be incorporated in its entirety (encoding full-length spike protein) or in a modified form that
includes, for example, sequence deletions or truncations, such that the encoded a spike protein is
of less than full-length C-terminal truncation of one or more at least 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, 20, 25, 30 etc.) amino acids, deleted of transmembrane region and cytoplasmic tail).

For example, the spike gene may be cloned as a full-length gene into the VCR-chim2.1
Svector (WO 02/99035) by standard RT-PCR conditions or by standard subcloning from one of

the other plasmids described herein, using commercially available restriction endonucleases. For
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the reverse transcription step in standard RT-PCR, the Superscript pre-amplification kit
(InvitrogenTM) and the primer SEQ ID NO: 7325 (sp-RT-R) are used:

For the amplification step, the cDNA polymerase advantage kit (Clonetech) and two
primers Sp-F-BbvCI (SEQ ID NO: 7326) and Sp-R-NotI (SEQ ID NO: 7327) are used:

The forward primer is designed to contain the ccacc sequence (Kozak, 1991 JBC 19867-
in front of the ATG codon to optimize translation efficiency of the spike gene. Also, the

forward primer contains the BbvCI restriction site and the reverse primer contains the NotI
restriction site for subsequent cloning of the PCR amplified gene.

The PCR product is purified using the QIAquick Nucleotide Removal kit (QIAgen),
L0 digested with BbvCI and NotI, gel purified with QIAquick Gel Extraction kit (QIAgen), and

ligated to plasmid VCR-Chim2.1 pre-digested with the same enzymes. Clones containing the
SARS spike sequence are verified by sequencing and the new construct is called VCR-Chim2.1-
SARSspike.

To generate VEErep/SINenv-SARSspike replicon particles the plasmids VCR-Chim2.1-
SARSspike, VCR-DH-Scap (WO 02/99035), and VCR-DH-Sglydll60 (WO 02/99035) are
linearized with the restriction enzyme PmeI and used for in vitro transcription as described
previously (Polo et al. 1999, PNAS 96: 4598-603; W002/99035). The transcripts are co-
transfected into BHK cells as previously described (Polo et al., 1999, ibid.; W002/99035). The
transfected cells are incubated at 34 the superatants collected at 20 and 30 hrs post-

0 electroporation, clarified by centrifugation, and purified by chromatography as previously
described (WO 01/92552).

Expression of the SARS spike protein from the replicon particle vector is verified by
infecting BHK cells overnight with purified VEErep/SINenv-SARSspike or VEErep/SINenv-
GFP (WO 02/99035) replicon particles. In addition, BHK cells also were transfected in parallel
with in vitro transcribed VCR-Chim2.1-SARSspike replicon RNA. At 16 hrs post-infection and
transfection cells are lysed and a sample of the lysate analyzed by western blot using an antibody
that recognizes SARS virus spike protein. The proteins on the gel are stained or transferred to a
membrane for Western blot analysis with sera from convalescent patients or alternatively murine
or rabbit antisera generated against SARS virus. VEErep/SINenv-SARSspike replicon particles
are administered to the vaccine recipient rodent, non-human primate, human) as described
elsewhere in the present invention.

Figure 67 shows data from western blot analysis performed under non-reducing conditions,
using a SARS virus specific rabbit polyclonal antisera. The western data demonstrate that not
only is SARS spike protein expressed in cells infected with alphavirus replicon particles or
transfected with replicon RNA, but the predominant form of spike is that of a homotrimer
(Fig.67A). Similar homotrimeric association of the spike protein was observed in western blots
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of SARS virions purified from SARS virus infected VERO cell supernatants, and this

homotrimer is heat labile, as indicated by the dissociation into monomeric forms at 800 C and

1000 C (Fig.67B).

To further characterize SARS Spike protein expression and processing following

expression from alphavirus replicon vectors, BHK-21 cells were infected with alphavirus

replicon particles expressing the full-length Spike. At 6 hr post-infection with an MOI of 

infected cells were labeled for 1 hr with L-[35S]methionine/cysteine and chased for the indicated

time. The 35S]-labeled spike protein was immunoprecipitated by anti-SARS rabbit serum and

digested with Endo-H. Both digested and undigested proteins were analysed by 4%

polyacrylamide-SDS PAGE under reducing conditions. As shown in Figure 55, the full-length

spike protein is synthesized as an Endo-H sensitive high mannose glycoprotein (gpl70, an ER

form) that undergoes modification to an Endo-H resistant glycoprotein with complex

oligosaccharides (gpl80, a Golgi form). The conversion of gpl70 into the gpl80 form takes

place within 2 hr.

Alphavirus replicon particles expressing one or more SARS proteins 

VEErep/SINenv-SARSspike replicon particles) are administered to the vaccine recipient in order

to induce a SARS specific immune response rodent, ferret, non-human primate, human) as

described elsewhere in the present invention. Immunization may be performed through a variety

of routes, including for example, intramuscular, subcutaneous, intradermal, and intranasal. In

additon, the alphavirus replicon particles may be used alone or in combination "prime-

boost") with other vaccine approaches of the present invention, or alternatively the alphavirus

replicon particles may co-express antigen from other respiratory pathogens or be co-administered

in combination with alphavirus replicon particles expressing antigens from other respiratory

pathogens influenza virus, parainfluenza virus, respiratory syncytial virus, human

metapneumovirus). For example, the induction of anti-spike protein antibodies in animals

immunized IM with VEErep/SINenv-SARSspike replicon particles was demonstrated in mice

(Figure 68). These mouse studies also included addtional vaccine groups for comparison,

including the inactivated SARS virus and recombinant truncated spike protein vaccines describe

elsewhere herein, as well as plasmid DNA used as a prime, followed by alphavirus replicon

O0 particles as a boost. The data clearly show very potent immune responses for all vaccine groups,
including the alphavirus replicon particle group. It should be noted that the level of antibody

induced by the inactivated SARS virus vaccine used in these experiments has been shown to be
protective in a SARS virus animal challenge model.

Similarly, genes encoding other SARS virus antigens nucleocapsid protein,
membrane glycoprotein) are cloned into alphavirus replicon vectors, either individually or in
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combination, to generate alphavirus replicon particles according to the teachings of the present
invention and using standard molecular biology techniques..

EXAMPLE OFALPHAVIRUS-BASED PLASMID DNA EXPRESSING SARS VIRUS SPIKE
(S)

The invention includes preparation of plasmid DNA expressing a SARS virus antigen for
prophylactic or therapeutic immunization against SARS virus infection. In one embodiment, the
SARS viral antigen is a spike protein. In one embodiment, the plasmid DNA is alphavirus-
based.

The following example illustrates one method for preparing an alphavirus-based plasmid
0 DNA expressing SARS virus spike 

SARS spike gene can be delivered using any of the alphavirus-based plasmid DNA
replicons such as ELVS (Dubensky et al, 1996 J Virol. 70: 508-19), SINCP (WO 01/81609), or
VCP (PCT WO 02/99035).

For example, the SARS spike gene is cloned into SINCP using the standard RT-PCR
techniques. The oligo Sp-RT-R is used for the reverse transcription step with the Superscript pre-
amplification kit (Invitrogen). For the amplification step, the cDNA polymerase advantage kit
(Clonetech) with the Sp-R-NotI and Sp-F-XhoI (SEQ ID NO: 7328) primers is used.

The Sp-F-XhoI primer was designed to contain the ccacc sequence in front of the ATG
codon to optimize translation efficiency (Kozak 1991, ibid) of the spike gene. Also, the primer
contains the XhoI restriction site for the subsequent cloning of the PCR amplified gene.

The PCR product is purified using the QIAquick Nucleotide removal kit, digested with
XhoI and NotI, gel purified with QIAquick Gel Extraction kit, and ligated to plasmid SINCP pre-
digested with the same enzymes. Clones containing the SARS spike sequence are verified by
sequencing and the new construct is called SINCP-SARSspike.

Expression of the SARS spike gene is verified by transient transfection of BHK cells with
2 tg of either plasmid DNA SINCP-SARSspike or SINCP pre-incubated for 5 minutes with 5 gl
of TransiT Polyamine reagent (Mirrus) in low serum medium Optimem (Life Technologies). At
48 hrs pos-transfection cells are lysed and a sample of the lysate is run on 8% SDS-PAGE. The
proteins on the gel are either stained or transferred to a membrane for Western blot analysis with
sera from convalescent patients, or alternatively with sera from mouse or rabbits.

SINCP-SARSspike plasmid replicon is administered to the vaccine recipient rodent,
non-human primate, human) as a formulated or unformulated plasmid vaccine, alone or in
combination "prime-boost") with other vaccines of the present invention, as described
elsewhere herein.

Similarly, genes encoding other SARS virus antigens nucleocapsid protein,
membrane glycoprotein) are cloned into alphavirus plasmid replicon vectors.
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2. Plasmid Expression Vectors

EXAMPLE OF PLASMID DNA EXPRESSING SARS VIRUS SPIKE (S)

The following example illustrates a method for preparing plasmid DNA expressing SARS
virus spike 

The SARS virus spike antigen also may be delivered using other plasmid DNA expression
vectors (sometimes referred to as "conventional" DNA vaccines), based on a polymerase II
promoter, such as, for example, a CMV promoter. A DNA vaccine of the spike antigen gene
induces an antibody response in mice (Zhao et al. (2004) Acta Biochim et Biophysica Sinica
36:37-41), and has been found to induce viral neutralization and protective immunity in mice
(Yang et al. (2004) Nature 428:561-564), particularly when truncated at the C-terminus.

For example, the SARS spike gene is cloned into pCMVKm2 (Zur Megede et al., J.Virol.,
74:2628-2635, 2000; SEQ ID NO: 9923) using standard RT-PCR techniques. The oligo Sp-RT-
R is used for the reverse transcription step with the Superscript pre-amplification kit
(Invitrogen). For the amplification step, the cDNA polymerase advantage kit (Clonetech) is used
with primers Sp-F-EcoRI (SEQ ID NO: 7329) and Sp-R-XbaI (SEQ ID NO: 7330).

The forward primer was designed to contain the CCACC (SEQ ID NO: 7331) sequence in
front of the ATG codon to optimize translation efficiency (Kozak 1991, ibid.) of the spike gene.
Also, the forward primer contains the EcoRI restriction site and the reverse primer contains the
Xbal restriction site for the subsequent cloning of the PCR amplified gene.

The PCR product is purified using the QIAquick Nucleotide Removal kit, digested with
Xhol and NotI, gel purified with QIAquick Gel Extraction kit, and ligated to plasmid
pCMVKm2 pre-digested with the same enzymes. Clones containing the SARS spike sequence
are verified by sequencing and the new construct is called pCMVKm2-SARSspike.

Expression of the SARS spike gene is verified by transient transfection of BHK or 293

cells with 2 tg of either plasmid DNA pCMVKm2-SARSspike or pCMVKm2 pre-incubated for

minutes with 5 pl of TransIT Polyamine reagent (Mirrus) in low serum medium Optimem (Life
Technologies). At 48 hrs pos-transfection cells are lysed and a sample of the lysate is run on 8 
SDS-PAGE. The proteins on the gel are either stained or transferred to a membrane for Western
blot analysis with sera from convalescent patients, or alternatively using mouse or rabbit

0 antisera.

Plasmid pCMVKm2-SARSspike is administered to the vaccine recipient rodent, non-
human primate, human) as a formulated or unformulated plasmid vaccine, as described
elsewhere in the present invention.

Similarly, genes encoding other SARS virus antigens nucleocapsid protein,
membrane glycoprotein) are cloned into plasmid expression vectors
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3. Virus-Like Particles comprising SARS antigens

The SARS viral antigens of the invention may be formulated into Virus Like Particles
The invention thus includes virus-like particles (or VLPs) comprising one or more

SARS viral antigens. Preferably, the VLPs comprise one or more SARS viral antigens selected
from the group consisting of Spike nucleocapsid membrane and envelope 
Preferably, the VLPs comprise at least M and E.

The VLPs of the invention comprise at least one particle-forming polypeptide. Said
particle-forming polypeptide is preferably selected from a Coronavirus structural protein. In one
embodiment, the particle-forming polypeptide is selected from one or more SARS viral antigens.

L0 In another embodiment, the particle-forming polypeptide is selected from the structural protein
of a non-SARS Coronavirus, such as, for example, Mouse Hepatitis Virus.

VLPs can be formed when viral structural proteins are expressed in eukaryotic or
prokaryotic expression systems. Upon expression, the structural proteins self-assemble to form
particles. Alternatively, viral structural proteins may be isolated from whole virus and
formulated with phospholipids. Such viral structural proteins are referred to herein as "particle-
forming polypeptides". VLPs are not infectious because no viral genome is present, however,
these non-replicating, virus capsids mimic the structure of native virions.

Due to their structure, VLPs can display a large number of antigenic sites on their surface
(similar to a native virus). VLPs offer an advantage to live or attenuated vaccines in that they are

3 much safer to both produce and administer, since they are not infectious. VLPs have been
shown to induce both neutralizing antibodies as well as T-cell responses and can be presented by
both class I and II MHC pathways.

Previous work creating VLPs from coronavirus indicates that E and M proteins along may
be sufficient for coronavirus VLP formation. See Fischer et al., J. Virol. (1998) 72:7885-7894

Sand Vennema et al. EMBO J. (1996) 15:2020-2028.
Chimeric VLPs comprising particle-forming polypeptides or portions thereof from non-

SARS Coronaviruses are also included in the invention. Such particle-forming polypeptides may
comprise a full length polypeptide from a non-SARS Coronavirus. Alternatively, a particle-
forming fragment may be used.

In one embodiment, a fragment of a non-SARS particle-forming polypeptide and a
fragment of a SARS viral antigen are fused together. For instance, such chimeric polypeptides
may comprise the the endodomain and transmembrane domain of a non-SARS particle-forming
polypeptide and the ectodomain of a SARS viral antigen. In one example, the VLPs of the
invention comprise a chimeric spike protein comprising an endodomain and transmembrane
domain of the spike protein of Mouse Hepatitis Virus (MHV) and the chimeric spike protein
further comprises the ectodomain of the SARS spike protein. Such VLPs may further comprise
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Coronavirus M and E proteins. Said M and E proteins may be selected from any coronavirus,
including Mouse Hepatitis Virus (MHV) or SARS. Sample sequences of S, M and E proteins of
MHV are included in the figures, supra.

Chimeric spike proteins derived from the ectodomain of feline infectious peritonitis virus
(FIPV) spike protein fused to the endo and transmembrane domains of MHV spike protein have
been previously disclosed. See WO 98/49195 and WO 02/092827. In these chimeric VLP
structures, the capsid structure of the VLPs is formed by the M and E protein of MHV. The
chimeric spike protein provides for the surface exposure of the ectodomain of the FIPV spike
protein.

As used herein, the term "virus-like particle" or "VLP" refers to a non-replicating, empty
virus shell. VLPs are generally composed of one or more viral proteins, such as, but not limited
to those proteins referred to as capsid, coat, shell, surface and/or envelope proteins, or particle-
forming polypeptides derived from these proteins. VLPs can form spontaneously upon
recombinant expression of the protein in an approrpirate expression system. Alternatively, viral
structural proteins may be isolated from whole virus and formulated with phospholipids.
Methods for producing particular VLPs are known in the art and discussed more fully below.
The presence of VLPs in a composition can be detected using conventional techniques known in
the art, such as by electron microscopy, x-ray crystallography, and the like. See, Baker et
al., Biophys. J. (1991) 60:1445-1456; Hagensee et al., J. Virol. (1994) 68:4503-4505. For

.0 example, cryoelectron microscopy can be performed on vitrified aqueous samples of the VLP
preparation in question, and images recorded under appropriate exposure conditions.

The phrase "particle-forming polypeptide" includes a full-length or near full-length viral
protein, as well as a fragment thereof, or a viral protein with internal deletion, which has the
ability to form VLPs under conditions that favor VLP formation. Accordingly, the polypeptide
may comprise the full-length sequence, fragments, truncated and partial sequences, as well as
analogs and precursor forms of the reference molecule. The term therefore includes deletions,
additions and substitutions to the sequence, so long as the polypeptide retains the ability to form
a VLP. Thus, the term includes natural variations of the specified polypeptide since variations in
coat proteins often occur between viral isolates. The term also includes deletions, addition and

3 substitutions that do not naturally occur in the reference protein, so long as the protein retains the
ability to form a VLP.

Preferred substitutions are those which are conservative in nature, those substitutions
that take place within a family of amino acids that are related in their side chains. Specifically,
amino acids are generally divided into four families: acidic: aspartate and glutamate; (2)

S basic: lysine, arginine, and histidine; non-polar: alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan; and uncharged polar: glycine, asparagine, glutamine,
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cystine, serine, theronine, tyrosine. Phenylalanine, tryptophan, and tyrosine are sometimes

classified as aromatic amino acids. For example, it is reasonably predictable that an isolated

replacement of leucine with isoleucine or valine, an asparate with a glutamate, a threonine with a

serine, or a similar conservative replacement of an amino acid with a structurally related amino

acid, will not have a major effect on the biological activity. Proteins having substantially the

same amino acid sequence as the reference molecule, but possessing minor amino acid

substitutions that do not substantially affect the immunogenicity of the protein, are therefore

within the definition of the reference polypeptide.

The VLPs of the invention can be formed from any viral protein, particle-forming

polypeptide derived from the viral protein, or combination of viral proteins or fragments thereof,

that have the capability of forming particles under appropriate conditions. The requirements for

the particle-forming viral proteins are that if the particle is formed in the cytoplasm of the host

cell, the protein must be sufficiently stable in the host cell in which it is expressed such that

formation of virus-like structures will result, and that the polypeptide will automatically

assemble into a virus-like structure in the cell of the recombinant expression system used. If the

protein is secreted into culture media, conditions can be adjusted such that VLPs will form.

Furthermore, the particle-forming protein should not be cytotoxic in the expression host and

should not be able to replicate in the host in which the VLP will be used.

Preferred particle-forming polypeptides include coronavirus M and E proteins, preferably

SARS M and E proteins.

Methods and suitable conditions for forming particles from a wide variety of viral proteins

are known in the art. VLPs have been produced, for example from proteins derived from

influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis

E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus,

Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat proteins),
GA-phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pl). VLPs are

discussed further in WO 03/024480, WO 03/024481, and Niikura et al., Virology (2002)

293:273-280; Lenz et al., J. Immunology (2001) 5246-5355; Pinto, et al., J. Infectious Diseases

(2003) 188:327-338; and Gerber et al., J. Virology (2001) 75(10):4752-4760.

As explained above, VLPs can spontaneously form when the particle-forming polypeptide

of interest is recombinantly expressed in an appropriate host cell. Thus, the VLPs for use in the

present invention may be prepared using recombinant techniques, well known in the art. In this

regard, genes encoding the particle-forming polypeptide in question can be isolated from DNA

libraries or directly from cells and tissues containing the same, using known techniques. The

genes encoding the particle-forming polypeptides can also be produced synthetically, based on

the known sequences. The nucleotide sequence can be designed with the appropriate codons for
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the particular amino sequence desired. In general, one will select preferred codons for the

intended host in which the sequence will be expressed human codons for human DNA

vaccines). The complete sequence is generally assembled from overlapping oligonucleotides

prepared by standard methods and assembled into a complete coding sequence. See., Edge,

Nature (1981) 292:756; Nambair et al. Science (1984) 223:1299; Jay et al., J. Biol. Chem. (1984)

259:6311.

Once the coding sequences for the desired particle-forming polypeptides have been

isolated or synthesized, they can be cloned into any suitable vector or replicon for expression.

Numerous cloning vectors are known to those of skill in the art, and the selection of an

appropriate cloning vector is a matter of choice. See, generally, Sambrook et al. The vector is

then used to transform an appropriate host cell. Suitable expression systems include, but are not

limited to, bacterial, mammalian, bacuolvirus/insect, vaccinia, Semliki Forest virus (SFV), yeast,

and Xenopus expression systems, well known in the art.

A number of cell lines suitable for use as host cells for producing the VLPs of the

invention are known in the art. Suitable mammalian cell lines include, but are not limited to,

Chinese Hamster Ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey

kidney cells (COS), human hepatocellular carcinoma cells Hep G2), Madin-Darby bovine

kidney ("MDBK") cells, as well as others. Mammalian sources of cells include, but are not

limited to, human or non-human primate MRC-5 (ATCC CCL-171), WI-38 (ATCC CCL-

75), HUH, human embryonic kidney cells (293 cells, typically transformed by sheared

adenovirus type 5 DNA), VERO cells from monkey kidneys (including, for example COS7

cells), horse, cow MDBK cells), sheep, dog MDCK cells from dog kidneys, ATCC

CCL34 MDCK (NBL2) or MDCK 33016, deposit number DSM ACC 2219 as described in WO

97/37001), cat, and rodent hamster cells such as BHK21-F, HKCC cells, or Chinese

hamster ovary cells (CHO cells)), and may be obtained from a wide variety of developmental

stages, including for example, adult, neonatal, fetal, and embryo.

Bacterial hosts suitable for production of VLPs of the invention include E. coli, Bacillus

subtilis, and Streptoccocus spp. Yeast hosts suitable for production of VLPs of the invention

include Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenula polymorpha,

Kluyveromyces fragilis, Kluyveroinyces lactis, Pichia guillerimondii, Pichia pastoris,

Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells suitable for production of

VLPs of the invention via baculovirus expression vectors) include Aedes aegypti,

Autographa californica, Bombyx mori, Drosophila melanogaster, Spodpterafrugiperda, and

Trichoplusia ni.

Viral vectors can be used for the production of particles in eukaryotic cells, such as those

derived from the pox family of viruses, including vaccinia virus and avian poxvirus. Additional,
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vaccinia based infection/transfection systems, such as those as described in Tomei et al., J. Virol
(1993) 67:4017-4026 and Selby et al., J. Gen. Virol. (1993) 74:1103-1113, can also be used to
generate the VLPs of the invention. In this system, cells are first transfected in vitro with a
vaccinia virus recombinant that encodes the bacteriophage T7 RNA polymerase. This
polymerase only transcribes templates bearing T7 promoters. Following infection, cells are
transfected with the DNA of interest, driven by a T7 promoter. The polymerase expressed in the
cytoplasm from the vaccinia virus recombinant transcribes the transfected DNA into RNA which
is then translated into protein by the host translation machinery. The method provides for high
level, transient, cytoplasmic production of large quantities of RNA and its translation products.

0L Depending on the expression system and host selected, the VLPs are produced by growing
host cells transformed by an expression vector under conditions whereby the particle-forming

polypeptide is expressed and VLPs can be formed. The selection of the appropriate growth
conditions is within the skill of the art. If the VLPs are formed intracellularly, the cells are then
disrupted, using chemical, physical or mechanical means, which lyse the cells yet keep the VLPs
substantially intact. Such methods are known the those of skill in the art and are described in,

Protein Purification Applications: A Practical Approach, Harris and S. Angal,
Eds., 1990).

The particles are then isolated using methods that preserve the integrity thereof, such as by
gradient centrifugation, cesium chloride (CsC1) and sucrose gradients, and the like (see, e.g.,

:0 Kimbauer et al., J. Virol. (1993) 67:6929-6936), ion exchange chromatography (including anion
exchange chromatography such as DMAE and TMAE), hydroxyapatitie chromatography (see
WO 00/09671), hydrophobic interaction chromatography, gel filtration chromatography and
other filtration methods such as nanometric filtration and ultrafiltration. Preferably at least one
anion exchange step is performed during purification, and more preferably at least two anion
exchange steps are used.

VLP formulations of the invention may be further processed by methods known in the art
to disassemble the VLPs into smaller, protein containing moieties using a high concentration of
reducing agent, followed by reassembly of the VLPs by either removal of the reducing agent or
by addition of excess oxidant. The resulting reassembled VLPs may have improved

0 homogeneity, stability and immunogenic properties. In addition, further therapeutic or

prophylactic agents may be formulated into the VLPs upon reassembly. See McCarthy et al., J.
Virology (1998) 72(1):32-41. See also WO 99/13056 and WO 01/42780. Reducing agents
suitable for use in VLP disassembly include sulfhydryl reducing agents (such as glutathion, beta
mercaptoethanol, dithiothreitol, dithioerythritol, cysteine, hydrogen sulfide and mixtures thereof)
preferably contained in moderate to low ionic strength buffers. Sufficient exposure time of the
VLPs to the reducing agent will be required to achieve a suitable amount of VLP disassembly.
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Adjuvants may be added to the VLPs of the invention to enhance the immunogenicity of
the SARS viral antigens. Antigens suitable for use with VLPs include those described, supra.
For example, the VLPs of the invention may be adsorbed onto an aluminum adjuvant.

The VLPs of the invention may formulated to enhance their stability. Additional
components which may enhance the stability of a VLP formulation include salts, buffers, non-
ionic surfactants and other stabilizers such as polymeric polyanion stabilizers. See WO
00/45841.

The ionic strength of a solution comprising VLP particles may be maintained by the
presence of salts. Almost any salt which can contribute to the control of the ionic strength may

-0 be used. Preferred salts which can be used to adjust ionic strength include physiologically
acceptable salts such as NaC1, KC1, Na2SO 4 (NH4)2SO 4 sodium phosphate and sodium citrate.
Preferably, the salt component is present in concentrations of from about 0.10 M to 1 M. Very
high concentrations are not preferred due to the practical limitations of parenteral injection of
high salt concentrations. Instead, more moderate salt concentrations, such as more physiological
concentrations of about 0.15M to about 0.5M with 0.15M-0.32M NaC1 are preferred.

.Buffers may also be used to enhance the stability of the VLP formulations of the invention.
Preferably, the buffer optimizes the VLP stability while maintaining the pH range so that the
vaccine formulation will not be irritating to the recipient. Buffers preferably maintain the pH of
the vaccine formulation within a range of p/H 5.5-7.0, more preferably 6.0-6.5. Buffers suitable

0 for vaccine formulations are known in the art and include, for example, histidine and imidazole.
Preferably, the concentration of the buffer will range from about 2mM to about 100 mM, more
preferably 5 mM to about 20 mM. Phosphate containing buffers are generally not preferred
when the VLP is adsorbed or otherwise formulated with an aluminum compound.

Non-ionic surfactants may be used to enchance the stability of the VLP formulations of the
invention. Surfactants suitable for use in vaccine formulations are known in the art and include,
for example, polyoxyethylene sorbital fatty acid esters (Polysorbates) such as Polysorbate 

TWEEN 80), Polysorbate 20 TWEEN 20), polyoxyethylene alkyl ethers Brij
Brij 58), as well as others, including Triton X-100, Triton X-114, NP-40, Span 85 and the

Pluronic series of non-ionic surfactants Pluronic 121). The surfactant is preferably present
in a concentration of from about 0.0005% to about 0.5% (wt/vol).

Polymeric polyanion stabilizers may also be used to enchance the stability of the VLP
formulations of the invention. Suitable polymeric polyanionic stabilizers for use in the invention
comprise either a single long chain or multiple cross linked chains; either type possessing
multiple negative charges along the chains when in solution. Examples of suitable polyanionic

Spolymers include proteins, polyanions, peptides and polynucelic acids. Specific examples
include carboxymethyl cellulose, heparin, polyamino acids (such as poly(Glu), poly(Asp), and
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Poly (Glu, Phe), oxidized glutathione, polynuceltodies, RNA, DNA and serum albumins. The
concentration of the polmeric polyanion stabilizers is preferably from about 0.01% to about

particularly about 0.05-0.1% (by weight).

G. Passive Immunization via Antibodies to the SARS Antigens of the Invention

The invention includes antibodies specific to the SARS antigens of the invention and
methods of treatment or prevention of SARS virus related disease by administrating an effective
amount of SARS antibodies to a mammalian subject. Antibodies specific the SARS antigens can
be produced by one skilled in the art. Preferably, the antibodies are specific to the spike (S)
protein of the SARS virus. Potent neutralization of the SARS coronavirus using a human
monoclonal anti-spike antibody has been reported (Sui et al. (2004) PNAS USA 101:2536-2541).
A IgG1 form of the monoclonal antibody showed a higher affinity (1.59 nM) than a scFv form
(32.3 nM).

The antibodies of the invention are specific and selective to SARS antigens.
In one embodiment, the antibodies of the invention are generated by administering a SARS

antigen to an animal. The method may also include isolating the antibodies from the animal.
The antibodies of the invention may be polyclonal or monoclonal antibody preparations,

monospecific antisera, human antibodies, or may be hybrid or chimeric antibodies, such as
humanized antibodies, altered antibodies (Fab') 2 fragments, F(ab) fragments, Fv fragments,
single-domain antibodies, dimeric or trimeric antibody fragments or constructs, minibodies, or

lO functional fragments thereof which bind to the antigen in question.

Antibodies are produced using techniques well known to those of skill in the art and
disclosed in, for example, US Patent Nos. 4,011,308; 4,722,890; 4,016,043; 3,876,504;
3,770,380; and 4,372,745. For example, polyclonal antibodies are generated by immunizing a
suitable animal, such as a mouse, rat, rabbit, sheep, or goat, with an antigen of interest. In order
to enhance immunogenicity, the antigen can be linked to a carrier prior to immunization. Such
carriers are well known to those of ordinary skill in the art. Immunization is generally performed
by mixing or emulsifying the antigen in saline, preferably in an adjuvant such as Freund's
complete adjuvant, and injecting the mixture or emulsion parenterally (generally subcutaneously
or intramuscularly). The animal is generally boosted 2-6 weeks later with one or more injections

0 of the antigen in saline, preferably using Freund's incomplete adjuvant. Antibodies may also be
generated by in vitro immunization, using methods known in the art. Polyclonal antiserum is
then obtained from the immunized animal.

Monoclonal antibodies are generally prepared using the method of Kohler Milstein
(1975) Nature 256:495-497, or a modification thereof. Typically, a mouse or rat is immunized as
described above. Rabbits may also be used. However, rather than bleeding the animal to extract
serum, the spleen (and optionally several large lymph nodes) is removed and dissociated into
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single cells. If desired, the spleen cells may be screened (after removal of non-specifically

adherent cells) by applying a cell suspension to a plate or well coated with the antigen. B-cells,
expressing membrane-bound immunoglobulin specific for the antigen, will bind to the plate, and

are not rinsed away with the rest of the suspension. Resulting B-cells, or all dissociated spleen

cells, are then induced to fuse with myeloma cells to form hybridomas, and are cultured in a

selective medium hypoxanthine, aminopterin, thymidine medium, The resulting

hybridomas are plated by limiting dilution, and are assayed for the production of antibodies

which bind specifically to the immunizing antigen (and which do not bind to unrelated antigens).

The selected monoclonal antibody-secreting hybridomas are then cultured either in vitro in

tissue culture bottles or hollow fiber reactors), or in vivo as ascites in mice).

Humanized and chimeric antibodies are also useful in the invention. Hybrid (chimeric)

antibody molecules are generally discussed in Winter et al. (1991) Nature 349: 293-299 and US

Patent No. 4,816,567. Humanized antibody molecules are generally discussed in Riechmann et

al. (1988) Nature 332:323-327; Verhoeyan et al. (1988) Science 239:1534-1536; and U.K.

Patent Publication No. GB 2,276,169, published 21 September 1994). One approach to

engineering a humanized antibody involves cloning recombinant DNA containing the promoter,

leader, and variable-region sequences from a mouse antibody gene and the constant-region exons

from a human antibody gene to create a mouse-human chimera, a humanized antibody. See

generally, Kuby, "Immunology, 3
rd Edition", W.H. Freeman and Company, New York (1998) at

!0 page 136.

Antibody fragments which retain the ability to recognize a SARS antigen are also included

within the scope of the invention. A number of antibody fragments are known in the art which

comprise antigen-binding sites capable of exhibiting immunological binding properties of an

intact antibody molecule. For example, functional antibody fragments can be produced by

cleaving a constant region, not responsible for antigen binding, from the antibody molecule,

using pepsin, to produce F(ab') 2 fragments. These fragments will contain two antigen

binding sites, but lack a portion of the constant region from each of the heavy chains. Similarly,

if desired, Fab fragments, comprising a single antigen binding site, can be produced, by

digestion of polyclonal or monclonal antibodies with papain. Functional fragments, includnig

S0 only the variable regions of the heavy and light chains, can also be produced, using standard

techniques such as recombinant production or preferential proteolytic cleavage of

immunoglobulin molecules. These fragments are known as Fv. See, Inbar et al. (1972)

Proc. Nat. Acad. Sci USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-2710; and

Ehrlich et al. (1980) Biochem 19:4091-4096.

A single-chain Fv ("sFv" or scFv") polypeptide is a covalently linked VH-VL heterodimer

which is expressed from a gene fusion including VH-and VL- encoding genes linked by a peptide-
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encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883. A number of
methods have been described to discern and develop chemical strucutres (linkers) for converting
the naturally aggregated, but chemically separated, light and heavy polypeptide chains from an
antibody V region into an sFv molecule which will fold into a three dimensional structure
substantially similar to the structure of an antigen-binding site. See, US Patent Nos.
5,091,513; 5,132,405; and 4,946,778. The sFv molecules may be produced using methods
described in thea rt. See, Huston et al. (1988) Proc. Nat. Acad. Sci USA 85:5879-5338; US
Patent Nos. 5,091,513; 5,132,405 and 4,946,778. Design criteria include determining the
appropriate length to span the distance between the C-terminus of one chain and the N-terminus
of the other, wherein the linker is generally formed from small hydrophilic amino acid residues
that do not coil or form secondary structures. Such methods have been described in the art. See,

US Patent Nos. 5,091,513; 5,132,405 and 4,946,778. Suitable linkers generally comprise
polypeptide chains of alternating sets of glycine and serine residues, and may include glutamic
acid and lysine residues inserted to enhance solubility. Anti-spike scFv antibodies have been
reported (Sui et al. (2004) PNAS USA 101:2536-2541).

"Mini-antibodies" or "minibodies" will also find use with the present invention.
Minibodies are sFv polypeptide chains which include oligomerization domains at their C-
termini, separated from the sFv by a hinge region. Pack et al., (1992) Biochem 31:1579-1584.
The oligomerization domain comprises self-associating (a-helices, leucine zippers, that can

0 be further stabilized by additional disulfide bonds. The oligomerization domain is designed to be
compatible with vectorial folding across a membrane, a process thought to facilitate in vivo
folding of the polypeptide into a functional binding protein. Generally, minibodies are produced:
using recombinant methods well known in the art. See, Pack et al., (1992) Biochem
31:1579-1584; Cumber et al. (1992) J. Immunology 149B:120-126.

Non-conventional means can also be used to generate and identify the antibodies of the
invention. For example, a phage display library can be screened for antibodies which bind to the
SARS antigens of the invention. See generally, Siegel, "Recombinant Monoclonal Antibody
Technology", Transfus. Clin. Biol. (2002) 15-22; Sidhu, "Phage Display in Pharmaceutical
Biotechnology", Curr. Opin. Biotechnol. (2000) 11(6):610-616; Sharon, et al., "Recombinant

SPolyclonal Antibody Libraries", Comb. Chem. High Throughput Screen (2000) 185-196;
and Schmitz et al., "Phage Display: A Molecular Tool for the Generation of Antibodies-
Review", Placenta, (2000) 21 SupplA: S 106-12.

The antibodies of the invention may also be generated by administering the polynucleotide
sequence encoding for the SARS antigen into an animal. The SARS antigen is then expressed in
vivo, and antibodies specific to the SARS antigen are generated in vivo. Methods for
polynucleotide delivery of the SARS antigens of the invention are discussed in section 4 below.
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The antibodies of the invention are preferably specific to the SARS virus.
H. Combinations of one or more of any of the above approaches in a vaccine

The compositions of the invention further comprise combinations of one or more of the
compositions discussed above. For instance, the invention comprises a composition comprising
an attenuated SARS virus and a subunit SARS viral antigen.

I Combinations of SARS antigens and other Respiratory Virus Antigens
The invention further relates to vaccine formulations comprising one or more SARS virus

antigens and one or more other respiratory virus antigens. Additional respiratory virus antigens
suitable for use in the invention include antigens from influenza virus, human rhinovirus (HRV),

0 parainfluenza virus (PIV), respiratory syncytial virus (RSV), adenovirus, metapneumovirus, and
rhinovirus. The additional respiratory virus antigen could also be from a coronavirus other than
the SARS coronavirus, such as the NL63 human coronavirus (van der Hoek et al. (2004) Nature
Medicine 10:368-373). Preferably, the additional respiratory virus antigen is an influenza viral
antigen.

The invention may also comprise one or more bacterial or viral antigens in combination
with the SARS viral antigen. Antigens may be used alone or in any combination. (See, e.g.,
WO 02/00249 describing the use of combinations of bacterial antigens). The combinations may
include multiple antigens from the same pathogen, multiple antigens from different pathogens or
multiple antigens from the same and from different pathogens. Thus, bacterial, viral, and/or
other antigens may be included in the same composition or may be administered to the same
subject separately. It is generally preferred that combinations of antigens be used to raise an
immune response be used in combinations.

Non-limiting examples of bacterial pathogens which may be used in the invention include
diphtheria (See, Chapter 3 of Vaccines, 1998, eds. Plotkin Mortimer (ISBN 0-7216-1946-

staphylococcus Staphylococcus aureus as described in Kuroda et al. (2001) Lancet
357:1225-1240), cholera, tuberculosis, C. tetani, also known as tetanus (See, Chapter 4 of
Vaccines, 1998, eds. Plotkin Mortimer (ISBN 0-7216-1946-0), Group A and Group B
streptococcus (including Streptococcus pneumoniae, Streptococcus agalactiae and Streptococcus
pyogenes as described, for example, in Watson et al. (2000) Pediatr. Infect. Dis. J. 19:331-332;
Rubin et al. (2000) Pediatr Clin. North Am. 47:269-284; Jedrzejas et al. (2001) Microbiol Mol
Biol Rev 65:187-207; Schuchat (1999) Lancet 353:51-56; GB patent applications 0026333.5;
0028727.6; 015640.7; Dale et al. (1999) Infect Dis Clin North Am 13:227-1243; Ferretti et al.
(2001) PNAS USA 98:4658-4663), pertussis (See, Gusttafsson et al. (1996) N. Engl. J. Med.
334:349-355; Rappuoli et al. (1991) TIBTECH 9:232-238), meningitis, Moraxella catarrhalis
(See, McMichael (2000) Vaccine 19 Suppl. 1:S101-107) and other pathogenic states,
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including, without limitation, Neisseria meningitides B, C, Neisseria gonorrhoeae (See,

WO 99/24578; WO 99/36544; and WO 99/57280), Helicobacter pylori CagA, VacA,

NAP, HopX, HopY and/or urease as described, for example, WO 93/18150; WO 99/53310; WO

98/04702) and Haemophilus influenza. Hemophilus influenza type B (HIB) (See, e.g.,

Costantino et al. (1999) Vaccine 17:1251-1263), Porphyromonas gingivalis (Ross et al. (2001)

Vaccine 19:4135-4132) and combinations thereof.

Non-limiting examples of viral pathogens which may be used in the invention include

meningitis, rhinovirus, influenza (Kawaoka et al., Virology (1990) 179:759-767; Webster et al.,

"Antigenic variation among type A influenza viruses," p. 127-168. In: P. Palese and D.W.

Kingsbury Genetics of influenza viruses. Springer-Verlag, New York), respiratory

syncytial virus (RSV), parainfluenza virus (PIV), rotavirus VP1, VP2, VP3, VP4, VP6,

VP7, NSP1, NSP2, NSP3, NSP4 or NSP5 and other rotavirus antigens, for example as described

in WO 00/26380) and the like. Antigens derived from other viruses will also find use in the

present invention, such as without limitation, proteins from members of the families

Picomaviridae polioviruses, etc. as described, for example, in Sutter et al. (2000) Pediatr

Clin North Am 47:287-308; Zimmerman Spann (1999) Am Fain Physician 59:113-118; 125-

126); Caliciviridae; Togaviridae rubella virus, etc.); Flaviviridae, including the genera

flavivirus yellow fever virus, Japanese encephalitis virus, serotypes of Dengue virus, tick

borne encephalitis virus, West Nile virus, St. Louis encephalitis virus); pestivirus classical

porcine fever virus, bovine viral diarrhea virus, border disease virus); and hepacivirus 

hepatitis A, B and C as described, for example, in US Patent Nos. 4,702,909; 5,011,915;

5,698,390; 6,027,729; and 6,297,048); Parvovirus parvovirus B19); Coronaviridae;

Reoviridae; Bimaviridae; Rhabodoviridae rabies virus, etc. as described for example in

Dressen et al. (1997) Vaccine 15 Suppl:s2-6; MMWR Morb Mortal Wkly Rep. 1998 Jan

16:47(1):12, 19); Filoviridae; Paramyxoviridae mumps virus, measles virus, respiratory

syncytial virus, etc. as described in Chapters 9 to 11 of Vaccines, 1998, eds. Plotkin Mortimer

(ISBN 0-7216-1946-0); Orthomyxoviridae influenza virus types A, B and C, etc. as

described in Chapter 19 of Vaccines, 1998, eds. Plotkin Mortimer (ISBN 0-7216-1946-0),.);

Bunyaviridae; Arenaviridae; Retroviradae HTLV-1; HTLV-11; HIV-1 (also known as

;0 HTLV-III, LAV, ARV, HTI,R, including but not limited to antigens from the isolates

HIVIllb, HIVSF2, HIVLAV, HIVI-AL, I-IIVMN, SF162); HIV- I CM235, HIV- I US4; HIV-2;

simian immunodeficiency virus (SIV) among others. Additionally, antigens may also be derived

from human papilloma virus (HPV) and the tick-bore encephalitis viruses. See, e.g. Virology,

3
rd Edition Joklik ed. 1988); Fundamental Virology, 2nd Edition Fields and D.M.

Knipe, eds, 1991), for a description of these and other viruses.
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Proteins may also be derived from the herpesvirus family, including proteins derived from

herpes simplex virus (HSV) types 1 and 2, such as HSV-1 and HSV-2 glycoproteins gB, gD and

gH; antigens derived from varicella zoster virus (VZV), Epstein-Barr virus (EBV) and

cytomegalovirus (CMV) including CMV gB and gH (See, US Patent No. 4,689,225 and PCT

Publication WO 89/07143); and antigens derived from other human herpesviruses such as HHV6

and HHV7. (See, e.g. Chee et al., Cytomegaloviruses McDougall, ed., Springer-Verlag

1990) pp. 125-169, for a review of the protein coding content of cytomegalovirus; McGeoch et

al., J. Gen. Virol. (1988) 69:1531-1574, for a discussion of the various HSV-1 encoded proteins;

US Patent No. 5,171,568 for a discussion of HSV-1 and HSV-2 gB and gD proteins and the

genes encoding therefor; Baer et al., Nature (1984) 310:207-211, for the identification of protein

coding sequences in an EBV genome; and Davison and Scott, J. Gen. Virol. (1986) 67:1759-

1816, for a review of VZV). Herpes simplex virus (HSV) rgD2 is a recombinant protein

produced in genetically engineered Chinese hamster ovary cells. This protein has the normal

anchor region truncated, resulting in a glycosylated protein secreted into tissue culture medium.

The gD2 can be purified in the CHO medium to greater than 90% purity. Human

immunodeficiency virus (HIV) env-2-3 is a recombinant form of the HIV enveloped protein

produced in genetically engineered Saccharomyces cerevisae. This protein represents the entire

protein region of HIV gpl20 but is non-glycosylated and denatured as purified from the yeast.

HIV gpl20 is a fully glycosylated, secreted form of gpl20 produced in CHO cells in a fashion

!0 similar to the gD2 above. Additional HSV antigens suitable for use in immunogenic

compositions are described in PCT Publications WO 85/04587 and WO 88/02634, the disclosures

of which are incorporated herein by reference in their entirety. Mixtures of gB and gD antigens,

which are truncated surface antigens lacking the anchor regions, are particularly preferred.

Antigens from the hepatitis family of viruses, including hepatitis A virus (HAV) (See, e.g.,

Bell et al. (2000) Pediatr Infect Dis. J. 19:1187-1188; Iwarson (1995) APMIS 103:321-326),

hepatitis B virus (HBV) (See, Gerlich et al. (1990) Vaccine 8 Suppl:S63-68 79-80),

hepatitis C virus (HCV) (See, PCT/US88/04125, published European application number

318216), the delta hepatitis virus (HDV), hepatitis E virus (HEV) and hepatitis G virus (HGV),

can also be conveniently used in the techniques described herein. By way of example, the viral

0 genomic sequence of HCV is known, as are methods for obtaining the sequence. See, e.g.,
International Publication Nos. WO 89/04669; WO 90/11089; and WO 90/14436. Also included

in the invention are molecular variants of such polypeptides, for example as described in

PCT/US99/31245; PCT/US99/31273 and PCT/US99/31272. The HCV genome encodes several

viral proteins, including El (also known as E) and E2 (also known as E2/NSI) and an N-terminal

nucleocapsid protein (termed "core") (see, Houghton et al., Hepatology (1991) 14:381-388, for a

discussion of HCV proteins, including El and E2). Similarly, the sequence for the 
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from HDV is known (see, US Patent No. 5,378,814) and this antigen can also be
conveniently used in the present composition and methods. Additionally, antigens derived from
HBV, such as the core antigen, the surface antigen, SAg, as well as the presurface sequences,
pre-S1 and pre-S2 (formerly called pre-S), as well as combinations of the above, such as
SAg/pre-S 1, SAg/pre-S2, SAg/pre-S1/pre-S2, and pre-S 1/pre-S2, will find use herein. See, e.g.,
"HBV Vaccines from the laboratory to license: a case study" in Mackett, M. and Williamson,

Human Vaccines and Vaccination, pp. 159-176, for a discussion of HBV structure; and US
Patent Nos. 4,722,840, 5,098,704, 5,324,513, incorporated herein by reference in their entireties;
Beames et al., J. Virol. (1995) 69:6833-6838, Birnbaum et al., J. Virol. (1990) 64:3319-3330;

.0 and Zhou et al., J. Virol. (1991) 65:5457-5464. Each of these proteins, as well as antigenic
fragments thereof, will find use in the present composition and methods.

Influenza virus is another example of a virus for which the present invention will be
particularly useful. Specifically, the envelope glycoproteins HA and NA of influenza A are of
particular interest for generating an immune response. Numerous HA subtypes of influenza A
have been identified (Kawaoka et al., Virology (1990) 179:759-767; Webster et al., "Antigenic
variation among type A influenza viruses," p. 127-168. In: P. Palese and D.W. Kingsbury 
Genetics of influenza viruses. Springer-Verlag, New York). Thus, proteins derived from any of
these isolates can also be used in the compositions and methods described herein.

Non-limiting examples of parasitic antigens include those derived from organisms causing
3 malaria and Lyme disease.

The methods of the invention comprise administering an immunogenic composition
comprising a SARS viral antigen (including one or more of an inactivated SARS virus, an
attenuated SARS virus, a split SARS virus preparation or a recombinant or purified subunit
formulation of one or more SARS viral antigens) to an animal. The immunogenic compositions

S used in the invention can comprise an immunologically effective amount of the SARS viral
antigen. An "immunologically effective amount" is an amount sufficient to allow the mammal
to raise an immune response to the SARS antigen.

The immune response preferably involves the production of antibodies specific to the
SARS antigen. The amount of antibodies produced will vary depending on several factors
including the animal used, the presence of an adjuvant, etc.

The immunogenic compositions of the invention may further comprise one or more
adjuvants.

The immunogenic compositions of the invention may be administered mucosally. Suitable
routes of mucosal administration include oral, intranasal, intragastric, pulmonary, intestinal,
rectal, ocular and vaginal routes. The immunogenic composition may be adapted for mucosal
administration. For instance, where the composition is for oral administration, it may be in the
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form of tablets or capsules, optionally enteric-coated, liquid, transgenic plants, etc. Where the
composition is for intranasal administration, it may be in the form of a nasal spray, nasal drops,
gel or powder.

The immunogenic compositions of the invention may be administered parenterally.
Suitable routes of parenteral administration include intramuscular subcutaneous,
intravenous, intraperitoneal, intradermal, transcutaneous, and transdermal (see International
patent application WO 98/20734) routes, as well as delivery to the interstitial space of a tissue.
The immunogenic composition may be adapted for parenteral administration, for instance in the
form of an injectable that may be sterile and pyrogen free.

Vaccines of the invention may be administered in conjunction with other
immunoregulatory agents. In particular, compositions will usually include an adjuvant. Preferred
further adjuvants include, but are not limited to, one or more of the following set forth below:

A. Mineral Containing Compositions

Mineral containing compositions suitable for use as adjuvants in the invention include
mineral salts, such as aluminium salts, and calcium salts. The invention includes mineral salts
such as hydroxides oxyhydroxides), phosphates hydroxyphoshpates, orthophosphates),
sulphates, etc. see chapters 8 9 of Vaccine design:the subunit and adjuvant approach
(1995) Powell Newman. ISBN 0-306-44867-X.), or mixtures of different mineral compounds,
with the compounds taking any suitable form gel, crystalline, amorphous, etc.), and with

,0 adsorption being preferred. The mineral containing compositions may also be formulated as a
particle of metal salt. See WO00/23105.

B. Oil-Emulsions

Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene-
water emulsions, such as MF59 Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated
into submicron particles using a microfluidizer). See W090/14837. See also, Frey et al.,
"Comparison of the safety, tolerability, and immunogenicity of a MF59-adjuvanted influenza
vaccine and a non-adjuvanted influeriza vaccine in non-elderly adults", Vaccine (2003) 21:4234-
4237.

Particularly preferred adjuvants for use in the compositions are submicron oil-inwater
0 emulsions. Preferred submicron oil-in-water emulsions for use herein are squalene/water

emulsions optionally containing varying amounts of MTP-PE, such as a submicron oil-in-water
emulsion containing 4-5% w/v squalene, 0.25-1.0% w/v Tween 80 TM (polyoxyelthylenesorbitan

monooleate), and/or 0.25-1.0% Span 85TM (sorbitan trioleate), and, optionally, N-acetylmuramyl-
L-alanyl-D-isogluatminyl-L-alanine-2-(l'- 2 '-dipalmitoyl-sn-glycero-3-

huydroxyphosphophoryloxy)-ethylamine (MTP-PE), for example, the submicron oil-in-water
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emulsion known as "MF59" (International Publication No. WO 90/14837; US Patent Nos.
6,299,884 and 6,451,325, incorporated herein by reference in their entireties; and Ott et al.,
"MF59 Design and Evaluation of a Safe and Potent Adjuvant for Human Vaccines" in Vaccine
Design: The Subunit and Adjuvant Approach (Powell, M.F. and Newman, M.J. eds.) Plenum
Press, New York, 1995, pp. 277-296). MF59 contains 4-5% w/v Squalene 0.25-

w/v Tween 80TM, and 0.5% w/v Span 85TM and optionally contains various amounts of
MTP-PE, formulated into submicron particles using a microfluidizer such as Model 11OY
microfluidizer (Microfluidics, Newton, MA). For example, MTP-PE may be present in an
amount of about 0-500 gg/dose, more preferably 0-250 gg/dose and most preferably, 0-100

LO p.g/dose. As used herein, the term "MF59-0" refers to the above submicron oil-in-water
emulsion lacking MTP-PE, while the term MF59-MTP denotes a formulation that contains MTP-
PE. For instance, "MF59-100" contains 100 tg MTP-PE per dose, and so on. MF69, another
submicron oil-in-water emulsion for use herein, contains 4.3% w/v squalene, 0.25% w/v Tween

and 0.75% w/v Span 85TM and optionally MTP-PE. Yet another submicron oil-in-water
emulsion is MF75, also known as SAF, containing 10% squalene, 0.4% Tween 80TM, 
pluronic-blocked polymer L121, and thr-MDP, also microfluidized into a submicron emulsion.

denotes an MF75 formulation that includes MTP, such as from 100-400 tg MTP-PE
per dose.

Submicron oil-in-water emulsions, methods of making the same and immunostimulating
0 agents, such as muramyl peptides, for use in the compositions, are described in detail in

International Publication No. WO 90114837 and US Patent Nos. 6,299,884 and 6,45 1,325,
incorporated herein by reference in their entireties.

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also be
used as adjuvants in the invention.

C. Saponin Formulations

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a
heterologous group of sterol glycosides and triterpenoid glycosides that are found in the bark,
leaves, stems, roots and even flowers of a wide range of plant species. Saponin from the bark of
the Quillaia saponaria Molina tree have been widely studied as adjuvants. Saponin can also be
commercially obtained from Smilax omata (sarsaprilla), Gypsophilla paniculata (brides veil),
and Saponaria officianalis (soap root). Saponin adjuvant formulations include purified
formulations, such as QS21, as well as lipid formulations, such as ISCOMs.

Saponin compositions have been purified using High Performance Thin Layer
Chromatography (HP-LC) and Reversed Phase High Performance Liquid Chromatography (RP-
HPLC). Specific purified fractions using these techniques have been identified, including QS7,
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QS17, QS18, QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of
production of QS21 is disclosed in US Patent No. 5,057,540. Saponin formulations may also
comprise a sterol, such as cholesterol (see WO 96/33739).

Combinations of saponins and cholesterols can be used to form unique particles called
Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such
as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in
ISCOMs. Preferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are
further described in EP 0 109 942, WO 96/11711 and WO 96/33739. Optionally, the ISCOMS
may be devoid of additional detergent. See WO00/07621.

LO A review of the development of saponin based adjuvants can be found at Barr, et al.,
"ISCOMs and other saponin based adjuvants", Advanced Drug Delivery Reviews (1998)
32:247-271. See also Sjolander, et al., "Uptake and adjuvant activity of orally delivered saponin
and ISCOM vaccines", Advanced Drug Delivery Reviews (1998) 32:321-338.

D. Bacterial or Microbial Derivatives

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such
as:

Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS)
Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL

(3dMPL). 3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6
0 acylated chains. A preferred "small particle" form of 3 De-O-acylated monophosphoryl lipid A

is disclosed in EP 0 689 454. Such "small particles" of 3dMPL are small enough to be sterile
filtered through a 0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS derivatives
include monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide phosphate
derivatives e.g. RC-529. See Johnson et al. (1999) Bioorg Med Chem Lett 9:2273-2278.

Lipid A Derivatives

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174.
OM-174 is described for example in Meraldi et al., "OM-174, a New Adjuvant with a Potential
for Human Use, Induces a Protective Response with Administered with the Synthetic C-
Terminal Fragment 242-310 from the circumsporozoite protein of Plasmodium berghei",
Vaccine (2003) 21:2485-2491; and Pajak, et al., "The Adjuvant OM-174 induces both the
migration and maturation of murine dendritic cells in vivo", Vaccine (2003) 21:836-842.

Immunostimulatory oligonucleotides

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include
nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine
followed by guanosine and linked by a phosphate bond). Bacterial double stranded RNA or
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oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be

immunostimulatory.

The CpG's can include nucleotide modifications/analogs such as phosphorothioate

modifications and can be double-stranded or single-stranded. Optionally, the guanosine may be

replaced with an analog such as 2'-deoxy-7-deazaguanosine. See Kandimalla, et al., "Divergent

synthetic nucleotide motif recognition pattern: design and development of potent

immunomodulatory oligodeoxyribonucleotide agents with distinct cytokine induction profiles",

Nucleic Acids Research (2003) 31(9): 2393-2400; WO 02/26757 and WO 99/62923 for

examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides is further
discussed in Krieg, "CpG motifs: the active ingredient in bacterial extracts?", Nature Medicine
(2003) 831-835; McCluskie, et al., "Parenteral and mucosal prime-boost immunization

strategies in mice with hepatitis B surface antigen and CpG DNA", FEMS Immunology and

Medical Microbiology (2002) 32:179-185; WO 98/40100; US Patent No. 6,207,646; US Patent

No. 6,239,116 and US Patent No. 6,429,199.

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See

Kandimalla, et al., "Toll-like receptor 9: modulation of recognition and cytokine induction by

novel synthetic CpG DNAs", Biochemical Society Transactions (2003) 31 (part 654-658. The

CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A ODN, or

it may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B

0 ODNs are discussed in Blackwell, et al., "CpG-A-Induced Monocyte IFN-gamma-Inducible

Production is Regulated by Plasmacytoid Dendritic Cell Derived IFN-alpha", J.

Immunol. (2003) 170(8):4061-4068; Krieg, "From A to Z on CpG", TRENDS in Immunology

(2002) 23(2): 64-65 and WO 01/95935. Preferably, the CpG is a CpG-A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for

receptor recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3'
ends to form "immunomers". See, for example, Kandimalla, et al., "Secondary structures in CpG

oligonucleotides affect immunostimulatory activity", BBRC (2003) 306:948-953; Kandimalla, et
al., "Toll-like receptor 9: modulation of recognition and cytokine induction by novel synthetic

GpG DNAs", Biochemical Society Transactions (2003) 31(part 3):664-658; Bhagat et al., "CpG
;0 penta- and hexadeoxyribonucleotides as potent immunomodulatory agents" BBRC (2003)

300:853-861 and WO 03/035836.

ADP-ribosylating toxins and detoxified derivatives thereof

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as

adjuvants in the invention. Preferably, the protein is derived from E. coli E. coli heat labile

enterotoxin cholera or pertussis The use of detoxified ADP-ribosylating

toxins as mucosal adjuvants is described in WO 95/17211 and as parenteral adjuvants in WO
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98/42375. Preferably, the adjuvant is a detoxified LT mutant such as LT-K63, LT-R72, and
LTR192G. The use of ADP-ribosylating toxins and detoxified derivaties thereof, particularly
LT-K63 and LT-R72, as adjuvants can be found in the following references, each of which is
specifically incorporated by reference herein in their entirety: Beignon, et al., "The LTR72
Mutant of Heat-Labile Enterotoxin of Escherichia coli Enahnces the Ability of Peptide Antigens
to Elicit CD4+ T Cells and Secrete Gamma Interferon after Coapplication onto Bare Skin",
Infection and Immunity (2002) 70(6):3012-3019; Pizza, et al., "Mucosal vaccines: non-toxic
derivatives of LT and CT as mucosal adjuvants", Vaccine (2001) 19:2534-2541; Pizza, et al.,
"LTK63 and LTR72, two mucosal adjuvants ready for clinical trials" Int. J. Med. Microbiol

0 (2000) 290(4-5):455-461; Scharton-Kersten et al., "Transcutaneous Immunization with Bacterial
ADP-Ribosylating Exotoxins, Subunits and Unrelated Adjuvants", Infection and Immunity
(2000) 68(9):5306-5313; Ryan et al., "Mutants of Escherichia coli Heat-Labile Toxin Act as
Effective Mucosal Adjuvants for Nasal Delivery of an Acellular Pertussis Vaccine: Differential
Effects of the Nontoxic AB Complex and Enzyme Activity on Thl and Th2 Cells" Infection and
Immunity (1999) 67(12):6270-6280; Partidos et al., "Heat-labile enterotoxin of Escherichia coli
and its site-directed mutant LTK63 enhance the proliferative and cytotoxic T-cell responses to
intranasally co-immunized synthetic peptides", Immunol. Lett. (1999) 67(3):209-216; Peppoloni
et al., "Mutants of the Escherichia coli heat-labile enterotoxin as safe and strong adjuvants for
intranasal delivery of vaccines", Vaccines (2003) 2(2):285-293; and Pine et al., (2002)
"Intranasal immunization with influenza vaccine and a detoxified mutant of heat labile
enterotoxin from Escherichia coli (LTK63)" J. Control Release (2002) 85(1-3):263-270.
Numerical reference for amino acid substitutions is preferably based on the alignments of the A
and B subunits of ADP-ribosylating toxins set forth in Domenighini et al., Mol. Microbiol
(1995) 15(6):1165-1167, specifically incorporated herein by reference in its entirety.
E. Human Immunomodulators

Human immunomodulators suitable for use as adjuvants in the invention include cytokines,
such as interleukins IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.), interferons (e.g.
interferon-y), macrophage colony stimulating factor, and tumor necrosis factor.
F. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable
bioadhesives include esterified hyaluronic acid microspheres (Singh et al. (2001) J. Cont. Rele.
70:267-276) or mucoadhesives such as cross-linked derivatives of poly(acrylic acid), polyvinyl
alcohol, polyvinyl pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and
derivatives thereof may also be used as adjuvants in the invention. WO99/27960.

-167-



WO 2004/092360 PCT/US2004/011710

G. Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles a
particle of -100nm to -150pm in diameter, more preferably -200nm to -30 Om in diameter, and
most preferably -500nm to -10pm in diameter) formed from materials that are biodegradable
and non-toxic a poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a
polyanhydride, a polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred,
optionally treated to have a negatively-charged surface with SDS) or a positively-charged
surface with a cationic detergent, such as CTAB).

H. Liposomes

.0 Examples of liposome formulations suitable for use as adjuvants are described in US
Patent No. 6,090,406, US Patent No. 5,916,588, and EP 0 626 169.
I. Polyoxyethylene ether and Polvoxvethvlene Ester Formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and
polyoxyethylene esters. W099/52549. Such formulations further include polyoxyethylene
sorbitan ester surfactants in combination with an octoxynol (WOO1/21207) as well as
polyoxyethylene alkyl ethers or ester surfactants in combination with at least one additional non-
ionic surfactant such as an octoxynol (WOO1/21152).

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-
9-lauryl ether (laureth polyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether,
polyoxyethylene-4-lauryl ether, polyoxyethylene-35-Ilauryl ether, and polyoxyethylene-23-lauryl
ether.

J. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in Andrianov et al., "Preparation of
hydrogel microspheres by coacervation of aqueous polyphophazene solutions", Biomaterials
(1998) 19(1-3):109-115 and Payne et al., "Protein Release from Polyphosphazene Matrices",
Adv. Drug. Delivery Review (1998) 31(3):185-196.

K. Muramvl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-
acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nolruramyl-L-alanyl-D-
isoglutamine (nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutainy -L-alanine-2-(1'-2'-
dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE).
L. Imidazoquinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention
include Imiquamod and its homologues, described further in Stanley, "Imiquimod and the
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imidazoquinolones: mechanism of action and therapeutic potential" Clin Exp Dermatol (2002)
27(7):571-577 and Jones, "Resiquimod 3M", Curr Opin Investig Drugs (2003) 4(2):214-218.

M. Virosomes and Virus Like Particles (VLPs)

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention.
These structures generally contain one or more proteins from a virus optionally combined or
formulated with a phospholipid. They are generally non-pathogenic, non-replicating and
generally do not contain any of the native viral genome. The viral proteins may be recombinantly
produced or isolated from whole viruses. These viral proteins suitable for use in virosomes or
VLPs include proteins derived from influenza virus (such as HA or NA), Hepatitis B virus (such
as core or capsid proteins), Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-
Mouth Disease virus, Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages,
QB-phage (such as coat proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as
retrotransposon Ty protein pl). VLPs are discussed further in WO 03/024480, WO 03/024481,
and Niikura et al., "Chimeric Recombinant Hepatitis E Virus-Like Particles as an Oral Vaccine
Vehicle Presenting Foreign Epitopes", Virology (2002) 293:273-280; Lenz et al.,

"Papillomarivurs-Like Particles Induce Acute Activation of Dendritic Cells", Journal of
Immunology (2001) 5246-5355; Pinto, et al., "Cellular Immune Responses to Human

Papillomavirus (HPV)-16 L Healthy Volunteers Immunized with Recombinant HPV-16 L1
Virus-Like Particles", Journal of Infectious Diseases (2003) 188:327-338; and Gerber et al.,

0 "Human Papillomavrisu Virus-Like Particles Are Efficient Oral Immunogens-when

Coadministered with Escherichia coli Heat-Labile Entertoxin Mutant R192G or CpG", Journal
of Virology (2001) 75(10):4752-4760. Virosomes are discussed further in, for example, Gluck
et al., "New Technology Platforms in the Development of Vaccines for the Future", Vaccine
(2002) 20:B10 -B16.

The invention may also comprise combinations of aspects of one or more of the adjuvants
identified above. For example, the following adjuvant compositions may be used in the
invention:

a saponin and an oil-in-water emulsion (WO99/11241);

a saponin QS21) a non-toxic LPS derivative 3dMPL) (see WO

0 94/00153);

a saponin QS21) a non-toxic LPS derivative 3dMPL) a cholesterol;

a saponin QS21) 3dMPL IL-12 (optionally a sterol) (WO98/57659);

combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (See
European patent applications 0835318, 0735898 and 0761231);
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SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer L121,
and thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger
particle size emulsion.

RibiTM adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2%
Tween 80, and one or more bacterial cell wall components from the group consisting of
monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS),
preferably MPL CWS (DetoxTM); and

one or more mineral salts (such as an aluminum salt) a non-toxic derivative of LPS
(such as 3dPML).

Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant
bacterial toxins are preferred mucosal adjuvants.

As mentioned above, adjuvants suitable for use in the invention may also include one or
more of the following:

E.coli heat-labile enterotoxin or detoxified mutants thereof, such as the K63 or
R72 mutants;

cholera toxin or detoxified mutants thereof;
microparticles a particle of ~100nm to ~150m in diameter, more preferably

~200nm to ~30lm in diameter, and most preferably ~500nm to -10itm in diameter) formed from
materials that are biodegradable and non-toxic a poly(a-hydroxy acid), a

0 polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a polycaprolactone etc.);
a polyoxyethylene ether or a polyoxyethylene ester (see International patent application

WO 99/52549);

a polyoxyethylene sorbitan ester surfactant in combination with an octoxynol (see
International patent application WO 01/21207) or a polyoxyethylene alkyl ether or ester
surfactant in combination with at least one additional non-ionic surfactant such as an octoxynol
(see International patent application WO 01/21152);

chitosan International patent application WO 99/27960)
an immunostimulatory oligonucleotide a CpG oligonucleotide) and a saponin (see

International patent application WO 00/62800)

immunostimulatory double stranded RNA.

aluminum compounds aluminum hydroxide, aluminum phosphate, aluminum
hydroxyphosphate, oxyhydroxide, orthophosphate, sulfate etc. see chapters 8 9 of
Vaccine design: the subunit and adjuvant aproach, eds. Powell Newman, Plenum Press 1995
(ISBN 0-306-44867-X) (hereinafter "Vaccine design"), or mixtures of different aluminum
compounds, with the compounds taking any suitable form gel, crystalline, amorphous etc.),
and with adsorption being preferred;
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MF59 Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into submicron
particles using a microfluidizer) (see Chapter 10 of Vaccine design; see also International patent
application WO 90/14837);

liposomes (see Chapters 13 and 14 of Vaccine design);

ISCOMs (see Chapter 23 of Vaccine design);

SAF, containing 10% Squalane, 0.4% Tween 80, 5% plurolic-block polymer L121, and
thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger
particle size emulsion (see Chapter 12 of Vaccine design);

RibiTM adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2%
Tween 80, and one or more bacterial cell wall components from the group consisting of
monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS),
preferably MIPL CWS (DetoxTM);

saponin adjuvants, such as QuilA or QS21 (see Chapter 22 of Vaccine design), also
known as StimulonTM;

ISCOMs, which may be devoid of additional detergent (WO 00/07621);
complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA);
cytokines, such as interleukins IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.),

interferons interferon-7), macrophage colony stimulating factor, tumor necrosis factor, etc.
(see Chapters 27 28 of Vaccine design);

0 monophosphoryl lipid A (MPL) or 3-O-deacylated MPL (3dMPL) chapter 21 of'
Vaccine design);

combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions
(European patent applications 0835318, 0735898 and 0761231);

oligonucleotides comprising CpG motifs (see Krieg (2000) Vaccine, 19:618-622; Krieg
(2001) Curr. Opin. Mol. Ther., 2001, 3:15-24; WO 96/02555, WO 98/16247, WO 98/18810, WO
98/40100, WO 98/55495, WO 98/37919 and WO 98/52581, etc.) i.e. containing at least one CG
dinucleotide,

a polyoxyethylene ether or a polyoxyethylene ester (International patent application
W099/52549);

3 a polyoxyethylene sorbitan ester surfactant in combination with an octoxynol
(International patent application WO 01/21207) or a polyoxyethylene alkyl ether or ester
surfactant in combination with at least one additional non-ionic surfactant such as an octoxynol
(WO 01/21152);

an immunostimulatory oligonucleotide a CpG oligonucleotide) and a saponin
(WO00/62800);

-171-



WO 2004/092360 PCT/US2004/011710

an immunostimulant and a particle of metal salt (International patent application
WO00/23105);

a saponin and an oil-in-water emulsion (WO 99/11241);

a saponin QS21) 3dMPL IL-12 (optionally a sterol) (WO 98/57659).
Other adjuvants suitable for mucosal or parenteral administration are also available (e.g.

see chapter 7 of Vaccine design: the subunit and adjuvant aproach, eds. Powell Newman,
Plenum Press 1995 (ISBN 0-306-44867-X).

Mutants of LT are preferred mucosal adjuvants, in particular the "K63" and "R72" mutants
see International patent application WO 98/18928), as these result in an enhanced immune

LO response.

Microparticles are also preferred mucosal adjuvants. These are preferably derived from a
poly(a-hydroxy acid), in particular, from a poly(lactide) a copolymer of D,L-lactide
and glycolide or glycolic acid, such as a poly(D,L-lactide-co-glycolide) ("PLG" or "PLGA"), or
a copolymer of D,L-lactide and caprolactone. The microparticles may be derived from any of
various polymeric starting materials which have a variety of molecular weights and, in the case
of the copolymers such as PLG, a variety of lactide:glycolide ratios, the selection of which will
be largely a matter of choice, depending in part on the coadministered antigen.

The SARS virus (inactivated or attenuated), viral antigens, antibodies or adjuvants of the
invention may be entrapped within the microparticles, or may be adsorbed to them. Entrapment

.0 within PLG microparticles is preferred. PLG microparticles are discussed in further detail in
Morris et al., (1994), Vaccine, 12:5-11, in chapter 13 of Mucosal Vaccines, eds. Kiyono et al.,
Academic Press 1996 (ISBN 012410587), and in chapters 16 18 of Vaccine design: the
subunit and adjuvant aproach, eds. Powell Newman, Plenum Press 1995 (ISBN 0-306-44867-
X).

LT mutants may advantageously be used in combination with microparticle-entrapped
antigen, resulting in significantly enhanced immune responses.

Aluminium compounds and MF59 are preferred adjuvants for parenteral use.
The composition may include an antibiotic.

The immunogenic compositions of the invention may be administered in a single dose, or
3 as part of an administration regime. The regime may include priming and boosting doses, which

may be administered mucosally, parenterally, or various combinations thereof.
The methods of the invention further comprise treating or preventing a SARS virus-related

disease by administering to an animal a composition comprising an effective amount of the
antibodies of the invention. An "effective amount" of the antibodies of the invention is an
amount sufficient to provide passive immunization protection or treatment to the animal.
Preferably, the antibodies of the invention are specific to the SARS viral antigen.
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Methods of treatment may combine both immunogenic compositions and antibody

compositions. Accordingly the invention comprises a method for treating or preventing a SARS

virus-related disease comprising administering an immunogenic composition comprising an

immunologically effective amount of a SARS viral antigen and administering an effective

amount of antibodies specific to SARS viral antigen. The immunogenic composition and the

antibodies may be administered together or separately. The invention further comprises a

composition comprising an immunogenic composition comprising an immunologically effective

amount of a SARS viral antigen and further comprising an effective amount of antibodies

specific to a SARS viral antigen.

The SARS viral antigens and antibodies of the invention may also be administered in

polynucleotide form. The SARS viral antigens and/or antibody proteins are then expressed in

vivo.

The SARS viral antigens and the antibodies of the invention can also be delivered using

one or more gene vectors, administered via nucleic acid immunization or the like using standard

gene delivery protocols. Methods for gene delivery are known in the art. See, US Patent

Nos. 5,399,346, 5,580,859, 5,589,466. The constructs can be delivered injected) either

subcutaneously, epidermally, intradermally, intramuscularly, intravenous, mucosally (such as

nasally, rectally and vaginally), intraperitoneally, orally or combinations thereof. Intramuscular

injection of 25ig plasmid DNA encoding spike antigens, in 200/1 PBS pH 7.4, at weeks 0, 3 and

6, has been described for mice by Yang et al. (2004) Nature 428:561-564.

An exemplary replication-deficient gene delivery vehicle that may be used in the practice

of the present invention is any of the alphavirus vectors, described in, for example, US Patent

Nos. 6,342,372; 6,329,201 and International Publication WO 01/92552.

A number of viral based systems have been developed for gene transfer into mammalian

cells. For example, retroviruses provide a convenient platform for gene delivery systems.

Selected sequences can be inserted into a vector and packaged in retroviral particles using

techniques known in the art. The recombinant virus can then be isolated and delivered to cells of

the subject either in vivo or ex vivo. A number of retroviral systems have been described (US

Patent No. 5,219,740; Miller Rosman, BioTechniques (1989) 7:980-990; Miller, Human

Gene Therapy (1990) 1:5-14; Scarpa et al., Virology (1991) 180:849-852; Burs et al., Proc.

Natl. Acad. Sci. USA (1993) 90:8033-8037; and Boris-Lawrie Temin, Cur. Opin. Genet.

Develop. (1993) 3:102-109.

A number of adenovirus vectors have also been described. Unlike retroviruses which

integrate into the host genome, adenoviruses persist extrachromosomally thus minimizing the

risks associated with insertional mutagenesis (Haj-Ahmad and Graham, J. Virol. (1986) 57:267-

274; Bett et al., J. Virol. (1993) 67:5911-5921; Mittereder et al., Human Gene Therapy (1994)
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5:717-729; Seth et al., J. Virol. (1994) 68:933-940; Barr et al., Gene Therapy (1994) 1:51-58;

Berkner, K.L. BioTechniques (1988) 6:616-629; and Rich et al., Human Gene Therapy (1993)

4:461-476). Adenoviral delivery of codon-optimsed versions of the genes encoding SARS

coronavirus structural antigens spike S1, membrane protein and nucleocapsid protein has been
investigated in rhesus macaques and found to invoke a strong neutralizing antibody response

(Gao et al. (2003) Lancet 362(9399):1895-1896).

Additionally, various adeno-associated virus (AAV) vector systems have been developed

for gene delivery. AAV vectors can be readily constructed using techniques well known in the

art. See, US Patent Nos. 5,173,414 and 5,139,941; International Publication Nos. WO

92/01070 (published 23 January 1992) and WO 93/03769 (published 4 March 1993); Lebkowski

et al., Molec. Cell. Biol. (1988) 8:3988-3996; Vincent et al., Vaccines 90 (1990) (Cold Spring

Harbor Laboratory Press); Carter, B.J. Current Opinion in Biotechnology (1992) 3:533-539;
Muzyczka, N. Current Topics in Microbiol. and Immunol. (1992) 158:97-129; Kotin, R.M.

Human Gene Therapy (1994) 5:793-801; Shelling and Smith, Gene Therapy (1994) 1:165-169;

and Zhou et al., J. Exp. Med. (1994) 179:1867-1875.

Another vector system useful for delivering polynucleotides, mucosally and otherwise, is

the enterically administered recombinant poxvirus vaccines described by Small, Jr., et al.

(US Patent No. 5,676,950, issued October 14, 1997, herein incorporated by reference) as well as

the vaccinia virus and avian poxviruses. By way of example, vaccinia virus recombinants

'0 expressing the genes can be constructed as follows. The DNA encoding the SARS antigen or
antibody or antibody coding sequence is first inserted into an appropriate vector so that it is
adjacent to a vaccinia promoter and flanking vaccinia DNA sequences, such as the sequence

encoding thymidine kinase This vector is then used to transfect cells that are

simultaneously infected with vaccinia. Homologous recombination serves to insert the vaccinia
promoter plus the gene encoding the coding sequences of interest into the viral genome. The

resulting TKrecombinant can be selected by culturing the cells in the presence of 

bromodeoxyuridine and picking viral plaques resistant thereto.

Alternatively, avipoxviruses, such as the fowlpox and canarypox viruses, can also be used

to deliver genes encoding the SARS viral antigens or antibodies of the invention. Recombinant

,0 avipox viruses, expressing immunogens from mammalian pathogens, are known to confer
protective immunity when administered to non-avian species. The use of an avipox vector is
particularly desirable in human and other mammalian species since members of the avipox genus

can only productively replicate in susceptible avian species and therefore are not infective in

mammalian cells. Methods for producing recombinant avipoxviruses are known in the art and
employ genetic recombination, as described above with respect to the production of vaccinia
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viruses. See, WO 91/12882; WO 89/03429; and WO 92/03545. Picornavirus-derived

vectors can also be used. (See, US Patent Nos. 5,614,413 and 6,063,384).

Molecular conjugate vectors, such as the adenovirus chimeric vectors described in Michael

et al., J. Biol. Chem. (1993) 268:6866-6869 and Wagner et al., Proc. Natl. Acad. Sci. USA

(1992) 89:6099-6103, can also be used for gene delivery.

A vaccinia based infection/transfection system can be conveniently used to provide for

inducible, transient expression of the coding sequences of interest (for example, a SARS viral

antigen or antibody expression cassette) in a host cell. In this system, cells are first infected in

vitro with a vaccinia virus recombinant that encodes the bacteriophage T7 RNA polymerase.

This polymerase displays exquisite specificity in that it only transcribes templates bearing T7

promoters. Following infection, cells are transfected with the polynucleotide of interest, driven

by a T7 promoter. The polymerase expressed in the cytoplasm from the vaccinia virus

recombinant transcribes the transfected DNA into RNA that is then translated into protein by the

host translational machinery. The method provides for high level, transient, cytoplasmic

production of large quantities of RNA and its translation products. See, Elroy-Stein and

Moss, Proc. Natl. Acad. Sci. USA (1990) 87:6743-6747; Fuerst et al., Proc. Natl. Acad. Sci. USA

(1986) 83:8122-8126.

As an alternative approach to infection with vaccinia or avipox virus recombinants, or to

the delivery of genes using other viral vectors, an amplification system can be used that will lead

to high level expression following introduction into host cells. Specifically, a T7 RNA

polymerase promoter preceding the coding region for T7 RNA polymerase can be engineered.

Translation of RNA derived from this template will generate T7 RNA polymerase that in turn

will transcribe more template. Concomitantly, there will be a cDNA whose expression is under

the control of the T7 promoter. Thus, some of the T7 RNA polymerase generated from

translation of the amplification template RNA will lead to transcription of the desired gene.

Because some T7 RNA polymerase is required to initiate the amplification, T7 RNA polymerase

can be introduced into cells along with the template(s) to prime the transcription reaction. The

polymerase can be introduced as a protein or on a plasmid encoding the RNA polymerase. For a

further discussion of T7 systems and their use for transforming cells, see, International

;0 Publication No. WO 94/26911; Studier and Moffatt, J. Mol. Biol. (1986) 189:113-130; Deng and

Wolff, Gene (1994) 143:245-249; Gao et al., Biochem. Biophys. Res. Commun. (1994)

200:1201-1206; Gao and Huang, Nuc. Acids Res. (1993) 21:2867-2872; Chen et al., Nuc. Acids

Res. (1994) 22:2114-2120; and US Patent No. 5,135,855.

The immunogenic compositions of the invention may further comprise diluents, such as

water, saline, glycerol, ethanol, etc. Additionally, auxiliary substances, such as wetting or
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emulsifying agents, pH buffering substances, and the like may be included in the immunogenic
composition.

The immunogenic compositions used in the invention can be administered to an animal.
Animals suitable for use in the methods of the invention include humans and other primates,
including non-human primates such as chimpanzees, and other apes and monkey species; farm
animals such as cattle, sheep, pigs, goats and horses, domestic animals such as dogs and cats;
laboratory animals including rodents such as mice, rats and guinea pigs; birds, including
domestic, wild and game birds such as chickens, turkeys and other gallinaceous birds, ducks,
geese and the like. Animals suitable for use in the invention can be of any age, including both

[0 adult and newborn. Transgenic animals can also be used in the invention.
The immunogenic compositions of the invention can be used to treat or prevent SARS

virus-related diseases.

The compositions of the invention are preferably pharmaceutically acceptable and
pharmacologically acceptable. In particularly, the compositions are preferably not biologically
or otherwise undesirable, the material may be administered to an individual in a formulation
or composition without causing any undesirable biological effects or interacting in a deleterious
manner with any of the components of the composition in which it is contained.

Pharmaceutically acceptable salts can also be used in compositions of the invention, for
example, mineral salts such as hydrochlorides, hydrobromides, phosphates, or sulfates, as well as

0 salts of organic acids such as acetates, proprionates, malonates, or benzoates. Especially useful
protein substrates are serum albumins, keyhole limpet hemocyanin, immunoglobulin molecules,
thyroglobulin, ovalbumin, tetanus toxoid, and other proteins well known to those of skill in the
art. Compositions of the invention can also contain liquids or excipients, such as water, saline,
glycerol, dextrose, ethanol, or the like, singly or in combination, as well as substances such as
wetting agents, emulsifying agents, or pH buffering agents. Liposomes can also be used as a
carrier for a composition of the invention.

SARS specific reagents and analytical assays may be used in the manufacture and testing
of the vaccines of the invention. Such analytical assays include, for example: 1) virus titration
and plaque assays for quantitation of infectious virus particles, 2) a neutralization assay with
constant virus and varying serum dilutions, 3) a two step RT-PCR system (Light Cycler-Roche)
for detection of negative strand viral RNA, with the target sequence located within the N gene,
providing highest possible sensitivity, and 4) ELISA and western blot assays for detection and
qualification of viral proteins.

In addition, rabbit polyclonal antiserum has been generated to obtain antibody reagents
(and demonstrate induction of neutralizing antibodies) against the SARS-CoV. A sample
protocol for generating such reagents is set forth below. The virus is first cultivated in suitable
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cell culture, such as Vero cells, and pelleted through a 20% sucrose cushion. The pellet is
then subjected to a glycerol potassium-tartrate gradient for further purification. The virus-
containing fraction is then diluted and pelleted by ultracentrifugation. The pellet is then
dissolved in PBS and the virus is inactivated with C3I 40 2 (beta-propiolactone, BPL). Two
rabbits are immunized subcutaneously (SC) on day 0, 14, and 28 with 1xl0 9 inactivated viral
particles mixed with IFA as adjuvant. Rabbits are bled on days 0 (pre-inoculation), 13, 28, and

(1 week after 3rd immunization). Sera obtained from this protocol were tested for their
reactivity against SARS-CoV proteins in western blots and found to react with the major
structural proteins spike membrane and nucleocapsid 

[0 J. Emerging coronavirus vaccines

The SARS epidemic has lead to increased awareness of viral infections caused by
coronaviruses. The vaccines of the invention may be adapted to prevent or treat emerging strains
of coronavirus, including emerging strains of SARS virus.

The invention provides a vaccine comprising an inactivated (or killed) human coronavirus,
an attenuated human coronavirus, a split human coronavirus preparation, or a recombinant or
purified subunit formulation of one or more antigens from a human coronavirus, wherein the
human coronavirus is not the SARS coronavirus. Optionally, the human coronavirus is not the
229E coronavirus. Optionally, the human coronavirus is not the OC43 coronavirus. Optionally,
the human coronavirus is not the NL63 coronavirus. Thus the invention provides a vaccine as

0 defined above, wherein the human coronavirus is not the SARS coronavirus, is not the 229E
coronavirus, is not the OC43 coronavirus and is not the NL63 coronavirus. Such vaccines are
useful for preventing and/or treating emerging human coronavirus infections.

The invention also provides a vaccine comprising: an inactivated (or killed) human
coronavirus, an attenuated human coronavirus, a split human coronavirus preparation, or a
recombinant or purified subunit formulation of one or more antigens from a human coronavirus,
wherein the human coronavirus is not the SARS coronavirus, as defined above; and an
inactivated (or killed) human coronavirus, an attenuated human coronavirus, a split human
coronavirus preparation, or a recombinant or purified subunit formulation of one or more
antigens from a human coronavirus, wherein the human coronavirus is the SARS coronavirus.
Such vaccines are useful for preventing and/or treating both SARS and other human
coronaviruses.

As well as providing vaccines comprising antigens from more than one type of
coronavirus, the invention also provides vaccines comprising antigens from more than one strain
of the same coronavirus e.g. different strains of the SARS coronavirus, or different strains of a
coronavirus other than the SARS coronavirus. In one embodiment, the vaccine comprises
antigens from at least two strains of coronavirus, or at least three strains of coronavirus. In one
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embodiment, the vaccine comprises antigens from at least two types of coronavirus. In one
embodiment, the vaccine comprises at least one antigen from each of the known types of
coronaviruses (type I, type II and type Im). Such vaccines follow the model of current influenza
vaccines.

The selection of coronaviruses and/or coronavirus strains for use in vaccines of the
invention can be based on various criteria. For instance, selection may be based on viruses and/or
strains that have been detected in the geographical region northern or southern hemisphere,
a particular country, etc.) where the vaccine targeted. Selection may be based on the results of
animal surveillance e.g. of viruses detected in cat populations. Selection may be based on the

LO0 results of clinical surveillance e.g. of viruses detected in patients hospitalized with respiratory
infection. Selection may be performed every year e.g. prior to winter. Vaccines may also be
administered yearly, again following the model of current influenza vaccines.

Preferred vaccines are sufficiently immunogenic to provide a neutralizing immune
response, and more preferably a protective and/or therapeutic immune response. Particularly
preferred vaccines mcct the efficacy requirements that may be specified by the WHO from time
to time.

A preferred subunit antigen for inclusion in vaccines of the invention is a purified spike
protein, more preferably in oligomeric trimeric) form. The spike protein may or my not be
cleaved e.g. into its S and S2 products.

0 The techniques disclosed above for selecting viruses and/or strains for production of
vaccines can also be used to select appropriate viruses and/or strains from which HR1 and HR2
sequences can be obtained for providing therapeutic peptides, as disclosed above.

III. DIAGNOSTIC COMPOSITIONS AND METHODS OF THE INVENTION

The invention provides methods for detecting the SARS coronavirus. Detection in patient
samples can be used to detect and diagnose infections by the virus. Detection in donated blood
can be used to prevent inadvertent transmission of the virus during blood transplant procedures
Detection methods fall into three main categories: detection of SARS virus nucleic acids;
detection of SARS virus proteins; and detection of anti-SARS virus immune responses. The
invention provides all such methods.

3 As used herein when referring to nucleotide sequences, particularly oligonucleotide probes
and primers, "similar" sequences includes those sequences that are at least 90% identical to
known SARSV genomic sequence and includes sequences that are at least 95 identical, at
least 99% identical and 100% identical to the SARSV genomic sequence over the length of the
probe or primer.
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As used herein, the term "target nucleic acid region" or "target nucleic acid" denotes a
nucleic acid molecule with a "target sequence" to be amplified. The target nucleic acid may be
either single-stranded or double-stranded and may include other sequences besides the target
sequence, which may not be amplified. The term "target sequence" refers to the particular
nucleotide sequence of the target nucleic acid which is to be amplified. The target sequence may
include a probe-hybridizing region contained within the target molecule with which a probe will
form a stable hybrid under desired conditions. The "target sequence" may also include the
complexing sequences to which the oligonucleotide primers complex and be extended using the
target sequence as a template. Where the target nucleic acid is originally single-stranded, the
term "target sequence" also refers to the sequence complementary to the "target sequence" as
present in the target nucleic acid. If the "target nucleic acid" is originally double-stranded, the
term "target sequence" refers to both the plus and minus strands.

The term "primer" or "oligonucleotide primer" as used herein, refers to an oligonucleotide
which acts to initiate synthesis of a complementary DNA strand when placed under conditions in
which synthesis of a primer extension product is induced i.e. in the presence of nucleotides and a
polymerization-inducing agent such as a DNA or RNA polymerase and at suitable temperature,
pH, metal concentration, and salt concentration. The primer is preferably single-stranded for
maximum efficiency in amplification, but may alternatively be double-stranded. If double-
stranded, the primer is first treated to separate its strands before being used to prepare extension

0 products. This denaturation step is typically effected by heat, but may alternatively be carried
out using alkali, followed by neutralization. Thus, a "primer" is complementary to a template,
and complexes by hydrogen bonding or hybridization with the template to give a primer/template
complex for initiation of synthesis by a polymerase, which is extended by the addition of
covalently bonded bases linked at its 3' end complementary to the template in the process of
DNA synthesis.

As used herein, the term "probe" or "oligonucleotide probe" refers to a structure comprised
of a polynucleotide, as defined above, that contains a nucleic acid sequence complementary to a
nucleic acid sequence present in the target nucleic acid analyte. The polynucleotide regions of
probes may be composed of DNA, and/or RNA, and/or synthetic nucleotide analogs. When an
"oligonucleotide probe" is to be used in a 5' nuclease assay, such as the TaqManTM technique, the
probe will contain at least one fluorescer and at least one quencher which is digested by the 
endonuclease activity of a polymerase used in the reaction in order to detect any amplified target
oligonucleotide sequences. In this context, the oligonucleotide probe will have a sufficient
number of phosphodiester linkages adjacent to its 5' end so that the 5' to 3' nuclease activity
employed can efficiently degrade the bound probe to separate the fluorescers and quenchers.
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When an oligonucleotide probe is used in the TMA technique, it will be suitably labeled, as

described below.

It will be appreciated that the hybridizing sequences need not have perfect

complementarity to provide stable hybrids. In many situations, stable hybrids will form where

fewer than about 10% of the bases are mismatches, ignoring loops of four or more nucleotides.

Accordingly, as used herein the term "complementary" refers to an oligonucleotide that forms a

stable duplex with its "complement" under assay conditions, generally where there is about 

or greater homology.

The terms "hybridize" and "hybridization" refer to the formation of complexes between

nucleotide sequences which are sufficiently complementary to form complexes via Watson-Crick

base pairing. Where a primer "hybridizes" with target (template), such complexes (or hybrids)

are sufficiently stable to serve the priming function required by e.g. the DNA polymerase to

initiate DNA synthesis.

Stringent hybridization conditions will typically include salt concentrations of less than

about 1 M, more usually less than about 500 mM and preferably less than about 200 mM.

Hybridization temperatures can be as low as 5°C, but are typically greater than 22°C, more

typically greater than about 30'C, and preferably in excess of about 37°C. Longer fragments

may require higher hybridization temperatures for specific hybridization. Other factors may

affect the stringency of hybridization, including base composition and length of the

complementary strands, presence of organic solvents and extent of base mismatching, and the

combination of parameters used is more important than the absolute measure of any one alone.

Other hybridization conditions which may be controlled include buffer type and concentration,

solution pH, presence and concentration of blocking reagents to decrease background binding

such as repeat sequences or blocking protein solutions, detergent type(s) and concentrations,

molecules such as polymers which increase the relative concentration of the polynucleotides,

metal ion(s) and their concentration(s), chelator(s) and their concentrations, and other conditions

known in the art. Less stringent, and/or more physiological, hybridization conditions are used

where a labeled polynucleotide amplification product cycles on and off a substrate linked to a

complementary probe polynucleotide during a real-time assay which is monitored during PCR

amplification such as a molecular beacon assay. Such less stringent hybridization conditions can

also comprise solution conditions effective for other aspects of the method, for example reverse

transcription or PCR.

As used herein, a "biological sample" refers to a sample of tissue, cells or fluid isolated

from a subject, that commonly includes antibodies produced by the subject. Typical samples

include but are not limited to, blood, plasma, serum, fecal matter, urine, bone marrow, bile,

spinal fluid, lymph fluid, samples of the skin, secretions of the skin, respiratory, intestinal, and
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genitourinary tracts, tears, saliva, sputum, mucous, milk, blood cells, organs, tissues, biopsies
lung, liver, kidney) and also samples of in vitro cell culture constituents including but not

limited to conditioned media resulting from the growth of cells and tissues in culture medium
e.g. recombinant cells, and cell components. Other samples that may be used for diagnosis
include stool samples and nasopharyngeal aspirates.

The term "antibody" encompasses polyclonal and monoclonal antibody preparations, as
well as preparations including hybrid antibodies, altered antibodies, chimeric antibodies and,
humanized antibodies, as well as: hybrid (chimeric) antibody molecules (see, for example,
Winter et al. (1991) Nature 349:293-299; and US Patent 4,816,567); F(ab') 2 and F(ab)
fragments; Fv molecules (noncovalent heterodimers, see, for example, Inbar et al. (1972) Proc
Natl Acad Sci USA 69:2659-2662; and Ehrlich et al. (1980) Biochem 19:4091-4096);
single-chain Fv molecules (sFv) (see, Huston et al. (1988) Proc Natl Acad Sci USA
85:5879-5883); oligobodies; dimeric and trimeric antibody fragment constructs; minibodies (see,

Pack et al. (1992) Biochem 3 1:15 7 9-1584;.Cumber et al. (1992) J Immunology
149B:120-126); humanized antibody molecules (see, Riechmann et al. (1988) Nature
332:323-327; Verhoeyan et al. (1988) Science 239:1534-1536; and UK Patent Publication No.
GB 2,276,169, published 21 September 1994); and, any functional fragments obtained from such
molecules, wherein such fragments retain specific-binding properties of the parent antibody
molecule.

0 As used herein, the term "monoclonal antibody" refers to an antibody composition having
a homogeneous antibody population. The term is not limited regarding the species or source of
the antibody, nor is it intended to be limited by the manner in which it is made. The term
encompasses whole immunoglobulins.

Methods of making polyclonal and monoclonal antibodies are known in the art. Polyclonal
antibodies are generated by immunizing a suitable animal, such as a mouse, rat, rabbit, sheep or
goat, with an antigen of interest. In order to enhance immunogenicity, the antigen can be linked
to a carrier prior to immunization. Suitable carriers are typically large, slowly metabolized
macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, lipid aggregates (such as oil droplets or
liposomes), and inactive virus particles. Such carriers are well known to those of ordinary skill in
the art. Furthermore, the antigen may be conjugated to a bacterial toxoid, such as toxoid from
diphtheria, tetanus, cholera, etc., in order to enhance the immunogenicity thereof.

Rabbits, sheep and goats are preferred for the preparation of polyclonal sera when large
volumes of sera are desired. These animals are good design choices also because of the

i availability of labeled anti-rabbit, anti-sheep and anti-goat antibodies. Immunization is generally
performed by mixing or emulsifying the antigen in saline, preferably in an adjuvant such as
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Freund's complete adjuvant and injecting the mixture or emulsion parenterally
(generally subcutaneously or intramuscularly). The animal is generally boosted 2-6 weeks later
with one or more injections of the antigen in saline, preferably using Freund's incomplete
adjuvant Antibodies may also be generated by in vitro immunization, using methods
known in the art. Polyclonal antisera is then obtained from the immunized animal.

Monoclonal antibodies are generally prepared using the method of Kohler Milstein
(1975) Nature 256:495-497, or a modification thereof, as described above.

Nucleic acid detection methods

There are many well known methods of amplifying targeted sequences, such as the
polymerase chain reaction (PCR), reverse transcription PCR (RT-PCR), the ligase chain reaction
(LCR), the strand displacement amplification (SDA), and the nucleic acid sequence-based
amplification (NASBA), transcription-mediated amplification (TMA) to name a few. These
methods are described generally in the following references: (PCR) US Patents 4,683,195,
4,683,202, and 4,800,159; (RT-PCR) US patent 5,310,652, 5,322,770; (LCR) EP Application
No., 320,308 published Jun. 14, 1989; (SDA) US Pat. Nos. 5,270,184, and 5,455,166 and
"Empirical Aspects of Strand Displacement Amplification" by G. T. Walker in PCR Methods
and Applications, 3(1):1-6 (1993), Cold Spring Harbor Laboratory Press; (TMA) US Patent No.
5,399,491, and (NASBA) "Nucleic Acid Sequence-Based Amplification (NASBAM)" by L.
Malek et al., Ch. 36 in Methods in Molecular Biology, Vol. 28: Protocols for Nucleic Acid

0 Analysis by Nonradioactive Probes, 1994 Ed. P. G. Isaac, Humana Press, Inc., Totowa, N.J. PCR
methods may include variations that permit quantitation of the target sequence, for example, by
real time PCR analysis as described in US patents 5,210,015, 5,487,972, 5,994,056,
6,171,785 inter alia). (Each of the above references are hereby incorporated by reference).

One embodiment of the method of the invention for detecting the presence of SARS virus
in a sample comprises providing a sample suspected of containing a SARS virus nucleic acid
target, amplifying a template sequence contained within said SARS virus nucleic acid target by
any known technique of nucleic acid amplification, including any of those mentioned herein,
using the oligonucleotide primers described herein, particularly those primers comprising the kits
described herein, and detecting the amplified template sequence, wherein the presence of the

3 amplified template sequence indicates the presence of SARS virus in said sample.
Amplification techniques generally involve the use of two primers. Where a target

sequence is single-stranded, the techniques generally involve a preliminary step in which a
complementary strand is made in order to give a double-stranded target. The two primers
hybridize to different strands of the double-stranded target and are then extended. The extended
products can serve as targets for further rounds of hybridization/extension. The net effect is to
amplify a template sequence within the target, the 5' and 3' termini of the template being defined
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by the locations of the two primers in the target. As an alternative, if one or both of the primers
contains a promoter sequence then the target can be amplified (by transcription) using a RNA
polymerase (as in TMA).

The present invention provides methods and kits for amplifying and/or detecting a template
or target sequence in the SARSV viral nucleic acid. The invention provides a kit comprising
primers for amplifying a template sequence contained within a SARSV nucleic acid target, the
kit comprising a first primer and a second primer, wherein the first primer comprises a sequence
substantially complementary to a portion of said template sequence and the second primer
comprises a sequence substantially complementary to a.portion of the complement of said

.0 template sequence, wherein the sequences within said primers which have substantial
complementarity define the termini of the template sequence to be amplified.

Kits of the invention may further comprise a probe which is substantially complementary
to the template sequence and/or to its complement and which can hybridize thereto. This probe
can be used in a hybridization technique to detect amplified template, or to isolate "capture)
the amplified template or the original target nucleic acid.

Kits of the invention may further comprise primers and/or probes for generating and
detecting an internal standard, in order to aid quantitative measurements (e.g Fille et al. 1997
Biotechniques 23:34-36).

Kits of the invention may further comprise a DNA polymerase, which will generally be a
3 thermostable DNA polymerase where a non-isothermal amplification process is to be used. The

kits may also comprise supplies of dNTPs, a magnesium salt MgC12), buffer solutions, etc.
Kits of the invention may comprise more than one pair of primers for nested

amplification), and one primer may be common to more than one primer pair. The kit may also
comprise more than one probe.

I Oligomer Probes and Primers

In connection with the nucleic acid detection methods of the present invention described
above, oligomers having sequence similarity, or complementarity, to the SARSV genome are
useful. The SARSV genome sequences mentioned herein may be used to produce probes and
primers which can be used in assays for the detection of nucleic acids in test samples. The probes
may be designed from conserved nucleotide regions of the polynucleotides of interest or from
non-conserved nucleotide regions of the polynucleotide of interest. The design of such probes for
optimization in assays is within the skill of those of ordinary skill in the art. Generally, nucleic
acid probes are developed from non-conserved or unique regions when maximum specificity is
desired, and nucleic acid probes are developed from conserved regions when assaying for
nucleotide regions that are closely related to, for example, different members of a multi-gene
family or in related species like mouse and man.
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Using as a basis the SARSV genome which can be found as described herein, and/or
preferably conserved regions of the SARSV genome, and/or the particularly described primer
and probe sequences as disclosed herein, oligomers of approximately 8 nucleotides or more can
be prepared which hybridize with the positive strand(s) of SARSV RNA or its complement, as
well as to SARSV cDNAs. These oligomers can serve as probes for the detection (including
isolation and/or labeling) of polynucleotides which contain SARSV nucleotide sequences, and/or
as primers for the transcription and/or replication of targeted SARSV sequences. The oligomers
contain a targeting polynucleotide sequence, which is comprised of nucleotides which are
complementary to a target SARSV nucleotide sequence; the sequence is of sufficient length and
complementarity with the SARSV sequence to form a duplex which has sufficient stability for
the purpose intended. For example, if the purpose is the isolation, via immobilization, of an
analyte containing a target SARSV sequence, the oligomers would contain a polynucleotide
region which is of sufficient length and complementarity to the targeted SARSV sequence to
afford sufficient duplex stability to immobilize the analyte on a solid surface, via its binding to
the oligomers, under the isolation conditions. For example, also, if the oligomers are to serve as
primers for the transcription and/or replication of target SARSV sequences in an analyte
polynucleotide, the oligomers would contain a polynucleotide region of sufficient length and
complementarity to the targeted SARSV sequence to allow the polymerizing agent to continue
replication from the primers which are in stable duplex form with the target sequence, under the

0 polymerizing conditions. For example, also, if the oligomers are to be used as label probes, or
are to bind to multimers, the targeting polynucleotide region would be of sufficient length and
complementarity to form stable hybrid duplex structures with the label probes and/or multimers
to allow detection of the duplex. The oligomers may contain a minimum of about 4 contiguous
nucleotides which are complementary to targeted SARSV sequence; usually the oligomers will
contain a minimum of about 8 contiguous nucleotides which are complementary to the targeted
SARSV sequence, and preferably will contain a minimum of about 14, 15, 16, 17, 18, 19, 20,21,
22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous nucleotides and up to about 50, 75, 100, 200
contiguous nucleotides or more, which are complementary to the targeted SARSV sequence.

Typically, for use in the amplification based methods (for example, PCR, RT-PCR, TMA)
0 oligomers will be used as primer sets such that one member of the primer set has sequence

similarity or complementarity to a more conserved (among coronaviruses) portion of the SARSV
genome and the other member of the primer set has sequence similarity or complementarity to a
less conserved portion. The primer sets can be used to amplify the target region in ways that are
well known in the art. Typically, the 5' untranslated region (5'UTR) and the 3' untranslated

region (3'UTR) are among the most conserved regions. Figure 8 shows an alignment of the
of several coronaviruses. Figure 10 shows an alignment of the 3'UTR of several
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coronaviruses. Figures 9 and 11 show the sequences of preferred primers for amplification of the
and 3'UTR, respectively. Other primers and probes can readily be designed based on the

sequence alignments provided herein.

The oligomer, however, need not consist only of the sequence which is complementary to
the targeted SARSV sequence. It may contain in addition, nucleotide sequences (e.g.promoters)
or other moieties which are suitable for the purposes for which the oligomers are used. For
example, if the oligomers are used as primers for the amplification of SARSV sequences via, for
example, PCR, they may contain sequences which, when in duplex, form restriction enzyme sites
which facilitate the cloning of the amplified sequences. For example, also, if the oligomers are to

LO be used as "capture probes" in hybridization assays, they would contain in addition a binding
partner which is coupled to the oligomer containing the nucleotide sequence which is
complementary to the targeted SARSV sequence. Other types of moieities or sequences which
are useful of which the oligomers may be comprised or coupled to, are those which are known in
the art to be suitable for a variety of purposes, including the labeling of nucleotide probes.

Table 4 (SEQ ID NOS: 1021-6020) shows forward and reverse primers that are useful for
nucleic acid amplification of SARSV for diagnostic and screening methods.

Preferred primers and probes for SARS nucleic acid detection for diagnostic and screening
are SEQ ID NOS: 7332-7336 (forward primers), SEQ ID NOS: 7337-7341 (reverse primers) and
SEQ ID NOS: 7342-7352 (probes). These primers and probes are useful for detection of

.0 sequences in the 3' UTR.

Any of the above forward primers may be used in combination with any of the above
reverse primers for amplification of SARSV nucleic acid. The amplified product may be
detected (or captured) with any of the above probes. Particularly preferred combinations of
forward and reverse primers and the probes for detecting the amplified product include: Forward
SEQ ID NO: 7332 with reverse SEQ ID NO: 7337, 7338, 7339 or 7341 and probe SEQ ID NO:
7342; forward SEQ ID NO: 7333 or 7334 with reverse SEQ ID NO: 7340 and any of probes
SEQ ID NO: 7343-7351; Forward SEQ ID NO: 7335 and reverse SEQ ID NO: 7340 or 7341 and
any of probes SEQ ID NO: 7342-7352. Other combinations of forward and reverse primers and
appropriate probes can readily be determined by those skilled in the art from the above

D information.

Additional preferred primers and probes for SARS nucleic acid detection for diagnostic
and screening are SEQ ID NOS: 7353-7362 (forward primers), SEQ ID NOS: 7363-7373
(reverse primers) and SEQ ID NOS: 7374-7385 (probes). The primers and probes are useful for
detection of sequences in the 5' UTR.

The above primers may be used in combination for amplification of SARSV nucleic acid
as follows: any of forward primers SEQ ID NO: 7353-7356 with any of reverse primers SEQ ID
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NO: 7363-7366, 7368 and the amplified product detected (or captured) with probes SEQ ID NO:
7374; any of forward primers SEQ ID NO: 7357-7362 with any of reverse primers SEQ ID NO:
7367, 7369-7373 and the amplified products detected (or captured) with any of probes SEQ ID
NO: 7375-7385. Particularly preferred combinations of forward and reverse primers and probes
are: Forward primers SEQ ID NO: 7353-7356 with any of reverse primers SEQ ID NO: 7363-
7366 and probes SEQ ID NO: 7374; forward primers SEQ ID NO: 7357-7358 with reverse
primers SEQ ID NO: 7367, 7369 and probes SEQ ID NO: 7375 or 7376; Forward primers SEQ
ID NO: 7357-7359 with reverse primers SEQ ID NO: 7367, 7369 or 7370 and probe SEQ ID
NO: 7375 or 7376. More preferred are combinations of SEQ ID NO: 7353 or 7354 with SEQ ID
NO: 7363 or 7364 and probe SEQ ID NO: 7374. Other combinations of forward and reverse
primers and appropriate probes can readily be determined by those skilled in the art from the
above information. A particularly conserved octanucleotide sequence (SEQ ID NO: 7386) occurs
in the 3'UTR of SARS (approximately 70-80 bases from the 3' end) and of several other
Coronaviruses that may be particularly useful in identifying SARSV. Primers including in this
region are preferably combined with reverse primers from regions of sequence that are more
specific for SARS.

In addition to the above, the intergenic sequence (IS) that is characteristic of Coronavirus
has been identified in SARSV (see above). The IS minimally comprises the sequence ACGAAC
(SEQ ID NO: 7293) which occurs upstream of each open reading frame (ORF) in the viral

0 genome. The 5'UTR which includes the IS is spliced onto the 5' end of each viral mRNA at or
adjacent to the site of the IS. Thus, primers comprising the IS or its complement are useful for
amplifying viral nucleic acids, including cDNA made from the viral RNAs. The invention thus
comprises a set of primers in which one primer comprises ACGAAC (SEQ ID NO: 7293) or its
complement (SEQ ID NO: 7387) and one primer comprises any appropriate sequence from the
SARS genome, or a complementary sequence. Useful probes for detecting and/or capturing the
viral RNAs or cDNA made from the viral RNAs may also comprise the IS sequence, or its
complement, described above.

One set of primers for amplification of SARS sequences, particularly by RT-PCR, uses
SEQ ID NOs 6562, 6563, 6564 and 6565. Of these, 6562 6564 are sense primers and 6563 
6565 are antisense primers. Primers SEQ ID NOS: 6562 6565 may be used in a first
amplification, with a second nested amplification being performed using primers SEQ ID NOS:
6563 6564. In some embodiments of the invention, these four primers are excluded.

One kit for amplification and detection of SARS sequences, particularly by RT-PCR, uses
SEQ ID NOs 6567 6568 as primers, and SEQ ID NO 6566 as a probe (typically labeled e.g.

Swith TAMRA and/or FAM) for the amplified sequence. In some embodiments of the invention,
these primers and probe are excluded.
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One kit for amplification and detection of SARS sequences, particularly by RT-PCR, uses

SEQ ID NOs 7395 6568 as primers, and SEQ ID NO 6566 as a probe (typically labeled e.g.

with TAMRA and/or FAM) for the amplified sequence. In some embodiments of the invention,

these primers and probe are excluded.

One kit for amplification of SARS sequences, particularly the nucleocapsid gene, uses

SEQ ID NOs 6560 6561 as primers. In some embodiments of the invention, these primers are

excluded.

One kit for amplification of SARS sequences uses SEQ ID NOs 6496, 6497, 6562, 6563,
6564 6565 as primers. In some embodiments of the invention, these primers are excluded.

One kit for amplification of SARS sequences uses SEQ ID NOs 6562, 6563, 6564 6565

as primers. In some embodiments of the invention, these primers are excluded.

One kit for amplification of SARS sequences uses SEQ ID NOs 6500, 6501, 6502 6503.

as primers. In some embodiments of the invention, these primers are excluded.

One kit for amplification of SARS sequences uses SEQ ID NOs 6496, 6497, 6500, 6501,
6502, 6503, 6562, 6563, 6564 6565 as primers. In some embodiments of the invention, these

primers are excluded.

One kit for amplification and detection of SARS sequences, particularly by realtime (e.g.

TaqManTM) PCR, uses SEQ ID NOs 6567 6568 as primers, and SEQ ID NO 6566 as a probe

(typically labeled e.g. with TAMRA and/or FAM) for the amplified sequence. In some

embodiments of the invention, these primers and probe are excluded.

One kit for amplification and detection of SARS sequences, particularly by realtime (e.g.

TaqManTM) PCR, uses SEQ ID NOs 7395 6568 as primers, and SEQ ID NO 6566 as a probe

(typically labeled e.g. with TAMRA and/or FAM) for the amplified sequence. In some

embodiments of the invention, these primers and probe are excluded.

One kit for amplification and detection of SARS sequences uses SEQ ID NOs 6562, 6565

and 6568 as primers, and SEQ ID NOs 7396 and 7397 as probes (typically labeled e.g. with

TAMRA and/or FAM) for the amplified sequence. In some embodiments of the invention, these

primers and probe are excluded.

One kit for amplification and detection of SARS sequences uses an oligonucleotide

comprising SEQ ID NO: 9780 as a forward primer, an oligonucleotide comprising SEQ ID NO:

9781 as a reverse primer, and an oligonucleotide comprising SEQ ID NO: 9782 as a probe.

Preferred sequences for use with RT-PCR and LightCycler analysis include SEQ ID NOs

6562, 6568, 6565, 7396 7397. In some embodiments of the invention, these primers and probe

are excluded.

The preparation of the oligomers is by means known in the art, including, for example, by
methods which include excision, transcription, or chemical synthesis. The target sequences
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and/or regions of the genome which are selected to which the targeting polynucleotides of the
oligomers are complementary depend upon the purpose. For example, if the goal is to screen for
the presence of SARSV in biological samples blood, respiratory material, liver, lung), the
preferred oligomers would be used as probes and/or primers, and would hybridize to conserved
regions of the SARSV genome. Some of the conserved regions of the SARSV genome to which
the oligomers may bind are described herein, for example, 5'UTR and 3'UTR.

In the basic nucleic acid hybridization assay, single-stranded analyte nucleic acid (either
DNA or RNA) is hybridized to a nucleic acid probe, and resulting duplexes are detected. The
probes for SARSV polynucleotides (natural or derived) are a length which allows the detection
of unique viral sequences by hybridization. While 6-8 nucleotides may be a workable length,
sequences of 10-12 nucleotides are preferred, and about 13, 14, 15, 16, 17, 18, 19, 20, or 21 or
more nucleotides or more appears optimal. Preferably, these sequences will derive from regions
which lack heterogeneity. These probes can be prepared using routine methods, including
automated oligonucleotide synthetic methods. Among useful probes, for example, are those
derived from less conserved regions of the SARSV genome. Regions of the genome that are
typically less conserved can be readily ascertained from the sequence alignments provided
herein, as well as by any other well known techniques. A complement to any unique portion of
the SARSV genome will be satisfactory. For use as probes, complete complementarity is
desirable, though it may be unnecessary as the length of the fragment is increased.

0 For use of such probes as agents to detect the presence of SARSV polynucleotides (for
example in screening for contaminated blood or for diagnosing infected individuals), the
biological sample to be analyzed, such as, without limitation, blood, serum, lung, liver, mucous,
kidney, saliva, or sputum, may be treated, if desired, to extract the nucleic acids contained
therein. The resulting nucleic acid from the sample may be subjected to gel electrophoresis or
other size separation techniques; alternatively, the nucleic acid sample may be dot blotted
without size separation. In order to form hybrid duplexes with the targeting sequence of the
probe, the targeted region of the analyte nucleic acid must be in single stranded form. Where the
sequence is naturally present in single stranded form, denaturation will not be required.
However, where the sequence is present in double stranded form, the sequence will be denatured.
Denaturation can be carried out by various techniques known in the art. Subsequent to
denaturation, the analyte nucleic acid and probe are incubated under conditions which promote
stable hybrid formation of the target sequence in the probe with the putative targeted sequence in
the analyte, and the resulting duplexes containing the probe(s) are detected.

Detection of the resulting duplex, if any, is usually accomplished by the use of labeled
probes; alternatively, the probe may be unlabeled, but may be detectable by specific binding with
a ligand which is labeled, either directly or indirectly. Suitable labels, and methods for labeling
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probes and ligands are known in the art, and include, for example, radioactive labels which may

be incorporated by known methods nick translation or kinasing), biotin, fluorescent groups,

chemiluminescent groups dioxetanes, particularly triggered dioxetanes), enzymes,
antibodies, and the like.

The region of the probes which are used to bind to the analyte can be made completely

complementary to the SARSV genome. Therefore, usually high stringency conditions are

desirable in order to prevent false positives. However, conditions of high stringency should only

be used if the probes are complementary to regions of the viral genome which lack

heterogeneity. The stringency of hybridization is determined by a number of factors during

hybridization and during the washing procedure, including temperature, ionic strength, length of
time, and concentration of formamide. These factors are outlined in, for example, Maniatis T.

(1982).

Variations of this basic scheme which are known in the art, including those which facilitate

separation of the duplexes to be detected from extraneous materials and/or which amplify the

signal from the labeled moiety, may also be used. A number of these variations are reviewed in,
for example: Matthews Kricka (1988), Analytical Biochemistry 169:1; Landegren et al.

(1988), Science 242:229; and Mittlin (1989), Clinical Chem. 35:1819. These and the following

publications describing assay formats are hereby incorporated by reference herein. Probes

suitable for detecting SARSV in these assays are comprised of sequences which hybridize with

target SARSV polynucleotide sequences to form duplexes with the analyte strand, wherein the

duplexes are of sufficient stability for detection in the specified assay system.

A suitable variation is, for example, one which is described in US Pat. No. 4,868,105,
issued Sep. 9, 1989, and in EPO Publication No. 225,807 (published Jun. 16, 1987). These

publications describe a solution phase nucleic acid hybridization assay in which the analyte

nucleic acid is hybridized to a labeling probe set and to a capturing probe set. The probe-analyte

complex is coupled by hybridization with a solid-supported capture probe that is complementary

to the capture probe set. This permits the analyte nucleic acid to be removed from solution as a

solid phase complex. Having the analyte in the form of a solid phase complex facilitates

subsequent separation steps in the assay. The labeling probe set is complementary to a labeled

probe that is bound through hybridization to the solid phase/analyte complex.

The polymerase chain reaction (PCR) is a technique for amplifying a desired nucleic acid

sequence (target) contained in a nucleic acid or mixture thereof. In PCR, a pair of primers are

employed in excess to hybridize to the complementary strands of the target nucleic acid. The

primers are each extended by a polymerase using the target nucleic acid as a template.. The

extension products become target sequences themselves, following dissociation from the original

target strand. New primers then are hybridized and extended by a polymerase, and the cycle is

-189-



WO 2004/092360 PCT/US2004/011710

repeated to geometrically increase the number of target sequence molecules. PCR is disclosed in
US Pat. Nos. 4,683,195 and 4,683,202, which are incorporated herein by reference.

The Ligase Chain Reaction (LCR) is an alternate method for nucleic acid amplification. In
LCR, probe pairs are used which include two primary (first and second) and two secondary (third
and fourth) probes, all of which are employed in molar excess to target. The first probe
hybridizes to a first segment of the target strand, and the second probe hybridizes to a second
segment of the target strand, the first and second segments being contiguous so that the primary
probes abut one another in 5' phosphate-3' hydroxyl relationship, and so that a ligase can
covalently fuse or ligate the two probes into a fused product. In addition, a third (secondary)
probe can hybridize to a portion of the first probe and a fourth (secondary) probe can hybridize
to a portion of the second probe in a similar abutting fashion. Of course, if the target is initially
double stranded, the secondary probes also will hybridize to the target complement in the first
instance. Once the ligated strand of primary probes is separated from the target strand, it will
hybridize with the third and fourth probes which can be ligated to form a complementary,
secondary ligated product. It is important to realize that the ligated products are functionally
equivalent to either the target or its complement. By repeated cycles of hybridization and
ligation, amplification of the target sequence is achieved. This technique is described more
completely in EP-A-320 308 to K. Backman published Jun. 16, 1989 and EP-A-0439182 to K.
Backman et al., published Jul. 31, 1991, both of which are incorporated herein by reference.

O0 For amplification of mRNAs, it is within the scope of the present invention to reverse
transcribe mRNA into cDNA followed by polymerase chain reaction (RT-PCR); or, to use a
single enzyme for both steps as described in US Pat. No. 5,322,770, which is incorporated herein
by reference; or reverse transcribe mRNA into cDNA followed by asymmetric gap ligase chain
reaction (RT-AGLCR) as described by R. L. Marshall et al., PCR Methods and Applications
4:80-84 (1994), which also is incorporated herein by reference.

TMA is described in detail in, US Patent No. 5,399,491, the disclosure of which is
incorporated herein by reference in its entirety. In one example of a typical assay, an isolated
nucleic acid sample, suspected of containing a SARSV target sequence, is mixed with a buffer
concentrate containing the buffer, salts, magnesium, nucleotide triphosphates, primers,

3 dithiothreitol, and spermidine. The reaction is optionally incubated at about 100°C for
approximately two minutes to denature any secondary structure. After cooling to room
temperature, reverse transcriptase, RNA polymerase, and RNAse H are added and the mixture is
incubated for two to four hours at 37°C. The reaction can then be assayed by denaturing the
product, adding a probe solution, incubating 20 minutes at 60 0C, adding a solution to selectively

S hydrolyze the unhybridized probe, incubating the reaction six minutes at 60 0 C, and measuring
the remaining chemiluminescence in a luminometer.
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Generally, TMA includes the following steps: isolating nucleic acid, including RNA,
from the biological sample of interest suspected of being infected with SARSV; and (b)

combining into a reaction mixture the isolated nucleic acid, (ii) first and second

oligonucleotide primers, the first primer having a complexing sequence sufficiently

complementary to the 3' terminal portion of an RNA target.sequence, if present (for example the

strand), to complex therewith, and the second primer having a complexing sequence

sufficiently complementary to the 3' terminal portion of the target sequence of its complement

(for example, the strand) to complex therewith, wherein the first oligonucleotide further

comprises a sequence 5' to the complexing sequence which includes a promoter, (iii) a reverse

transcriptase or RNA and DNA dependent DNA polymerases, (iv) an enzyme activity which

selectively degrades the RNA strand of an RNA-DNA complex (such as an RNAse H) and an

RNA polymerase which recognizes the promoter.

The components of the reaction mixture may be combined stepwise or at once. The

reaction mixture is incubated under conditions whereby an oligonucleotide/target sequence is

formed, including DNA priming and nucleic acid synthesizing conditions (including

ribonucleotide triphosphates and deoxyribonucleotide triphosphates) for a period of time

sufficient to provide multiple copies of the target sequence. The reaction advantageously takes

place under conditions suitable for maintaining the stability of reaction components such as the

component enzymes and without requiring modification or manipulation of reaction conditions

during the course of the amplification reaction. Accordingly, the reaction may take place under

conditions that are substantially isothermal and include substantially constant ionic strength and

pH. The reaction conveniently does not require a denaturation step to separate the RNA-DNA

complex produced by the first DNA extension reaction.

Suitable DNA polymerases include reverse transcriptases, such as avian myeloblastosis

virus (AMV) reverse transcriptase (available from, Seikagaku America, Inc.) and Moloney

murine leukemia virus (MMLV) reverse transcriptase (available from, Bethesda Research

Laboratories).

Promoters or promoter sequences suitable for incorporation in the primers are nucleic acid

sequences (either naturally occurring, produced synthetically or a product of a restriction digest)

0 that are specifically recognized by an RNA polymerase that recognizes and binds to that

sequence and initiates the process of transcription whereby RNA transcripts are produced. The

sequence may optionally include nucleotide bases extending beyond the actual recognition site

for the RNA polymerase which may impart added stability or susceptibility to degradation

processes or increased transcription efficiency. Examples of useful promoters include those

which are recognized by certain bacteriophage polymerases such as those from bacteriophage
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T3, T7 or SP6, or a promoter from E. coli. These RNA polymerases are readily available from

commercial sources, such as New England Biolabs and Epicentre.

Some of the reverse transcriptases suitable for use in the methods herein have an RNAse H

activity, such as AMV reverse transcriptase. It may, however, be preferable to add exogenous

RNAse H, such as E. coli RNAse H, even when AMV reverse transcriptase is used. RNAse H is
readily available from, Bethesda Research Laboratories.

The RNA transcripts produced by these methods may serve as templates to produce

additional copies of the target sequence through the above-described mechanisms. The system is
autocatalytic and amplification occurs autocatalytically without the need for repeatedly
modifying or changing reaction conditions such as temperature, pH, ionic strength or the like.

Detection may be done using a wide variety of methods, including direct sequencing,
hybridization with sequence-specific oligomers, gel electrophoresis and mass spectrometry.
these methods can use heterogeneous or homogeneous formats, isotopic or nonisotopic labels, as
well as no labels at all.

Suitable labeling moieties for attachment to primers and/or to probes used in methods of
the invention include, but are not limited to: 5-FAM (also called 5-carboxyfluorescein; also
called Spiro(isobenzofuran-1(3H), 9'-(9H)xanthene)-5-carboxylic acid,3',6'-dihydroxy-3-oxo-6-

carboxyfluorescein); 5-Hexachloro-Fluorescein ([4,7,2',4',5',7'-hexachloro-(3',6'-

dipivaloylfluoresceinyl)-6-carboxylic acid 6-Hexachloro-Fluorescein 
Z0 hexachloro-(3',6'-dipivaloylfluoresceinyl)-5-carboxylic acid 

([4,7,2',7'-tetrachloro-(3',6'-dipivaloylfluoresceinyl)-5- carboxylic acid 6-Tetrachloro-

Fluorescein 4 ,7,2',7'-tetrachloro-(3',6'-dipivaloylfluoresceinyl)-6- carboxylic acid 
tetramethylrhodamines (TAMRA), including 5-TAMIRA 

Xanthylium, 9-(2,4-dicarboxyphenyl)-3,6- bis(dimethylamino) and (ii) 6-TAMRA (6-
carboxytetramethylrhodamine; Xanthylium, 9-(2,5-dicarboxyphenyl)-3,6- bis(dimethylamino);
EDANS (5-((2-aminoethyl)amino)naphthalene- 1-sulfonic acid); 1,5-IAEDANS 
iodoacetyl)amino)ethyl) amino)naphthalene-1-sulfonic acid); DABCYL 

(dimethylamino)phenyl) azo)benzoic acid); Cy5 (Indodicarbocyanine-5); Cy3

(Indodicarbocyanine-3); and BODIPY' FL (4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-

)0 indacene-3-propionic acid). Labelling of probes with both FAM at and TAMRA at
is preferred.

Nucleic acids of the invention may be used in solution or may be bound to a solid matrix or

support e.g. in the format of a DNA array,

As is readily apparent, design of the assays described herein are subject to a great deal of
variation, and many formats are known in the art. The above descriptions are merely provided as
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guidance and one of skill in the art can readily modify the described protocols, using techniques
well known in the art.

One 3 02nt amplicon of the SARS virus is known as "BNI-1" (SEQ ID NO: 9927). It was
sequenced at the Bernhard Nocht Institute, Hamburg, Germany. In April 2003 the BNI-1
sequence was published on the WHO website (http://www.who.int/csr/sars/primers/en/) and in
Dorsten et al., "Identification of a Novel Coronavirus in Patients with Severe Acute Respiratory
Syndrome", New England Journal of Medicine, published online at http://www.nejm.org. Both
references are incorporated herein by reference in their entirety. Some embodiments of the
invention do not encompass a nucleic acid consisting of SEQ ID NO: 9927. Some other

LO embodiments of the invention do not encompass a nucleic acid comprising SEQ ID NO: 9927.
Some embodiments of the invention do not encompass a polypeptide consisting of any one of
SEQ ID NOS: 9928 to 9959. Some other embodiments of the invention do not encompass a
nucleic acid comprising any one of SEQ ID NOS: 9928 to 9959. Some embodiments of the
invention are not subject to these exclusions.

Immunoassavs

The present invention utilizes various immunoassay techniques for identifying individuals
exposed to SARSV and/or biological samples containing SARSV antigens or antibodies to
SARSV.

Immunoassav Formats

0 The SARSV antigens may be employed in virtually any assay format that employs a
known antigen to detect antibodies. A common feature of all of these assays is that the antigen is
contacted with biological sample suspected of containing SARSV antibodies under conditions
that permit the antigen to bind to any such antibody present in the component. Such conditions
will typically be physiologic temperature, pH and ionic strength using an excess of antigen. The
incubation of the antigen with the specimen is followed by detection of immune complexes
comprised of the antigen. Alternatively, anti-SARSV antibodies may be employed to detect the
presence of SARSV antigens in a biological sample. Combination antigen/antibody assays are
also contemplated; for example, as described for HCV detection in US patent 6,630,298.

Design of the immunoassays is subject to a great deal of variation, and many formats are
3 known in the art. Protocols may, for example, use solid supports, or immunoprecipitation. Most

assays involve the use of labeled antibody or polypeptide; the labels may be, for example,
enzymatic, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify
the signals from the immune complex are also known; examples of which are assays which
utilize biotin and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA
assays.
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The immunoassay may be, without limitation, in a heterogeneous or in a homogeneous

format, and of a standard or competitive type. In a heterogeneous format, the polypeptide is

typically bound to a solid matrix or support to facilitate separation of the sample from the

polypeptide after incubation. Examples of solid supports that can be used are nitrocellulose 
in membrane or microtiter well form), polyvinyl chloride in sheets or microtiter wells),
polystyrene latex in beads or microtiter plates, polyvinylidine fluoride, diazotized paper,
nylon membranes, microchips, high or low density biochips, recombinant immunoassays

(RIBA), microfluidity devices, micromagnetic beads, activated beads, and Protein A beads. For

example, Dynatech Immunlon or Immunlon 2 microtiter plates or 0.25 inch polystyrene beads

(Precision Plastic Ball) can be used in the heterogeneous format. The solid support containing

the antigenic polypeptides is typically washed after separating it from the test sample, and prior

to detection of bound antibodies. Both standard and competitive formats are known in the art.

In a homogenous format, the test sample is incubated with the combination of antigens in
solution. For example, it may be under conditions that will precipitate any antigen-antibody

complexes which are formed. Both standard and competitive formats for these assays are known

in the art.

In a standard format, the amount of SARSV antibodies in the antibody-antigen complexes

is directly monitored. This may be accomplished by determining whether labeled anti-

xenogeneic anti-human) antibodies which recognize an epitope on anti-SARSV antibodies

!0 will bind due to complex formation. In a competitive format, the amount of SARSV antibodies

in the sample is deduced by monitoring the competitive effect on the binding of a known amount

of labeled antibody (or other competing ligand) in the complex.

Complexes formed comprising anti-SARSV antibody (or in the case of competitive assays,
the amount of competing antibody) are detected by any of a number of known techniques,

depending on the format. For example, unlabeled SARSV antibodies in the complex may be

detected using a conjugate of antixenogeneic Ig complexed with a label, an enzyme label).

In an immunoprecipitation or agglutination assay format the reaction between the SARSV

antigens and the antibody forms a network that precipitates from the solution or suspension and

forms a visible layer or film of precipitate. If no anti-SARSV antibody is present in the test
;0 specimen, no visible precipitate is formed.

There are at least three specific types of particle agglutination (PA) assays. These assays
are used for the detection of antibodies to various antigens when coated to a support. One type of

this assay is the hemagglutination assay using red blood cells (RBCs) that are sensitized by

passively adsorbing antigen (or antibody) to the RBC. The addition of specific antigen antibodies

present in the body component, if any, causes the RBCs coated with the purified antigen to

agglutinate.
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To eliminate potential non-specific reactions in the hemagglutination assay, two artificial
carriers may be used instead of RBC in the PA. The most common of these are latex particles.
However, gelatin particles may also be used. The assays utilizing either of these carriers are
based on passive agglutination of the particles coated with purified antigens.

The SARSV antigens will typically be packaged in the form of a kit for use in these
immunoassays. The kit will normally contain in separate containers the native SARSV antigen,
control antibody formulations (positive and/or negative), labeled antibody when the assay format
requires same and signal generating reagents enzyme substrate) if the label does not
generate a signal directly. The native SARSV antigen may be already bound to a solid matrix or
separate with reagents for binding it to the matrix. Instructions written, tape, CD-ROM,
etc.) for carrying out the assay usually will be included in the kit.

Immunoassays that utilize the native SARSV antigen are additionally useful in screening
blood for the preparation of a supply from which potentially infective SARSV is lacking. The
method for the preparation of the blood supply comprises the following steps. Reacting a body
component, preferably blood or a blood component, from the individual donating blood with
native SARSV antigen to allow an immunological reaction between SARSV antibodies, if any,
and the SARSV antigen. Detecting whether anti-SARSV antibody--SARSV antigen complexes
are formed as a result of the reacting. Blood contributed to the blood supply is from donors that
do not exhibit antibodies to the native SARSV antigens.

!0 Production of Antibodies

As explained above, the assay may utilize various antibodies which may be bound to a
solid support, and that detect antigen or antigen/antibody complexes formed when SARSV
infection is present in the sample. These antibodies may be polyclonal or monoclonal antibody
preparations, monospecific antisera, human antibodies, or may be hybrid or chimeric antibodies,
such as humanized antibodies, altered antibodies, F(ab')2 fragments, F(ab) fragments, Fv
fragments, single-domain antibodies, dimeric or trimeric antibody fragment constructs,
minibodies, or functional fragments thereof which bind to the antigen in question.

Antibodies are produced using techniques well known to those of skill in the art and
disclosed in, for example, US Pat. Nos. 4,011,308; 4,722,890; 4,016,043; 3,876,504; 3,770,380;

0 and 4,372,745. For example, polyclonal antibodies are generated by immunizing a suitable
animal, such as a mouse, rat, rabbit, sheep or goat, with an antigen of interest. In order to
enhance immunogenicity, the antigen can be linked to a carrier prior to immunization. Such
carriers are well known to those of ordinary skill in the art. Immunization is generally performed
by mixing or emulsifying the antigen in saline, preferably in an adjuvant such as Freund's
complete adjuvant, and injecting the mixture or emulsion parenterally (generally subcutaneously
or intramuscularly). The animal is generally boosted 2-6 weeks later with one or more injections
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of the antigen in saline, preferably using Freund's incomplete adjuvant. Antibodies may also be
generated by in vitro immunization, using methods known in the art. Polyclonal antiserum is
then obtained from the immunized animal.

Monoclonal antibodies are generally prepared using the method of Kohler Milstein
(1975) Nature 256:495-497, or a modification thereof, as described above.

As explained above, antibody fragments which retain the ability to recognize the antigen of
interest, will also find use in the subject immunoassays. A number of antibody fragments are
known in the art which comprise antigen-binding sites capable of exhibiting immunological
binding properties of an intact antibody molecule. For example, functional antibody fragments

0 can be produced by cleaving a constant region, not responsible for antigen binding, from the
antibody molecule, using pepsin, to produce F(ab') 2 fragments. These fragments will contain
two antigen binding sites, but lack a portion of the constant region from each of the heavy
chains. Similarly, if desired, Fab fragments, comprising a single antigen binding site, can be
produced, by digestion of polyclonal or monoclonal antibodies with papain. Functional
fragments, including only the variable regions of the heavy and light chains, can also be
produced, using standard techniques such as recombinant production or preferential proteolytic
cleavage of immunoglobulin molecules. These fragments are known as Fv. See, Inbar et al.
(1972) Proc. Nat. Acad. Sci. USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-
2710; and Ehrlich et al. (1980) Biochem 19:4091-4096.

3 A single-chain Fv ("sFv" or "scFv") polypeptide is a covalently linked VH-VLheterodimer
which is expressed from a gene fusion including VH- and VL-encoding genes linked by a peptide-
encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883. A number of
methods have been described to discern and develop chemical structures (linkers) for converting
the naturally aggregated, but chemically separated, light and heavy polypeptide chains from an
antibody V region into an sFv molecule which will fold into a three dimensional structure
substantially similar to the structure of an antigen-binding site. See, US Pat. Nos. 5,091,513,
5,132,405 and 4,946,778. The sFv molecules may be produced using methods described in the
art. See, Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883; US Pat. Nos.
5,091,513, 5,132,405 and 4,946,778. Design criteria include determining the appropriate length
to span the distance between the C-terminus of one chain and the N-terminus of the other,
wherein the linker is generally formed from small hydrophilic amino acid residues that do not
tend to coil or form secondary structures. Such methods have been described in the art. See, e.g.,
US Pat. Nos. 5,091,513, 5,132,405 and 4,946,778. Suitable linkers generally comprise
polypeptide chains of alternating sets of glycine and serine residues, and may include glutamic
acid and lysine residues inserted to enhance solubility.
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"Mini-antibodies" or "minibodies" will also find use with the present invention.
Minibodies are sFv polypeptide chains which include oligomerization domains at their C-
termini, separated from the sFv by a hinge region. Pack et al. (1992) Biochem 31:1579-1584.
The oligomerization domain comprises self-associating a-helices, leucine zippers, that can
be further stabilized by additional disulfide bonds. The oligomerization domain is designed to be
compatible with vectorial folding across a membrane, a process thought to facilitate in vivo
folding of the polypeptide into a functional binding protein. Generally, minibodies are produced
using recombinant methods well known in the art. See, Pack et al. (1992) Biochem
31:1579-1584; Cumber et al. (1992) J. Immunology 149B: 120-126.

Production of SARS Antigens

The SARSV antigens used in the present invention are generally produced recombinantly.
Thus, polynucleotides encoding SARSV antigens for use with the present invention can be made
using standard techniques of molecular biology. For example, polynucleotide sequences coding
for the above-described molecules can be obtained using recombinant methods, such as by
screening cDNA and genomic libraries from cells expressing the gene, or by deriving:the gene
from a vector known to include the same. Furthermore, the desired gene can be isolated directly
from viral nucleic acid molecules, using techniques described in the art, such as those described
for HCV in Houghton et al., US Pat. No. 5,350,671. The gene encoding the antigen of interest
can also be produced synthetically, rather than cloned. The molecules can be designed with

0 appropriate codons for the particular sequence (preferably optimum codons for the expression
host of choice). The complete sequence is then assembled from overlapping oligonucleotides
prepared by standard methods and assembled into a complete coding sequence. See, Edge
(1981) Nature 292:756; Nambair et al. (1984) Science 223:1299; and Jay et al. (1984) J. Biol.
Chem. 259:6311.

Thus, particular nucleotide sequences can be obtained from vectors harboring the desired
sequences or synthesized completely or in part using various oligonucleotide synthesis
techniques known in the art, such as site-directed mutagenesis and polymerase chain reaction
(PCR) techniques where appropriate. See, Sambrook, supra. In particular, one method of
obtaining nucleotide sequences encoding the desired sequences is by annealing complementary
sets of overlapping synthetic oligonucleotides produced in a conventional, automated
polynucleotide synthesizer, followed by ligation with an appropriate DNA ligase and
amplification of the ligated nucleotide sequence via PCR. See, Jayaraman et al. (1991)
Proc. Natl. Acad. Sci. USA 88:4084-4088. Additionally, oligonucleotide directed synthesis
(Jones et al. (1986) Nature 54:75-82), oligonucleotide directed mutagenesis of pre-existing

i nucleotide regions (Riechmann et al. (1988) Nature 332:323-327 and Verhoeyen et al. (1988)
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Science 239:1534-1536), and enzymatic filling-in of gapped oligonucleotides using T4 DNA
polymerase (Queen et al. (1989) Proc. Natl. Acad. Sci. USA 86:10029-10033) can be used under
the invention to provide molecules having altered or enhanced antigen-binding capabilities,
and/or reduced immunogenicity.

Once coding sequences have been prepared or isolated, such sequences can be cloned into
any suitable vector or replicon. Numerous cloning vectors are known to those of skill in the art,
and the selection of an appropriate cloning vector is a matter of choice. Suitable vectors include,
but are not limited to, plasmids, phages, transposons, cosmids, chromosomes (including artificial
chromosomes, such as BACs or YACs) or viruses which are capable of replication when

.0 associated with the proper control elements.

The coding sequence is then placed under the control of suitable control elements,
depending on the system to be used for expression. Thus, the coding sequence can be placed
under the control of a promoter, ribosome binding site (for bacterial expression) and, optionally,
an operator, so that the DNA sequence of interest is transcribed into RNA by a suitable
transformant. The coding sequence may or may not contain a signal peptide or leader sequence
which can later be removed by the host in post-translational processing. See, US Pat. Nos.
4,431,739; 4,425,437; 4,338,397.

In addition to control sequences, it may be desirable to add regulatory sequences which
allow for regulation of the expression of the sequences relative to the growth of the host cell.

L Regulatory sequences are known to those of skill in the art, and examples include those which
cause the expression of a gene to be turned on or off in response to a chemical or physical
stimulus, including the presence of a regulatory compound. Other types of regulatory elements
may also be present in the vector. For example, enhancer elements may be used herein to
increase expression levels of the constructs. Examples include the SV40 early gene enhancer
(Dijkema et al. (1985) EMBO J. 4:761), the enhancer/promoter derived from the long terminal
repeat (LTR) of the Rous Sarcoma Virus (Gorman et al. (1982) Proc. Natl. Acad. Sci. USA
79:6777) and elements derived from human CMV (Boshart et al. (1985) Cell 41:521), such as
elements included in the CMV intron A sequence (US Pat. No. 5,688,688). The expression
cassette may further include an origin of replication for autonomous replication in a suitable host

P cell, one or more selectable markers, one or more restriction sites, a potential for high copy
number and a strong promoter.

An expression vector is constructed so that the particular coding sequence is located in the
vector with the appropriate regulatory sequences, the positioning and orientation of the coding
sequence with respect to the control sequences being such that the coding sequence is transcribed
under the "control" of the control sequences RNA polymerase which binds to the DNA
molecule at the control sequences transcribes the coding sequence). Modification of the
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sequences encoding the molecule of interest may be desirable to achieve this end. For example,
in some cases it may be necessary to modify the sequence so that it can be attached to the control
sequences in the appropriate orientation; to maintain the reading frame. The control
sequences and other regulatory sequences may be ligated to the coding sequence prior to
insertion into a vector. Alternatively, the coding sequence can be cloned directly into an
expression vector which already contains the control sequences and an appropriate restriction
site.

As explained above, it may also be desirable to produce mutants or analogs of the antigen
of interest. Methods for doing so are described in, Dasmahapatra et al., US Pat. No.

[0 5,843,752 and Zhang et al., US Pat. No. 5,990,276. Mutants or analogs of SARSV proteins for
use in the subject assays may be prepared by the deletion of a portion of the sequence encoding
the polypeptide of interest, by insertion of a sequence, and/or by substitution of one or more
nucleotides within the sequence. Techniques for modifying nucleotide sequences, such as site-
directed mutagenesis, and the like, are well known to those skilled in the art. See, Sambrook
et al., supra; Kunkel, T. A. (1985) Proc. Natl. Acad. Sci. USA (1985) 82:448; Geisselsoder et al.
(1987) BioTechniques 5:786; Zoller Smith (1983) Methods Enzymol. 100:468; Dalbie-
McFarland et al. (1982) Proc. Natl. Acad. Sci USA 79:6409.

The molecules can be expressed in a wide variety of systems, including insect,
mammalian, bacterial, viral and yeast expression systems, all well known in the art.

0 For example, insect cell expression systems, such as baculovirus systems, are known to
those of skill in the art and described in, Summers Smith, Texas Agricultural Experiment
Station Bulletin No. 1555 (1987). Materials and methods for baculovirus/insect cell expression
systems are commercially available in kit form from, inter alia, Invitrogen, San Diego Calif.
("MaxBac" kit). Similarly, bacterial and mammalian cell expression systems are well known in
the art and described in, Sambrook et al., supra. Yeast expression systems are also known in
the art and described in, Yeast Genetic Engineering (Barr et al., eds., 1989) Butterworths,
London.

A number of appropriate host cells for use with the above systems are also known. For
example, mammalian cell lines are known in the art and include immortalized cell lines available

3 from the American Type Culture Collection (ATCC), such as, but not limited to, Chinese
hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human embryonic kidney cells, human hepatocellular carcinoma cells Hep G2),
Madin-Darby bovine kidney ("MDBK") cells, as well as others. Similarly, bacterial hosts such as
E.coli, Bacillus subtilis, and Streptococcus spp., will find use with the present expression
constructs. Yeast hosts useful in the present invention include inter alia, Saccharomyces
cerevisiae, Candida albicans, Candida maltosa, Hansenula polymorpha, Kluyveromyces fragilis,
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Kluyveromyces lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and
Yarrowia lipolytica. Insect cells for use with baculovirus expression vectors include, inter alia,
Aedes aegypti, Autographa califonnica, Bombyx mori, Drosophila melanogaster, Spodoptera
frugiperda, and Trichoplusia ni.

Nucleic acid molecules comprising nucleotide sequences of interest can be stably
integrated into a host cell genome or maintained on a stable episomal element in a suitable host
cell using various gene delivery techniques well known in the art. See, US Pat. No.
5,399,346.

Depending on the expression system and host selected, the molecules are produced by
0L growing host cells transformed by an expression vector described above under conditions

whereby the protein is expressed. The expressed protein is then isolated from the host cells and
purified. If the expression system secretes the protein into growth media, the product can be
purified directly from the media. If it is not secreted, it can be isolated from cell lysates. The
selection of the appropriate growth conditions and recovery methods are within the skill of the
art.

EXAMPLE

For useful expression of SARSV antigens in Saccharomyces cerevisiae and Pichia
pastoris, insect cells, and mammalian cells, the following domains are cloned into expression
vectors as listed in the Table below. The nt sequence numbers are from the SARSV sequence of

0 SEQ ID NO: 1.

RNA polymerase la: SARS nt 250-13398

RNA polymerase lb: SARS nt 13399-21470

ORFns.envelope (homologous to ns2, hemagglutinin-esterase envelope glycoprotein,
and spike glycoprotein): SARS nt 21477-25244

Membrane: SARS nt 27849 28103

Nucleocapsid: SARS nt 28105 29373

A combination of PCR and synthetic oligos is used to create the above domains with restriction
sites tailored to the following expression vectors:

Restriction ends Vector Promoter Expression host
HindlII/SalI pBS24.1 ADH2/GAPDH AD3/Saccharomyces
EcoRIVSal\\ pBS24.1 ADH2/GAPDH/SOD fusion AD3/Saccharomyces
Xbal/SalI pAO815 AOXI GS 115/Pichia pastoris

HVK-293/Transient
EcoRUIBamHI pCMVkm2 CMVp/Enhancer/IntronA transfection
EcoRI/XmaI pCMVIIM CMVp/Enhancer/IntronA CHO stable cell line

Cell lines employed by Chiron
Nhel/SalI pBluBac4.5 Polyhedrin include: Sf9, Sf21, 
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IV. TREATMENT OF SARS INFECTION WITH RNAi

RNA interference or "RNAi" is a term initially coined by Fire and co-workers to describe

the observation that double-stranded RNA (dsRNA) can block gene expression when it is

introduced into worms (Fire et al., Nature 391, 806-811(1998)). RNAi most likely involves

mRNA degradation, resulting in sequence-specific, post-transcriptional gene silencing in many

organisms. RNAi is a post-transcriptional process triggered by the introduction of double-

stranded RNA which leads to gene silencing in a sequence-specific manner. RNAi has been

reported to occur naturally in organisms as diverse as nematodes, trypanosmes, plants and fungi.

It most likely serves to protect organisms from viruses, modulate transposon activity and

eliminate aberrant transcription products.

The first evidence that dsRNA could achieve efficient gene silencing through RNAi came

from studies on the nematode Caenorhabditis elegans (Fire et al. (1998) Nature, 391:806-811

and US Patent No. 6,506,559). Later studies in the fruit fly Drosophila melanogaster

demonstrated that RNAi is a two-step mechanism (Elbashir et al. (2001) Genes Dev., 15(2): 188-

200). First, long dsRNAs are cleaved by an enzyme known as Dicer in 21-23 nucleotides (nt)

fragments, called small interfering RNAs (siRNAs). Then, siRNAs associate with a ribonuclease

complex (termed RISC for RNA Induced Silencing Complex) which target this complex to

complementary mRNAs. RISC then cleaves the targeted mRNAs opposite the complementary

siRNA, which makes the mRNA susceptible to other RNA degradation pathways.

RNAi is the phenomenon where dsRNA corresponding to a targeted DNA or RNA

sequence can suppress or silence gene expression. Even though dsRNA can mediate gene-

specific interference in mammalian cells in some circumstances (Wianny Zernicka-Goetz

(2000) Nature Cell Biol. 2:70-75; Svoboda et al. (2000) Development 17:4147-4156) the use of

RNAi in mammalian somatic cells is often limited due to the dsRNA triggering dsRNA-

dependent protein kinase (PKR) which in turn inactivates translation factor eIF2a and causes a

generalized suppression of protein synthesis and often times apoptosis (Gil Esteban (2000)

Apoptosis 5:107-114).

Recently, gene-specific suppression using siRNA of approximately 21 or 22 base pairs in

length, corresponding to targeted RNA or DNA sequences, were shown to disrupt the expression

of these targeted sequences in mammalian cells (Elbashir, et al., Nature 411: 494-498

(2001)). However, it is not clear that all RNA or DNA sequences of a mammalian cell's genome

are susceptible to siRNA. It is also uncertain that every mammalian cell type possesses the

necessary machinery for effecting gene-specific suppression using siRNA. Further, siRNA is of

limited use for at least two reasons: the transient nature of the suppression effect seen in cells

where the siRNA has been administered; and in some instances the necessity for chemical

synthesis of siRNAs before their use (Tuschl Nature Biotechnol., 20: 446-448 (2002)). Also
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the instability of these short, synthetic RNAs makes it presents problems for any long term use of
these siRNAs a pharmaceutical.

To overcome this limitation, the present invention provides a modified siRNA with
increased stability against nuclease degradation while still maintaining its ability to inhibit viral
replication via RNA interference. Such modification to the ribonucleotides in the siRNAs, adds
a chemical group via chemical synthesis or in vitro transcription or longer modified RNAs can
be prepared by either of these methods and cut into siRNAs using Dicer.

Although other methods for gene-specific suppression have utilized chemically-modified

nucleic acids, such as antisense and ribozyme technology, such modification destroys critical

enzymatic activities necessary for the function of these technologies. In regard to antisense
technology, modification of the ribonucleotides destroys RNaseH activity, whereas such
modification abolishes the catalytic activity of ribozymes.

The present invention provides a double-stranded RNA (dsRNA) molecule modified for
protection against nuclease degradation with a length from about 10 to about 30 nucleotides

which is able to inactivate a virus in a mammalian cell. The invention also provides a method of
inactivating a virus by administering modified small interfering RNAs (siRNAs) that are
modified so that they are nuclease or RNase resistant and retain the biological activity of being
able to inhibit viral replication by targeting a RNA sequence in a virus.

The invention is further directed to a method of making modified siRNAs that target a
RNA sequence in a virus comprising preparing a modified-double stranded RNA (dsRNA)
fragment containing at least one modified ribonucleotide in at least one strand that spans the

genome of the virus; and cleaving the modified-dsRNA fragments with recombinant human

Dicer resulting in more than one modified siRNA.

The present invention provides a modified dsRNA molecule of from about 10 to about 
nucleotides which mediates targeted RNA interference in hepatic or SARS-infected cells.

As used herein RNA interference, or RNAi, is used to mean sequence-specific, or gene
specific, suppression of gene expression (protein synthesis), without causing a generalized
suppression of protein synthesis in cells harboring the siRNA. The invention is not limited to a
particular theory of the mechanism of action of RNAi. For example, RNAi may involve

degradation of messenger RNA (mRNA) in an RNA-induced silencing complex (RISC),
preventing translation of the transcribed mRNA, or it may involve the methylation of genomic
DNA, shunting transcription of the gene. The lack of gene expression caused by RNAi may be
transient, lasting a short period of time, or it may be stable, or permanent, lasting an indefinite
period of time.

The term RNA is meant as is recognized in the art. Further, as used herein, RNA is used to
mean double-stranded RNA (dsRNA) or single-stranded RNA (ssRNA) or a dsRNA with a
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single-stranded overhang. dsRNAs within the meaning of the present invention includes short

interfering RNA (siRNA), micro RNA (miRNA) and small hairpin RNA (shRNA),

Additionally, RNA is also used to mean messenger RNA (mRNA), transfer RNA (tRNA) or

ribosomal RNA (rRNA).

The present invention is directed to small interfering RNA (siRNA) which have been

chemically modified to confer increased stability against nuclease degradation yet these siRNAs

are still able to bind to target RNAs, that may be present in a cells. In the case where the target

RNA is a virus specific RNA, the modified siRNAs are able to bind to the virus specific RNAs

and inactivate the virus. A modified siRNA of the present invention comprises a modified

ribonucleotide, wherein the siRNA is resistant to enzymatic degradation, such as RNase

degradation, and yet retains the ability to inhibit viral replication. The modified siRNA is more

specifically modified at the 2' position of the ribose in the siRNA. The modification is at the 2'

position of at least one ribonucleotide of said siRNA. Attachment of receptor-binding ligands to

siRNA molecules can be used to target the siRNA to a desired cell type. For example,

attachment, of cholesterol at the 5'-end or 3'-end of the siRNA molecule, to give a cholesteryl

siRNA, can enhance targeting to hepatocytes. Other ligands for receptor mediated siRNA

targeting to liver include HBV surface antigen, LDL, and others.

More specifically, the siRNA is modified at at least one pyrimidine, at least one purine or a

combination thereof. However, generally all pyrimidines, or all purines or a combination of all

pyrimidines and all purines of the siRNA are modified. More preferably, the pyrimidines are

modified and these pyrimidines are cytosine, a derivative of cytosine, uracil, a derivative of

uracil or a combination thereof. It also is contemplated to modify the selected ribonucleotides in

at least one strand of the siRNA or the ribonucleotides in both strands of the siRNA are

modified.

The nucleotides containing pyrimidine bases found in RNA (cytidine and uridine) can be

chemically modified by adding any molecule that inhibits RNA degradation or breakdown to the

2' position of the ribose molecule. The 2'-modified pyrimidine nucleotide can be formed using a

number of different methods. The 2' modification confers increased stability to the siRNA by

making the siRNA impervious or resistant to nuclease activity. Thus, the 2' modified siRNA has

S0 a longer serum half-life and is resistant to degradation compared to unmodified siRNA. The

siRNA also may be modified completely or partially.

Regarding chemical modification of siRNAs, a molecule from the halide chemical group is

preferably added to the ribonucleotide of the siRNA. Within the halides, fluorine is the preferred

molecule but other chemical molecules, in addition to fluoro-, such as methyl-, methoxyethyl-

and propyl-modifications can also we made. But the preferred modications is fluoro-

modification, such as a 2'-fluoro-modication or a 2',2'-fluoro-modification.Thus, in a preferred
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embodiment of the invention, the siRNA is modified by adding a fluorine molecule to the 2'

carbon of the pyrimidine ribonucleotide. The siRNA may be fluorinated completely or partially.

For example, only the cytosine nucleotides need be fluorinated. Alternatively, only the uracil

nucleotide need be fluorinated but both uracil and cytosine can be fluorinated. Furthermore,

only one strand, either sense or antisense, of the siRNA can be fluorinated. Even partial 2'

fluorination the siRNA gives protection against nucleolytic degradation. Furthermore, it is

important to note the 2' fluorinated siRNA is not toxic to cells, an unexpected result given that

fluorine chemistry usually is toxic to living organisms.

The siRNA of the present invention is designed to interact with a target nucleotide

sequence. Most preferably this target nucleotide sequence is a disease producing agent or

pathogen of which one wishes to inhibit gene expression. More preferably, this target nucleotide

sequence is in a virus genome, and further this virus genome is from a RNA virus or a DNA

virus is selected from the group consisting of hepatitis C virus (HCV), hepatitis A virus, hepatitis

B virus, hepatitis D virus, hepatitis E virus, Ebola virus, influenza virus, rotavirus, reovirus,

retrovirus, poliovirus, human papilloma virus (HPV), metapneumovirus and coronavirus. The

most preferred virus is SARS virus.

Modfied siRNA may be prepared in a number of ways, such as by chemical synthesis, T7

polymerase transcription, or by treating modified long double stranded RNA (dsRNA) prepared

by one of the two previous methods with Dicer enzyme. Dicer enzyme can be used to cleave

dsRNA that is about 500 base pairs to about 1000 base pairs in size, to created mixed

populations of dsRNA from about 21 to about 23 base pairs in length. Furthermore, an

unexpected result of using the Dicer enzyme method is that Dicer enzyme will cleave modified

strands of dsRNA, such as 2' fluorinated modified dsRNA. Before development of this method,

it was previously thought that Dicer would not be able to cleave modified siRNA. The Dicer

method can be carried out using the Dicer siRNA Generation Kit available from Gene Therapy

Systems, San Diego, CA.

As used herein, small interfering RNA (siRNA) is defined as double- or single-stranded

RNA of from about 10 to about 30 nucleotides in length, more preferably 12-28 nucleotides,

more preferably 15-25 nucleotides, even more preferably 19-23 nucleotides and most preferably

;0 21-23 nucleotides. The length of a siRNA as used herein, is determined by the length of one of

the strands of the RNA. For example, a siRNA that is described as 21 nucleotides long (a 21-

mer) may comprise two opposite strands of RNA which anneal together for 19 contiguous base

pairings. The two remaining nucleotides on one end of the molecule would not anneal to the

opposite strand, thus creating an "overhang". The overhang can be at the 5' or the 3' end of the

dsRNA. Preferably, the overhang is at the 3' end of the RNA strand. The length of a double-

stranded RNA where the two opposite strands are not the same length will be designated by the
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longer of the two strands. For example, a dsRNA comprising one strand which is 21 nucleotides

long and anneals to an opposite strand that is 20 nucleotides long, will be considered, as used

herein, a 21-mer.

Preferably, the siRNA of the present invention will comprise a 3' overhang of about 2 to 4

bases. More preferably, the 3' overhang is 2 nucleotides long. Even more preferably, the 2

nucleotides comprising the 3' overhang are uridine 

In one embodiment, the invention provides an RNA molecule comprising a nucleotide

sequence at least 80% identical to the nucleotide sequence of the target agent or virus.

Preferably, the RNA molecule of the present invention is at least 90%, 95%, 96%, 97%, 98%,

99% or 100% identical to the nucleotide sequence of the target agent or virus.

As a practical matter, whether any particular nucleic acid molecule is at least 90%, 

96%, 97% 98%, 99% or 100% identical to the nucleotide sequence of the target agent or virus

can be determined conventionally using known computer programs such as the Bestfit program

(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,

University Research Park, 575 Science Drive, Madison, Wis. 53711). Bestfit uses the local

homology algorithm of Smith Waterman (Advances in Applied Mathematics 2:482-489

(1981)) to find the best segment of homology between two sequences. When using Bestfit or any

other sequence alignment program to determine whether a particular sequence is, for instance,

identical to a reference sequence according to the present invention, the parameters are set,

!0 of course, such that the percentage of identity is calculated over the full length of the reference

nucleotide sequence and that gaps in homology of up to 5% of the total number of nucleotides in

the reference sequence are allowed.

The present invention provides a method of inactivating a target agent or preferably a virus

in a patient comprising administering to the patient a modified siRNA in an effective amount to

inactivate the targeted agent or virus. RNA interference towards a targeted DNA segment in a

cell can be achieved by administering a dsRNA molecule or siRNA to the cells, wherein the

nucleotide sequence of the dsRNA molecule corresponds to the nucleotide sequence of the

targeted DNA segment. Preferably, the RNA molecule used to induce targeted RNAi is siRNA.

Gene suppression, targeted suppression, sequence-specific suppression, targeted RNAi or
0 sequence-specific RNAi are used interchangeably herein. Furthermore, sequence-specific

suppression, as used herein, is determined by separately assaying the levels of the protein

targeted for suppression in cells containing the siRNA (experimental cells) and in cells not

containing the identical siRNA (control cells), and comparing the two values. Furthermore, the
experimental and control cells must be derived from the same source and same animal. For

example, the control and experimental cells can be, but are not limited to, normal human hepatic

cells as cell culture in vitro, or they can derived from a hepatocellular carcinoma. Further, the
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control and experimental cells used in determining the level or quantity of gene suppression must
be assayed under similar, if not identical, conditions.

As used herein the phrase "targeted DNA segment" is used to mean a DNA sequence

encoding, in whole or in part, an mRNA for a targeted protein, including introns or exons, where
suppression is desired. DNA segment can also mean a DNA sequence that normally regulates
expression of the targeted protein, including but not limited to the promoter of the targeted

protein. Furthermore, the DNA segment may or may not be a part of the cell's genome or it may

be extrachromosomal, such as plasmid DNA.

The present invention is further directed to inactivating a virus in a patient comprising
administering to a patient a modified siRNA in an effective amount to inactivate the virus. The
siRNA is preferably about 10 to about 30 nucleotides in length, more preferably 12-28
nucleotides, more preferably 15-25 nucleotides, even more preferably 19-23 nucleotides and
most preferably 21-23 nucleotides. The method preferably utilizes a 2' modified siRNA that is
modified at the 2' position of at least one ribonucleotide of said siRNA. The method utilizes a
siRNA that is modified with chemical groups selected from the group consisting of fluoro-,
methyl-, methoxyethyl- and propyl-modification. The fluoro-modification is preferred:and either
a 2'-fluoro-modication or a 2',2'-fluoro-modification is useful in the present invention and
preferred.

The modification may be at the pyrimidines, the purines or a combination thereof of the
,0 siRNA are modified. More preferably the pyrimidines are modified, such as cytosine, a

derivative of cytosine, uracil, a derivative of uracil or a combination thereof. In one

embodiment, at least one strand of the siRNA contains at least one modified nucleotide and in an
alternate embodiment, oth strands of the siRNA contains at least one modified nucleotide.

The method is intended to target disease causing agents or pathogens, an more particularly
viruses, which can be either a RNA virus or a DNA virus, which are selected from the group
consisting of hepatitis C virus (HCV), hepatitis A virus, hepatitis B virus, hepatitis D virus,
hepatitis E virus, Ebola virus, influenza virus, rotavirus, reovirus, retrovirus, poliovirus, human
papilloma virus (HPV), metapneumovirus and coronavirus. More preferably the target virus is a
SARS virus. The present method utilizes a siRNA prepared by identifying a target nucleotide

;0 sequence in a virus genome, preferably SARS virus, for designing a small interfering RNA

(siRNA); and producing a siRNA that has been modified to contain at least one modified

nucleotide. More preferably, the siRNA comprises a dsRNA molecule with a first strand

ribonucleotide sequence corresponding to a nucleotide sequence corresponding to a target

nucleotide sequence in said virus and a second strand comprising a ribonucleotide sequence
complementary to said target nucleotide sequence, wherein said first and second strands are
separate complementary strands that hybridize to each other to form said dsRNA molecule, and
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further wherein the first strand ribonucleotide sequence, the second strand ribonucleotide
sequence or both the first and second strand ribonucletide sequences comprise at least one
modified nucleotide. In this method, the target nucleotide sequence comprises a conserved
nucleotide sequence necessary for SARS virus replication, and the conserved nucleotide
sequence is selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID
NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ
ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301. Preferably, the nucleotide sequence is
selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Still more
preferably, the nucleotide sequence is SEQ ID NO: 7293.

.0 The siRNA disclosed in this application may be prepared with modified ribonucleotides as
described herein. Further, the modified ribonucleotide of the siRNA used in the present method
is incorporated into said siRNA by chemical synthesis or enzymatic synthesis.

The siRNA disclosed in this application may or may not have a 5' triphosphate group.
The modified siRNA is administered to a patient by a method selected from the group

consisting of intravenous injection, subcutaneous injection, oral delivery, and liposome delivery.
The modified siRNA accumulates in an organ, tissue or body system of the patient that are the
liver, gastrointestinal tract, respiratory tract, cervix or skin.

The present invention also provides a method of inhibiting the replication of a virus, such
as SARS virus, in cells positive for SARS virus comprising transfecting SARS-positive cells
with a vector that directs the expression of modified siRNA which is specific for SARS. The
cells are evaluated to determine if a marker in the cells has been inhibited by the modified
siRNA.

The term patient, as used herein, can be an animal, preferably a mammal. More preferably
the subject can be a primate, including non-human and humans. The terms subject and patient
can be used interchangeably.

The treatment envisioned by the current invention can be used for subjects with a pre-
existing viral infection, or for subjects pre-disposed to a SARS virus infection. Additionally, the
method of the current invention can be used to correct or compensate for cellular or
physiological abnormalities involved in conferring susceptibility to viral infections in patients,
and/or to alleviate symptoms of a viral infection in patients, or as a preventative measure in
patients.

The method of treating a patient having a viral infection involves administration of
compositions to the subjects. As used herein, composition can mean a pure compound, agent or
substance or a mixture of two or more compounds, agents or substances. As used herein, the
term agent, substance or compound is intended to mean a protein, nucleic acid, carbohydrate,
lipid, polymer or a small molecule, such as a drug.
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In one embodiment of the current invention, the composition administered to the subject is

a pharmaceutical composition. Further, the pharmaceutical composition can be administered

orally, nasally, parenterally, intrasystemically, intraperitoneally, topically (as by drops or

transdermal patch), bucally, or as an oral or nasal spray. The term "parenteral," as used herein,

refers to modes of administration which include intravenous, intramuscular, intraperitoneal,

intrasternal, subcutaneous and intraarticular injection and infusion. The pharmaceutical

compositions as contemplated by the current invention may also include a pharmaceutically

acceptable carrier.

By "pharmaceutically acceptable carrier" is intended, but not limited to, a non-toxic solid,

semisolid or liquid filler, diluent, encapsulating material or formulation auxiliary of any type,
such as liposomes.

A pharmaceutical composition of the present invention for parenteral injection can

comprise pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,

suspensions or emulsions as well as sterile powders for reconstitution into sterile injectable

solutions or dispersions just prior to use. Examples of suitable aqueous and nonaqueous carriers,

diluents, solvents or vehicles include water, ethanol, polyols (such as glycerol, propylene glycol,

polyethylene glycol, and the like), carboxymethylcellulose and suitable mixtures thereof,

vegetable oils (such as olive oil), and injectable organic esters such as ethyl oleate. Proper

fluidity can be maintained, for example, by the use of coating materials such as lecithin, by the

maintenance of the required particle size in the case of dispersions, and by the use of surfactants.

The compositions of the present invention can also contain adjuvants such as, but not

limited to, preservatives, wetting agents, emulsifying agents, and dispersing agents. Prevention

of the action of microorganisms can be ensured by the inclusion of various antibacterial and

antifungal agents, for example, paraben, chlorobutanol, phenol, sorbic acid, and the like. It can

also be desirable to include isotonic agents such as sugars, sodium chloride, and the like.

Prolonged absorption of the injectable pharmaceutical form can be brought about by the

inclusion of agents which delay absorption such as aluminum monostearate and gelatin.

In some cases, to prolong the effect of the drugs, it is desirable to slow the absorption from

subcutaneous or intramuscular injection. This can be accomplished by the use of a liquid

~0 suspension of crystalline or amorphous material with poor water solubility. The rate of

absorption of the drug then depends upon its rate of dissolution which, in turn, can depend upon

crystal size and crystalline form. Alternatively, delayed absorption of a parenterally

administered drug form is accomplished by dissolving or suspending the drug in an oil vehicle.

Injectable depot forms are made by forming microencapsule matrices of the drug in

biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio of drug to

polymer and the nature of the particular polymer employed, the rate of drug release can be
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controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissues.

The injectable formulations can be sterilized, for example, by filtration through a bacterial-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other sterile injectable medium just prior
to use.

Solid dosage forms for oral administration include, but are not limited to, capsules, tablets,
pills, powders, and granules. In such solid dosage forms, the active compounds are mixed with

.0 at least one item pharmaceutically acceptable excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinylpyrrolidone, sucrose, and acacia, c) humectants such as glycerol, d) 
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid,
certain silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f)
absorption accelerators such as quaternary ammonium compounds, g) wetting agents such as, for
example, acetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the.
dosage form can also comprise buffering agents.

Solid compositions of a similar type can also be employed as fillers in soft and hard filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight
polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be prepared
with coatings and shells such as enteric coatings and other coatings well known in the
pharmaceutical formulating art. They can optionally contain opacifying agents and can also be
of a composition that they release the active ingredient(s) only, or preferentially, in a certain part
of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions
which can be used include polymeric substances and waxes.

The active compounds can also be in micro-encapsulated form, if appropriate, with one or
more of the above-mentioned excipients.

Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, solutions, suspensions, syrups and elixirs. In addition to
the active compounds, the liquid dosage forms can contain inert diluents commonly used in the
art such as, for example, water or other solvents, solubilizing agents and emulsifiers such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
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propylene glycol, 1,3-butylene glycol, dimethyl formamide, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as wetting
agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.

Suspensions, in addition to the active compounds, can contain suspending agents as, for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and tragacanth, and
mixtures thereof.

Alternatively, the composition can be pressurized and contain a compressed gas, such as
nitrogen or a liquefied gas propellant. The liquefied propellant medium and indeed the total
composition is preferably such that the active ingredients do not dissolve therein to any
substantial extent. The pressurized composition can also contain a surface active agent. The
surface active agent can be a liquid or solid non-ionic surface active agent or can be a solid
anionic surface active agent. It is preferred to use the solid anionic surface active agent in the
form of a sodium salt.

The compositions of the present invention can also be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from phospholipids or other
lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid crystals that

0 are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and
metabolizable lipid capable of forming liposomes can be used. The present compositions in
liposome form can contain, in addition to the compounds of the invention, stabilizers,
preservatives, excipients, and the like. The preferred lipids are the phospholipids and the
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes are
known in the art (see, for example, Prescott, Ed., Meth. Cell Biol. 14:33 et seq (1976)).

One of ordinary skill will appreciate that effective amounts of the agents of the invention
can be determined empirically and can be employed in pure form or, where such forms exist, in
pharmaceutically acceptable salt, ester or prodrug form. The agents can be administered to a
subject, in need of treatment of viral infection, as pharmaceutical compositions in combination

0 with one or more pharmaceutically acceptable excipients. It will be understood that, when
administered to a human patient, the total daily usage of the agents or composition of the present
invention will be decided by the attending physician within the scope of sound medical
judgement. The specific therapeutically effective dose level for any particular patient will
depend upon a variety of factors: the type and degree of the cellular or physiological response to
be achieved; activity of the specific agent or composition employed; the specific agents or
composition employed; the age, body weight, general health, sex and diet of the patient; the time

-210-



WO 2004/092360 PCT/US2004/011710

of administration, route of administration, and rate of excretion of the agent; the duration of the
treatment; drugs used in combination or coincidental with the specific agent; and like factors
well known in the medical arts. For example, it is well within the skill of the art to start doses of
the agents at levels lower than those required to achieve the desired therapeutic effect and to
gradually increase the dosages until the desired effect is achieved.

Dosing can also be arranged in a patient specific manner to provide a predetermined
concentration of the agents in the blood, as determined by techniques accepted and routine in the
art. Thus patient dosaging can be adjusted to achieve regular on-going blood levels, as measured
by HPLC, on the order of from 50 to 1000 ng/ml.

It will be readily apparent to one of ordinary skill in the relevant arts that other suitable
modifications and adaptations to the methods and applications described herein can be made
without departing from the scope of the invention or any embodiment thereof.

The modified siRNA is prepared by custom chemical synthesis by Dharmacon, at
Lafayette CO. Each C and U within the siRNA duplex (GL2), has been substituted with 2'-F-U
and 2'-F-C except for the 3'-end overhang, which was dTdT.

To test the stability of 2' chemically modified siRNA compared to unmodified siRNA
(siRNA), the following experiment is performed. 4ngs of siRNA are added to a 20 L volume of

human serum from a healthy donor. This mixture is incubated at 370 C for various times
ranging from 1 minute up to 10 days. The same process is performed for 2' fluorine modified

0 siRNA siRNA). When the incubation process is finished, the mixtures are placed on ice and
then immediately separated by PAGE along with a 32P-siRNA control. The 2' modified siRNA
is stable as compared to unmodified siRNA.

V. IDENTIFICATION OF THERAPEUTICALLY ACTIVE AGENTS FOR TREATMENT
OF SARS VIRUS INFECTION

The invention provides methods for treating SARS by administering therapeutically active
agents, such as small molecule compounds, to a mammal, as well as methods of identifying
therapeutically active agents, such as potent small molecules, for the treatment of SARS virus
infection.

In one aspect of the invention a method of identifying a therapeutically active agent is
provided comprising: contacting the therapeutically active agent with a cell infected with the
SARS virus; measuring attenuation of a SARS related enzyme.

In a more particular embodiment, the therapeutically active agent is a small molecule. In
another more particular embodiment, the therapeutically active agent is a nucleoside analog (e.g.
Ribavirin). In another more particular embodiment the small molecule is a SMIP or peptidic
immunomodulating compound. In another more particular embodiment the therapeutically
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active agent is a peptoid, oligopeptide, or polypeptide. In another embodiment the SARS related
enzyme is SARS protease. In another embodiment the SARS related enzyme is SARS
polymerase. In still another embodiment the SARS related enzyme is a kinase. In still another
embodiment, the SARS related enzyme is a protease. The furin inhibitor peptidyl
chloromethylketone prevents blocks cell-cell fusion after MHV infection (de Haan et al. (2004) J
Virol), which offers guidance for SARS therapy.

The invention includes a cell-based assay that can be used to screen for and identify a
therapeutically active agent for the treatment of SARS virus infection. Therapeutically active
agents of the invention include agents that inhibit, prevent or reduce the replication of a SARS
virus. Such agents can be identified by infecting a cultured cell (such as, for example, VERO
cells) with a SARS virus and evaluating the impact of potential antiviral compounds on SARS
virus replication. Assays to measure the effect of a potential antiviral compound on virus
replication are known in the art and may be based on a variety of parameters.

The cell-based assay may be used in a high-throughput screen to identify therapeutically
active compounds from chemical libraries comprising potential antiviral compounds.
Therapeutically active compounds suitable for use in the invention may inhibit any SARS viral
target that is essential for viral replication in whole cells. Efficacy (the ability of a compound to
inhibit or inactivate the target, be it viral or cellular, that results in the reduction of virus in the
culture) of the therapeutic agent is measured by assessing the viability and/or the proliferation of

!0 surviving cells in a SARS virus infected cell culture.

A number of methods can be used to measure cell viability are known in the art, such as
assays measuring cellular enzymes, proteins, nucleotide triphoshates ATP), nucleic acids

host cell mRNA GAPDH) or rRNA sequences) or cellular metabolites such as MTT or
MTS. In addition, fluorescent (including, for example HSV paper) or non-fluorescent dyes (e.g.
propidium diiodide) or labeling of DNA can be used to measure indications of cell viability
and/or proliferation.

Alternatively, efficacy of a compound or sample can be determined by directly measuring
the amount of virus or viral products in the culture. Methods for measuring the amount of virus,
viral genome or viral products include: PCR, RT-PCR, TMA, reporter proteins with fluourescent

0 or luminescent qualities or enzymatic functions luciferase, alkaline phosphatase, GFP) or
proteins that can be detected by antibodies EGF) that might be incorporated into the viral
genome prior to infection of the cell culture. Further, viral products such as viral proteins can be
measured by ELISA or enzymatic activities. Methods for identifying viral polynucleotides, viral
proteins and antibodies specific to viral proteins are discussed above.

Potential antiviral compounds are applied to the cell-based assay at a concentration of
approximately 10 ItM and compound classes having therapeutic effect are identified by
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measuring the parameter of choice (such as cell viability/proliferation or the virus or viral
genome or a viral product be it viral in origin or non-virus in orgin). Once compounds are
identified as having activity, they are resynthesized, and analoged. Starting with the identified
compound, many analogs and new compounds are synthesized during consecutive optimization
cycles of synthesis, biological profiling and modeling techniques to optimize the to the lead
structure until in vivo activity is elucidated and optimized.

Cells suitable for use in the assay include the cells described above as suitable for vaccine
production. Preferably, the cells are African green monkey kidney cells (Vero) cells. Human
embyronic lung fibroblasts or normal human diploid fibroblasts may also be used in the
invention.

In one embodiment, the invention includes a fluorescence based cytopathogenicity assay to
measure the effect of a potential antiviral compound on a cell-based assay. One example of a
fluorescence based cytopathogenicity assay is illustrated below.

1 x 104 Vero cells per well of a microtiter plate (MTP) are infected with a defined amount
of SARS virus selected within the following ranges for optimal MOI: 5-10, 10-25, 25-50, 
100, 100-500, or 500-1000 PFU in a total volume of 200 jl media (M199 medium supplemented
with 5% FCS, 2 mM glutamine, 100 IU/ml penicillin and 100 #tg/ml streptomycin) in the
presence or absence of the potential antiviral compound and incubated for at least 1, 2, 3, 4, 5, 6,
or 7 days at 370C, 5% CO2 The wells of the MTP are washed with PBS (200 il) and then filled

,0 with 200 rl PBS containing 10 tg/ml fluorescein diacetate. After a 45-min incubation at room
temperature, fluorescence is measured at 485 nm excitation and 538 nm emission wavelengths.
ICso values are determined by a nonlinear plot of antiviral activity as a function of drug
concentration.

Other cell based assays are known in the art and include, among others, methods of GFP
detection and Luc detection. In addition, a Promega kit is commercially available that provides
additional methods of measuring cell viability, etc.

In one embodiment, the invention includes a method of measuring the efficacy of a
potential antiviral compound using RT-PCR to detect the levels of SARS viral RNA in the cell
based assay. Methods of using RT-PCR are known in the art. One example of such an assay is

0 described below.

x 106 Vero cells are seeded in tissue culture. Flasks containing the cells are incubated
over night at 37C, 5% CO2 The cells are infected 1) with SARS virus in the presence
and absence of potential antiviral compounds. Optionally, the cells may be pretreated with the
potential compound prior to infection. In either case, a suitable control cell assay is also
prepared.
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The RNA of infected cells is purified at 2 h (UL54), 12 h (UL8) and 16 h (UL13) after
infection, (Qiagen) RNA purification (RNeasy kit; 40 pl elution) and quantified (absorption at
260 nm). The RNA (2 Ag) is reverse transcribed with a specific primer (2 pmol, using one of the
primer pairs described herein) into cDNA according to theSuperscript II protocol (Invitrogen).
Aliquots (2 il) of the reverse transcription reaction are amplified by PCR. Fragments of the
appropriate target SARS gene, a gene encoding a SARS enzyme, are amplified in 30 cycles
(UL54 and UL8: 3 min, 94 C hot start; 1 min, 94°C denaturation; 1 min, 55°C annealing; 1 min,
72 °C polymerization. UL13: 3 min, 94 °C hot start; 1 min, 94 °C denaturation; 1 min, 60 °C
annealing; 1 min, 72 0C polymerization) by PCR (Taq-Polymerase, Stratagene), in a 100-Pl

.0 reaction volume with the appropriate oligonucleotides, as described herein at 0.1 nmol each. 8-1d
aliquots of cycle 20-30 (lanes 2-12) of the PCR were resolved on a 2% agarose gel (Invitrogen)
according to the manufacturer's instructions.

Cell-based assays of the invention may optionally use a variant or derivative of a wild-type
SARS virus that has reduced or attenuated virulence in humans and/or animal models,(e.g.,
mouse, non-human primate, etc.) Use of such attenuated SARS viruses in screening methods
may reduce safety concerns and precautions that would otherwise be associated with the
pathogenic nature of the SARS virus and may eliminate or reduce the need for the
implementation of cumbersome high containment levels during performance of the assays and
screening of compounds.

0. The invention includes an enzyme-based assay that can be used to screen for and identify a
therapeutically active agent for the treatment of SARS virus infection.

An embodiment of the invention is an assay comprising contacting a known quantity of
SARS protease in solution to a peptide containing a detectable marker and cleavage site for
SARS protease, wherein SARS protease activity is monitored by measuring the intensity of the
marker on the cleaved product.

In a more particular embodiment, a method of assaying for SARS protease is provided
comprising contacting a sample solution containing SARS protease with a peptide containing a
fluorescent donor, fluorescent quencher, and cleavage site for SARS protease, said peptide being
detectable with a fluorometer when cleaved, wherein SARS protease activity is determined in the
sample by the amount of fluorescence detected by the fluorometer.

Assays based on the direct measurement of SARS protease inhibition may be utilized for
screening for SARS therapeutics. Protease for such assays such as 3C-like protease and papain-
like protease may be isolated and purified for such assays as described in Seybert, et al., J. Gen.
Virol., 78:71-75, 1997, Ziebuhr, et al., Adv. Exp. Med. Biol., 440:115-120, 1998, Sims, et al.,
Adv. Exp. Med. Biol. 440:129-134, 1998, Ziebuhr, etal., J. Virol., 73:177-185, 1999, Teng, et
al., J. Virol., 73:2658-2666, 1999, Herold, et-al., J. Biol. Chem. 274:14918-14925, 1999, and
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Ziebuhr, et al., J. Biol. Chem. 276:33220-33232, 2001. Furthermore, Example 30 describes a
novel method of purifying SARS protease using column chromatography. Example 31 describes

a continuous fluorescence resonance energy transfer (FRET) assay for measuring SARS protease
activity. Protease enzyme based assays such as the FRET assay demonstrated in Example 31 are
readily adapted for high-throughput screening and are used for screening candidate antiviral
compounds. Performance of the protease enzymatic assay in the presence of a SARS protease
inhibitor compound will show a decreased amount of fluorescence at a given time when
compared to negative control assay containing no test compound on a non-inhibiting control
compound. Such a method would involve the steps of: providing an assay solution
comprising SARS protease; adding a test compound to the assay solution; adding a
substrate for SARS protease to the assay solution; and measuring the proteolytic activity in
the assay solution. In a preferred embodiment, the proteolytic activity is measured by the
fluorescence of fluorophore product produced by the enzymatic activity of SARS protease.

Attenuated SARS virus variants generally contain one or more genome modifications or
mutations substitutions, deletions, insertions) in protein encoding or non-coding regions.
Specific examples of attenuating mutations include, for example, genetic modifications in the 
end noncoding region, leader sequence, intergenic regions, 3'-end noncoding region, ORF la,
ORF Ib, S gene, E gene, M gene, N gene, or any of the nonstructural protein genes outside of the
ORF la/lb region. Preferred attenuating mutations are in a SARS virus structural protein 

0 Spike a protease or polymerase domain, or a non-coding sequence 5'-end noncoding
region, intergenic sequence). In addition, a cleavage site may be introduced or eliminated within
the spike protein (see for example, Gombold et al., J. Virol. 67:4504-4512, 1993; Bos et al.,
Virology 214:453-463, 1995), such modification that may also be useful for optimization of
expression of recombinant spike protein antigen for vaccine purposes).

A variety of methods are used according to the present invention in order to obtain
attenuated variants of SARS virus. Such methods include serial passage of the SARS virus in
cultured cells mammalian cell culture, such as fetal rhesus kidney cells or VERO cells),
until the SARS virus demonstrates attenuated function. The serial propagation of virus may be
performed at any temperature at which tissue culture passage attenuation occurs, and may be

'0 performed in conjunction with one or more steps of mutagenesis chemical mutagenesis).
The attenuated phenotype of SARS virus variants, obtained after one or more cell culture
passages, is readily measured by one skilled in the art. As used herein, attenuation refers to the
decreased virulence of the SARS virus in a human subject. Evidence of attenuated function may
be indicated by decreased levels of viral replication or by decreased virulence in an animal
model.
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Other methods of producing an attenuated SARS virus include cell culture passage of the

virus at sub-optimal temperatures (cold passage), as well as introduction of attenuating mutations

into the SARS viral genome by random mutagenesis chemical mutagenesis, such as using

or using directed mutagenesis. Preparation and generation of attenuated RSV

vaccines (the methods of which will generally applicable to SARS virus) are disclosed in, for

example, EP 0640128, US Patent No. 6,284,254, US Patent No. 5,922,326, US Patent No.

5,882,651.

The number of passages required to obtain safe, immunizing attenuated virus is dependent

at least in part on the conditions employed. Periodic testing of the SARS virus culture for

virulence and immunizing ability in animals mouse, primate) can readily determine the
parameters for a particular combination of tissue culture and temperature.

In another embodiment, the cell-based assay for screening of antiviral compounds is based

on the readout of expression of a gene product reporter gene product) that is not from
SARS virus. Gene products particularly suitable to the present invention include, but are not

limited to those of the above-described assays.

In order to achieve such a read-out, the gene-of-interest (GOI) encoding said gene reporter

gene product must be incorporated into a replicating SARS virus genome or construct derived

from a SARS virus genome SARS virus replicon, SARS virus defective-interfering (DI)
RNA). Figure 13 is a schematic depicting locations for incorporation of the reporter gene into a

SARS virus genome. Preferably, insertion of a heterologous reporter gene-of-interest is at a site
between existing SARS virus genes, such as for example, as shown in Figure 13. For example,

the GOI may be inserted closely following the termination codon of a SARS virus gene 
ORF lb, S, E, M, Insertion should be positioned in order to minimize disruption of mRNA

transcription for the SARS virus gene(s). The GOI may also be inserted as an in-frame "fusion"

with an existing SARS virus gene, such that sufficient function of the GOI is maintained for

detection. To optimize expression, an additional SARS virus intergenic sequence SEQ ID

NO: 7388, with or without additional flanking SARS virus sequences) may also be engineered

into a position preceding the inserted GOI.

Incorporation of a GOI into SARS virus may be accomplished by one of skill in the art

0 using a variety of techniques. For example, one preferred method is targeted RNA

recombination, that takes advantage of the ability of coronavirus RNAs to undergo

recombination within the cell (see for example Fischer et al., J. Virol. 71:5148-5160, 1997;

Koljesar et al., J. Vet. Sci. 2:149-157, 2001). A construct of desired configuration cDNA

of defective interfering RNA of SARS virus) containing the GOI flanked by SARS virus

sequence intergenic sequence) is generated such that RNA may be transcribed directly

within a eukaryotic cell or in vitro and transfected into susceptible cells also infected with SARS

-216-



WO 2004/092360 PCT/US2004/011710

virus. Recombinant virus containing the GOI is identified based on expression of the GOI

encoded marker.

Alternatively, incorporation of a GOI into SARS virus may be accomplished by one of

skill in the art by first assembling a full-length cDNA clone of the SARS virus, that can be used

to produce infectious RNA transcripts in vivo from an RNA polymerase II promoter) or in

vitro from a bacteriophage promoter). Although relatively long in genome length, such

assembly of a full-length cDNA clone is now readily obtainable by one of skill in the art using

standard molecular biology and reverse genetics techniques and the genome sequence of SARS

virus (see for example, Thiel et al., J. Gen. Virol., 82:1273-1281, 2001; Almazan et al., Proc.

Natl. Acad. Sci. USA 97:5516-5521, 2000; Thiel et al. (2003) J Gen Virol 82:1273-1281; Yount

et al (2003) PNAS USA 100:12995-13000). Insertion of a heterologous GOI into a full-length

SARS virus genome cDNA may be performed using a variety of techniques, such as for

example, ligation into natural or synthetic restriction sites, PCR overlapping PCR), and

recombination.

It may also be desirable to utilize similar SARS virus recombinants containing a gene-of-

interest for antiviral screening, however, with further modification to minimize or eliminate

virus-induced cytopathology CPE). Non-cytopathic derivatives from SARS virus may be

obtained by one of skill in the art using a variety of methods. For example, a selectable marker

drug resistance marker) may be incorporated as GOI into a SARS virus genome to produce

infectious virus as described above (see for example, Perri et al., J. Virol., 74:9802-9807, 2000).

Infectious GOI-containing SARS virus or infectious genome RNA/cDNA is then used to

infect/transfect cells VERO), with or without prior mutagenesis, after which time the

infected cells are subjected to the appropriate selection. Only those cells containing SARS virus

harboring both the selectable marker and one or more mutations rendering the virus non-

cytopathic will survive the selection process and grow out. Active SARS virus replication in

these cells is readily detected using a variety of detection techniques PCR, Northern blot)

and such cells may serve as the substrate for cell-based screening assays. Mutations that result in

the desired noncytopathic SARS virus phenotype may include nucleotide substitutions, deletions

or additions, and may occur in a variety of genome coding or non-coding regions 5' or 3'-

end noncoding regions, intergenic regions, ORFla, ORFlb, a protease domain, a polymerase

domain). The identification of such mutations is readily accomplished by exchange of sequences

with wild-type parental) SARS virus and demonstrating transfer of the phenotype, and

sequencing of the appropriate genome region. Similar mutations that reduce or eliminate

cytopathogenicity also may be utilized in the context of a SARS virus derived replicon vector,

either by similar selection directly using a SARS virus replicon or by specific engineering of the

replicon based on mutation(s) identified in the context of infectious SARS virus as described
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above. In addition, such mutations may serve as the basis for attenuated SARS virus derivatives,
as described elsewhere in this document.

Alternatively, rather than using infectious SARS virus or its derivatives for cell-based
screening assays, propagation defective "replicons" may be engineered and utilized. Such
replicons maintain all protein encoding sequences and cis replication sequences required for
RNA replication and expression within a cell, but are deleted of one or more sequences or genes
required for packaging of progeny SARS virus (see for example Curtis et al., J. Virol., 76:1422-
1434, 2002). Figure 14 is a schematic depicting representative examples of SARS virus
replicons according to the present invention. For example a SARS virus cDNA construct is
generated, that is lacking one or more (or all) structural protein encoding genes, whereby the
missing SARS virus gene(s) is/are replaced by the GOI, maintaining all necessary transcription
signals for expression of the GOI. Operably linked with the SARS virus replicon cDNA
construct is a promoter for RNA polymerase that can be used to transcribe the replicon RNA in
vivo RNA polymerase II promoter) or in vitro bacteriophage promoter). The SARS
replicon may be introduced into a susceptible cell by transfection as RNA or DNA, depending on
the promoter of choice, and the transfected cells may be utilized for the evaluation of antiviral
compounds. By incorporating one or more mutations rendering the replicon noncytopathic for
the cells (see above), one can avoid the need for nucleic acid transfection each time an assay is to
be performed.

0 Alternatively, SARS virus replicons may be packaged into virus like particles that allow
infection of cells, rather than requiring transfection of nucleic acid molecules. A requirement for
replicon packaging is that essential SARS virus gene functions deleted from the replicon 
one or more structural proteins) are provided in trans within the cell containing the replicon. A
variety of methods for packaging of replicon RNA can be utilized to one of skill in the art (see
for example, Curtis et al., ibid: Ortego, et al., J. Virol., 76:11518-11529, 2002). For example,
stably transformed cell lines constitutively or inducibly expressing the required SARS virus gene
functions may be utilized. Alternatively, the required SARS virus gene functions may be
expressed by viral vectors that are introduced into the replicon-containing cell. Alternatively a
defective interfering (DI) SARS virus derived RNA containing the required gene functions may

3 be introduced into the replicon-containing cell. Such DI constructs used to complement missing
replicon functions may be more commonly referred to as defective helper RNA or defective
helpers.

Another configuration useful for cell-based antiviral screening assays according to the
present invention utilizes SARS virus derived DI RNAs encoding a GOI (see for example
Stirrups, et al., J. Gen. Virol., 81:1687-1698, 2000; Liao, et al., Virology 208:319-327, 1995).
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Introduction of a SARS DI, either as cDNA linked to an RNA polymerase II promoter or as in

vitro transcribed RNA, into susceptible cells also infected with SARS virus, allows for a readout

of the GOI reporter product in assays.

A replicon-based system for rapid identification of coronavirus replicase inhibitors is

described by Hertzig et al. (2004) J Gen Virol DOI 10.1099/vir/0/80044-0. Briefly, the system

uses a non-cytopathic selectable replicon RNA that can be stably maintained in eukaryotic cells.

The replicon RNA mediates reporter gene expression as a marker for coronavirus replication,

and expression of the reporter can be used to test the inhibitory effect of test compounds in vitro,

thereby allowing high throughput screening for replicase inhibitors without the need to grow

infectious virus. Preferred replicon RNAs include a neomycin resistance gene in the replicase

gene with a downstream reporter gene GFP) that is expressed via replicase-mediated

synthesis of a sub-genomic mRNA.

VI. COMPOSITIONS AND METHODS FOR TREATMENT OF SARS VIRUS INFECTION

The present invention relates to compositions and methods for the treatment and/or prevention of

SARS. The invention further includes a method for the treatment and/or prevention of SARS

through the administration of a therapeutically effective amount of at least one antiviral

compound from among those described in the US Patents and published international patent

applications listed in Table 1 and Table 2. In one embodiment of the method, the antiviral

compound is a small molecule. In another embodiment, the antiviral compound is a protease

inhibitor. In a further embodiment, the antiviral protease inhibitor is a 3C-like protease inhibitor

and/or a papain-like protease inhibitor. Combined treatment with the lopinavir/ritonavir

(Kaletra) protease inhibitor and ribavirin has shown a favorable clinical response (Chu et al.

(2004) Thorax 59:252-256). In another embodiment, the antiviral compound is an inhibitor of an

RNA dependent RNA polymerase. In another embodiment, a first antiviral compound that is a

protease inhibitor is administered with a second antiviral compound that is an RNA-dependent

RNA polymerase inhibitor. The invention further provides for the administration of a steroidal

anti-inflammatory drug in combination with at least one antiviral compound, for example, from

the antiviral compounds described in the documents listed in Table 1 and Table 2. A

combination treatment of steroids and ribavirin has been described by Fujii et al. (2004) J Infect

Chemother 10:1-7. A combination treatment of corticosteroids and interferon alfacon-1 has also

been reported (Loutfy et al. (2003) JAMA 290:3222-3228).

The invention further provides for a method for the treatment and/or prevention of SARS

through the administration of a therapeutically effective amount of at least one antiviral
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compound from among those described in the US Patents and published international patent
applications listed in Table 1 and Table 2 by inhalation. In another aspect, the antiviral
compound may be administered in combination with a SMIP, SMIS, or other

immunomodulatory compound such as those in Table 34 and in Table 35. In one embodiment of
the method, the antiviral compound is a small molecule. In another embodiment, the antiviral
compound is a protease inhibitor. In a further embodiment, the antiviral protease inhibitor is a
3C-like protease inhibitor and/or a papain-like protease inhibitor. In another embodiment, the
antiviral compound is an inhibitor of an RNA dependent RNA polymerase. In another

embodiment, a first antiviral compound that is a protease inhibitor is administered with a second
antiviral compound that is an RNA-dependent RNA polymerase inhibitor. The invention further
provides for the administration of a steroidal anti-inflammatory drug in combination with at least
one antiviral compound, for example, from the antiviral compounds described in the documents
listed in Table 1 and Table 2. The steroidal anti-inflammatory drug may be administered by
inhalation for a local effect or administered for systemic absorption such as via an oral or
intravenous route.

The invention further provides for methods for treating SARS infection comprising

administering a small molecule immunopotentiator (SMIP) compound either alone or in

combination with an antiviral compound or in combination with a SARS vaccine. In a further

embodiment, the SMIP is a compound disclosed herein or set forth in Table 34.

0 The invention further provides for methods for treating SARS infection comprising

administering an immunosuppressant compound, optionally a small molecule suppressant

(SMIS) compound either alone or in combination with an antiviral compound. In a further

embodiment, the immunosuppressant compound is disclosed herein or set forth in Table 

The invention further provides peptidic immunomodulating compositions, that include

oligo and polypeptides, capable of effecting inflammatory response in a patient. In one

embodiment, the peptidic immunomodulating composition is able to stimulate human cells to

produce cytokines. In another embodiment the peptidic immunomodulating composition is

capable of decreasing cytokine levels in the human. Preferred Examples of peptidic

immunomodulating compositions include those listed in Table 35, as well as TGF32, TGFi1,

0 TGFp3, thymopentin (TP5), 1-mercaptopropionyl-arginyl--lysyl-aspartyl-valyl-tyrosyl-cysteine

amide, colostrinine, lactoferrin cyclolinopeptide A (CLA), and tuftsin (TKPR). The

peptidic immunomodulating compositions of the invention may be used alone or in combination

with other agents, preferably antiviral compounds, for the treatment of SARS.
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The invention further provides for a kit for use by a consumer for the treatment and/or
prevention of SARS. Such a kit comprises: a) a pharmaceutical composition comprising a
therapeutically effective amount of at least one antiviral, SMIP, SMIS, or other
immunomodulating compound from among those described in the US Patents and published
international patent applications listed in Table 1, Table 2, Table 34 and Table 35 and a
pharmaceutically acceptable carrier, vehicle or diluent; b) a container for holding the
pharmaceutical composition; and, optionally, c) instructions describing a method of using the
pharmaceutical compositions for the treatment and or the prevention of SARS. The kit may
optionally contain a plurality of compounds for the treatment of SARS wherein the antiviral
compounds are selected from 3C-like protease inhibitors and papain-like protease inhibitors. In
a further embodiment, the kit contains an antiviral compound that is an RNA-dependent RNA
polymerase inhibitor. When the kit comprises more than one antiviral, SMIP, SMIS, or other
immunomodulating compound, the compounds contained in the kit may be optionally combined
in the same pharmaceutical composition.

An additional aspect of the invention provides for the use of at least one of the antiviral,
SMIP, SMIS, or other immunomodulating compounds described in the US Patents and published
international patent applications listed in Table 1, Table 2, Table 34 and Table 35 for the
manufacture of a medicament for the treatment or prevention of SARS.

An additional aspect of the invention provides for the use of at least one SMIP compound,
!0 or at least one immunosuppressant compound, or at least one SMIS compound for the

manufacture of a medicament for the treatment or prevention of SARS. Preferred SMIP,
immunosuppressant, and SMIS compounds are described herein.

Unless otherwise specified, the following terms, when used within Section VI:
"Compositions and Methods for Treatment of SARS Virus Infection" of the present application
have the meanings as defined below:

As used herein, "limit", "treat" and "treatment" are interchangeable terms as are "limiting"
and "treating" and, as used herein, include preventative prophylactic) and palliative
treatment or the act of providing preventative or palliative treatment. The terms include a
postponement of development of SARS symptoms and/or a reduction in the severity of such

'0 symptoms that will or are expected to develop following infection with a SARS virus. The terms
further include ameliorating existing SARS symptoms, preventing additional symptoms,
ameliorating or preventing the underlying metabolic causes of symptoms.

Representative uses of the compositions and methods of the present invention include: the
elimination or reduction of the viral load of the SARS virus in a vertebrate, including humans,
the elimination or reduction of symptoms associated with SARS, and a reduction in morbidity
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associated with SARS. In a SARS patient population, the use of the compositions and methods

of the invention will result in the reduction in the high mortality rates associated with SARS.

Infection with the SARS virus and the symptoms associated with SARS can be treated in a

subject by administering the compositions of the invention. The compositions of the invention

may be administered systemically. For systemic use, the compounds herein are formulated for

parenteral intravenous, subcutaneous, intramuscular, intraperitoneal, intranasal or

transdermal) or enteral oral or rectal) delivery according to conventional methods.

Intravenous administration can be by a series of injections or by continuous infusion over an

extended period. Administration by injection or other routes of discretely spaced administration

LO0 can be performed at intervals ranging from weekly to once to three times daily or more.

Alternatively, the compositions disclosed herein may be administered in a cyclical manner

(administration of disclosed composition, followed by no administration, followed by

administration of disclosed compositions, and the like). Treatment will continue until the desired

outcome is achieved.

A "subject" is a vertebrate animal including a human that is in need of treatment with the

compositions, methods and kits of the present invention. The term "subject" or "subjects" is

intended to refer to both the male and female gender unless one gender is specifically indicated.

"Coadministration" of a combination of a plurality of antiviral compounds means that these

components can be administered together as a composition or as part of the same, unitary dosage

form. "Co-administration" also includes administering a plurality of antiviral compounds

separately but as part of the same therapeutic treatment program or regimen. "Co-administration"

also includes administering a plurality of other agents, such as, for example an oligopeptide, a

polypeptide, a peptidic immunomodulator, nucleic acid, antibodies, or a vaccine wherein the

compounds or agents are administered separately but as part of the same therapeutic treatment

program or regimen. The components need not necessarily be administered at essentially the

same time, although they can if so desired. "Co-administration" also includes separate

administration at different times and in any order. For example, where appropriate a patient may

take one or more component(s) of the treatment in the morning and the one or more of the other

component(s) at night.

By "antiviral compound" as used herein is meant an antiviral compound as described in the

US Patents and published international patent applications listed in Table 1 and Table 2. The US

Patents and published international patent applications listed in Table 1, Table 2 and Table 

are incorporated herein in their entirety. In one embodiment, the antiviral compound is an RNA-

dependent RNA polymerase. In another preferred embodiment the antiviral compound is a 3C-

like protease inhibitor or a papain-like protease inhibitor. The antiviral compounds may be
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administered in the form of the acid, or of a soluble alkali metal salt or alkaline earth metal salt

where appropriate.

The precise dosage of the antiviral compound will vary with the dosing schedule, the oral

potency of the particular antiviral compound chosen, the age, size, sex and condition of the

subject, the severity of the disorder to be treated, and other relevant medical and physical factors.

Thus, a precise pharmaceutically effective amount cannot be specified in advance and can be

readily determined by the caregiver or clinician.

Generally, an appropriate amount of antiviral compound is chosen to obtain a reduction in

the load of the SARS virus in the subject and/or to obtain a reduction in the symptoms associated

with SARS. For humans, an effective oral dose of antiviral compound is typically from about

to about 6000 /g/kg body weight per day and preferably about 10 to about 2000 /g/kg of

body weight per day.

One of ordinary skill in the art will recognize that certain antiviral, SMIP, SMIS, and

immunomodulating compounds of the invention including 3C-like protease inhibitors, papain-

like protease inhibitators, and RNA-dependent RNA polymerase inhibitors will contain one or

more atoms that may be in a particular stereochemical, tautomeric, or geometric configuration,

giving rise to stereoisomers, tautomers and configurational isomers. All such isomers and

mixtures thereof are included in this invention, when active. Crystalline and amorphous forms of

the antiviral compounds of this invention are also included as are hydrates, solvates, polymorphs,

and isomorphs of the antiviral compounds of the invention.

SMIP compounds of the invention include compounds are described in issued U.S. Patent

Nos. 4,547,511 and 4,738,971 with the general structure 

R" 0

N' Heterocyclyl

H

a

for the treatment of disorders responsive to agents that enhance cell-mediated immunity.

Immunostimulatory oligonucleotides and polynucleotides are described in PCT WO

98/55495 and PCT WO 98/16247. U.S. Patent Application No. 2002/0164341 describes

adjuvants including an unmethylated CpG dinucleotide (CpG ODN) and a non-nucleic acid

adjuvant. U.S. Patent Application No. 2002/0197269 describes compositions comprising an

antigen, an antigenic CpG-ODN and a polycationic polymer.
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Additionally, issued U.S. Patent Nos. 4,689,338, 5,389,640, 5,268,376, 4,929,624,

5,266,575, 5,352,784, 5,494,916, 5,482,936, 5,346,905, 5,395,937, 5,238,944, 5,525,612,

W099/29693 and U.S. Ser. No. 09/361,544 disclose compounds of the general structure 

R R'

N
N-

NH2

b

for the use as "immune response modifiers."

Further compounds with SMIP and antiviral activity are described below and in US
Patent Application entitled Thiosemicarbazones as Anti-Virals and Immunopotentiators filed on
December 29, 2003 with an attorney docket number of PP19814.004US generally disclosing

LO compounds of the following structures:

A compound of formula c:

Y' S
E, N, ZL xI N N

R' R" Z'
c

wherein: E is absent or selected from the group consisting of alkyl, substituted alkyl,

cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocyclyl, substituted heterocyclyl,

heteroaryl, and substituted heteroaryl;

L is absent or is selected from the group consisting of oxo, amino, alkylene, substituted

alkylene, alkoxy, alkylamino, aminoalkyl, heterocyclyl, carbocyclyl, and carbonyl;

W is absent or selected from the group consisting of cycloalkyl, substituted cycloalkyl,

0 aryl, substituted aryl, heterocyclyl, substituted heterocyclyl, heteroaryl, and substituted

heteroaryl;

X is absent or is selected from the group consisting of oxo, amino, alkylene, substituted

alkylene, alkoxy, alkylamino, aminoalkyl, heterocyclyl, carbocyclyl, and carbonyl;

Y is selected from the group consisting of cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heterocyclyl, substituted heterocyclyl, heteroaryl, and substituted heteroaryl;
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Y' is absent or is selected from the group consisting of F, Cl, Br, I, nitro, alkyl,

substituted alkyl, and optionally substituted heterocyclyl, amino, alkylamino, dialkylamino;

Y" is absent or is selected from the group consisting of F, Cl, Br, I, nitro, alkyl, substituted alkyl,

and optionally substituted heterocyclyl, amino, alkylamino, dialkylamino;

R' is H, alkyl, or substituted alkyl;

R" is H, or

R' and R" are taken together to form a hetercyclic ring;

Z and Z' are independently selected from the group consisting of hydrogen, alkyl, substituted

alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl,

alkoxycarbonyl, carboxyl sulfonyl, methanesulfonyl, and substituted or unsubstituted

alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbony1,

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy,

heteroaralkylcarbonyloxy, alkylamrninocarbonyloxy, arylaninocarbonyloxy, formyl,

loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, aminoalkoxy, alkylamino, heteroarylamino, alkylcarbonylamino,

alkylaminocarbonylamino, arylaminocarbonylamino, aralkylcarbonylamino,

heteroarylcarbonylamino, arylcarbonylamino, cycloamidino, cycloalkyl, cycloimido,

arylsulfonyl and arylsulfonamido; or

Z and Z' are taken together to form a heterocyclic group, that may be optionally substituted and

the tautomers and the pharmaceutically acceptable salts, esters, or prodrugs thereof.

Further SMIP compounds are described below and in US Patent Application 10/762873,

Use of Tryptanthrin Compounds for Immune Potentiation, filed on January 21, 2004 and

disclosing the general embodiment of compounds represented by Formula 

R10  R9
10RI 'H-G

RB2 BN -R8
II E

R4 O

R3CS N

(d)

wherein

A, B, C, D, E, F, G, and H are independently selected from carbon and nitrogen, or A and

B and/or C and D can be taken together to be nitrogen or sulfur;
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R1 R2 R3 R4 R8 and R10 are independently selected from the group consisting of hydrogen,

halogen, loweralkyl, alkyl, substituted alkyl, cycloalkyl, heterocyclyl, alkyiheterocyclyl,
substituted heterocyclyl, substituted alkenyl, amino, (substituted alkyl)(alkyl)amino, imino,
haloloweralkyl, hydroxy, alkoxy, substituted alkoxy, hydroxyalkylthio, nitro, alkylsulfonyl, N-
alkylsulfonamide, arylalkyl, arylalkylaryl, arylaryl, aryloxy, arylamino, acylamino,
acyloxyamino, alkylaminoacylamino, alkylaminosulfonylamnino, alkylamino, alkenylamino,
dialkylamino, alkoxyalkylamino, alkoxyalkylheterocyclyl, mercaptoalkoxyalkyl, cyano,
formyl, -COOR 1I wherein R 11 is hydrogen, loweralkyl, aryl, heterocyclyl, monosaccharide or
disaccharide, and -CONR 1 2R1 3 wherein R12 and R13 are independently selected from hydrogen,

[0 loweralkyl, aryl, heterocyclyl, saccharide, peptide and amino acid residues; or R2 and R3 taken
together form a six membered aromatic ring;

R7 and R9 are independently selected from hydrogen, halogen, loweralkyl,

haloloweralkyl, cycloalkyl, heterocyclyl, substituted heterocyclyl or heterocyclylalkyl; and
R1 R2 R3 R4 R7 Rs, Rg,and RO10 are absent when the ring atom to which they would

otherwise be bonded is sulfur or double-bonded nitrogen; or
the a pharmaceutically acceptable salts, esters, or prodrugs thereof,

provided that R1 R2 R3 R4 R7 Rs, R9 and Ro10 are not all hydrogen when A, B, C, D, E, F, and
H are carbon.

In one embodiment, the compounds of Formula have a backbone structure wherein D is
0 nitrogen, and A-C and E-H are carbon.

In one embodiment, when D is carbon, at least one, or at least two of R1 R4 and R7 Ro10 are
not hydrogen.

In one embodiment, R1 through R4 and Rg and R10 are independently selected from at least two

of the group consisting of hydrogen, halogen, loweralkyl, cycloalkyl, heterocyclyl, substituted
heterocyclyl, alkylheterocyclyl, amino, imino, haloloweralkyl, alkoxy, nitro, alkylsulfonyl,
arylalkyl, arylalkylaryl, arylaryl, aryloxy, arylamino, acylamino, acyloxyamino,
alkylaminoacylamino, alkylaminosulfonylamino, alkylamino, alkenylamino, dialkylamino,
alkoxyalkylamino, alkoxyalkyiheterocyclyl, mercaptoalkoxyalkyl, cyano, formyl, -COOR11

where R 11 is hydrogen, loweralkyl, aryl, heterocyclyl, monosaccharide or disaccharide,

and -CONR 12R1 3 where R 12 and R 13 are independently selected from hydrogen, loweralkyl,

aryl, heterocyclyl, saccharide, peptide and amino acid residues; and R4 is not present when D is
nitrogen.
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In an additional embodiment, 4A, B, C, D, E, F, G, and H are independently selected from

carbon and nitrogen;

R1 R2 R3 R4 R8 and R10 are independently selected from the group consisting of

hydrogen, halogen, loweralkyl, alkyl, substituted alkyl, heterocyclyl, substituted heterocyclyl,

substituted alkenyl, (substituted alkyl)(alkyl)amino, haloloweralkyl, hydroxy, alkoxy, substituted

alkoxy, hydroxyalkylthio, nitro, N-alkylsulfonamide, cyano, -COOR 11 wherein R11 is hydrogen,

loweralkyl, aryl, heterocyclyl, monosaccharide or disaccharide, and -CONR 12R1 3 wherein R 12

and R13 are independently selected from hydrogen, loweralkyl, aryl, heterocyclyl, saccharide,

peptide and amino acid residues.

For the compounds described herein:

The term "loweralkyl" refers to branched or straight chain acyclical alkyl groups

comprising one to ten carbon atoms, including, methyl, ethyl, propyl, isopropyl, n-butyl,

t-butyl, neopentyl and the like.

The term "alkyl" refers to alkyl groups that do not contain heteroatoms. Thus the term

includes straight chain alkyl groups such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, nonyl, decyl, undecyl, dodecyl and the like. The phrase also includes branched chain

isomers of straight chain alkyl groups, including but not limited to, the following that are

provided by way of example: -CH(CH 3 2 -CH(CH 3)(CH2CH3 -CH(CH2CH3 2

'0 C(CH3 3 -C(CH 2CH 3 3 -CH2CH(CH3 2 -CH2CH(CH3)(CH 2CH 3

CH 2CH(CH2CH3 2 -CH2C(CH3 3 -CH 2C(CH2CH 3 3

CH(CH 3)CH(CH3)(CH 2CH 3 -CH 2CH2CH(CH 3 2 -CH 2CH2CH(CH 3)(CH2CH3

CH 2CH 2CH(CH 2CH3 2 -CH 2CH 2C(CH 3 3 -CH 2CH2C(CH2CH 3 3

CH(CH3)CH 2CH(CH3) 2 -CH(CH 3)CH(CH3)CH(CH3 2

CH(CH2CH 3)CH(CH 3)CH(CH 3)(CH 2CH3 and others. The term also includes cyclic alkyl

groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and

such rings substituted with straight and branched chain alkyl groups as defined above. The term

also includes polycyclic alkyl groups such as, but not limited to, adamantyl norbornyl, and

bicyclo[2.2.2]octyl and such rings substituted with straight and branched chain alkyl groups as

0 defined above. Thus, the phrase unsubstituted alkyl groups includes primary alkyl groups,

secondary alkyl groups, and tertiary alkyl groups. Unsubstituted alkyl groups may be bonded to

one or more carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the

parent compound. Preferred unsubstituted alkyl groups include straight and branched chain alkyl
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groups and cyclic alkyl groups having 1 to 20 carbon atoms. More preferred such unsubstituted

alkyl groups have from 1 to 10 carbon atoms while even more preferred such groups have from 1

to 5 carbon atoms. Most preferred unsubstituted alkyl groups include straight and branched

chain alkyl groups having from 1 to 3 carbon atoms and include methyl, ethyl, propyl, and 

CH(CH 3 2

The phrase "substituted alkyl" refers to an unsubstituted alkyl group as defined above in

which one or more bonds to a carbon(s) or hydrogen(s) are replaced by a bond to non-hydrogen

and non-carbon atoms such as, but not limited to, a halogen atom in halides such as F, Cl, Br,

and I; a phosphorus atom in groups such as phosphate and dialkyl alkylphosphonate; oxygen

atom in groups such as hydroxyl groups, alkoxy groups, aryloxy groups, and ester groups; a

sulfur atom in groups such as thiol groups, alkyl and aryl sulfide groups, sulfone groups, sulfonyl

groups, and sulfoxide groups; a nitrogen atom in groups such as amines, amides, alkylamines,

dialkylamines, arylamines, alkylarylamines, diarylamines, N-oxides, imides, and enamines; a
silicon atom in groups such as in trialkylsilyl groups, dialkylarylsilyl groups, alkyldiarylsilyl

groups, and triarylsilyl groups; and other heteroatoms in various other groups. Substituted alkyl

groups also include groups in which one or more bonds to a carbon(s) or hydrogen(s) atom is

replaced by a bond to a heteroatom such as oxygen in carbonyl, carboxyl, and ester groups;

nitrogen in groups such as imines, oximes, hydrazones, and nitriles. Preferred substituted alkyl

groups include, among others, alkyl groups in which one or more bonds to a carbon or hydrogen

,0 atom is/are replaced by one or more bonds to fluorine atoms. One example of a substituted alkyl

group is the trifluoromethyl group and other alkyl groups that contain the trifluoromethyl group.

Other alkyl groups include those in which one or more bonds to a carbon or hydrogen atom is

replaced by a bond to an oxygen atom such that the substituted alkyl group contains a hydroxyl,
alkoxy, aryloxy group, or heterocyclyloxy group. Still other alkyl groups include alkyl groups

that have an amine, alkylamine, dialkylamine, arylamine, (alkyl)(aryl)amine,diarylamine,

heterocyclylamine, (alkyl)(heterocyclyl)amine, (aryl)(heterocyclyl)amine, or

diheterocyclylamine group.

The term "alkoxy" refers to RO- wherein R, for example, is alkyl such as loweralkyl

defined above. Representative examples of loweralkyl alkoxy groups include methoxy, ethoxy,

0 t-butoxy and the like.

The phrase "substituted alkoxy" refers to RO-, where R is, for example, an alkyl

substituted, for example, with a halogen. RO is for example OCF3
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The term "alkenyl" refers to a branched or straight chain groups comprising two to

twenty carbon atoms that also comprises one or more carbon-carbon double bonds.

Representative alkenyl groups include prenyl, 2-propenyl allyl), 3-methyl-2-butenyl,

3,7-dimethyl-2,6-octadienyl, 4,8-dimethyl-3,7-nonadienyl, 3,7,11-trimethyl-2,6,10-dodecatrienyl

and the like.

The phrase "substituted alkenyl" refers to alkenyl groups that are substituted, for

example, diethyl hex-5-enylphosponate, and others with an alkyl or substituted alkyl group such

as dialkyl phosphate or an ester such as an acetate ester.

The phrase "dialkyl amino" refers to an amino group substituted with two alkyl groups

such as C1-20 alkyl groups.

The phrase "substituted dialkyl amino" refers to a dialkylamino substituted, for example,

with a carboxylic acid, ester, hydroxy or alkoxy.

The term "hydroxyalkylthio" refers to a thio radical to which is appended a hydroxyalkyl

group, where the alkyl is for example lower alkyl. An example is hydroxyethylthio, 

SCH2CH 2OH.

The term "N-alkylsulfonamide" refers to the group -SO 2NHalkyl, where alkyl is, for

example, octyl.

The term "alkynyl" refers to a branched or straight chain comprising two to twenty

carbon atoms that also comprises one or more carbon-carbon triple bonds. Representative

alkynyl groups include ethynyl, 2-propynyl (propargyl), 1-propynyl and the like.

The term "aryl" refers to aryl groups that do not contain heteroatoms. Thus the term

includes, but is not limited to, groups such as phenyl, biphenyl, anthracenyl, naphthenyl by way

of example. Although the phrase "unsubstituted aryl" includes groups containing condensed

rings such as naphthalene, it does not include aryl groups that have other groups such as alkyl or

halo groups bonded to one of the ring members, as aryl groups such as tolyl are considered

herein to be substituted aryl groups as described below. A preferred unsubstituted aryl group is

phenyl. Unsubstituted aryl groups may be bonded to one or more carbon atom(s), oxygen

atom(s), nitrogen atom(s), and/or sulfur atom(s) in the parent compound, however.

The phrase "substituted aryl group" has the same meaning with respect to aryl groups that

substituted alkyl groups had with respect to alkyl groups. However, a substituted aryl group also

includes aryl groups in which one of the aromatic carbons is bonded to one of the non-carbon or

non-hydrogen atoms described above and also includes aryl groups in which one or more

aromatic carbons of the aryl group is bonded to a substituted and/or unsubstituted alkyl, alkenyl,
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or alkynyl group as defined herein. This includes bonding arrangements in which two carbon
atoms of an aryl group are bonded to two atoms of an alkyl, alkenyl, or alkynyl group to define a
fused ring system dihydronaphthyl or tetrahydronaplithyl). Thus, the phrase "substituted
aryl" includes, but is not limited to tolyl, and hydroxyphenyl among others.

The term "arylalkyl" refers to a loweralkyl radical to which is appended an aryl group.
Representative arylalkyl groups include benzyl, phenylethyl, hydroxybenzyl, fluorobeuzyl,
fluorophenylethyl and the like.

The phrase "unfused arylaryl" refers to a group or substituent to which two aryl groups,
that are not condensed to each other, are bound. Exemplary unfused arylaryl compounds include,

LO for example, phenylbenzene, diphenyldiazene, 4-mcthylthio-1-phenylbenzenu, phenoxybenzene,
2-phenylethynyl)benzene, diphenyl ketone, (4-phenylbuta-1 ,3-diynyl)benzene,

phenylbenzylamine, (phenylmethoxy)benzene, and the like. Preferred substituted unfused
arylaryl groups include: 2 -(phenylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 1,4-
diphenylbenzene, N-[4 2 -phenylethynyl)phcnyl]y2.[benizylam-iino]acetamide, 2-amino-N-[4-(2-
phenylethynyl)phenyl]propanam-ide, 2 -amino-N-[ 4-(2-phenylethynyl)phenyllacetamide, 2-
(cyclopropylamino)-N- 4 2-phenylethynyl)phenyl]acetamide, 2-(ethylamino)-N-[4(2-

phenylethynyl)phenyllacetamide, 2- 2 -methylpropyl)amiino]-N-4.(2-

phenylethynyl)phenyl] acetamide, 5-phenyl-2H-benzo[d] 1,3-dioxolene, 2-chloro-1-methoxy-4-
phenylbenzene, 2 -[(imidazolylmethyl)amiino]-N-[4(2-phenylethynyl)phenyl~acetanmide, 4-

0 phenyl-1-phenoxybenzene, N-(2 -amiinoethyl)[4-(2-phenylethynyl)phenyl]carboxamide, 

fluorophenyl)methyl] amino 4 -(2-phenylethynyl)phenyl] acetamide, 

methylphenyl)methyl]arnino }-N-[4-(2-phenylethynyl)phenyl] acetaniide, 4-phenyl-1 
(trifluoromethyl)benzene, 1 -butyl-4-phenylbenzene, 2-(cyclohexylan-ino)-N-[4-(2-

phenylethynyl)phenyl] acetamide, 2-(ethylmethylamino)-N-[4-(2-

phenylethynyl)phenyl] acetamide, 2-(butylamino)-N-[4-(2-phenylethynyl)phenyl~acetamide, N-
4 2-phenylethynyl)pheny2(4pyridylamino)acetamide, N-[4 -(2-phenylethynyl)phenyl]-2

(quinuclidin-3-ylamino)acetarmide, N-[4 2 -phenylethynyl)phenyllpyrrolidin.2-ylcarboxamide,
2-am-ino- 3 -methyl-N-[4-(2-phenylethynyl)pheny1]butan~ande, 4-(4-phenylbuta- 1,3-
diynyl)phenylamine, 2 -(dimethylamino)-N-[4-(4-phenylbuta1, 3 -diynyl)phenyllacetarmide, 2-
(ethylamino)-N-[4-(4-phenylbuta-1,3-diynyl)phenyl]acetamaide, 4 -ethyl-1-phenylbenzene, 14[4-
2-phenylethynyl)phenyllethan- 1-one, N-(l-carbamoyl-2-hydroxypropyl)[4-(4-phenylbuta.1 

diynyl)phenyl]carboxan-xide, N-[4 2 -pheniylethynyl)phenyljpropanamide, 4-methoxyphenyl
phenyl ketone, phenyl-N-benzam-ide, (tert-butoxy)-N-[(4-phenylphenyl)methylcarboxamide, 2-
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(3-phenylphenoxy)ethanehydroxamic acid, 3-phenyiphenyl prop anoate, 1-(4-ethoxyphenyl)-4-

methoxybenzene, and [4-(2-phenylethynyl)phenyllpyrrole.

The phrase "unfused heteroarylaryl" refers to a unfused arylaryl group where one of the

aryl groups is a heteroaryl group. Exemplary heteroarylaryl groups include, for example, 2-

phenylpyridine, phenylpyrrole, 3-(2-phenylethynyl)pyridine, phenylpyrazole, 5-(2-

phenylethynyl)-1 ,3-dihydropyrim-idine-2,4-dione, 4-phenyl-1 ,2,3-thiadiazole, 2-(2-

phenylethynyl)pyrazine, 2-phenyithiophene, phenylimidazole, 3-(2-piperazinylphenyl)furan, 3-

(2,4-dichlorophenyl)-4-methylpyrrole, and the like. Preferred substituted unfused heteroarylaryl

groups include: 5-(2-phenylethynyl)pyrimnidine-2-ylamine, 1 -methoxy-4-(2-thienyl)benzene, I-

methoxy-3-(2-Lhienyl)benzene, 5-methyl-2-phenylpyridine, 5-methyl-3-phenylisoxazole, 2-13-

(trifluoromethyl)phenyl]furan, 3-fluoro-5-(2-furyl)-2-methoxy-1-prop-2-enylbenzene,

(hydroxyimino)(5-phenyl(2-thienyl))methane, 5- [(4-methylpiperazinyl)methyl]-2- 

phenyithiophene, 2-(4-ethylphenyl)thiophene, 4-methylthio- 1-(2-thienyl)benzene, 2-(3-

nitrophenyl)thiophene, (tert-butoxy)-N- r(5-phenyl(3-pyridyl))methyl]carboxamide, hydroxy-N-

[(5-phenyl(3-pyridyl))methyllarnide, 2-(phenylmethylthio)pyridine,, and benzylimidazole.

The phrase "unfused heteroaryiheteroaryl" refers to an unfused arylaryl group where both

of the aryl groups is a heteroaryl group. Exemplary heteroaryiheteroaryl groups include, for

example, 3-pyridylimidazole, 2-imidazolylpyrazine, and the like. Preferred substituted unfused

heteroaryiheteroaryl groups include: 2-(4-piperazinyl-3-pyridyl)furan, diethyl(3-pyrazin-2-yl(4-

MO pyridyl))am-ine, and dimethyl{ 2-12-(5-methylpyrazin-2-yl)ethynyl] (4-pyridyl) }am-ine.
SThe phrase "fused arylaryl!" refers to an-aryl group as previously defined that is

condensed, and fully conjugated to an aryl group. Representative fused arylaryl groups include

biphenyl, 4-(1-naphthyl)phenyl, 4-(2-naphthyl)phenyl and the like.

The phrase "fused heteroarylaryl" refers to an aryl group as previously defined that is

condensed, and fully conjugated with a heteroaryl group. Representative fused heteroarylaryl

groups include quinoline, quinazoline and the like.

The phrase "fused heteroaryiheteroaryl" refers to a heteroaryl group as previously defined

that is condensed, and fully conjugated with another heteroaryl group. Representative fused

heteroarylheteroaryl groups include pyrazalopyrimidine, imidazoquinoline and the like.

;0 The term "aryloxy" refers to RO- wherein R is an aryl group. Representative arylalkoxy

group include benzyloxy, phenylethoxy and the like.

The term "arylalkoxy" refers to a lower alkoxy radical to which is appended an aryl

group. Representative arylalkoxy group include benzyloxy, phenylethoxy and the like.
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The term "aryloxyaryl" refers to an aryl radical to which is appended an aryloxy group.
Representative aryloxyaryl groups include 4-phenoxyphenyl, 3 -phenoxyphenyl,
4 -phenoxy-1-naphthyl, 3-phenoxy-l-naphthyl and the like.

The term "aryloxyarylalkyl" refers to an arylalkyl radical to which is appended an
aryloxy group. Representative aryloxyarylalkyl groups include 4 -phenoxyphenylmethyl,
3-phenoxyphenylmethyl, 4-phenoxyphenylethyl, 3-phenoxy-phenylethyl and the like.

The term "arylalkoxyaryl" refers to an aryl radical to which is appended an arylalkoxy
group. Representative arylalkoxyaryl groups include 4 -benzyloxylphenyl, 3 -benzyloxyphenyl
and the like.

0 The term "arylalkoxyarylalkyl" refers to an arylalkyl radical to which is appended an
arylalkoxy group. Representative arylalkoxyarylalkyl groups include 4-benzyloxylbenzyl,
3-benzyloxybenzyl and the like.

The term "cycloalkyl" refers to an alicyclic group comprising from 3 to 7 carbon atoms
including, but.not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.

The term "cycloalkylalkyl" refers to a loweralkyl radical to which is appended a
cycloalkyl group. Representative examples of cycloalkylalkyl include cyclopropylmethyl,
cyclohexylmethyl, 2 -(cyclopropyl)ethyl and the like.

The term "halogen" refers to iodine, bromine, chlorine or fluorine; "halo" refers to iodo,
bromo, chloro or fluoro.

3 The term "haloalkyl" refers to a lower alkyl radical, as defined above, bearing at least one
halogen substituent, for example, chloromethyl, fluoroethyl or trifluoromethyl and the like.

The term "heterocyclyl" (or heterocyclic, or heterocyclo) refers to both aromatic and
nonaromatic ring compounds including monocyclic, bicyclic, and polycyclic ring compounds
such as, but not limited to, quinuclidyl, containing 3 or more ring members of which one or more
is a heteroatom such as, but not limited to, N, 0, and S. Although the phrase "unsubstituted
heterocyclyl" includes condensed heterocyclic rings such as benzimidazolyl, it does not include
heterocyclyl groups that have other groups such as alkyl or halo groups bonded to one of the ring
members as compounds such as 2-methylbenzimidazolyl are substituted heterocyclyl groups.
Examples of heterocyclyl groups include, but are not limited to: unsaturated 3 to 8 membered

I rings containing 1 to 4 nitrogen atoms such as, but not limited to pyrrolyl, pyrrolinyl, imidazolyl,
pyrazolyl, pyridyl, dihydropyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl 4H-1,2,4-
triazolyl, 1H-1,2,3-triazoly, 2H-1,2,3-triazolyl etc.), tetrazolyl, 1H-tetrazolyl, 2H
tetrazolyl, etc.); saturated 3 to 8 membered rings containing 1 to 4 nitrogen atoms such as, but
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not limited to, pyrrolidinyl, imidazolidinyl, piperidinyl, piperazinyl; condensed unsaturated

heterocyclic groups containing 1 to 4 nitrogen atoms such as, but not limited to, indolyl,

isoindolyl, indolinyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl, indazolyl,

benzotriazolyl; unsaturated 3 to 8 membered rings containing 1 to 2 oxygen atoms and 1 to 3

nitrogen atoms such as, but not limited to, oxazolyl, isoxazolyl, oxadiazolyl 1,2,4-

oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, etc.); saturated 3 to 8 membered rings

containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but not limited to,

morpholinyl; unsaturated condensed heterocyclic groups containing 1 to 2 oxygen atoms and 1 to

3 nitrogen atoms, for example, benzoxazolyl, benzoxadiazolyl, benzoxazinyl 2H-1,4-

benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur atoms and 1 to 3

nitrogen atoms such as, but not limited to, thiazolyl, isothiazolyl, thiadiazolyl 1,2,3-

thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, etc.); saturated 3 to8

membered rings containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited

to, thiazolodinyl; saturated and unsaturated 3 to 8 membered rings containing 1 to 2 sulfur atoms

such as, but not limited to, thienyl, dihydrodithiinyl, dihydrodithionyl, tetrahydrothiophene,

tetrahydrothiopyran; unsaturated condensed heterocyclic rings containing 1 to 2 sulfur atoms and

1 to 3 nitrogen atoms such as, but not limited to, benzothiazolyl, benzothiadiazolyl,

benzothiazinyl 2H-1,4-benzothiazinyl, etc.), dihydrobenzothiazinyl 2H-3,4-

dihydrobenzothiazinyl, etc.), unsaturated 3 to 8 membered rings containing oxygen atoms such

as, but not limited to furyl; unsaturated condensed heterocyclic rings containing 1 to 2 oxygen

atoms such as benzodioxolyl 1,3-benzodioxoyl, etc.); unsaturated 3 to 8 membered rings

containing an oxygen atom and 1 to 2 sulfur atoms such as, but not limited to, dihydrooxathiinyl;

saturated 3 to 8 membered rings containing 1 to 2 oxygen atoms and 1 to 2 sulfur atoms such as

1,4-oxathiane; unsaturated condensed rings containing 1 to 2 sulfur atoms such as benzothienyl,

benzodithiinyl; and unsaturated condensed heterocyclic rings containing an oxygen atom and 1

to 2 oxygen atoms such as benzoxathiinyl. Heterocyclyl group also include those described

above in which one or more S atoms in the ring is double-bonded to one or two oxygen atoms

(sulfoxides and sulfones). For example, heterocyclyl groups include tetrahydrothiophene,

tetrahydrothiophene oxide, and tetrahydrothiophene 1,1-dioxide. Preferred heterocyclyl groups

contain 5 or 6 ring members. More preferred heterocyclyl groups include morpholine,

piperazine, piperidine, pyrrolidine, imidazole, pyrazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,

thiomorpholine, thiomorpholine in which the S atom of the thiomorpholine is bonded to one or
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more O atoms, pyrrole, homopiperazine, oxazolidin-2-one, pyrrolidin-2-one, oxazole,

quinuclidine, thiazole, isoxazole, furan, and tetrahydrofuran.

The phrase "substituted heterocyclyl" refers to an heterocyclyl group as defined above in

which one of the ring members is bonded to a non-hydrogen atom such as described above with

respect to substituted alkyl groups and substituted aryl groups. Examples, include, but are not

limited to, 2-methylbenzimidazolyl, 5-methylbenzimidazolyl, 5-chlorobenzthiazolyl, 1-methyl

piperazinyl, and 2-chloropyridyl among others.

"Aminosulfonyl" refers to the group 2-NH2 "Substituted aminosulfonyl" refersto

the group 2-NRR' where R is loweralkyl and R' is hydrogen or a loweralkyl. The term

"aralkylaminosulfonlyaryl" refers to the group -aryl-S(O) 2-NH-aralkyl, where the aralkyl is

loweraralkyl.

"Carbonyl" refers to the divalent group 

"Carbonyloxy" refers generally to the group Such groups include

esters; where R is loweralkyl, cycloalkyl, aryl, or loweraralkyl. The term

"carbonyloxycycloalkyl" refers generally to both an "carbonyloxycarbocycloalkyl" and an

"carbonyloxyheterocycloalkyl", where R is a carbocycloalkyl or heterocycloalkyl,

respectively. The term "arylcarbonyloxy" refers to the group -C(O)-O-aryl, where aryl is a

mono- or polycyclic, carbocycloaryl or heterocycloaryl. The term "aralkylcarbonyloxy' refers to

the group -C(0)-O-aralkyl, where the aralkyl is loweraralkyl.

The term "sulfonyl" refers to the group -SO 2 "Alkylsulfonyl" refers to a substituted

sulfonyl of the structure -S0 2R in which R is alkyl. Alkylsulfonyl groups employed in

compounds of the present invention are typically loweralkylsulfonyl groups having from 1 to 6

carbon atoms in its backbone structure. Thus, typical alkylsulfonyl groups employed in

compounds of the present invention include, for example, methylsulfonyl where R is

methyl), ethylsulfonyl where R is ethyl), propylsulfonyl where R is propyl), and the

like. The term "arylsulfonyl" refersto the group -SO2-aryl. The term "aralkylsulfonyl" refers to

the group -SO 2-aralkyl, in which the aralkyl is loweraralkyl. The term "sulfonamido" refers to 

SO2NH2.

The term "carbonylamino" refers to the divalent group in which the hydrogen

atom of the amide nitrogen of the carbonylamino group can be replaced a loweralkyl, aryl, or

loweraralkyl group. Such groups include moieties such as carbamate esters and

amides where R is a straight or branched chain loweralkyl, cycloalkyl, or aryl

or loweraralkyl. The term "loweralkylcarbonylamino" refers to alkylcarbonylamino where R is a
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loweralkyl having from 1 to about 6 carbon atoms in its backbone structure. The term

"arylcarbonylamino" refers to group -NH-C(O)-R where R is an aryl. Similarly, the term

"aralkylcarbonylamino refers to carbonylamino where R is a lower aralkyl.

The term "guanidino" or "guanidyl" refers to moieties derived from guanidine,

H2N-C(=NH)-NH 2 Such moieties include those bonded at the nitrogen atom carrying the formal

double bond (the "2"-position of the guanidine, diaminomethyleneamino, (H2N)2C=NH-)

and those bonded at either of the nitrogen atoms carrying a formal single bond (the and/or

"3"-positions of the guandine, H2 The hydrogen atoms at any of the

nitrogens can be replaced with a suitable substituent, such as loweralkyl, aryl, or loweraralkyl.

Representative cycloimido and heterocycloimido groups include, for example, those

shown below. These cycloimido and heterocycloimido can be further substituted and may be

attached at various positions as will be apparent to those having skill in the organic and

medicinal chemistry arts in conjunction with the disclosure herein.

O O N

O N O NO ON Nan

Representative substituted amidino and heterocycloamidino groups include, for example, N,N N

N o
0

0 0 N 0

o^ 0 K b-N0^ and

Representative substituted amidino and heterocycloamidino groups include, for example,

0 those shown below. These amidino and heterocycloamidino groups can be further substituted as

will be apparent to those having skill in the organic and medicinal chemistry arts in conjunction

with the disclosure herein.
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N

N O N
0  and H

Representative substituted alkylcarbonylamino, alkyloxycarbonylamino,

aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those shown

below. These groups can be further substituted as will be apparent to those having skill in the

organic and medicinal chemistry arts in conjunction with the disclosure herein.

NH

NH NH NH NH i

N N o OH OO N
NH

o SN NH

HNO oNH o O
0)NH N0

o N and OH

Representative substituted aminocarbonyl groups include, for example, those shown

below. These can heterocyclo groups be further substituted as will be apparent to those having

skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein.

o  o o o 
HN HN HN HN HN

ro1 N I
NH2  N. OH I O NH2 0 NH2  N

Y HN
HN

"b and N

Representative substituted alkoxycarbonyl groups include, for example, those shown

below. These alkoxycarbonyl groups can be further substituted as will be apparent to those

having skill in the organic and medicinal chemistry arts in conjunction with the disclosure

:0 herein.
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O\ 1 OH I N

O OH

I ,OH oand .NJ

"Substituted" refers to the definite replacement of hydrogen with one or more

monovalent or divalent radicals. Suitable substitution groups include, those described herein for

particular groups, as well as hydroxyl, nitro, amino, imino, cyano, halo, thio, thioamido,.

amidino, imidino, oxo, oxamidino, methoxamidino, imidino, guanidino, sulfonamido, carboxyl,

formyl, alkyl, substituted alkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxy-

alkyl, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl,

alkylthio, aminoalkyl, cyanoalkyl, benzyl, pyridyl, pyrazolyl, pyrrole, thiophene, imidazolyl, and

the like.

The term "linking moiety" refers to a covalent bond or an uncyclized divalent group,

such as, for example, -CH 2 and substituted or unsubstituted alkyl,

alkenyl, alkynyl, carbonyl, alkoxycarbonyl groups as defined herein.

The term "SMIP compound" refers to small molecule immunopotentiating compounds,

that include small molecule compounds below about MW 1000 g/mol, preferably MW 800

g/mol that are capable of stimulating or modulating a pro-inflammatory response in a patient. In

an embodiment, the SMIP compounds are able to stimulate human peripheral blood mononuclear

cells to produce cytokines. Preferred SMIP compounds and derivatives thereof include, for

example, aminoazavinyl compounds, benzazole compounds, acylpiperazine compounds,

indoledione compounds, tetrahydroisoquinoline (THIQ) compounds, anthraquinone compounds,

indanedione compounds, pthalimide compounds, benzocyclodione compounds,

aminobenzimidazole quinolinone (ABIQ) compounds, hydraphthalimide compounds,

pyrazolopyrimidine compounds, quinazilinone compounds, quinoxaline compounds, triazine

compounds, tetrahydropyrrolidinoquinoxaline compounds, pyrrole compounds, benzophenone

compounds, sterol compound, and isoxazole compounds.
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The term "SMIS compound" refers to small molecule immunosuppressant compounds,

that include small molecule compounds below about about MW 1000 g/mol, preferably MW 800

g/mol, capable of suppressing or modulating a pro-inflammatory response in a patient.

Acylpiperazine compounds as described throughout this application include compounds

of formula (IM) as shown below:

D3 D2
I I

N D1 -D4
N.

R9 (Rio)n

ill

wherein,

[0 R 9 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

arylalkyl, arylalkenyl, heteroarylalkyl, and heteroarylalkenyl;

R1I is substituted or unsubstituted alkyl;

n is an integer from 0-2; and.

if D 1 is carbon than Dz is oxygen, D 3 is absent, and D4 is selected from the group consisting

of substituted or unsubstituted aryl, heteroaryl, carbocycyl, alkoxyaryl, fused arylaryl, fused

arylheteroaryl, and fused heteroarylaryl; or,

if D 1 is nitrogen than D2 is nitrogen, D4 is absent, and D3 is selected from the group

consisting of substituted or unsubstituted aryl, heteroaryl, carbocycyl, alkoxyaryl, fused

arylaryl, fused arylheteroaryl, and fused heteroarylaryl.

:0

Indoledione compounds as described throughout this application include compounds of

formula (IV) as shown below:

R13

R12 
0O

IV

wherein,
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R11 and R12 are independently selected from the group consisting of H, nitro, halogen,
amino, hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl,
heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl,

aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino,
heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl groups; and,

R13 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, and alkylbenzyl.

Tetrahydroisoquinoline (THIQ) compounds as described throughout this application
include compounds of formula as shown below:

R14

R19

R16 R18

R17

V

wherein,

L is a covalent bond or selected from the group consisting of -CH2 CHF,
-NR 20 where R20 is lower alkyl;

R 14 is selected from the group consisting of hydrogen, halogen, and substituted or
unsubstituted alkyl;

R 15 is selected from the group consisting of substituted or unsubstituted carbocyclyl, aryl,
0 arylalkyl, alkoxyaryl, heteroaryl, heterocyclyl;

R16 is selected from the group consisting of hydrogen, halogen, and substituted or
unsubstituted alkyl;

R 17 is selected from the group consisting of hydrogen, halogen, and substituted or
unsubstituted alkyl; and,

R18 and R19 are independently selected from the group consisting of H, hydroxy, halogen,
alkoxy, amino, unsubstituted alkyl, substituted alkyl, and alkylamino.

Benzocyclodione compounds as described throughout this application include
compounds of formula (VI) as shown below:
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wherein,

E is selected from the group consisting of NR 25 or CR 26R27

R21 R23 and R24 are independently selected from the group consisting of H, hydroxy,

halogen, alkoxy, amino, unsubstituted alkyl, substituted alkyl, and alkylamino;

R22 is selected from the group consisting or H, hydroxy, halogen, alkoxy, amino, and

unsubstituted or substituted alkyl, and alkylamino, arylalkyl, heteroarylalkyl, aryl,

heteroaryl, arylcarbonyl, heterocyclyl, heterocyclylalkyl, and heteroarylcarbonyl;

R25 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

heterocyclyl, carbocyclyl, arylalkyl, heteroarylalkyl, and heterocyclyalkyl;

R26 is selected from the group consisting of H, halogen, hydroxy, amino, and substituted

or unsubstituted alkyl, carbonylalkyl, and alkylcarbonylalkyl; and,

R27 is selected from the group aryl, arylalkyl, heteroarylalkyl, heterocyclyl,

heterocyclylalkyl, carbocyclyl, arylcarbonylalkyl, and arylalkylcarbonyl.

Aminoazavinyl compounds as described throughout this application include compounds

of formula (VII) as shown below:

G

R28 -NN NN V, 'V
H H Q

Q

Z0 VII
wherein,

G is either S or NH;

R28 is selected from the group consisting of H, and substituted or unsubstituted alkyl,

aryl, heteroaryl, heteroarylalkyl, arylalkyl, carbocyclyl, carbocyclylalkyl, heterocyclyl,

and heterocyclylalkyl;

Q is selected from the group consisting of hydrogen, substituted alkyl, unsubstituted alkyl,

and aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclyl, substituted
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heterocyclyl, fused or unfused arylaryl, substituted arylaryl, aryiheteroaryl, substituted

aryiheteroaryl, heteroaryiheteroaryl, and substituted heteroaryiheteroaryl;

V, is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,

arylalkyl, substituted arylalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,

substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl, alkoxycarbonyl,

carboxyl sulfonyl, methanesulfonyl, and substituted or unsubstituted alkylcarbanyl,

arylcarbonyl, aralkylcarbonyl, lieteroarylcarbonyl, heteroaralkylcarbonyl,

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy,

heteroaralkylcarbonyloxy, alkylamrinocarbonyloxy, arylaminocarbonyloxy, formyl,

[0 loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, aminoalkoxy, alkylaniino, heteroarylamino, alkylcarbonylamino,

alkylarninocarbonylam-ino, arylam-inocarbonylamino, aralkylcarbonylamino,

heteroarylcarbonylam-ino, arylcarbonylamino, cycloamidino, cycloalkyl, cyclointido,

arylsulfonyl and arylsulfonarnido; and,

V2 is selected from the group consisting of hydrodgen, halogen, alkyl, substituted alkyl,

aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted heteroaryl,

heteroarylalkyl, substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl,

alkoxycarbonyl, carboxyl sulfonyl, methanesulfonyl, and substituted or unsubstituted

alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl,

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy,

heteroaralkylcarbonyloxy, alkylamainocarbonyloxy, arylaminocarbonyloxy, formyl,

loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, aminoalkoxy, alkylamino, heteroarylamnino, alkylcarbonylamino,

alkylaminocarbonylamino, arylaniinocarbonylamino, aralkylcarbonylamino,

heteroarylcarbonylamino, arylcarbonylamino, cycloamidino, cycloalkyl, cycloimido,

arylsulfonyl and arylsulfonamido.

Lactam compounds as described throughout this application include compounds of

fornula (VIII) as shown below:

-241-



WO 2004/092360 PCT/US2004/011710

VIII
wherein,

Wi is selected from the group consisting of -OH, -OR 36 groups, -NR37R38

W2 is selected from the group consisting of O, S, and NR39 groups;

R29 and R30 join to form a 5 to 6 membered substituted or unsubstituted ring comprising

all carbon atoms or at least one 0, N, or S atom;

R35 and R39 may be the same or different and are selected from the group consisting of H,

-OH substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl

groups, -C(=O)-alkyl groups, and -C(=O)-aryl groups;

R31 R32 R33 and R34 may be the same or different and are independently selected from

the group consisting of H, C1, Br, F, I, -NO2 -CN, -OH, -OR 40 groups, -NR41R42 groups,

-C(=O)R 43 groups, -SH groups, substituted and unsubstituted amidinyl groups,

substituted and unsubstituted guanidinyl groups, substituted and unsubstituted alkyl

groups, substituted and unsubstituted aryl groups, substituted and unsubstituted alkenyl

groups, substituted and unsubstituted alkynyl groups, substituted and unsubstituted

heterocyclyl groups, substituted and unsubstituted alkylaminoalkyl groups, substituted

and unsubstituted dialkylaminoalkyl groups, substituted and unsubstituted arylaminoalkyl

groups, substituted and unsubstituted diarylaminoalkyl groups, substituted and

unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted and unsubstituted

heterocyclylalkyl groups, substituted and unsubstituted aminoalkyl groups, substituted

and unsubstituted heterocyclylaminoalkyl groups, substituted and unsubstituted

diheterocyclylaminoalkyl groups, substituted and unsubstituted

(alkyl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted

(aryl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl

groups, substituted and unsubstituted alkoxyalkyl groups, substituted and unsubstituted

aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl groups;

R36 is selected from the group consisting of substituted and unsubstituted alkyl groups,

substituted and unsubstituted aryl groups, substituted and unsubstituted heterocyclyl
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groups, substituted and unsubstituted heterocyclylalkyl groups, -C(=O)-alkyl

groups, -C(=O)-aryl groups, -C(=O)O-alkyl groups, -C(=O)O-aryl groups, -C(=o)NH2

C(=O)NII(alkyl) groups, -C(=O)NH(aryl) groups, -C(=O)N(alkyl) 2 groUps,-

C(=O)N(aryl) 2 groups, -C(=O)N(alkyl)(aryl) groups, -N-H2 -NH(alkyl) groups, -NH(aryl)

groups, -N(alkyl) 2 groups, -N(alkyl)(aryl) groups, -N(aryl)2

groups, -C(=O)N7H(heterocyclyl) groups, -C(=O)N(heterocYClYl) 2

groups, -C(=O)N(alkyl)(heterocyclyl) groups, and -C(=O)N(aryl)(heterocyclyl) groups;

R37 is selected from the group consisting of H, substituted and unsubstituted alkyl groups,
substituted and unsubstituted aryl groups, and substituted and unsubstituted heterocyclyl

groups;

R38 is selected from the group consisting of H, substituted and unsubstituted. alkyl groups,

substituted and unsubstituted aryl groups, substituted and unsubstituted heterocyclyl

groups, -OH, alkoxy groups, aryloxy groups, -NH2 substituted and unsubstituted

heterocyclylalkyl groups, substituted and unsubstituted amninoalkyl groups, substituted

and unsubstituted alkylaniinoalkyl groups, substituted and unsubstituted

dialkylaminoalkyl groups, substituted and unsubstituted arylami noalkyl groups,

substituted and unsubstituted diarylarninoalkyl groups, substituted and unsubstituted

(alkyl)(aryl)aminoalkyl groups, substituted and unsubstituted. alkylamino groups,

substituted and unsubstituted arylamino groups, substituted and unsubstituted

!0 dialkylamino groups, substituted and unsubstituted diarylamino groups, substituted and

unsubstituted (alkyl)(aryl)amino groups, -C(=O)-alkyl groups, -C(=O)-aryl

groups, -C(=O)O-alkyl groups, -C(=O)O-aryl groups, -C(=O)N-H2 -C(=O)NH(alkyl)

groups, -C(=O)N-H(aryl) groups, -C(=0)N(alkyl)2 groups, -C(=O)N(aryl) 2

groups, -C(=O)N(alkyl)(aryl) groups, -C(=O)-heterocyclyl groups, 

heterocyclyl groups, -C(=O)NH(heterocyclyl) groups, -C(=O)-N(heterocycly)? groups, 

C(=O)-N(alkyl)(heterocyclyl) groups, -C(=O)-N(aryl)(heterocyclyl) groups, substituted

and unsubstituted heterocyclylaminoalkyl groups, substituted and unsubstituted

diheterocyclylaminoalkyl groups, substituted and unsubstituted

(alkyl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted

0 (aryl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl

groups, substituted and unsubstituted alkoxyalkcyl groups, substituted and unsubstituted

aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl groups;
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R41 is selected from the group consisting of H, substituted and unsubstituted alkyl groups,
substituted and unsubstituted aryl groups, and substituted and unsubstituted heterocyclyl

groups;

R42 is selected from the group consisting of H, substituted and unsubstituted alkyl groups,

substituted and unsubstituted aryl groups, substituted and unsubstituted heterocyclyl

groups, -C(=O)-alkyl groups, -C(=O)-aryl groups, 

C(=O)NH2 -C(=O)NH(alkyl) groups, -C(=O)NH(aryl) groups, -C(=O)N(alkyl) 2 groups,

-C(=O)N(aryl)2 groups, -C(=O)N(alkyl)(aryl) groups, -C(=O)O-alkyl

groups, -C(=O)O-aryl groups, substituted and unsubstituted aminoalkyl groups,

0LO substituted and unsubstituted alkylaminoalkyl groups, substituted and unsubstituted

dialkylaminoalkyl groups, substituted and unsubstituted arylaminoalkyl groups,

substituted and unsubstituted diarylaminoalkyl groups, substituted and unsubstituted

(alkyl)(aryl)aminoalkyl groups, substituted and unsubstituted heterocyclylalkyl groups, 

C(=O)-heterocyclyl groups, -C(=O)-O-heterocycly1 groups, -C(=O)NH(heterocyclyl)

groups, -C(=O)-N(heterocyclyl) 2 groups, -C(=O)-N(alkyl)(heterocyclyl) groups; 

N(aryl)(heterocyclyl) groups, substituted and unsubstituted heterocyclylaminoalkyl

groups, substituted and unsubstituted diheterocyclylaminoalkyl groups, substituted and

unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups, substituted and unsubstituted

(heterocyclyl)(aryl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl

'0 groups, substituted and unsubstituted alkoxyalkyl groups, substituted and unsubstituted

aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl groups; and

R43 is selected from the group consisting of H, -NH2 -NH(alkyl) groups, -NH(aryl)

groups, -N(alkyl) 2 groups, -N(aryl) 2 groups, -N(alkyl)(aryl) groups, -NH(heterocyclyl)

groups, -N(heterocyclyl)(alkyl) groups, -N(heterocyclyl)(aryl) groups, -N(heterocyclyl) 2

groups, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl

groups, -OH, substituted and unsubstituted alkoxy groups, substituted and unsubstituted

heterocyclyl groups, substituted and unsubstituted aryloxy groups, heterocyclyloxy

groups, -NHOH, -N(alkyl)OH groups, -N(aryl)OH groups, -N(alkyl)O-alkyl groups, 

N(aryl)O-alkyl groups, -N(alkyl)O-aryl groups, and -N(aryl)O-aryl groups.

O

Preferably Rz29 and R 30 join together to form a substituted or unsubstituted phenyl ring.

-244-



WO 2004/092360 PCT/US2004/011710

Hydropthalamide compounds as described throughout this application include

compounds of formula (IX) as shown below:

R46 R45 0
R47

R48
N-R44

R4 9

R4o1i R52 O

Ix
wherein,

R44 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

arylalkyl, heteroarylalkyl, fused arylaryl, unfused arylaryl, fused heteroarylaryl, unfused

heteroarylaryl, fused arylheteroaryl, and unfused arylheteroaryl;

R45 R47,R49 and Rs51 may be the same or different and are independently selected from

the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and

substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl,

alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,

alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,

heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl; and

R46 R48, R50 and R5 2 may be the same or different and are independently selected from

the group consisting of H, halogen, and substituted or unsubstituted alkyl groups.

Benzophenone compounds as described throughout this application include compounds

of formula as shown below:

O

(R53 (R54)p

xX
wherein,

R53 is independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl,

heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl,

aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino,

heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl;
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R54 is independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl,
heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl,

aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino,

heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl; and

o and p are integers from 0-4.

Isoxazole compounds as described throughout this application include compounds of

formula (XI) as shown below:

N

R 56

XI
wherein,

R55 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl,

heteroaryl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;

R56 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl,

heteroaryl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl; and,

R57 is selected from the group consisting of H, halogen, hydoxy, and substituted or

unsubstituted alkyl, aryl, heteroaryl, heterocyclyl, and carbonyl.

Sterol compounds as described throughout this application include compounds of

formula (XII) as shown below:

HO OH

R58  OH

XII
wherein,

R58 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl,

heteroaryl, heteroarylalkyl, heterocyclyl, and heterocyclylalkyl.

Preferably Rss is a pyranone substituent.

0
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Quinazilinone compounds as described throughout this application include compounds of
formula (XIII) as shown below:

R60 R61I
R59  N R62

N
R63

O R64
XII

wherein,

R59 is selected from the group consisting of H, halogen, hydroxy, and substituted or

unsubstituted alkyl, aminoalkyl, alklyaminoalkyl, alkoxy, dialkylaminoalkyl,

hydroxyalkyl, alkenyl, alkynyl, carbocyclyl, carbocyclylalkyl, heterocyclyl, and
heterocyclylalkyl;

R60 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

arylalkyl, heteroarylalkyl, and heterocyclylalkyl; and,

R61 R62 R63 and R64 may be the same or different and are independently selected from

the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and
substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl,

alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,

alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,
heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups.

Pyrrole compounds as described throughout this application include compounds of
,0 formula (XIV) as shown below:

R68  R67

R69' N RB6
I
R6

XIV

wherein,

Rss65 is selected from the group consisting of H, hydroxy, and substituted or unsubstituted

alkyl, aryl, heteroaryl, heteroarylalkyl, arylalkyl, heteroarylaminoalkyl, arylaminoalkyl,
heteroaryloxyalkyl, and aryloxyalkyl groups;

R66 R67 R6s, and R69 may be the same or different and are independently selected from

the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and
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substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl,

alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,
alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,
heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups.

Further preferred pyrrole compounds include those shown in Formula (XV):

R70  R73 R7

Ar 71 76
K1

R70 R74 R
R72 R77

R78

wherein:

K1 is nitrogen, oxygen, or optionally substituted carbon;

W is absent or is selected from the group consisting of -SO2 -NH-

CO-, -NR'CO-, -NHS0 2 -NR'S0 2 -CO2 -CH 2 -CF2 CF, -CONH-, -CONR'-,

and where R' is alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl, heterocyclo;
Ar is optionally substituted aryl, heteroaryl, or a protecting group;

R70o and R70' are independently selected from the group consisting of hydrogen and methyl;
R71, R72 R73, and R74 are independently selected from the group consisting of hydrogen,

,0 hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, cyclicaminoalkyl, alkyl-
aminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl;

R75 and R78 are independently selected from the group consisting of hydrogen, halo, and

optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, carbonyloxy,
aminocarbonyloxy, alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, hetero-

arylcarbonylamino, heteroaralkylcarbonylamino, cycloimido, heterocycloimido, amidino,
cycloamidino, heterocycloamidino, guanidinyl, aryl, heteroaryl, heterocycloalkyl,
heterocyclocarbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido;

R76 is selected from the group consisting of hydrogen, aryl, heteroaryl, substituted heteroaryl,
D heterocyclyl, and substituted heterocyclyl;
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R77 is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro, amino,
amido, amidino, imido, cyano, sulfonyl, methanesulonyl, and substituted or unsubstituted alkyl,
alkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl,

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy,

heteroaralkylcarbonyloxy, alkylamninocarbonyloxy, arylaminocarbonyloxy, formyl,
loweralkylcarbonyl, loweralkoxycarbonyl, amninocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, amninoallioxy, alkylamino, heteroarylamino, alkylcarbonylamrino,

alkylaminocarbonylanino, arylaminocarbonylamino, aralkylcarbonylamino,

heteroarylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino cycloamido,
cyclothioamido, cycloamidino, heterocycloamidino, cycloalkyl, cycloimido, heterocycloimnido,

guanidinyl, aryl, heteroaryl, heterocyclo, heterocycloalkyl, arylsulfonyl and arylsulfonamido;

Anthraquinone compounds of the instant invention include, for example, compounds of

Formula (XVI):

R7 9 0

R81 )R 83

R8 2  0

XVI

wherein,

R79 Rso, R81 and R 82 May be the same or different and are independently selected from
D the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and

substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl,

alkylcarbonylamnino, sulfonyl, aminosulfonyl, alkylaminocarbonyl, aminocarbonyl,

arylalko xy, heteroarylalkoxy, alkylanino, arylalkylanino, arylamino, heteroarylam-ino,

heteroarylamninoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and

carbocyclyl groups; and,

R 83 and R 84 are taken together to form a substituted or unsubstituted 5-6 membered ring

containing all carbon atoms or 1-2 heteroatoms selected from the group consisting of 0,

Sand N.
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Quinoxaline compounds referred to throughout this application include tricyclic, partially

unconjugated compounds optionally substituted with nitrogen heteroatoms as shown in the

preferred quinoxaline embodiment (XVII) below:

R85  J1'H

J3
;J 4 -J 4

R Rgy J2
R88  J2 R89

XVII

wherein,

J1 is either C or N,

Ji' is selected from the group consisting of H, substituted aryl, unsubstituted aryl,

substituted heteroaryl, and unsubstituted heteroaryl;

J2 is either C or N,

J2 is selected from the group consisting of H, substituted aryl, unsubstituted aryl,

substituted heteroaryl, and unsubstituted heteroaryl;

J3 is selected from the group consisting of and 

if J4 is then J4' is absent; or,

if J4 is then J4' is selected from the group consisting of H and substituted or

unsubstituted alkyl, alkoxy, aryl, heteroaryl, heteroarylalkyl, arylalkyl, aminoalkyl,

alkylamino, and alkylthio groups; and,

Rs5 R86 R87 R88, and R89 may be the same or different and are independently selected

from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid,

and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl,

alkylcarbonylamino, sulfonyl, aminosulfonyl, alkylaminocarbonyl, aminocarbonyl,

arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and

carbocyclyl groups.

Triazine compounds refer to substituted 6-membered heterocyclic groups with 3 nitrogen

atoms distributed throughout the ring. The preferred embodiments of the instant invention

include those shown in structures (XVIII), (XIX) and (XX) shown below:
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0 R 93

N N, R92

S N R91

XVI

wherein,

R90 is selected from the group consisting of substituted or unsubstituted alkyl, alkenyl,

akynyl, aryl, heteroaryl, heteroarylalkyl, heteroarylalkenyl, arylalkyl, and arylalkenyl;

R91 and R93 are independently selected from the group consisting of H, and unsubstituted

alkyl;

R91 is aryl; preferably phenyl,

R 94  N Ri97

N N

XIX

wherein,

R94 is selected from the group consisting of H, amino, alkyl, aminoalkyl, and halogen;

Rg5 is selected from the group consisting of substituted or unsubstituted aryl, arylamino,

arylalkylamino, heteroaryl, heteroarylamino, and heteroalkylamino;

R96 and R97 are independently selected from the group consisting of H, halogen, and

alkyl, preferably methyl; or,

R96 may form a double bond with the nitrogen atom directly below it as indicated by the

dashed line in the above structure; and,

00

RgN Ri oo

0<N NNI

R99

XX

wherein,
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R98 is selected from the group consisting of H, substituted alkyl, and unsubstituted alkyl;

preferably methyl,

R99 is selected from the group consisting of H, substituted alkyl, and unsubstituted alkyl;

preferably ethyl,

Rloo is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

alkoxyaryl, arylalkyl, and heteroarylalkyl.

Benzazole compounds as described throughout this application include compounds of

formula (XXI) as shown below:

N A 'R6
HN-- 

R7  W

XXI

wherein,

A is selected from the group consisting of and -NR 8

W is selected from the group consisting of -CH2-, and -NRs-;

R7 is selected from the group consisting of carbocyclyl, unfused carbocyclylcarbocyclyl,

substituted aryl, unsubstituted aryl, substituted heteroaryl, unsubstituted heteroaryl,

substituted fused arylheLeroaryl, unsubstituted fused arylheteroaryl, substituted unfused

arylaryl and unsubstituted unfused arylaryl;

R6 is selected from the group consisting of substituted or unsubstituted aryl, and

heteroaryl; and,

R8 is independently substituted or unsubstituted alkyl.

Pyrazalopyrimidine compounds as described throughout this application include

compounds of formula (XXII) as shown below:

R10

1 104

'02 
R,0

R103

XXII
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wherein,

RIO, is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano,

carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy,

alkylcarbonyl, alkylcarbonylamino, sulfonyl, aminosulfonyl, alkyl aminocarbonyl,

am-inocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino,

heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl groups;

R102 is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano,

carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy,

to alkylcarbonyl, alkylcarbonylamrino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy,

heteroarylalkoxy, alkylamnino, arylalkylamnino, arylamnino, heteroarylamnino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and

carbocyclyl groups;

R 103 is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano,

carboxcyclic acid, trifluoromnethyl, and substituted or unsubstituted alkyl, aryl, heteroaryl,

alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl,

arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamnino, arylamino, heteroarylamino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalk-yl, and

carbocyclyl groups;

0 R 104 is selected from the group consisting of H and substituted or unsubstituted aryl,

heteroaryl, arylalkoxy, heteroarylalkoxy, arylalkylamino, arylamino, heteroarylamino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl,

carbocyclylalkyl and carbocyclyl groups;

R105 is selected from the group consisting of H and substituted or unsubstituted aryl,

heteroaryl, arylalkoxy, heteroarylalkoxy, arylalkylamino, arylan-ino, heteroarylamnino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl,

carbocyclylalkyl and carbocyclyl groups;

wherein at least one of R 104 and R105 is not H.

SMIP compounds identified by in-vitro (cellular or non-cellular assays) or in-vivo

methods are thoroughly described in Methods 1 and 2 below.
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Pharmaceutical compositions containing the compounds of the invention may be in any

form suitable for the intended method of administration, including, for example, a solution, a

suspension, or an emulsion. Liquid carriers are typically used in preparing solutions,

suspensions, and emulsions. Liquid carriers contemplated for use in the practice of the present

invention include, for example, water, saline, pharmaceutically acceptable organic solvent(s),

pharmaceutically acceptable oils or fats, and the like, as well as mixtures of two or more thereof.

The liquid carrier may contain other suitable pharmaceutically acceptable additives such as

solubilizers, emulsifiers, nutrients, buffers, preservatives, suspending agents, thickening agents,

viscosity regulators, stabilizers, and the like. Suitable organic solvents include, for example,

monohydric alcohols, such as ethanol, and polyhydric alcohols, such as glycols. Suitable oils

include, for example, soybean oil, coconut oil, olive oil, safflower oil, cottonseed oil, and the

like. For parenteral administration, the carrier can also be an oily ester such as ethyl oleate,

isopropyl myristate, and the like. Compositions of the present invention may also be in the form

of microparticles, microcapsules, liposomal encapsulates, and the like, as well as combinations

of any two or more thereof.

Other additives include immunostimulatory agents known in the art. Immunostimulatory

oligonucleotides and polynucleotides are described in PCT WO 98/55495 and PCT WO

98/16247. U.S. Patent Application No. 2002/0164341 describes adjuvants including an

unmethylated CpG dinucleotide (CpG ODN) and a non-nucleic acid adjuvant. U.S. Patent

!0 Application No. 2002/0197269 describes compositions comprising an antigen, an antigenic

CpG-ODN and a polycationic polymer. Other immunostimulatory additives described in the art

may be used, for example, as described in U.S. Patent No. 5,026,546; U.S. Patent No. 4,806,352;

and U.S. Patent No. 5,026,543.

A controlled release delivery system may be used, such as a diffusion controlled matrix

system or an erodible system, as described for example in: Lee, "Diffusion-Controlled Matrix

Systems", pp. 155-198 and Ron and Langer, "Erodible Systems", pp. 199-224, in "Treatise on

Controlled Drug Delivery", A. Kydonieus Ed., Marcel Dekker, Inc., New York 1992. The

matrix may be, for example, a biodegradable material that can degrade spontaneously in situ and

in vivo for, example, by hydrolysis or enzymatic cleavage, by proteases. The delivery

i0 system may be, for example, a naturally occurring or synthetic polymer or copolymer, for

example in the form of a hydrogel. Exemplary polymers with cleavable linkages include

polyesters, polyorthoesters, polyanhydrides, polysaccharides, poly(phosphoesters), polyamides,

polyurethanes, poly(imidocarbonates) and poly(phosphazenes).
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The compounds of the invention may be administered enterally, orally, parenterally,

sublingually, by inhalation spray, rectally, or topically in dosage unit formulations containing

conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles as desired.

For example, suitable modes of administration include oral, subcutaneous, transdermal,

transmucosal, iontophoretic, intravenous, intramuscular, intraperitoneal, intranasal, subdermal,

rectal, and the like. Topical administration may also involve the use of transdermal

administration such as transdermal patches or ionophoresis devices. The term parenteral

includes subcutaneous injections, intravenous, intramuscular, intrasternal injection, or infusion

techniques.

Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions

may be formulated according to the known art using suitable dispersing or wetting agents and

suspending agents. The sterile injectable preparation may also be a sterile injectable solution or

suspension in a nontoxic parenterally acceptable diluent or solvent, for example, as a solution in

1,3-propanediol. Among the acceptable vehicles and solvents that may be employed are water,

Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conventionally employed as a solvent or suspending medium. For this purpose any bland fixed

oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as

oleic acid find use in the preparation of injectables.

Suppositories for rectal administration of the drug can be prepared by mixing the drug

with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols that are solid

at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the rectum

and release the drug.

Solid dosage forms for oral administration may include capsules, tablets, pills, powders,

and granules. In such solid dosage forms, the active compound may be admixed with at least

one inert diluent such as sucrose lactose or starch. Such dosage forms may also comprise, as is

normal practice, additional substances other than inert diluents, lubricating agents such as

magnesium stearate. In the case of capsules, tablets, and pills, the dosage forms may also

comprise buffering agents. Tablets and pills can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration may include pharmaceutically acceptable

emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly used in

the art, such as water. Such compositions may also comprise adjuvants, such as wetting agents,

emulsifying and suspending agents, cyclodextrins, and sweetening, flavoring, and perfuming

agents.
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As to the mode of administration, it should be emphasized that it is the combination of

therapeutic agents that gives rise to its synergistic therapeutic effect no matter whether the first

and the second agent are administered together or separately. Therefore, the two agents may be

given together in a single dose or in separate ones with respect to space and time.

Effective amounts of the compounds of the invention generally include any amount

sufficient to detectably treat viral infections.

Successful treatment of a subject in accordance with the invention may result in the

inducement of a reduction or alleviation of symptoms in a subject afflicted with a medical or

biological disorder to, for example, halt the further progression of the disorder, or the prevention

of the disorder.

The amount of active ingredient that may be combined with the carrier materials to

produce a single dosage form will vary depending upon the host treated and the particular mode

of administration. It will be understood, however, that the specific dose level for any particular

patient will depend upon a variety of factors including the activity of the specific compound

employed, the age, body weight, general health, sex, diet, time of administration, route of

administration, rate of excretion, drug combination, and the severity of the particular disease

undergoing therapy. The therapeutically effective amount for a given situation can be readily

determined by routine experimentation and is within the skill and judgment of the ordinary

clinician.

The compounds of the present invention can also be administered in the form of

liposomes. As is known in the art, liposomes are generally derived from phospholipids or other

lipid substances. Liposomes are formed by mono- or-multilamellar hydrated liquid crystals that

are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and

metabolizable lipid capable of forming liposomes can be used. The present compositions in

liposome form can contain, in addition to a compound of the present invention, stabilizers,

preservatives, excipients, and the like. The preferred lipids are the phospholipids and

phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes are

known in the art. See, for example, Prescott, Ed., Methods in Cell Biology, Volume XIV,

Academic Press, New York, p. 33 et seq (1976).

While the SMIP compounds of the invention can be administered as the sole active

pharmaceutical agent, they can also be used in combination with one or more other agents used

in the treatment of SARSs. Other representative agents useful in combination with the
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compounds of the invention for the treatment of viral infections include, for example, interferon,

ribavirin, gancyclovir and the like.

When additional active agents are used in combination with the compounds of the present

invention, the additional active agents may generally be employed in therapeutic amounts as

indicated in the PHYSICIANS' DESK REFERENCE (PDR) 5 3
rd Edition (1999), that is incorporated

herein by reference, or such therapeutically useful amounts as would be known to one of

ordinary skill in the art.

The compounds of the invention and the other therapeutically active agents can be

administered at the recommended maximum clinical dosage or at lower doses. Dosage levels of

the active compounds in the compositions of the invention may be varied so as to obtain a

desired therapeutic response depending on the route of administration, severity of the disease and

the response of the patient. The combination can be administered as separate compositions or as

a single dosage form containing both agents. When administered as a combination, the

therapeutic agents can be formulated as separate compositions that are given at the same time or

different times, or the therapeutic agents can be given as a single composition.

Compounds of the present invention can be readily synthesized using the methods

described herein, or other methods, that are well known in the art..

The compounds can be used in the form of salts derived from inorganic or organic acids.

These salts include but are not limited to the following: acetate, adipate, alginate, citrate,

aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate,

digluconate, cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucoheptanoate,

glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide,

hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, nicotinate,

2-napthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproionate, picrate,

pivalate, propionate, succinate, tartrate, thiocyanate, p-toluenesulfonate and undecanoate. Also,

the basic nitrogen-containing groups can be quaternized with such agents as loweralkyl halides,

such as methyl, ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates like

dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl

and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and phenethyl bromides,

and others. Water or oil-soluble or dispersible products are thereby obtained.

Examples of acids that may be employed to form pharmaceutically acceptable acid

addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and phosphoric

acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric acid. Basic
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addition salts can be prepared in situ during the final isolation and purification of the compounds

of formula or separately by reacting carboxylic acid moieties with a suitable base such as the

hydroxide, carbonate or bicarbonate of a pharmaceutical acceptable metal cation or with

ammonia, or an organic primary, secondary or tertiary amine. Pharmaceutical acceptable salts

include, but are not limited to, cations based on the alkali and alkaline earth metals, such as

sodium, lithium, potassium, calcium, magnesium, aluminum salts and the like, as well as

nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to

ammonium, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,

trimethylamine, triethylamine, ethylamine, and the like. Other representative organic amines

useful for the formation of base addition salts include diethylamine, ethylenediamine,

ethanolamine, diethanolamine, piperazine and the like.

Various compounds and methods of their synthesis are disclosed in international patent

application Publication Nos. WO02/18327 (benzamide and pyridylamide based compounds);

W00222598, and W002/18383 (ABIQ based compounds); and WO 02/81443 (pthalamide base

compounds), that have been found within context of this invention to be useful for immune

potentiation. The entire disclosure of these U.S. and international publications is incorporated

herein by this reference. Other compounds or intermediates of interest in the present invention

were purchased from commercially available sources using the following method: the chemical

structure of interest was drawn into the ACD-SC database (from MDL Information Systems). A

search of the following companies/institutions, among others, retrieved the identified

compound's supplier and purchasing information: ASDI, ASINEX, BIONET, CHEMBRIDGE,

CHEMDIV, CHEMEX, CHEMSTAR, COMGENEX, CSC, INTERBIOSCREEN, LABOTEST,

MAYBRIDGE, MICROSOURCE/GENESIS, OLIVIA, ORION, PEAKDALE, RYAN

SCIENTIFIC, SPECS, TIMTEC, U OF FLORIDA, and ZELINSKY.

BENZAZOLE COMPOUNDS

Scheme 1

Compounds of the invention containing a benzimidazole core may be prepared using a

number of methods familiar to one of skill in the art. In one method, suitably functionalized

diamines may be coupled with various thioisocyanates to form the intermediate thioureas.

Cyclization to form the benzimidazole moiety may be effected under known conditions such as

with treatment carbodiimides or alkyl halides. Alternatively the diamines may be reacted
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sequentially with carbonyl diimidazole and phosphoryl chloride followed by coupling with the

appropriate amine.

ArNCS 
NH2

R N NHAr
NH2  H N

II >-NAr
NH NR NH2  R

1. (Imid)CO N ArNH 2
2. POC13  Cl

N
R

Compounds containing the oxazole structure may similarly be prepared according to the

methods above or according to other known general procedures. Haviv et. al. Med. Chem.

1988, 31, 1719) describes a procedure for assembling oxazole cores wherein a hydroxy aniline is

treated with ethyl potassium xanthate. The resulting sulfuryl benzoxazole may then be

chlorinated and coupled with an amine.

NH 
,z 

-S C 2'-z
6 H2  EtOCS 2K SONHArR R R

Compounds containing a benzothiazole core may also be prepared according to known

methods. An ortho-halothioisocyanate may be reacted with an amine to form a thiourea.

Reduction with NaH then allows formation of the thiazole ring.

NH 2  
N

ArNOS N N ArNCS F Sr NaH >-NHAr
F R NHArR R FR

Benzothiazoles may generally be substituted in accordance with the present invention,

such as through the following synthetic pathway:

N 0- Ar'NH2 N 48% HBr
ABr HN

S NMP, 200-C, 6min Ar S 150 6min
microwave microwave

O

N OH KHMDS, DMF, RT, 30min N N
HN- 0 N 1 N H~ri-

Ar/ SK cl 150oC,6min AN S: N H

H microwave
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Synthesis of {[4-chloro-3-(trifluoromethyl)phenylj amino 

lH-benzimidazol-6-yl)oxyl-N-methylpyridine-2-carboxarnide
The compound [4-chloro-3-(trifluoromethyl)phenyl]amino 1-benzimidazol-6-

yl)oxy]-N-methylpyridine-2-carboxamide (159322) was synthesized as follows:

0 

H

CI HN
F

FN N
F H

Step 1. Syrnthesis of 4- [(4-aminio-3-nitrophenyl)oxy]-N-methylpyridine-2-carboxan-ide:

A mixture containing 4-amnino-3-nitrophenol (leq) and potassium bis(trimethylsilyl)amide (2eq)

was stirred in dimethylformamide for 2 hours at room temperature. To this mixture was added

[0 (4-chloro(2-pyridyl))-N-methylcarboxamide (leq) and potassium carbonate (1 .2eq) and stirred at

for 3 days. The reaction mixture was then concentrated and partitioned between ethyl

acetate and water. The organic layer was separated and washed with brine, dried, filtered, and

concentrated in vacuum to give brown solid. Purification on silica gel triethyl amine 

ethyl acetate in hexane) gave 4-[(4-amnino-3-nitrophenyl)oxy]-N-methylpyridine-2-carboxamide

as an orange solid. The product gave satisfactory NIVMR. iBPLC, 3.39min; MS: NEU' 289.

Step 2. Synthesis of 4- ,4-diaminophenyl)oxy]-N-methylpyridine-2-carboxan-ide: The

mixture containing [4-(3-am-ino-4-nitrophenoxy)(2-pyridyl)]-N- in methanol with catalytic

amount of 10%Pd/C was hydrogenated until disappearance of the yellow color to yield the

product amine. HIPLC, 2.5mins; MS: MW 259.

Step 3. Synthesis of 4- [4-chloro-3-(trifluoromethyl)phenyl] amino}I-I1H-

benzimidazol-6-yl)oxy]-N-methylpyridine-2-carboxamide:

The mixture containing 4-II(3,4-diaminophenyl)oxy] -N-methylpyridine-2-carboxamide (leq) and

4-chloro-3-(trifluoromethyl)benzeneisothiocyanate (leq) in tetrahydrofuran was stirred at room

temperature for 16 hours to give the corresponding thiourea. To the resulting mixture was added

1-ethyl-3-(3-dimethylarninopropyl)carbodiimide hydrochloride (2eq) and the mixture was stirred

for another 10 hours. The mixture was concentrated and partitioned between ethyl acetate and

water. The organic layer was washed with brine and dried. Purification on HPLC gave 4+[2-

-260-



WO 2004/092360 PCT/US2004/011710

[4-chloro-3-(trifluoromethyl)phenyl]amino}-1H-benzimidazol-6-yl)oxy]-N-methylpyridine-2-

carboxamide. MS: Mft =462

Synthesis of 2-[(4-bromophenyl)amino]- 1 -methyl-

I oxy)-N-methylpyridine-2-carboxamide
The compound 4-({2-[(4-bromophenyl)amino]-1-methyl-1H-benzimidazol-5-yl}oxy)-N-

methylpyridine-2-carboxamide (161651) was synthesized as follows:

0
Br N N C HI 

N N
H

C H,

Step 1. Synthesis of 4- [3-amino-4-(methylamino)phenyl]oxy -N-methylpyridine-2-

carboxanide: A solution of 4-[(4-amino-3-nitrophenyl)oxy]-N-methylpyridine-2-carboxamide

(leq) in methylene chloride was treated with trifluoroacetic anhydride (leq) and stirred for 

minutes at 0 The mixture was quenched with satd. NaHCO3 solution. The organic layer was

separated and washed with water, brine, dried and evaporated. MS: MIW=385.2

To a solution of the trifluroacetamide (leq) in a mixture of toluene, acetonitrile and

sodium hydroxide solution was added benzyltrimethylammonium chloride (leq) and

dimethyl sulfate (1.2eq). The biphasic mixture was stirred overnight at room temperature and

evaporated. The mixture was taken up in ethyl acetate, washed with water, brine, dried and

evaporated. The crude product was purified by column chromatography eluting with 1:1

hexanes and ethylacetate followed by 2% triethylamine in 1:1 hexanes and ethyl acetate followed

by 2% triethylamine in 1:1 hexanes and ethyl acetate to afford N-methyl-4-{ [4-(methylamino)-3-

nitrophenyl]oxy}pyridine-2-carboxamide as a reddish orange solid. MS: MIf 303.1.

The solution of nitromethylaniline in methanol was treated with 5% palladium on carbon

and stirred under hydrogen atmosphere for 15 min. (until the disappearance of yellow coloration)

at room temperature. The mixture was filtered and the filtrate was concentrated to provide 0.36

g of the diamine [3-amino-4-(methylamino)phenyl]oxy} -N-methylpyridine-2-carboxamide.

MS: MW 273.3.

Step 2. Synthesis of 2-[(4-bromophenyl)amino]-1 -methyl- 

yl}oxy)-N-methylpyridine-2-carboxamide: A solution of the diamine [3-amino-4-

(methylamino)phenyl]oxy}-N-methylpyridine-2-carboxamide (leq) in methanol was treated with

4-bromophenylisothiocyanate (leq) and stirred at 60 OC 65C for 2 hours. The reaction

mixture was cooled down to room temperature and methyl iodide (leq) was added and stirred

overnight at 60 0 C. The reaction was cooled to room temperature, evaporated, taken up in ethyl
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acetate, and washed with water and brine, dried, and evaporated under reduced pressure.
Column chromatography using a gradient solvent system of hexanes and ethyl acetate and either
1:1 methylene chloride and acetone or 5% methanol in methylene chloride yielded the product as
a half white powder. MS: MIH'=452.3

AMINOBENZIMIDAZOLYLQUINOLINONES

Compounds of structure I may be synthesized from simple starting molecules as shown in
Schemes 1-4 and exemplified in the Examples. As shown in Scheme 1, compounds of structure
I may generally be prepared using aromatic compounds substituted with amines and carboxylic

.0 acid groups.

Scheme 2.

R CO2 H
Y CO H 0 0 

CJl OMe NH
NH2  CO2 Me

H2  N 

Q JOH 
H2NG R I

heat HN

H

As shown in Scheme 2, a substituted aromatic compound such as a substituted or
unsubstituted 2-aminobenzoic acid may be reacted with an acyl halide such as methyl 2-
(chlorocarbonyl)acetate to produce an amide that will react with a substituted or unsubstituted
1,2-diaminobenzene. The resulting product is a 4-hydroxy-substituted compound of structure I.
One skilled in the art will recognize that the procedure set forth in Scheme 1 may be modified to
produce various compounds.

A method for preparing 4-amino substituted compounds of structure I is shown in
Scheme 3. As shown in Scheme 3, aromatic compounds substituted with amine and nitrile
groups may be used to synthesize 4-amino substituted compounds of structure I. A compound
such as ethyl 2-cyanoacetate may be reacted with ethanol to produce ethyl 3-ethoxy-3-
iminopropanoate hydrochloride. Subsequent reaction with a substituted or unsubstituted 1,2-
phenylenediamine provides substituted or unsubstituted ethyl 2-benzimidazol-2-ylacetate.

Reaction of a substituted or unsubstituted ethyl 2-benzimidazol-2-ylacetate with an aromatic
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compound having an amine and nitrile group such as substituted or unsubstituted 2-

aminobenzonitrile with a base such as lithium bis(trimethylsilyl)amide or a Lewis acid such as

tin tetrachloride provides the substituted or unsubstituted 4-amino substituted compound of

structure I.

Scheme 3. H2N R'

0 EtOH 0 NH HCI H2 N N

EtO N HCI EtO A OEt heat Et0 2
C  N

H

R

NH2 R H2 
R N N

LiHMDS 

or N 0 H

SnCI4  H

Scheme,4 illustrates a general synthetic route that allows for the synthesis of 4-

dialkylamino and 4-alkylamino compounds of structure I. An inspection of Scheme 3 shows that

4-hydroxy substituted compounds of structure I may be converted into the 4-chloro derivative by

reaction with phosphorous oxychloride or thionyl chloride. The 4-chloro derivative may then be

reacted with an alkylamine or dialkylamine to produce the corresponding 4-alkylamino or 4-

dialkylamino derivative. Deprotection affords the final 4-alkylamino or 4-dialkylamino

compounds of structure I. Other groups that may be reacted with the 4-chloro derivative in this

manner include, but are not limited to, ROH, RSH, and CuCN.
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Scheme 4. H2N 'AR'

0 EtOH 0 NH -H01 H2N:CI

E) HCI EtO C0Et heat EtO2C IN~
H

0
0
0

P
LiHMDS; heat

(P protecting
group)

OH N\/
R IN
I H orN 0scr

PSC1

R I N j, /R
R N' R"NH2I H 

N 0
P

R NHR'N \R'NRN
R N N deprotect R NHRN

IH N
N 0

H

As shown in Scheme 5, the synthesis Of Compounds of structure I having a H, alkyl

group, aryl group, or heterocyclyl group in the 4-position may be accomplished using a

substituted or unsubstituted 2-benzimidazol-2-ylacetate prepared as shown in Schemes 3 and 4.

Scheme 5. R N CR

NH2

Ht2 piperidine
IHOAc

H, alkyl
aryl, heterocyclyl

R R" N\/

07
H

TIOSEMCARBAZONES

General procedure for the preparation of thiosemicarbazones

Scheme 6

0
R H

S
H2N, N Ik R'

H

AcOH R S
,N R'
H

A solution of aldehyde (1.0 equiv.) and thiosemicarbazide (1.05 equiv.) in acetic acid was
stirred overnight. Excess of acetic acid was removed to give a residue, that was washed with

ethanol, or purified by preparative-HPLC to give the thiosemicarbazone.

-264-



WO 2004/092360 PCT/US2004/011710

Scheme 7

A solution of aldehyde (1.0 equiv.), thiosemicarbazide (1.05 equiv.) and acetic acid (0.1

equiv.) in methanol was stirred overnight. Methanol was removed to give a residue, that was

worked up as in Scheme 6.

Scheme 8

To a solution of [(1E)-l-aza-2-(4-fluoro-3-nitrophenyl)vinyl]amino}-aminomethane-1-

thione in ethanol was added an arylamine (2.1 equiv.). The solution was stirred at room

temperature until the starting fluoride disappeared. The solution was purified to the product.

N S

SNO 2

Scheme 9

A mixture of 4-(diethylamino)-2-hydroxybenzaldehyde (1 equiv.), benzylic bromide (1.2

equiv.) and powder potassium carbonate in ethanol was stirred at room temperature for 2 days.

Ethanol was removed, and the residue was dissolved in ethyl acetate and water. The organic

layer was washed with aqueous NaHCO3 and brine, dried over Na2SO 4 and concentrated. The

residue was purified on silica gel eluting with ethyl acetate/hexane to give 4-(diethylamino)-2-

benzoxylic-benzaldehyde.

The aldehydes were converted to thiosemicarbazones according to Scheme 7.

N

S'JN R
I

IN

NS e

0

Scheme 
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A solution of 3,4-difluorobenzenecarbonitrile (1 equiv.), amine (1.5 equiv.) and DIEA (2

equiv.) in NMP was heated in a Smith Microwave (Personal Chemistry) for 30 minutes. The

reaction mixture was purified on silica gel to give 4-substituted 3-fluorobenzenecarbonitrile.

To a solution of nitrile in toluene at -78 OC was added DIBAL-H (1 M in toluene, 

equiv.). The reaction mixture was warmed to rt, and stirred for 16 h, and quenched with

methanol/ethyl acetate/brine After being stirred at rt for 30 min, the solution was

extracted with ethyl acetate The combined organic layers were washed with aqueous

NaHCO 3 brine and concentrated. The aldehyde was purified on silica gel or directly converted

to thiosemicarbazones (Scheme 7).

Scheme 11

A solution of 2,4,5-trifluorobenzenecarbonitrile (1 equiv.) and 4-arylpiperazine (1.2

equiv.) and DIEA (1.2 equiv.) in THF was heated at 80 OC for 2 hours. The mixture was purified

on silica gel to give 4-substituted 

Scheme 12

To an alcohol (1.0 equiv) was added potassium t-butoxide in THF (1 M, 1.1 equiv).

After 5 minutes, the solution was added to a solution of 4-N-substituted-2,5-

difluorobenzenecarbonitrile (1 equiv.) in THF. The reaction mixture was stirred at rt overnight

and quenched with aqueous ammonium chloride. The aqueous layer was extracted with ethyl

acetate The combined organic layers were washed with brine, and concentrated to give a

residue, that was purified to give 4-N-substituted-2-O-substituted-5-fluorobenzenecarbonitrile.

4-N-substituted-2-O-substituted-5-fluorobenzenecarbonitrile was reduced with DIBAL-H

to give a 4-N-substituted-2-O-substituted-5-fluorobenzaldehyde according to procedure in

Scheme 

The aldehyde was converted to the corresponding thiosemicarbazone using Scheme 7.

Scheme 13

A solution of 4-N-substituted-2,5-difluorobenzenecarbonitrile (1 equiv.), amine 

equiv.) and DIEA (2 equiv.) in NMP was heated in a Smith Microwave (Personal Chemistry) for

minutes. The reaction mixture was purified on silica gel to give 4-N-substituted-2-N-

4-N-substituted-2-N-substituted-5-fluorobenzenecarbonitrile was reduced with DIBAL-H

according to procedure described in Scheme 10 to give 4-N-substituted-2-N-substituted-5-

fluorobenzaldehyde.

Preparation of amino {3-[5-(3-chlorophenyl)(2-furyl)](2-pyrazolinyl)} methane-1-thione
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yN NH2

Ci

To a solution of 5-(3-chlorophenyl)furan-2-carbaldehyde (1.0 equiv.) in THF at 0 oC was

added MeMgBr in ether (3.0 equiv.) and stirred for 45 min. The reaction was quenched with

water, diluted with ether and filtered through Celite. The organic layer was separated and

washed with brine, dried over MgSO 4 and concentrated to give the 1-[5-(3-chlorophenyl)-2-

furyl]ethan-1-ol.

To a solution of secondary alcohol(1.0 equiv.) in CH2C12 was added MnO 2 (10 equiv.).

The reaction was stirred overnight, filtered through Celite, and concentrated to give 

chlorophenyl)-2-furyl]ethan- 1-one.

To a mixture of ketone (1.0 equiv.), paraformaldehyde (2.0 equiv.), and dimethylamine

hydrochloride (2.0equiv) and molecular sieves in ethanol was added concentrated hydrochloric

acid The reaction was refluxed overnight under nitrogen and the concentrated. A few

drops of HCI was added, and the mixture was worked up with DCM and water. The organic

layer was discarded. The aqueous layer was adjusted to basic and extracted with DCM (3x).

The organic layer was washed with brine, dried over MgSO 4 and concentrated to yield 3-

(dimethylamino)- 1-[5-(3-chlorophenyl)(2-furyl)]propan-l-one.

Thiosemicarbazide (1.0 equiv.) was dissolved in MeOH upon heating under nitrogen.

Aqueous sodium hydroxide (6 M, 9.0 equiv.) was added to the reaction. A methanol solution of

3-(dimethylamino)-l-[5-(3-chlorophenyl)(2-furyl)]propan-l-one (1.0 equiv) was then added

dropwise to the reaction mixture. The solvent was removed and the residue was dissolved in

DCM and washed with water, brine, dried over MgSO4 and concentrated. The final compound

was purified by preparative-HPLC to give amino {3-[5-(3-chlorophenyl)(2-furyl)](2-

pyrazolinyl)}methane-l-thione; LC/MS m/z 306.2 Rt =3.06 minutes.

Scheme 14

S

N-NH

CI
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To a solution of 4-pyridylmethylamine (1.0 equiv.) and triethylamine (2.0 equiv.) in

CHC13 was added CS2 (1.0 equiv.)) and stirred overnight. The reaction was cooled to 0 °C and

ethyl chloroformate (1.0 equiv.) was added dropwise. The reaction was stirred for 15 min at 0 °C

and then stirred at room temperature for 2 hrs followed by addition of (tert-

butyl)oxycarbohydrazide (1.2 equiv.). After stirring for an addition hour the mixture was

washed with aqueous citric acid saturated NaHCO3 brine, dried over MgSO 4 and

concentrated. The desired Boc protected thiosemicarbazide was purified using column

chromatography.

To a solution of Boc protected thiosemicarbazide (1.0 equiv.) dissolved in DCM was

added HC1 in dioxane (2M, 8.3 equiv.) and stirred for 15 min. MeOH is then added to dissolve

the precipitate, followed by addition of the furfural, and small amount of acetic acid (0.5 mL).

The mixture is stirred overnight and the solvents are removed to give a residue purified by

preparative-HPLC to give the thiosemicarbazone.

Synthesis of 4-[4-(4-methylpiperazin-l-yl)phenoxymethyl]benzaldehyde

HN N OH Boc-N N /ONa

To a solution of 4-piperazin-l-yl phenol (1 equivalent) in CHCl3 cooled to 0 was

added di-t-butyl dicarbonate (1 equivalent) in CHC13 drop-wise. The solution was stirred at 0 °C

for 1 hour before removing from the cold bath and stirring at ambient temperatures for 18 hours.

The organic solution was washed aqueous NaHC0 3 and brine dried over MgS04 and

concentrated the crude material was used without purification.

A solution of the resulting 4-(1-BOC-piperazin-4-yl)phenol (1 equivalent) in dry CH3CN

was slowly added drop-wise to a slurry of NaH (1 equivalent) in dry CH3CN at room

temperature under N2 The slurry was stirred at room temperature for 2 hours before the solids

were filtered and washed with Et2O.

0

Boc-N N BONa Boc-N N 0

Sodium 4-(1-BOC-piperazin-4-yl)phenoxide (1 equivalent) and methyl 4-

bromomethylbenzoate (1 equivalent) were combined in dry acetone and heated to reflux at 60 °C

for 18 hours. The slurry was filtered and the filtrate was then concentrated to provide the crude

methyl 4-[4-(1-BOC-piperazin-4-yl)phenoxymethyl]benzoate, that was used without

purification.
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Boc-N N 0 -NO O

To a slurry of LiAlH4 (4 equivalents) in dry THF, cooled to 0 OC under N2 was slowly

added drop-wise a solution of methyl 4-[4-(l-BOC-piperazin-4-yl)phenoxymethyl]benzoate (1

equivalent) in dry THF. Once the addition was complete, the slurry was heated to reflux at 

°C for 1 hour. The slurry was subsequently cooled to 0 OC and treated with water, 10% aq.

NaOH and with water again. The resulting solids were filtered, and the filtrate was diluted with

chloroform, washed with brine, dried over MgSO4 and concentrated, providing the crude 

methylpiperazin-1-yl)phenoxymethyl]benzyl alcohol that was used without purification.

O H 0

7 -N^MO V
N 0

To a solution of DMSO (2.6 equivalents) in dry DCM, cooled to -78 °C under N2 was

added oxalyl chloride (1.1 equivalents) in DCM drop-wise. The solution was stirred at -78 °C

for 5 minutes before a solution of 4-[4-(4-methylpiperazin-l-yl)phenoxymethyl]benzyl alcohol

(1 equivalent) in DCM was added drop-wise, and allowed to stir at -78 °C for another 

minutes. Triethylamine (2.5 equivalents) was slowly dripped in before allowing the solution to

reach ambient temperatures. The solution was washed with aqueous NaHC0 3 and brine, dried

over MgSO 4 and concentrated to provide the crude 4-[4-(4-methylpiperazin-1-

yl)phenoxymethyl]benzaldehyde that was converted to thiosemicarbazones according to Scheme

7.
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PYRROLES

Scheme 

Synthesis of Pyrrole

0

OH

DMAP, 010, CHC,,
RT, 80% yield

c I l: C I '1 

0
2

TOSMIC

NaH, Ether, DMVSO,
0 C to PT, 60% yield

0

Br -N/

0 -b

NaH, DMF, RT,
RT, 70% yield

HN-NH,

EtOH, 750C,
-95% yield

Cl NH

C.a 
NO2

ci NH,

Hunigs Bae, DMA,
C, 58-60% yield

00C

N NNH,

Cl 7 N0 2

TFA (1 0% v/v)
8

CHC 2
1 water,
RT, -99% yield

0 OH

Cl H
N N NH,

Cl
a NO,

yH

H2N

HBTU, Hunig's Base,

CH2CI2,RT, 50-70% yield

DMAP, DIG, CH2CI2
RT, 800% yield

OH

QCi H

N NO-2

Purified by preparative FIPLC

CI a 01CI

1. 0A O
2 0

LO Preparation of tert-bultyl (2E)-3-(2,4-dichlorophenyl)prop-2-enoate 

Neat DIC (1.4 eq) was added to a well stirred solution of cinnamnate (1 eq), t-butyl.

alcohol (4 eq), DMAP (1.4 eq) and CH2Cl2 under argon at rt. (Note The cinnaniate miust be

completely in solution that may require gentle warming. Allow the solution to cool to room

temperature before adding the DIC. To avoid an exotherm on larger scales, it may be prudent to

-270-



WO 2004/092360 PCT/US2004/011710

dilute the DIC with CH 2C12 before the addition and have an ice bath ready.) After stirring for 8

hours, the reaction develops a white precipitate. The reaction may be monitored by TLC eluting

with 25% EtOAc/Hexane (Rf of product was The entire reaction was loaded into a

separatory funnel (washing with CH2C12). The organic mixture was washed with citrate, sat. aq.

NaHCO 3 water, and brine. The organic layer was dried (Na2 S0 4 filtered, and concentrated to

dryness to give the crude product as an oil. The crude oil was mixed with hexane and stirred for

min. The precipitate that forms was filtered over celite and the filtrate was evaporated. The

hexane mixture was loaded onto a filter plug of silica and eluted with EtOAc/hexane (97:2 v/v).

The first eluted UV active fractions are collected and evaporated to give >99% pure 2 (75-80%

yields).

Cl

O- TOSMIC C

0 NaH, Ether, DMSO, H0 C to RT, 60% yield
3

Preparation of tert-butyl 4-(2,4-dichlorophenyl)pyrrole-3-carboxylate 

Dry ether was added to NaH (1.5 eq as the oil dispersion) under argon. After decanting

off the ether via syringe, the NaH was suspended again with fresh ether under argon. A solution

of TOSMIC (1.1 eq) and 2 (1 eq) dissolved in a mixture of ether and DMSO was added dropwise

to the stirred suspension of NaH at 0 °C over 20-30 min. The addition was mildly exothermic

and evolved gas. After the addition, the reaction was allowed to warm to ambient rt. The

progress of the reaction was followed by TLC (25% EtOAc/Hexane, the UV active product was

at Rf= 0.4) and LCMS until done Upon completion, the reaction was carefully

quenched with sat. aq. NH4Cl (added slowly to avoid strong gas evolution and exotherm) and

diluted with ether. The layers were separated and the organic phase was washed with sat. aq.

NaHCO 3 water, and brine. The crude dark solid can be purified by recrystallization. Best

results were achieved either through recrystallization directly from a mixture of hot

EtOAc/hexane (1:3 v/v) or by dissolving the crude product in minimal hot EtOAc followed by

addition of hexane volumes of hexane based on the volume of EtOAc). The hot solutions

were allowed to cool to room temperature and age over night. The crystals were first filtered and

then washed with hexane giving 99% pure product in 60-70 yield.
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O O
N O Br 0

N NaH, DMF,
H RT, 70% yield Cl 0

4
3

Preparation of tert-butyl 4-(2,4-dichlorophenyl)-1-[3-(1,3-dioxobenzo[c]azolin-2-

yl)propyl]pyrrole-3-carboxylate 

Solid NaH (1.5 eq as the oil dispersion) was added in small portions to a solution of

pyrrole 3 (1 eq) and 3-bromopropyl phthalimide (1.2 eq) dissolved in DMF stirred at room

temperature and flushed with argon. NOTE Some gas evolves, but the temperature does not

seem to rise above 40-50 The reaction was stirred for 1.5 h at room temperature under argon.

The reaction was followed by TLC (CH2C12/acetonitrile (95:5 the UV active product was at

Rf= 0.5) and LCMS. Upon completion, the reaction was quenched with sat. aq. NH4 C1 (add

slowly to avoid strong gas evolution and exotherm). Sat. aq. NaHCO 3 was then added to avoid

an emulsion, and the basic organic mixture was extracted with ether. The combined ether layers

were washed with sat. aq. NaHC0 3 water, brine, dried Na2 SO 4 filtered, and concentrated to

dryness to give the crude product. The crude product was purified by eluting through silica with

EtOAc/Hexane (1:4 The purified product contained some residual 3-bromopropyl

phthalimide, that did not interfere with subsequent synthetic steps. The material was taken on

and used without further purification. Assume a quantitative yield.

0 '0 0
C 1 o H2 N-NH2  

N kC EtOH, 75 C, 2 /NH
Cl O -95% yield Cl

4 

Preparation of tert-butyl 1-(3-aminopropyl)-4-(2,4-dichlorophenyl)pyrrole-3-carboxylate

The Pthalimido Pyrrole 4 (1 eq) was dissolved in ethanol and hydrazine (3 eq) at room

temperature under nitrogen. Upon heating to reflux, the reaction generated a white precipitate.

Stir at reflux until complete h) by TLC (CH 2C12/acetonitrile (95:5 the UV active

product was at Rf= 0.2) and LCMS. Upon reaching completion, the reaction was allowed to

cool to room temperature and the precipitate was vacuum-filtered off using a medium to fine

cintered-glass filter. The filtrate was concentrated under reduced pressure to a gummy solid.
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The crude material was taken up in ethanol/EtOAc (1:1 stirred and the precipitate was

filtered off in the same fashion as before. The filtrate was concentrated under reduced pressure

and than dried in vacuo for 10-15 min. This process of adding ethanol/EtOAc, filtering and

concentrating was done one more time or as needed to remove the majority of the white

precipitate and residual hydrazine. The product was then dried in vacuo overnight. The material

was used without further purification. Once dried, the reaction yielded the product as a glass

yield over 2 steps).

SNO 20 6
CI CI' NH 2  CI/\ H

N N NH,
CI 2 NH2 Hunig's Base, DMA, ci

N2 80 C, 58-60% yield 7 NO 2

Preparation oftert-butyl 1-{3-[(6-amino-5-nitro(2-pyridyl))amino]propyl}-4-(2,4-

dichlorophenyl)pyrrole-3-carboxylate 

To the premixed dry reagents, pyrrole 5 (1 eq) and powdered 6-chloro-3-nitro-2-

pyridylamine (1.1 eq), was added the DMA followed by Hiinig's base (2 eq) sequentially with

stirring at rt. The reaction was then heated to 80 OC overnight. The reaction was followed by

TLC (EtOAc/hexane (1:1 the UV active yellow product was at Rf= 0.25), HPLC and

LCMS. Upon completion as judged by HPLC, the reaction was allowed to cool to 70 °C.

Ethylene diamine (anhydrous) was then added to the reaction to destroy any remaining unreacted

chloropyridine 6. After 15 min stirring at 70 OC, the reaction was cooled and quenched with the

addition of sat. aq. NaHCO 3 The aqueous mixture was extracted with EtOAc, and the combined

organic layers were washed with sat. aq. NaHCO 3 water, brine, dried, filtered, and concentrated

to dryness to give the crude product as a brown-yellow solid. The crude product was purified by

flash chromatography eluted with EtOAc/hexane (4:6 The purified SnAr adduct 7 was

isolated in 58% yield as a yellow solid.

0i 0 TFA (10% v/v)
cl- .N H H

N, N H CH 2C92 yielN N NH,
S1% water, CI7 U SNO2 RT, -99% yield 8 NO2
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Preparation of 1-{3-[(6-amino-5-nitro(2-pyridyl))amino]propyl 
dichlorophenyl)pyrrole-3-carboxylic acid 

In a vial, TFA (catalytic amount) was added to a stirred mixture of tert-butyl ester pyrrole

7 (1 eq), water and CH2C12 at rt. The vial stirred at room temperature until done (~12 h.

The reaction was then concentrated under reduced pressure at room temperature and dried in

vacuo. The crude residue was dissolved again in CH2 C12 and concentrated under reduced

pressure at rt. The material was used in the final coupling step without further purification as the

TFA salt.

OH

O OH H OH NH
Cl-\ H H2 N CI/\ H

-N N NH2 -N NH
S, HBTU, Hunig's Base, ci

8 NO2  CH2Cl2,RT, 50-70% yield 9NO 2

CHIR 154703

Preparation of N-((1S)-2-hydroxy-isopropyl)(1-{3-[(6-amino-5-nitro(2-

pyridyl))amino]propyl}-4-(2,4-dichlorophenyl)pyrrol-3-yl)carboxamide 

(2S)-(+)-2-Aminopropan-l-ol (1.5 eq) was added to a stirred mixture of acid (1 eq),

HBTU (1.5 eq), Hiinig's base (2 eq) and DMF (premixed sequentially in this order in a vial) at

room temperature under argon. The reaction was stirred for 3-4 h until complete as shown by

LCMS and HPLC. The reaction mixture was subsequently diluted with EtOAc, washed with

NaHCO 3 and concentrated to afford a powder in a 70% yield.

Nomenclature for the Example compounds was provided using ACD Name version 5.07

software (November 14, 2001) available from Advanced Chemistry Development, Inc. Some of

the compounds and starting materials were named using standard IUPAC nomenclature.

The compounds of Table 34 were synthesized following the synthetic methodology

described above in the Examples and Schemes, and screened following methods 1 and 2 below.

The precursors are readily recognizable by one skilled in the art and are commercially available

from Aldrich (Milwaukee, WI) or Acros Organics (Pittsburgh, PA), among others.

Screening methods for SMIP/SMIS compounds

Method 1

Candidate small molecule immuno-potentiators can be identified in vitro. Compounds

are screened in vitro for their ability to activate immune cells. One marker of such activation is

the induction of cytokine production, for example TNF-a production. Apoptosis inducing small
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molecules may be identified having this activity. These small molecule immuno-potentiators

have potential utility as adjuvants and immuno-therapeutics.

In an assay procedure (High Throughput Screening (HTS)) for small molecule immune

potentiators (SMIPs), human peripheral blood mononuclear cells (PBMC), 500,000 per mL in

RPMI 1640 medium with 10% FCS, were distributed in 96 well plates (100,000 per well)

already containing 5gtM of compound in DMSO. The PBMCs were incubated for 18 h at 37°C in

CO2 Their ability to produce cytokines in response to the small molecule compounds is

determined using a modified sandwich ELISA.

Briefly supernatants from the PBMC cultures were assayed for secreted TNF using a

primary plate bound antibody for capture followed by a secondary biotinylated anti-TNF

antibody forming a sandwich. The biotinylated second antibody was then detected using

streptavidin-Europium and the amount of bound europium was determined by time resolved

fluorescence. SMIP compounds were confirmed by their TNF inducing activity that was.

measured in the assay as increased Europim counts over cells incubated in RPMI medium alone.

"Hits" were selected based on their TNF-inducing activity relative to an optimal dose of

lipopolysaccaride LPS (1 tg/ml), a strong TNF inducer. The robustness of the assay and low

backgrounds allowed for the routine selection of hits with -10% of LPS activity that was

normally between 5-10X background (cells alone). Selected hits are then subjected to

confirmation for their ability to induce cytokines from multiple donors at decreasing

concentrations. Those compounds with consistent activity at or below 5tM are considered

confirmed for the purposes of this assay. The assay is readily modified for screening for

compounds effective at higher or lower concentrations.

Method 2

Each of the compounds in the above Table 34 elicited TNF-a production in human

peripheral blood mononuclear cells. Many of the compounds showed activity at less than 20 IM

with respect to production of TNF-a. Many of these compounds showed activity at less than 

RM with respect to production of TNF-a. Many of these compounds showed activity in the

production of TNF-a at less than 1.5 gM.

For this reason, each of the R groups of any of the compounds listed in Table 34.are

preferred. Additionally, because of the excellent activity of each of the compounds, each of

these compounds is individually preferred and is preferred as a member of a group that includes

any or all of the other compounds and each compound is preferred in methods of modulating
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immunopotentiation and in methods of treating biological conditions associated therewith, for

example to be used as a vaccine adjuvant. Each of the compounds is also preferred for use in

preparation of medicaments for vaccines, immunopotentiation, reducing tumor growth and in

treating biological conditions mediated therefrom.

In additon to the procedure described above, methods of measuring other cytokines (e.g.

ILl-beta, IL-12, IL-6, IFN-gamma, IL-10 etc.) are well known in the art and can be used to find

active SMIP compounds of the present invention.

Compounds may be useful that cause production of TNF-a at higher concentrations, such

as 100 M, 200 gM or 300pM in the assays described herein. For example Loxoribine causes

useful production of TNF-a at 300M (see Pope et al Immunostimulatory Compound 7-Allyl-8-

Oxoguanosine (Loxoribine) Induces a Distinct Subset of Murine Cytokines Cellular

Immunology 162: 333-339 (1995)).

The subject invention also includes isotopically-labeled antiviral compounds, that are

structurally identical to those disclosed above, but for the fact that one or more atoms are

replaced by an atom having an atomic mass or mass number different from the atomic mass or

mass number usually found in nature. Examples of isotopes that can be incorporated into

antiviral compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,

phosphorous, sulfur, fluorine and chlorine, such as 2H, 3H, 13C, 14C, 15N, 180, 170 3 3P, 
18F and 36C1, respectively. Antiviral compounds of the present invention, derivatives thereof, and

pharmaceutically acceptable salts of said compounds and of said derivatives that contain the

aforementioned isotopes and/or other isotopes of other atoms are within the scope of this

invention. Certain isotopically-labeled antiviral compounds of the present invention, for example

those into which radioactive isotopes such as 3H and 14C are incorporated, are useful in drug

and/or substrate tissue distribution assays. Tritiated, 3H, and carbon-14, 14C, isotopes are

particularly preferred for their ease of preparation and detectability. Further, substitution with

heavier isotopes such as deuterium, 2H, may afford certain therapeutic advantages resulting

from greater metabolic stability, for example increased in vivo half-life or reduced dosage

requirements and, hence, may be preferred in some circumstances. Isotopically labeled antiviral

compounds of this invention and derivatives thereof can generally be prepared by carrying out

known or referenced procedures and by substituting a readily available isotopically labeled

reagent for a non-isotopically labeled reagent.

In accordance with the present invention, methods are provided for the administration of an

effective amount of a SMIP compound to act as an adjuvant. Also provided are immunogenic

compositions comprising a SMIP compound, an antigen, and optionally other adjuvants.
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As adjuvants, the SMIP compounds are combined with antigens and delivery systems to

form a final immunogenic composition or vaccine product.

As immunotherapeutics, the SMIP compounds are used alone or in combination with

other therapies for treatment of SARS.

Those of ordinary skill in the art will recognize that physiologically active antiviral

compounds, SMIPs or SMISs that have accessible hydroxy groups are frequently administered in
the form of pharmaceutically acceptable esters. The antiviral compounds of this invention can

be effectively administered as an ester, formed on the hydroxy groups, just as one skilled in

pharmaceutical chemistry would expect. It is possible, as has long been known in

pharmaceutical chemistry, to adjust the rate or duration of action of the antiviral compound by

appropriate choices of ester groups.

Other compounds that can be used in combination with the therapeutic agents described

herein include, pentoxifylline (PTX), methylprednisolone, trimetrexate (Neutrexin), Zadaxin

(thymosin alpha optionally substituted 5-aminomethinimino-3-methyl-4-isoxazolecarboxylic

acid phenylamides, cyclosporine A (CsA), 6-oxo-1,4,5-thiadiazin[2,3-b]quinazoline, 3-amino-

2(1H)-thioxo-4(3H)-quinazolinone, gangciclovir, glycyrrhizin, tetracyclines, aminoglycosides,

quinolones, bicyclam (1,4-Bis(1,4,8,11-tetraazacyclotetradec-1-ylmethyl)benzene

octahydrochloride dihydrate), rapamycin, wortmannin, enalapril, roquinimex/linomide,

inactivin, DNCB, AG7088, 9-aminocamptothecin (CPT-11), loxorobine, bropirimine, Ononase

(ranpirase), statins, such as: lovastatin--Mevacor®, pravastatin--Pravachol®, simvastatin--

Zocor®, fluvastatin--Lescol®, atorvastatin-Lipitor® and rosuvastatin--Crestor®.

As used herein, the term "effective amount" means an amount of antiviral compound of the

compositions, kits and methods of the. present invention that is capable of treating the symptoms

of the described conditions. The specific dose of a compound administered according to this

invention will, of course, be determined by the particular circumstances surrounding the case

including, for example, the compound administered, the route of administration, the state of

being of the patient, and the severity of the condition being treated.

The dose of an antiviral compound of this invention to be administered to a subject is

rather widely variable and subject to the judgment of the attending physician. It should be noted

that it may be necessary to adjust the dose of a compound when it is administered in the form of

a salt, such as a laureate, the salt forming moiety of which has an appreciable molecular weight.

The following dosage amounts and other dosage amounts set forth elsewhere in this

description are for an average human subject having a weight of about 65 kg to about 70 kg. The

skilled practitioner will readily be able to determine the dosage amount required for a subject

whose weight falls outside the 65 kg to 70 kg range, based upon the medical history of the
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subject and the presence of diseases, diabetes, in the subject. Calculation of the dosage

amount for other forms of the free base form such as salts or hydrates is easily accomplished by

performing a simple ratio relative to the molecular weights of the species involved.

In general, the pharmaceutical compositions will include at least one antiviral compound

in combination with a pharmaceutically acceptable vehicle, such as saline, buffered saline, 

dextrose in water, borate-buffered saline containing trace metals or the like. Formulations may

further include one or more excipients, preservatives, solubilizers, buffering agents, lubricants,

fillers, stabilizers, etc. Methods of formulation are well known in the art and are disclosed, for

example, in "Remington's Pharmaceutical Sciences," Mack Pub. Co., New Jersey (1991) or

"Remington: The Science and Practice of Pharmacy," 20th ed., Lippincott Williams Wilkins,

Baltimore, Maryland (2000), incorporated herein by reference.

Pharmaceutical compositions for use within the present invention can be in the form of

sterile, non-pyrogenic liquid solutions or suspensions, coated capsules, suppositories, lyophilized

powders, transdermal patches or other forms known in the art.

Many of the active ingredient antiviral compounds are known to be absorbed from the

alimentary tract, and so it is usually preferred to administer a compound orally for reasons of

convenience. However, the compounds may equally effectively be administered intravenously,

subcutaneously, percutaneously, or as suppositories for absorption by the rectum or vagina, if

desired in a given instance. All of the usual types of compositions may be used, including

tablets, chewable tablets, capsules, solutions, parenteral solutions, troches, suppositories and

suspensions. Compositions are formulated to contain a daily dose, or a convenient fraction of

daily dose, in a dosage unit, that may be a single tablet or capsule or convenient volume of a

liquid.

Capsules are prepared by mixing the compound or compounds with a suitable diluent and

filling the proper amount of the mixture in capsules. The usual diluents include inert powdered

substances such as starch of many different kinds, powdered cellulose, especially crystalline and

microcrystalline cellulose, sugars such as fructose, mannitol and sucrose, grain flours and similar

edible powders.

Tablets are prepared by direct compression, by wet granulation, or by dry granulation.

Their formulations usually incorporate diluents, binders, lubricants and disintegrators as well as

the compound or compounds. Typical diluents include, for example, various types of starch,

lactose, mannitol, kaolin, calcium phosphate or sulfate, inorganic salts such as sodium chloride

and powdered sugar. Powdered cellulose derivatives are also useful. Typical tablet binders are

substances such as starch, gelatin and sugars such as lactose, fructose, glucose and the like.

Natural and synthetic gums are also convenient, including acacia, alginates, methylcellulose,
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polyvinylpyrrolidine and the like. Polyethylene glycol, ethylcellulose and waxes can also serve

as binders.

A lubricant is generally necessary in a tablet formulation to prevent the tablet and punches

from sticking in the die. The lubricant is chosen from such slippery solids as talc, magnesium

and calcium stearate, stearic acid and hydrogenated vegetable oils.

Tablet disintegrators are substances that swell when wetted to break up the tablet and

release the compound or compounds. They include starches, clays, celluloses, algins and gums,

more particularly, corn and potato starches, methylcellulose, agar, bentonite, wood cellulose,
powdered natural sponge, cation-exchange resins, alginic acid, guar gum, citrus pulp and

carboxymethylcellulose, for example, may be used as well as sodium lauryl sulfate.

Tablets are often coated with sugar as a flavor and sealant, or with film-forming protecting

agents to modify the dissolution properties of the tablet. The compounds may also be formulated

as chewable tablets, by using relatively large amounts of pleasant-tasting substances such as

mannitol in the formulation, as is now well-established in the art.

When it is desired to administer a compound as a suppository, the typical bases may be

used. Cocoa butter is a traditional suppository base, that may be modified by addition of waxes

to raise its melting point slightly. Water-miscible suppository bases comprising, particularly,
polyethylene glycols of various molecular weights are in wide use.

The effect of the compounds may be delayed or prolonged by proper formulation. For

example, a slowly soluble pellet of the compound may be prepared and incorporated in a tablet

or capsule. The technique may be improved by making pellets of several different dissolution

rates and filling capsules with a mixture of the pellets. Tablets or capsules may be coated with a

film that resists dissolution for a predictable period of time. Even the parenteral preparations

may be made long-acting by dissolving or suspending the compound or compounds in oily or

emulsified vehicles that allow dispersion slowly in the serum.

The combinations of this invention may be administered in a controlled release formulation

such as a slow release or a fast release formulation. Such controlled release formulations of the

combination of this invention may be prepared using methods well known to those skilled in the

art. The method of administration will be determined by the attendant physician or other person

skilled in the art after an evaluation of the subject's condition and requirements.

The term "prodrug" means compounds that are transformed in vivo to yield an antiviral

compound of the present invention. The transformation may occur by various mechanisms, such

as through hydrolysis in blood. A good discussion of the use of prodrugs is provided by T.

Higuchi and W. Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S.

Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche,

American Pharmaceutical Association and Pergamon Press, 1987. The term, "prodrug" also
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encompasses mutual prodrugs in which one or more antiviral compounds are combined in a

single molecule that may then undergo transformation to yield the individual antiviral

compounds of the present invention.

For example, if an antiviral compound of the present invention contains a carboxylic acid

functional group, a prodrug can comprise an ester formed by the replacement of the hydrogen

atom of the acid group with a group such as (C1-Cs)alkyl, (C2-C12)alkanoyloxymethyl, 1-

(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having

from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-

(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-

(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-(alkoxycarbonyl)aminomethyl

having from 3 to 9 carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon

atoms, 3-phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(CI-C 2)alkylamino(C 2

C3)alkyl (such as P-dimethylaminoethyl), carbamoyl-(CI-C 2)alkyl, N,N-di(C1

C2)alkylcarbamoyl-(CI-C 2)alkyl and piperidino-, pyrrolidino- or morpholino(C 2-C 3)alkyl.

Similarly, if an antiviral compound of the present invention comprises an alcohol

functional group, a prodrug can be formed by the replacement of the hydrogen atom of the

alcohol group with a group such as (C1-Cs)alkanoyloxymethyl, 1-((Ci-Cs)alkanoyloxy)ethyl, 1-

methyl-1-((Ci-C6)alkanoyloxy)ethyl, (C1 -C6)alkoxycarbonyloxymethyl, N-(C1

C6)alkoxycarbonylaminomethyl, succinoyl, (Ci-Cs)alkanoyl, a-amino(C 1-C4)alkanoyl, arylacyl
and a -aminoacyl, or a-aminoacyl-a-aminoacyl, where each a-aminoacyl group is independently

selected from the naturally occurring L-amino acids, P(O)(OH) 2 -P(O)(O(CI-Cs)alkyl) 2 or

glycosyl (the radical resulting from the removal of a hydroxyl group of the hemiacetal form of a

carbohydrate).

If an antiviral compound of the present invention comprises an amine functional group, a

prodrug can be formed by the replacement of a hydrogen atom in the amine group with a group
such as Rx-carbonyl, RxO-carbonyl, NRXR'-carbonyl where RX and Rx' are each independently

((CI-Clo)alkyl, (C3-C7)cycloalkyl, benzyl, or Rx-carbonyl is a natural a -aminoacyl or natural a-

aminoacyl-natural a-aminoacyl, -C(OH)C(O)OYx wherein (Yx is H, (CI-C 6 )alkyl or benzyl), 

C(OYXo) Yxl wherein YXO is (C1-C4 alkyl and Yxl is ((Ci-Cs)alkyl, carboxy(CI-C 6)alkyl,

0 amino(CI-C 4)alkyl or mono-N- or di-N,N-(CI-C 6)alkylaminoalkyl, -C(YX2 yX3 wherein YX2 is

H or methyl and YX3 is mono-N- or di-N,N-(Cj-Cs)alkylamino, morpholino, piperidin-1-yl or

pyrrolidin-1-yl.

The compositions for use in accordance with the present invention may be formulated in a

conventional manner using one or more physiologically acceptable carriers or excipients.

Antiviral, SMIP, SMIS, or other immunomodulating compounds are prepared or obtained as

described herein and in the US Patents and published international patent applications listed in
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Table 1, Table 2, Table 34 and Table 35. The antiviral compounds can be formulated in

pharmaceutically acceptable compositions suitable for delivery to the lungs. Particular

formulations include dry powders, liquid solutions or suspensions suitable for nebulization and

propellant formulations suitable for use in metered dose inhalers. The preparation of such

formulations is well know to those skilled in the art, and is described in US Patent Nos.

5,814,607 and 5,654,007 and in the US Patents and published international patent applications

listed in Table 3 the disclosures of which are incorporated herein by reference.

Dry powder formulations will comprise an antiviral compound in a dry, optionally

lyophilized form with a particle size within a preferred range for deposition within the lung.

Typically the particle size for deposition in the lung will range between 1 and 5 im. When

systemic delivery of the antiviral compound via absorption from the lung into the bloodstream is

desired the antiviral compound formulation particle size is generally between 0.1 and 2 Am in

size. The preferred size range of particles can be produced using methods such as jet-milling,

spray drying and solvent precipitation, for example. Dry powder devices typically require a

powder mass in the range from about 1 mg to 100 mg to produce an aerosolized dose. Thus, the

antiviral compound will typically be combined with a pharmaceutically acceptable dry bulking

powder. Preferred dry bulking powders include sucrose, lactose, trehalose, human serum

albumin (HSA), phospholipids and glycine as well as those disclosed in the documents listed in

Table 3. Dry powders can be administered to the subject in conventional dry powder inhalers.

For liquid formulations the antiviral compound can be dissolved in any recognized

physiologically acceptable carrier for use in delivery of aerosolized formulations. Such carriers

include buffered and unbuffered aqueous solutions for water soluble compounds, and

physiological solutions including saline solution (preferably between 0.2 and 2 N NaCl). For

antiviral compounds with limited solubility, other liquid vehicles such as ethanol, propylene

glycol and ethanol-propylene combinations may be used. The antiviral compounds may also be

administered as solids in suspension.

For administration by inhalation, the compositions for use according to the present

invention are conveniently delivered in the form of an aerosol spray administered via pressurized

packs or a nebulizer, with the use of a propellant, air, dichlorordifluoromethane,

dichloroterafluoroethane or other suitable gas. Preferably, for incorporation into the aerosol

propellant, the antiviral compound formulations of the present invention will be processed into

respirable particles as described above for the dry powder formulations. The particles are then

suspended in the propellant, optionally being coated with a surfactant to enhance their

disbursement. In the use of a pressurized aerosol the dosage unit may be determined by

providing a valve to deliver a metered amount.
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Commercially available jet nebulizers are available and may be used to deliver aerosolized
antiviral compound to a subject. Such jet nebulizers include, but are not limited to, those

supplied by AeroTech 11 (CIS-US, Bedford, Mass.). In addition, for delivery of aerosolized
antiviral compound to the lungs of a subject an oxygen source can be attached to the nebulizer
providing a flow rate of, for example, 10 L/min. In general, inhalation is performed over a 5-40
minute time interval through a mouthpiece during spontaneous respiration. The present
invention provides for novel compositions comprising a suitable carrier and aerosolized antiviral
compound in doses sufficient to reduce or ameliorate viral load and SARS symptoms in subjects
having SARS. Such doses can be lower than corresponding systemic doses that may be used to
those generally used to reduce or ameliorate viral load and SARS symptoms in subjects having
SARS.

The antiviral, SMIP, SMIS, and immunomodulating compositions of the present invention
may be administered with a steroidal anti-inflammatory drug for the treatment of SARS and
SARS symptoms. Examples of steroidal anti-inflammatory drugs of the invention include
hydrocortisone, prednisolone, dexamethasone, triamcinolone acetonide, fluocinolone acetonide,
fludrocortisone acetate, betamethasone, etc.

The antiviral compound composition of the invention is nebulized predominantly into
particle sizes allowing a delivery of the drug into the terminal and respiratory bronchioles. For
efficacious delivery of antiviral compound to the lung endobronchial space of airways in an
aerosol, the formation of aerosol particles having mass medium average diameter predominantly
between 1 to 5 pm is necessary. The formulation must additionally provide conditions that
would not adversely affect the functionality of the airways. Consequently, the formulation must
contain enough of the drug formulated under the conditions that allow its efficacious delivery
while avoiding undesirable reaction.

For liquid solutions and suspensions, the choice of the nebulizer is made from among
commercially available nebulizers. The jet nebulizers known as Sidestream O, obtained from
Medicaid and Pari LCS, LC Plus, and eFlow obtained from Par Respiratory Equipment,
Richmond, Virginia, are examples of typical nebulizers suitable for the practice of the invention.
Ultrasonic nebulizers that produce appropriate particle sizes of about 1 to 5 /m such as

;0 Aerosonic by DeVilbiss and UltraAire by Omron are also suitable.

Advantageously, the present invention also provides for a kit for use by a consumer for the
treatment and/or prevention of SARS. Such a kit comprises: a pharmaceutical composition
comprising a therapeutically effective amount of at least one compound from among those
described herein or listed in Table 34 and Table 35 or described in the US Patents and published
international patent applications listed in Table 1, Table 2, and Table 35 and a pharmaceutically
acceptable carrier, vehicle or diluent; a container for holding the pharmaceutical composition;
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and, optionally, instructions describing a method of using the pharmaceutical compositions

for the treatment and or the prevention of SARS. The kit may optionally contain a plurality of

antiviral compounds for the treatment of SARS wherein the anti viral compounds are selected

from 3C-like protease inhibitors and papain-like protease inhibitors. In a further embodiment,

the kit contains an antiviral compound which is an RNA-dependent RNA polymerase inhibitor.

When the kit comprises more than one antiviral compound, the antiviral compounds contained in

the kit may be optionally combined in the same pharmaceutical composition.

A "kit" as used in the instant application includes a container for containing the separate

compositions such as a divided bottle or a divided foil packet. The container can be in any

conventional shape or form as known in the art that is made of a pharmaceutically acceptable

material, for example a paper or cardboard box, a glass or plastic bottle or jar, a re-sealable bag

(for example, to hold a "refill" of tablets for placement into a different container), or a blister

pack with individual doses for pressing out of the pack according to a therapeutic schedule. The

container employed can depend on the exact dosage form involved, for example a conventional

cardboard box would not generally be used to hold a liquid suspension. It is feasible that more

than one container can be used together in a single package to market a single dosage form. For

example, tablets.may be contained in a bottle that is in turn contained within a box.

An example of such a kit is a so-called blister pack. Blister packs are well known in the

packaging industry and are being widely used for the packaging of pharmaceutical unit dosage

forms (tablets, capsules, and the like). Blister packs generally consist of a sheet of relatively stiff

material covered with a foil of a preferably transparent plastic material. During the packaging

process, recesses are formed in the plastic foil. The recesses have the size and shape of

individual tablets or capsules to be packed or may have the size and shape to accommodate

multiple tablets and/or capsules to be packed. Next, the tablets or capsules are placed in the

recesses accordingly and the sheet of relatively stiff material is sealed against the plastic foil at

the face of the foil that is opposite from the direction in which the recesses were formed.. As a

result, the tablets or capsules are individually sealed or collectively sealed, as desired, in the

recesses between the plastic foil and the sheet. Preferably the strength of the sheet is such that

the tablets or capsules can be removed from the blister pack by manually applying pressure on

the recesses whereby an opening is formed in the sheet at the place of the recess. The tablet or

capsule can then be removed via said opening.

It maybe desirable to provide a written memory aid, where the written memory aid is of the

type containing information and/or instructions for the physician, pharmacist or subject, in

the form of numbers next to the tablets or capsules whereby the numbers correspond with the

days of the regimen which the tablets or capsules so specified should be ingested or a card that

contains the same type of information. Another example of such a memory aid is a calendar
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printed on the card as follows "First Week, Monday, Tuesday," etc "Second Week,

Monday, Tuesday,..." etc. Other variations of memory aids will be readily apparent. A "daily

dose" can be a single tablet or capsule or several tablets or capsules to be taken on a given day.

Also a daily dose of one or more component(s) of the kit can consist of one tablet or capsule

while a daily dose of another one or more component(s) of the kit can consist of several tablets

or capsules.

Another specific embodiment of a kit is a dispenser designed to dispense the daily doses

one at a time in the order of their intended use. Preferably, the dispenser is equipped with a

memory-aid, so as to further facilitate compliance with the regimen. An example of such a

memory-aid is a mechanical counter that indicates the number of daily doses that has been

dispensed. Another example of such a memory-aid is a battery-powered micro-chip memory

coupled with a liquid crystal readout, or audible reminder signal which, for example, reads out

the date that the last daily dose has been taken and/or reminds one when the next dose is to be

taken.

EXAMPLES

Example 1-EXAMPLE of a SARS VIRUS ISOLATE

A SARS virus was isolated from clinical specimens of a patient in Frankfurt, Germany

(FRA). The isolate was grown in Vero cells. RNA of the SARS virus was extracted and:

amplified by RT-PCR. Nucleotide sequence of the viral genome was determined by direct

sequencing of the PCR product. Computer analysis was used to predict the features of the

genome, to compare it to previously known coronaviruses and to the sequence of different SARS

virus isolates.

More specifically, isolation and sequence was performed as follows. After the third

passage of the SARS virus in Vero cells, viral particles were purified by ultra centrifugation

from 3x10 7 cells supernatant. Viral RNA was extracted by Triazol method (Gibco-BRL). Viral

RNA (200 ng) was transcribed into cDNA with avian RNaseH- thermostable reverse

transcriptase following the instructions of the manufacturer (ThermoScript RT System,

Invitrogen). Briefly, either 50 pmoles of oligo (dT)20 (SEQ ID NO: 7389) or 25 ng of random

hexamers were used to prime the RT reaction in a 20 il final volume. Amplification and

sequencing of the SARS genome were accomplished by direct sequencing of PCR products

obtained with: i) specific primers from conserved regions of homology found through multiple

alignment among known coronaviruses; ii) oligonucleotides designed around short sequences of

SARS isolates available on the Web through WHO network laboratories; iii) degenerate primers

to amplify the cDNA mixture with multiple overlapping fragments as end products. Gap closure
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was realized by long distance PCR with high fidelity Taq (Expand High Fidelity system, Roche)

using primers designed on selected fragments. Sequence was collected by primer walking using

a BigDye terminator chemistry (Applied Biosystems) and an automated DNA sequencer (3700

capillary model, Applied Biosystems). After obtaining a first pass of the entire genome, a set of

both forward and reverse primers were used to amplify and sequence de novo the genome using

as a template DNA segments of 2 kb on average. Readings from overlapping fragments were

automatically assembled by AutoAssembler (Applied Biosystems) and the 29,740 bp contiguous

edited manually.

Computer analysis of the sequence was performed as follows. The GCG Wisconsin

Package suite (version 10.0) was used for computer analysis of gene and protein sequences. The

PSORT program (http://psort.nibb.ac.jp/) was used for localization predictions. For secondary

structure analysis, the PHD software available on the Web at

http://cubic.bioc.columbia.edu/predictprotein/was applied. The PSI-BLAST algorithm was used for

homology searches (http://www.ncbi.nlm.nih.gov/blast) using the non-redundant protein database.

ClustalW was applied to obtain multiple sequence alignments of gene and protein sequences.

The LearnCoil-VMF program was used to predict coiled-coil regions in the spike proteins

(http://Iearncoil-vnmflcs.mit.edu/cgi-bin/vmf). Leucine zippers were predicted with the program 2ZIP,

available at http://2Zip.molgen.mpg.de.

Phylogenetic analysis was performed using the neighbor-joining algorithm as implemented

in the program NEIGHBOR within the Phylogeny Inference Package (Phylip) (Felsenstein J

1993, program distributed by the author). Bootstrap analysis was always performed with 100

replicates using the program Seqboot. Trees were handled and displayed using TreeView. The

program HMMER was used to generate.sequence profiles from multiple sequence alignments of

the S1 domains of spike proteins. Subsequently, the HMMPFAM program was used to compare

the S1 domain of SARS spike to the profiles.

The genome of this SARS virus isolate is 29,740 bases long and the overall structure of the

genome is similar to that of the three known groups of coronaviruses. Starting from the 5' end a

leader sequence, an untranslated region (UTR) and two overlapping open reading frames coding

for one polyprotein containing the enzymes necessary for replication can be identified. They are

followed by a region coding for the spike envelope matrix nucleocapsid (N)

structural proteins and eight additional ORFs specific for the SARS virus. At the 3'-end of the

genome a UTR with a poly(A) is located. The overall homology to coronaviruses groups 1, 2

and 3 is low and therefore the SARS virus belongs to a new group (group 4) of coronavirus.

More detailed analysis of the spike protein amino acid sequence shows that the SARS virus

isolate is more closely related to coronavirus group 2.
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The complete genome sequence of the SARS virus isolate is 29,740 bp in length. The

sequence is available on Genbank and has a GC content of 40.8%, comparable with that of

known viruses of the same family. Genome structure is similar to that of other coronaviruses. 14

open reading frames have been predicted. The principal features of the genome and gene

products are illustrated reported in Figure 17 and Table 10. The comparison between the SARS

genome and those of group 1, 2 and 3 coronaviruses is reported in Figure 18.

Nucleotides 1-73 contain a predicted RNA leader sequence followed by an untranslated

region (UTR) of 197 nucleotides. The UTR is followed by two overlapping open reading frames

(ORFla, ORF1b), which encompass two-thirds of the genome (nucleotides 265-21485). They

encode for a large polyprotein, which is predicted to be processed by viral proteases to generate

the replicase complex. The 3' part of the genome contains the genes coding for the four

structural proteins spike protein, E, envelope protein, M, matrix glycoprotein, and N,

nucleocapsid protein), and eight predicted ORFs of unknown function (Figure 17). Finally, at the

3' end of the genome, we found a second UTR of 340 bases followed by a poly(A) tract. We

identified a putative intergenic (IG) sequence also referred to as transcription-associated

sequence (TAS), which is a typical feature for coronaviruses. The IG sequence is characterized

by 6-18 nucleotides present at the 3' end of the leader and can be found in front of each gene.

The IG sequence plays a key role in RNA transcription and its regulation. The IG sequence of

the SARS virus is characterized by the sequence SEQ ID NO: 7293 and is present nine times in

the genome (Figure 17). The sequence of the leader and IG are peculiar for each coronavirus and

represent a specific signature for the virus.

The Replicase Region

The replicase gene, ORFlab (SEQ ID NO: 7232), consists of two overlapping ORFs,

ORFla and ORFIb, which can be translated as a single polyprotein by frame shift of the

ribosome in position 13,393, within the polymerase encoding region. See Brierley et al, Embo J

1987: 6(12): 3779-3785. As expected, a stem-loop sequence is present ten base pairs

downstream of this site (SEQ ID NO: 7390;

5'-CGGTGTAAGTGCAGCCCGTCTTACACCG-3'). The polyprotein is cleaved co- and/or

post-translationally into multiple proteins by its own encoded proteases. Using the cleavage

consensus sequence and by analogy with other coronaviruses, we have mapped the possible

cleavage sites of the polyprotein and have identified 14 products, which comprise the leader

protein p28, the homologue of the MHV p65 protein and other twelve proteins, named from nspl

to nspl3 (nsp, non structural protein) (Figure 17 and Table 10). The amino acid sequence

analysis suggests the presence of several functional motifs within the putative ORFlab proteins.

In particular, we have mapped two potential proteases (nspl and nsp2), one growth factor-like

motif (nsp7) within ORFla, whereas in ORFIb we identified the RNA polymerase (nsp9), and a
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predicted helicase (nsplO). The other predicted cleavage products (nsp3, nsp4, nsp5, nsp6,

nsp11, nspl2 and nspl3) are proteins of unknown function. Many of these proteins are

presumably present in the RNA replication complex, which is associated with the membranous

structures in the infected cells. In particular, nsp3 and nsp4 contain hydrophobic domains. As

shown in Figure 18, the replicase region of SARS has a similar organization to group 1, 2 and 3

coronaviruses; however, the overall aminoacid conservation is low (Table 11). The most

conserved proteins are the polymerase and the helices.

Nspl is the papain-like cysteine protease (PLP), which cleaves the first two protein

products (leader protein p28 and p65 homologue). Within the nspl of MHV, two domains with

papain-like protease activity (PLP1 and PLP2) have been mapped, (Kanjanahaluethai et al

(2000) J. Virol 74(17):7911-21) which are also conserved with Bovine, transmittable

gastroenteritis virus (TGV) and Human 229E coronaviruses. However, by sequence alignment

with the SARS nspl, we identified only one PLP domain containing the catalytic residues

Cys833 and His994.

Nsp2 is the chymotrypsin-picoravirus 3C-like protease (3CLp), which is responsible for

the post-translational processing of the other 12 proteins, most of them cleaved at Q/A or Q/S

sites. (Ziebuhr et al (1999) J. Virol 73(1):177-85). It also performs autoproteolytic activity. The

principal catalytic residues are well conserved with other coronaviruses and are located at

position His41 and Cysl45. Furthermore, even the conserved aminoacids Tyrl61 and Hisl63,

which are believed to be involved in substrate recognition and to be indispensable for proteolytic

activity, (Hegyi et al (2002) J. Gen Virol 83(Pt3):581-593) were found in the sequence of.the

SARS 3CLp.

The invention includes the orflab sequence of SEQ ID NO: 9960 and the orfla sequence

of SEQ ID NO: 9961, including fragments, variants, homologs, etc. thereof.

The Structural Region

Analysis of the nucleotide sequence at the 3' part of the SARS genome identified 12

predicted open reading frames. They are coded within 8.2 kb and comprise the four structural

proteins S, E, M and N, common for all coronaviruses and eight predicted ORFs, which are

specific for this virus (Figure 18). SARS-specific IG sequences upstream of most ORFs (Figures

17 18) suggest that most genes are likely to be transcribed independently. Interestingly,

sequences identical to the group 2 IG are also present at the end of the RNA leader and in front

of the Matrix encoding gene and of ORF 

The spike is a type I glycoprotein, which forms the large spikes on the surface of the virion

and is responsible for receptor-binding and membrane fusion. (Gallagher (2001) Adv Exp Med

Biol 494: 183-92). The protein is 1255 residues long with 17 predicted N-glycosylation sites. It

has a 13aa leader peptide and a 17 aa C-terminal membrane anchoring sequence (1202-1218).
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Some (MHV, HCoV-OC43, AIBV and BCoV), but not all (TGV, FIPV, HCoV-229E)

coronavirus spike proteins are proteolytically cleaved in two subunits, S and S2. S1 is

supposed to form the bulbous head, which stays non-covalently linked to the C-terminal

membrane anchor. Cleavage is mediated by a basic aminoacid sequence, which resembles the

consensus sequence for a furin cleavage site. (Garten et.al., Biochimie 1994; 76(3-4): 217-225).

However, in case of this SARS virus isolate, we were not able to identify such a sequence,

implicating that the S protein of this SARS virus isolate is unlikely to be cleaved during

maturation. Secondary structure predictions indicated that the global architecture of the spike

protein is conserved within all known coronaviruses. The S domain is mainly formed by beta

sheets and likely adopts a globular fold, while in the S2 domain extensive alpha helical regions

are predicted. In addition, the LearnCoil-VMF program, specifically designed to identify coiled-

coil-like regions in viral membrane-fusion proteins, predicts two coiled-coils within S2, spanning

aminoacids 900-1005 and 1151-1185, respectively (Figure 19). Both coiled-coil regions contain

a leucine-zipper motif, which is also present in the spikes of all coronaviruses. Leucine zippers

are known to promote protein oligomerization; since the spike proteins of TGV and IMHV form

hetero-trimers, (Delmas et al, J Virol 1990; 64(11):5367-5375) (Godeke, et al., J Virology 2000;

74(3):1566-1571) it is conceivable that in SARS leucine zippers play a role in promoting and/or

stabilizing a similar quaternary structure. The spike protein plays a major role in the biology of

coronaviruses because the S 1 domain contains the receptor-binding domain and the virus

neutralizing epitopes, while the S2 domain is involved in the process of membrane fusion, which

is essential for virus infectivity. As expected, multiple sequence alignment of different spike

proteins showed a major degree of variability within the S1 domain, whereas S2 is more

conserved.

The envelope protein E is a very short polypeptide of 76 aa, involved in the morphogenesis

of the virion envelope. (Godet et al., Virology 1992; 188(2):666-675). Computer analysis

predicts a long transmembrane domain close to the N-terminus and two N-glycosylation sites.

The level of aminoacid similarity with other coronaviruses is very low and the best homology is

with the small envelope protein of the transmissible gastroenteritis virus (TGV).

The matrix glycoprotein is a 221-residue polypeptide with a predicted molecular

weight of 25 kDa. Computer analysis predicts a topology consisting of a short aminoterminal

ectodomain, three transmembrane segments and a carboxyl terminus located at the interior side

of the viral envelope. In analogy with the matrix glycoprotein of TGV, that of the avian infective

bronchitis virus (AIBV) and that of the hypervirulent MHV-2 strain the SARS M glycoprotein is

N-glycosylated at the N-terminus. SARS M protein shows highest similarity to group 2 viruses

(Table 11).
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Finally, the nucleocapsid protein N is a 397-residue-long phosphoprotein that interacts

with viral genomic RNA to form the nucleocapsid. The level of conservation with other

coronaviruses is low, ranging from 26,9% identity with the HCoV-229E to 37,4% identity to the

Bovine coronavirus (BcoV) (Table 11). Epitope analysis of the nucleocapsid protein has been

carried out (Li et al. (2003) Geno Prot Bioinfo 1:198-206) in which the epitope site at the C

terminus of the protein was located as SEQ ID NO: 7394 (amino acids 371-407 of SEQ ID NO:

6052).

In addition to the above fundamental proteins, many viruses express a set of other peptides,

which are generally dispensable for viability, but can influence the infectivity potential of the

virus. (de Haan et al., Virology 2002; 296(1):177-189). These proteins are generally conserved

within members of the same serogroup, but differ profoundly among the groups. For this reason,

they are generally referred to as group-specific proteins (Figure 11). Members of the group 1,

represented here by HcoV-229E, have two group-specific genes located between the S and E

genes and sometimes one or two ORFs downstream of the N gene, preceding the 3' UTR region

of the genome. Viruses of the group 2, with MHV as prototype, have two group-specific genes

(2a and HE) between ORFlb and S, as well as other two between S and E genes. Finally, the

group 3 viruses, represented by the prototype AIBV, have two group-specific genes between S

and E and other two between the M and N genes.

With the exception of the hemagglutinin esterase HE, for which hemagglutinating and

acetyl-esterase enzymatic activities have been demonstrated, all the other group-specific ORFs

encode proteins whose role has not yet been established.

Interestingly, the arrangement of specific genes in the SARS genome is peculiar and the

predicted ORFs do not display any significant homology with ORFs present in the other

coronaviruses, nor with any other known protein from different organisms. Like viruses of the

group 1 and 3, SARS lacks the HE hemagglutinin and does not contain ORFs between the

ORFlb and the S gene. Furthermore, two predicted ORFs (ORF3 and ORF4) are encoded in the

region between S and E, and superimpose for most of their length. ORF3 has an IG sequence 2

bp upstream of the ATG start codon. In contrast to the other groups, SARS contains five

predicted ORFs in the region between M and N genes. ORF7 is located 10 bases downstream of

the stop codon of M gene, and has an IG sequence 155 nucleotides upstream from the ATG start

codon. Similarly, ORF8 and ORF10 present an IG right upstream of their ATG start codons. On

the other hand, the 5' ends of ORF9 and ORF11 shortly superimpose with the flanking genes,

and for this reason they do not need an IG to activate transcription. ORF12 totally superimposes

with the N gene and shares very low homology with a 22kDa protein of the MHV virus, coded in

the corresponding region.
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Despite the absence of indications of possible localization and function deriving from

sequence similarity, ORF3, ORF7 and ORF8 contain hydrophobic segments, suggesting

association with membrane structures. In addition, ORF3, the longest among the SARS specific

gene, is the only one that encodes for a peptide containing a high number of predicted O-

glycosylation sites (Table 11). Predicted N-glycosylation sites have been identified in ORF3,

ORF11 and ORF12.

Two shorter ORFs in the non-structural regions are SEQ ID NOS: 9965 and 9966. The

invention includes polypeptides with these sequences, and also fragments, variants, etc.

Phylogenetic analysis

The substitution frequency within 922 conserved bases from the pol gene of eleven

coronaviruses from the three different serogroups has been used in the past to show that the

variability within members of each serogroup is much smaller than between members of

different serogroups, confirming the previously described serological groupings. (Stephensen et

al., Virus Res 1999; 60(2):181-9). We used the 922 bp region of the pol gene of SARS and

aligned it with the same fragment from other 12 coronaviruses. The tree obtained showed that

the SARS virus is distinct from the other three groups of coronaviruses (Figure 20). Similar

results were obtained using the full-length aminoacid sequences of pol, 3CL-protease and

helicase from the replicase region and those of the spike and the matrix glycoproteins from the

structural region (data not shown). These data confirmed that the entire genome of the SARS

virus clusters in a new group (group 4) of coronavirus.

To gain more resolution for possible evolutionary relationships we performed the analysis

using consensus sequences of predicted domains of the proteins. In particular, we generated

consensus sequences of the S domain of the spike protein from the group 1 and group 2 and

then we compared them to the S1 domain of the SARS spike. No consensus could be generated

from the group 3 since only the spike protein of AIBV is known. Interestingly, the tree.

constructed from the alignment of SARS S1 with the consensus generated from the two groups

of spike proteins was different from that in Figure 20, and showed a much closer relationship

between SARS and group 2 coronaviruses (Figure 21A). Further analysis showed that 19 out of

the 20 cysteines present in the SARS S1 domain are spatially conserved with the group 2

consensus sequence, while only five are maintained either within the group 1 and group 3

sequences (Figure 21B). Given the fundamental role played by cysteines in protein folding, it is

likely that the S1 domain of SARS and group 2 coronaviruses share a similar spatial

organization.
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Sequence variability between SARS coronaviruses

We compared the FRA sequence to the four complete SARS genomes available on the

Web. A total of 30 mutations were detected. Nine of these mutations were silent while 21

resulted in aminoacid substitutions (Table 12). Within ORFla, three silent and seven productive

mutations were detected. In ORFlb, there were five silent and three productive mutations. One

of the productive mutations was caused by two nucleotide substitutions resulting in a single

aminoacid change. Five changes were located in the spike protein, four of these were productive

and one silent. Two productive mutations were in ORF3 and in the matrix glycoprotein M. One

productive mutation each was in ORF10 and in the nucleocapsid protein N.

The overall difference between FRA and TOR2 was of nine nucleotides resulting in two

silent mutations and seven aminoacid changes. The difference between FRA and Urbani is 12

nucleotides, which result in five silent mutations and seven aminoacid changes. For CUHK 16

nucleotides were different, five of which were silent mutations. For FRA and HKU 14 nucleotide

changes resulted in four silent and nine productive mutations.

EXAMPLE 2 -Production, Inactivation and Purification of Whole SARS Virus Using MCS

Chromatography Resin Purification Followed by Density Gradient Ultracentrifugation

A SARS isolate FRA1 (EMBL: AY310120) was passaged on VERO cells that were

cultivated in DMEM (Gibco: Cat No. 21969-035, Lot No. 3078864), Penicillin/Strep (Gibco: Cat

No. 15070-063, Lot No. 1120042), and 3% FCS (Gibco: Cat No. 10270-106, Lot No.

40F6130K) at 37 0 C, 5% COz. Trypsin (Gibco: Cat No. 25300-054, Lot No. 3078729) was used

for detaching the cells.

For virus production the third passage was used for inoculation of VERO cells at a moi of

Cells were incubated with the virus for 1 h at 37 0C in infection medium (DMEM without

PS, FCS); after Ih cells were washed twice and further incubated at 370C for 48 h in the presents

of 3% FCS and antibiotics. The supernatant was harvested 48 hours post infection and

precleared by centrifugation at 3000 rpm at 40C for 10 min.

The SARS virus was inactivated by 13-propiolactone (BPL) treatment (1:2000) for 18 h at

4°C, followed by 3 h at 370C. Testing the virus on successful inactivation, VERO cells were

incubated with 10 ml BPL treated supernatant for 4 days at 37 0C; subsequentially, the

supernatant was transferred to a fresh VERO cell culture and further incubated for another 4

days. Cells were checked for cytopathic effect (CPE).

200 ml of the BPL-inactivated SARS virus harvest was then clarified using a 0.65 p[m-

pore-size filter (47 mm diameter) to pass virus particles and retain cell debris. The filter unit was

connected to a Masterflex pump, which accomplished a consistent flow rate of 40 ml/min.
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A. MCS Chromatography Purification Step

The filtered virus suspension was then subjected to MCS chromatography. The MCS

column was prepared as follows. 27 ml slurry led to 14 ml sedimentated resin which was packed

using a Gotec Superformance Column (diameter 1.0 cm, height 15.7 cm, volume 12.33 ml). 1%

of the column volume of a 1% acetone solution was injected to the column and the column was

run with a flow of 100 cm/h. The HETP, N and As values were then calculated as HETP: 0,056

cm, N m: 1790 and As 1.20.

The amount of proteins in the purified solution after the MCS chromatography step were

assessed with a bicinchoninic acid (BCA) method (Interchim) (see, e.g.,

[0 http://www.piercenet.con/files/bca.pdf) and electrophoresis.

SDS-PAGE was done in accordance to Laemmli, Nature (1970) 227:680-685. Samples for

SDS-PAGE were diluted to a protein concentration of 77 tg/ml. Different protein

concentrations were loaded depending on the gel types used (10/12/15 Wells, Novex/Invitrogen):

Number of Wells Protein Concentration in the Dilution Load Protein/Well
Wells 77 jg/ml 20 1l 1 ig

12 Wells 77 pg/ml 15-20 pl 0.75 1 Ig
Wells 77 jg/ml 10 p 0.5 /g

Samples for use in a reducing SDS-PAGE were prepared as follows:

26 jl sample or diluted sample
10 gl NuPage Sample Buffer (4x) SDS NP0003
4 pl TCEP Bondbreaker Solution 77720

(1:2 in MilliQ water)
Final Volume: 40 lt

The samples were heated for 10 minutes at 70°C or left at room temperature for 1 hour

(leaving the samples at room temperature prevents the M protein of Corona Virus to

coagulate/forming complexes), and then centrifuged for approximately one minute at 14,000 rpm

in a table top centrifuge.

Markers for use on the gel were prepared as follows. Gel bands containing less than 1 pg

of proteins were easily visualised with the silver staining procedure using the Silver Staining Kit

Protein, Plus One Staining Protocol (Pharmacia Biotech).

Western blotting was performed as follows. A semi-dry blotting technique was used to

transfer the proteins from the SDS gel to a nitrocellulose membrane. The transfer was performed

with a current of 0.8 mA/cm2 for 1 hour. A rabbit polyclonal antibody against SARS virus was

used to perform the immuno probing using the Western Breeze, Novex Chromogenic Western

Blot Immunodetection Kit (Novex/Invitrogen).

The chromatogram of the inactivated SARS MCS capture step is depicted in FIGURE 27.

To estimate purity, MCS chromatography fractions were analysed by silver staining on NuPage
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or 4-12% Bis-Tris-Gel (Novex) under reduced conditions, heated for 10 minutes at 

(Figure 28). The fractions were also analysed under the same conditions by western blot (Figure

29) to estimate purity, using PAK 11/03 SARS Cov 270603 neutralizing titer 1:512 (this

antibody was used for this and subsequent western blots). Purity estimates are as follows:

Volume [Protein] Total Protein Step Recovery
Sample ml /"g/ml /mg Protein 

Corona Harvest 100 2547.6 254.76 100
After Filtration Load 100 2440.3 244.03 95.8

Flow Through 85 2321.4 197.32 77.5
Wash 49.32 468.5 23.11 9.1

Peak 1 12.12 252.7 3.062 1.2
Total Recovery 464.4 86.5

B. Density Gradient Ultracentrifugation Step

The eluted SARS virus fraction was then subjected to density gradient ultracentrifugation

with a swinging bucket rotor to further purify the inactivated virus. 3 ml of MCS peak fraction

were loaded onto a linear gradient (15-60% sucrose; 17 ml 15% and 17 ml 60% sucrose in

gradient mixer). The separation was performed with a Beckman SW 28 rotor at 20,000 rpm for

2 hours.

The content of sucrose and protein in the linear density gradient ultracentrifugation

fractions are depicted in the following table, the graph in figure 30 and the estimation of purity in

figure 31:

Fraction Fraction Size ml [Sucrose] [Protein] tg/ml
1 2 61 96.12
2 2 59.4 98.62
3 2 57.5 87.63
4 2 54.5 86.91

2 50.5 79.9
6 2 47.2 74.3
7 2 43.7 68.05
8 2 40.2 60.43
9 2 37.2 57.38

2 34 53.12
11 2 30 50.63
12 2 25.7 35.02
13 2 22.4 35.33
14 2 19.5 39.25

2 15.5 69.79
16 2 8.5 169.03
17 2 8.5 128.96

The protein concentration of fraction 11 (Figure 31 SDS-gel) was measured again against a

standard curve prepared in 30% sucrose and lead to a protein concentration of 3.67 pg/ml (0.05
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/g on the gel). The M protein appears to be missing in this preparation possibily due to sample

treatment procedure (heated samples).

There may be discrepancies in the protein concentration measurements in Table 2 due to

sucrose interference with this assay.

EXAMPLE 3 -Production, Inactivation and Purification of Whole SARS Virus Using MCS

Chromatography Resin Purification Followed by Density Gradient Ultracentrifugation

Inactivated SARS virus was prepared as described in Example above.

A. MCS Chromatography Purification Step

In this example, 200 ml of inactivated SARS virus harvest were subjected to MCS

chromatography. The chromatogram of the capture step of inactivated SARS virus purification

with MCS is depicted in FIGURE 32, the protein recovery in the following table and the

estimation of purity in FIGURE 33:

Volume [Protein] Total Protein Step Recovery
Sample /ml /g/ml /mg Protein 

Corona Virus Harvest 200 2239.2 447.83 100
After Filtration Load 200 2245.1 449.02 100.3

Flow Through 185 2126.3 393.37 87.8
Wash 49.32 450.1 22.2 

Peak 1 4.43 1245.6 5.52 1.2
Total Recovery 421.08 93.7

B. Density Gradient Ultracentrifugation Step

3.5 ml of MCS peak fraction were then loaded onto a linear gradient (15-40% sucrose: 16

ml 15% and 16ml 40% sucrose in gradient mixer). The separation was performed with a

Beckman SW 28 rotor at 20,000 rpm for 2 hours.

The content of sucrose and protein in the linear density gradient ultracentrifugation

fractions are depicted in the following table and the graph in FIGURE 34:

Tube Fraction Size ml [Sucrose] [Protein] 8g/ml
1 2 40 45.86
2 2 39 45.68
3 2 37.5 44.14
4 2 35.5 37.82

2 33.5 34.48
6 2 31.5 31.76
7 2 30.5 29.49
8 2 28 30.87
9 2 25.5 31.7

2 23.5 26.74
11 2 21.75 23.58
12 2 20 35.33
13 2 18 96.38
14 2 14.5 523.79

-294-



WO 2004/092360 PCT/US2004/011710

2 8 941.97
16 2 8 696.7

Protein recovery is shown in the following table and the estimation of purity is shown in figure

Electron Micrograph pictures of density gradient fractions 8, 9 and 10 are shown in figure

36:

Step Volume ml Protein Ag/ml Total Protein m Step Protein 
Load 3.5 ml 1245.6 4359.6 100

Bulk Protein Fractions 3.5 ml 720.8 4324.9 99.2
Viral Peak Fraction 8 ml 29.7 237.6 

Total Recovery _4562.5 104.7

EXAMPLE 4 Mouse Immunization with Inactivated SARS Virus

Mice were immunized subcutaneously on days 0, 14, and 28 with 5 jg BPL-inactivated

SARS-CoV particles (BPL-SARS-CoV), either alone or together with Alum or MF59 as

adjuvants. Serum was collected on days 0 (pre-immunization), 13 (post 1st immunization), 28

(post 2nd), and 35 (1 week post 3rd immunization). Neutralizing antibodies were assessed for

blocking SARS-CoV infection of Vero cells in vitro. After 3 immunizations, neutralization titers

were in the range 1:100-1:1000, which are levels similar to those present in the serum of SARS

convalescent patients. As shown in the following table, the non-adjuvanted vaccine induced

neutralizing antibody after the third immunization, and potency of this vaccine was enhanced

significantly by including the adjuvants, with neutralizing antibody appearing after then 2nd

immunization and overall titers increasing after then 3rd immunization:

Neutralization Titer
Immunogen pre post 1st post 2nd post 3rd

BPL-SARS-CoV+MF59 (5 1:20 1:20 1:158 1:630
BPL-SARS-CoV+Alum (5 pg) 1:20 1:20 1:67 1:612

BPL-SARS-CoV (5 lg) 1:20 1:20 1:20 1:71
PBS 1:20 1:20 1:20 1:20

EXAMPLE 5 Balb/cMouse Immunization with Inactivated SARS Virus

A Balb/c mouse model for SARS infection has been developed (Subbarao et al. (2004),

J.Virol., 78:3572-77. In this model, Balb/c mice are inoculated intranasally with 104 TCID5o of

virus. At 48 hours post-inoculation, a 2-log increase in the TCID5o virus titer can be detected in

the lungs of infected mice. While virus replication is readily detected, the mice do not show any

SARS disease symptoms and spontaneously clear the virus one week after inoculation. A

decrease in virus titer in previously-immunized animals as compared to control animals

demonstrates a protective effect of the vaccine being evaluated.

In this example, four Balb/c mice per group are immunized three times with 5 pg BPL

inactivated SARS-CoV (days 0, 14, 28) either alone or in combination with MF59 and
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challenged with 104 TCID50 of SARS-CoV on day 43. Two days following virus challenge the

mice are euthanized and SARS-CoV is quantified from nasal turbinates (NT) and lungs and the

mean virus titer for each mouse is measured. Control groups received PBS alone, or an influenza

virus vaccine (FLU) with or without MF59 adjuvant. Data were as follows (see also Figure 51),

where four mice were tested per group and virus titers are expressed as loglo TCID5o per gram of

tissue:

Virus replication in lungs of Virus replication in nasal
challenged mice turbinates of challenged mice

infected/ Mean SE) infected/ Mean (t SE)
Immunogen tested virus titer tested virus titer

PBS 4/4 6.3 0.3 3/4 2.8 0.35
MF-59 alone 4/4 6.1 0.13 3/4 3.0 0.38

FLU vaccine (5 tg) 4/4 6.3 0.07 3/4 2.9 0.36
FLU vaccine (5 jg) MF-59 4/4 6.0 0.19 4/4 3.0 0.11

BPL-SARS-CoV (5 Ag) /4 1.6 0.13' 0/4 Not detected
BPL-SARS-CoV (5 gg) MF-59 0/4 Not detected 0/4 Not detected

Two-tailed Student's t-test, compared to PBS-immunized mice, showed: P<0.00001 or P=0.025

As shown, virus could not be detected in the BPL-SARS-CoV immunized mice. The lower

limit of detection of infectious virus in a 10% w/v suspension of lung homogenate was 

logloTCID50/gm, and in a 5% w/v suspension of nasal turbinates the limit was 1.8

logioTCIDso/gm. Viral titers in the immunized mammals were thus below these threshold values.

Thus the inactivated SARS-CoV vaccine was very efficient at preventing virus infection,

as only one of eight mice immunized with the vaccine, either with or without MF59 adjuvant,

was infected. Similar protection was not observed in control groups of PBS diluent, MF59

adjuvant, or influenza virus vaccine with or without adjuvant.

Neutralization titers of sera taken from the animals in the challenge study were assessed at

two weeks post-ist, one week post-2nd, and one week post-3rd immunization. Mice immunized

with the vaccine with MF59 adjuvant had already developed a neutralization titer of 1:71 after

the 2nd immunization, which increased to 1:588 after the 3rd immunization, whereas mice

receiving the unadjuvanted vaccine did not have any neutralizing activity post-2nd and a

neutralization titer of 1:64 post-3rd immunization. Sera from mice in each of the control groups

did not show any neutralization activity. These data clearly demonstrate not only the ability of

the inactivated SARS-CoV vaccine to induce protective levels of SARS neutralizing antibodies,

but also a beneficial effect of formulating the vaccine with adjuvant for elevated neutralization

titers.

EXAMPLE 6 Preparation of OMV comprising SARS viral antigens

E.coli were transfected with a plasmid of interest (encoding a SARS viral antigen). Single

colonies harbouring the plasmid of interest were grown overnight at 370C in 20 ml of LB/Amp
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(100 Itg/ml) liquid culture. Bacteria were diluted 1:30 in 1.0 L of fresh medium and grown at

either 30 0 C or 370 C until the ODsso reached 0.6-0.8. Expression of recombinant protein was

induced with IPTG at a final concentration of 1.0 mM. After incubation for 3 hours, bacteria

were harvested by centrifugation at 8 000 x g for 15 minutes at 40C and resuspended in 20 ml of

20 mM Tris-HCl (pH 7.5) and complete protease inhibitors (Boehringer-MannheimTM). All

subsequent procedures were performed at 40C or on ice.

Cells were disrupted by sonication using a Branson Sonifier 450 and centrifuged at 5 000 x

g for 20 min to sediment unbroken cells and inclusion bodies. The supernatant, containing

membranes and cellular debris, was centrifuged at 50000g (Beckman Ti50, 29 000 rpm) for 

min, washed with 20 mM Bis-tris propane (pH 1.0 M NaC1, 10% glycerol and

sedimented again at 50000g for 75 minutes. The pellet was resuspended in 20mM Tris-HC1 (pH

2.0% Sarkosyl, complete protease inhibitor (1.0 mM EDTA, final concentration) and

incubated for 20 minutes to dissolve inner membrane. Cellular debris was pelleted by

centrifugation at 5000g for 10 min and the supernatant centrifuged at 75000g for 75 minutes

(Beckman Ti50, 33000 rpm). Outer membrane vesicles were washed with 20 mM Tris-HCl (pH

and centrifuged at 75 000 x g for 75 minutes or overnight. The OMV was finally

resuspended in 500 pl of 20 mM Tris-HCl (pH 10% v/v glycerol. Protein concentration

was estimated by standard Bradford Assay (Bio-Rad), while protein concentration of inner

membrane fraction was determined with the DC protein assay (Bio-Rad). Various fractions from

the isolation procedure were assayed by SDS-PAGE.

EXAMPLE 7- lmmunogenicity, dose and route schedule for recombinant Spike protein in

mice

The immunogenicity, route and dosing of the recombinant spike proteins of the invention

in mice may be assessed using the below detailed protocol. Preferably, the administered antigen

will elicit neutralizing antibody titers at least in the range of 1/100-1/1000. Increasing doses of

antigen can be tested in the range from 5 to 20 [g of recombinant Spike antigen alone or mixed

with an equal volume of MF59-citrate, administered SC or IM to anesthetized mice in 100 Al of

inoculum. Groups of BALB/c mice, 6 per treatment are primed at day 0 and boosted at day 14

and 28.
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Group Treatment Dose/Route Sampling interval Number of mice

1-3 Rec-Spike protein 20, 10, 5 pg/SC 7, 21, 35, 42 d 6 per dose level

4-6 Rec-Spike protein 20, 10, 5 pg/SC 7 6 per dose level

7-9 Rec-Spike protein 20,10, 5/pg/IM 7, 21, 35, 42 d 6 per dose level

10-12 Rec-Spike protein 20,10, 5/Jg/IM 7 6 per dose level

13-15 Rec-Spike MF59 20, 10, 5/g/SC 7, 21, 35, 42 d 6 per dose level

16-18 Rec-Spike MF59 20, 10, 5 g/SC 7 6 per dose level

19-21 Rec-Spike MF59 20, 10, 5 pg/IM 7, 21, 35, 42 d 6 per dose level

22-24 Rec-Spike MF59 20, 10, 5/Jg/IM 7 6 per dose level

MF59 NA/SC 7, 21, 35, 42 d 6+ 6 (sac d 7 and 42)

27 MF59 NA/IM 7, 21,35, 42 d 6 6 (sac d 7 and 42)

29 Saline NA/SC 7, 21, 35, 42 d 6 6 (sac d 7 and 42)

31 Saline NA/IM 7, 21, 35,42 d 6 6 (sac d 7 and 42)

This protocol can also be used to assess the Thl/Th2 profile of the specific immune

response elicited by the recombinant Spike protein. Neutralizing and Spike-specific antibody

titers will be assessed at days 7, 21, and 35; IgG2a vs IgG1 isotype of the Spike-specific

antibodies will be determined at days 21 and 35; in vitro proliferation of lymph node and splenic

T cells against the recombinant Spike protein will be determined at days 7 and 42, respectively;

TFN-y and IL-4 production by splenic T cell against the recombinant Spike protein from SARS-

CoV will be assessed at day 42. Peripheral blood will be collected at days 7, 21, 35; lymph

nodes cells at day 7, and spleen cells at day 42. Neutralizing and Spike-specific antibody titers

and isotypes will be determined by inhibition of SARS-CoV infection of Vero cells and by

ELISA, respectively. Proliferation of lymph node and splenic cells will be determined by 

Thymidine uptake. Frequencies of splenic IFN-y and IL-4 producing T lymphocytes, will be

determined by ELISPOT and FACS.

EXAMPLE 8 -Immunogenicity, dosing and route schedule for Spike proteins in rabbits

The immunogenicity, route and dosing of the recombinant spike proteins of the invention

in rabbits may be assessed using the below detailed protocol. Increasing doses can be tested in

the range from 5 to 40 pg of recombinant Spike antigen alone or mixed with an equal volume of

MF59-citrate, administered SC or IM to anesthetized animals in 200gl of inoculum. Groups of

New Zealand white female rabbits, 10 per treatment, will be immunized as shown in the table

below. The animals will be primed at day 0 and boosted at days 14 and 28. Peripheral blood

will be collected at days 7, 21, and 35. Neutralizing and Spike-specific antibody titers will be

determined by inhibition of SARS-CoV infection of Vero cells and by ELISA, respectively.
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Group Treatment Dose/Route Sampling interval Number of rabbits

1-4 Full-length Spike protein 40, 20, 10, 5g/SC 7, 21, 35 d 10 per dose level
5-8 Full-length Spike protein 40, 20,10, 5/g/IM 7, 21, 35 d 10 per dose level

9-12 Truncated Spike protein 40, 20,10, 5pg/SC 7, 21, 35 d 10 per dose level

13-16 Truncated Spike protein 40, 20, 10, 5pg/IM 7, 21, 35 d 10 per dose level

17-20 Full-length Spike protein MF59 40, 20, 10, 5pg/SC 7, 21, 35 d 10 per dose level

21-24 Full-length Spike protein MF59 40, 20,10, 5pg/IM 7, 21, 35 d 10 per dose level

25-28 Truncated Spike protein MF59 40, 20, 10, 5ug/SC 7, 21, 35 d 10 per dose level

29-32 Truncated Spike protein MF59 40, 20,10, 5pg/IM 7, 21, 35 d 10 per dose level

33 MF59 NA/SC 7, 21, 35 d 

34 MF59 NA/IM 7, 21, 35 d 

Saline NA/SC 7, 21, 35 d 

36 Saline NA/IM 7, 21, 35 d 

EXAMPLE 9 Immunogenicity and dose schedule for recombinant Spike in ferrets

The immunogenicity and dosing of the recombinant spike proteins of the invention in

ferrets may be assessed using the below detailed protocol. Three groups of ferrets, 6 for

treatment, will be immunized with recombinant SARS-CoV Spike protein from CHO cell lines,

alone or mixed with an equal volume of MF59-citrate, administered SC to anesthetized animals

in 2001i of inoculum. The recombinant Spike protein vaccine will be tested at the dose eliciting

the highest neutralizing antibody titers in mice at day 35 after the second boost. The animals

will be primed at day 0 and boosted at day 14 and 28. Peripheral blood will be collected at days

7, 21, and 35. Neutralizing and Spike-specific antibodies titers will be determined by inhibition

of SARS-CoV infection of Vero cells and by ELISA, respectively.

Groups Treatment Dose/Route Sampling interval Number of ferrets

1 2 Rec-Spike protein Y pg or 2Y pg /SC 7, 21, 35 d 6

3 4 Rec-Spike protein MF59 Y pg or 2Y pg/SC 7, 21, 35 d 6,

Saline NA/SC 7, 21, 35 d 6

The 3 groups of ferrets, 6 animals per group, used for the immunogenicity studies above

can then be used to assess efficacy of the recombinant Spike protein in protecting vaccinated

animals from infection and/or disease. Anestethized animals will be challenged two weks after

the last boost intratracheally with 106 median tissue culture infectious dose unit (TCID5o) of the

SARS-CoV Utah strain. Infection by SARS-CoV will be assessed by taking nasal, faringeal and

rectal swabs from animals for 20 days after challenge as described The presence of SARS-

CoV in sample materials will be assessed by RT-PCR and infection assay of Vero cells.

Animals will be monitored for clinical signs of SARS disease by assessing sleeping time,

temperature, respiratory symptoms, diarrhea, body weight and survival. Protection will be

determined by the magnitude and duration of virus shedding and by duration and severity of

disease symptoms and percentages of surviving animals.
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EXAMPLE 10: Expression of Spike protein for vaccination

The SARS-CoV Spike glycoprotein was expressed in both full-length and truncated forms,
using the nSh and nShATC pCMVIII constructs described above, both with hexahistidine tags.
The vector constructs were evaluated for expression 48 hr after transfection into 293 cells and
COS7 cells. The full-length Spike protein (nSh) was detected by western blot only in cell lysate,
but not in culture media (Figure 52).

The majority of SARS-CoV full-length Spike protein was expressed in
transiently-transfected COS7 cells as a high molecular glycoprotein which ran at 540 kDa in
non-reducing gels (Figure 53). The gp540 is heat labile as indicated by the complete dissociation
into monomeric forms (gpl70 gpl80) by boiling, but it was resistant to DTT treatment. These
data suggest that the recombinant Spike protein is noncovalently associated into a homotrimer
(gp540). The presence of Spike protein in homotrimeric association also was confirmed in
inactivated, purified SARS-CoV virion particles. Analysis of virion proteins by western blot
under the same condition used for the characterization of recombinant Spike protein generated
essentially identical results (Figure 54).

EXAMPLE 11: Spike protein processing

In order to characterize Spike protein processing, BHK-21 cells were infected with
alphavirus replicon particles expressing the SARS-CoV full-length Spike. At 6 hoursr post-
infection with an MOI of 5, infected cells were labeled for 1 hr with L-[35S]methionine/cysteine

!0 and chased for up to 4 hours. The 3 S]-labeled spike protein was immunoprecipitated by anti-
SARS rabbit serum and digested with Endo-H. Both digested and undigested proteins were
analyzed by SDS-PAGE polyacrylamide). As shown in Figure 55, the full-length spike
protein is synthesized as an Endo-H sensitive high-mannose glycoprotein (gpl70, an ER form)
that undergoes modification to an Endo-H resistant glycoprotein with complex oligosaccharides
(gpl80, a Golgi form). The conversion of gpl70 into the gpl80 form takes place within 2 hours
(Figure 56).

EXAMPLE 12: High-level protein expression

To develop a system for rapid expression of protein antigens, DNA transfection of 293
(human embryonic kidney) cells was used, to obtain milligram quantities of recombinant

0 antigen. The most common method for culturing and transfecting 293 cells is in static or
monolayer cultures. These procedures were modified by performing large-scale transfection of
293 cells in suspension and expanding the transfected cells in suspension culture for production
of secreted or intracellular proteins. Several initial experiments were performed at the 100-
milliliter scale cultures to determine optimum conditions, such as number of cells, type of
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transfecting reagent (FuGENE 6, Lipitoid or RO-1538) and the ratio of DNA to transfection

reagent. Based upon pilot experiments, FuGENE 6 was the best transfecting reagent.

The kinetics of gene expression was compared to other viral envelope glycoproteins, and

the data suggest that stable protein expression peaks around 72 to 96 hours post-transfection,

depending upon the gene of interest, and then significantly decreases thereafter. Thus, using the

optimum conditions, the transfection process was scaled from 100 ml to 4 liters. The 4 liter

culture can be used for rapidly producing 2-10 milligrams of protein antigens. To facilitate

antigen purification and also maximize the yield and recovery of the purified protein,

transfection conditions were optimized by using serum-free medium.

Bulk transfection procedure has been used for the expression of truncated and full-length

Spike antigens. The kinetics of expression for truncated form of the spike protein is presented in

Figure 56A. Expression of the truncated form of Spike protein peaked around 48 hrs and was

stable until 72 hrs, therefore the cultures were harvested at 72 hrs post transfection.

Collected media were concentrated 20X and used for purification of truncated Spike

protein by a very simple purification strategy where the truncated form of the spike was captured

on GNA lectin followed by DEAE and ceramic hydroxyapatite column chromatography. The

purified protein was analyzed on SDS-PAGE by silver stain (Figure 56B) and also by western

blot (Figure 56C). Early efforts were able to purify the truncated form of the spike protein with

purity and approximately 50% recovery. The molecular mass of the truncated form of the

Spike protein is approximately 170-180 kDa.

Full-length Spike protein was expressed in 293 cells using the bulk transfection strategy.

The expression data suggest that, like the truncated form, expression peaked around 48 hrs post-

transfection and remained stable until 72 hrs. However, contrary to the truncated form and as

expected, full-length protein is not secreted, but rather is retained within the cells, as shown by

the absence of any signal in western blots of cell culture supernatants. The full-length form of the

protein was purified from Triton X-100 detergent-extracted cells. Full-length Spike protein was

then captured on GNA lectin, followed by hydroxyapatite and SP chromatography. The

calculated molecular mass of full-length spike protein is approximately 600 kDa, which is close

to the theoretical mass for the trimer.

EXAMPLE 13: SARS virus seed cultures

A SARS-CoV reference seed virus propagated only in certified Vero cells will be used for

the generation of the Master and Working Virus Seeds under GMP. A clinical specimen from the

respiratory tract of a patient infected by the SARS-CoV is inoculated onto documented VERO

cells, with certified culture media. Culture media containing the virus are harvested at 4 days

post-infection and designated Passage 1 A second round of virus propagation is again
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performed in certified VERO cells with certified media, by inoculation of 1 ml per T-75 flask of

100 times diluted P1 virus. Culture supernatant was harvested at 3 days post-infection and stored

at -80 0 C as a P2 reference stock virus, without plaque purification.

Cell banks of Vero cells for further production of SARS-CoV are prepared from specific

cell subsets that have not been used since the emergence of transmissible spongiform

enephalopathies since 1980). A research cell bank of these cells has been prepared using

specified New Zealand-origin fetal bovine serum. From this research cell bank, a Master Cell

Bank (MCB) is made under GMP conditions and using only specified and well-controlled media

and supplements. The cell bank will is tested for absence of adventitious agents according to

applicable US, EU, and international guidelines (see Points To Consider "Characterization of

cell lines used to produce biologicals", FDA/CBER 7/1993; ICH Q5D Draft 6 "Cell substrates",

Oct.23, 1996; CPMP/ICH/294/95 "Note for Guidance on Quality of Biotechnological Products:

Derivation and Characterisation of Cell Substrates Used for Production of

Biotechnological/Biological Products. (Step 4, 16. July 97); WHO final draft "Requirements for

use of animal cells as in vitro substrates for the production of biologicals" 7.3.1997).

Tumorigenicity and identity testing is also required for this cell bank.

The reference virus is plaque-purified and expanded in certified Vero cells in the absence

of FCS in order to generate Master and Working Seeds. Another option to help ensure purity and

facilitate the assessment of safety of the Master Seed is to subject the SARS-CoV to pelleting

and resuspension in PBS. The virus suspension is made up to 60% sucrose with crystalline

sucrose, transferred to a centrifuge tube and overlayed with 50, 40, 30, and 20% sucrose

solutions in PBS. The gradient is centrifuged for 72h and then fractionated. The virus-containing

fraction is diluted and the virions re-pelleted by ultracentrifugation. RNA from the virus pellet is

isolated and transfected into certified Vero cells whereby the "infectious" positive-strand RNA

will lead to the production of infectious virus, which can be plaque-purified and expanded to

generate alternative Master and Working Seeds from purified virus RNA.

Viral seeds are tested for the absence of adventitious agents (see e.g. 21 CFR Revised as of

April 1, 1994, 630.35 Test for safety) and for identity, using a highly-specific neutralizing

antiserum prepared from an independent source. Safety testing of viral seeds for vaccine

purposes is done routinely by service laboratories. Broad-spectrum PCR testing can be used as

an addition and/or alternative for testing.

EXAMPLE 14: Scale-up of virus production and inactivation

A protocol for the production, inactivation, and purification of inactivated SARS-CoV with

sufficient structural integrity to elicit protective neutralizing antibody responses in animal

models involves: Vero.cells are infected with virus at an M.O.I. of 0.01 in the absence of FCS
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and antibiotics; culture medium is collected, cleared by centrifugation, and inactivated with BPL,

followed by confirmatory testing for complete inactivation; the inactivated material is filtered,

subjected to MCS-column purification, and further purified by sucrose gradient centrifugation.

Several modifications and improvements can be developed when adapting this basic

protocol to a larger scale for commercial use. Firstly, the cell culture and infection process can be

adapted to roller bottles, as an intermediate step to allow rapid production for preliminary trials

within existing BSL 3+ facilities. Full commercial production will typically use a fermentation

process in a closed system, but a roller bottle system can be achieved more rapidly. The roller

bottles do offer a true suspension culture system for Vero cells, which gives various technical

and safety advantages over microcarrier cultures. Suspension cultures can be grown to any

desired fermentation scale without interfering with the closed system between cell passages, as

no trypsinization is required.

To scale up the infection process in roller bottles to 30-50 liters per batch, the optimum

M.O.I. and harvesting periods for selected media and culture conditions should first be

determined. For the larger scale, methods for harvesting and handling larger volumes of highly

infectious material safely should be used, and so cell separation via centrifugation should be

replaced by a method such as filtration through single-use filter cartridges.

The MCS-chromatography and the gradient purification steps described above can readily

be scaled to a batch volume of up to 50 liters. For larger volumes, however, and for increased

purity, ultrafiltration and sterile filtration steps will be used. Nuclease treatment to remove host

cell DNA will also be included.

EXAMPLE 15: Large scale analytical methods

Analytical methods for the SARS coronavirus include virus titration methods,

immunological and physico-chemical methods to quantitate and characterize the purified antigen

(ELISA, PAGE, western blots using specific antisera against purified whole virus, etc.). Other

analytical tests include: fast yield testing via asymmetric field flow separation and laser particle

detection and counting; Western blot using specific antisera against individual viral proteins; and

tests for residual host cell DNA.

Residual DNA testing is generally done by hybridization e.g. using a limit test. Such

testing is performed according to methods already established and validated for other cell lines.

As an alternative, the ThresholdTM method may be used.

For producing specific antibodies, recombinant protein expression of all the ORFs from the

structural and non-structural gene regions of the SARS-CoV is used. The ORFs can be cloned

and expressed in E.coli and, if necessary, also in eukaryotic vectors such as baculovirus. This can

provide sufficient amounts of purified soluble protein to immunize mice and rabbits to produce
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polyclonal and monoclonal antibodies against SARS proteins and to set up specific ELISA

assays. Different expression vectors can be tested to maximize the yield of recombinant protein

in a soluble form e.g. different vectors, one containing sequences coding for six N-terminal

histidine residues and another containing a Glutathione-S-transferase protein fused to the

C-terminus of the SARS protein. The recombinant proteins can be purified by single step column

chromatography on either Nickel chelating Sepharose or Glutathione-Sepharose 4B resin. These

procedures are very rapid and generally produce protein of 60-90% purity, which is suitable for

raising specific antisera (Pizza et al. (2000) Science 287:1816-20). Five mice and two rabbits for

each recombinant protein can be immunized SC with 20 and 50 pg recombinant protein,

respectively, given in IFA as adjuvant, at day 0, 14 and 28. Sera are collected at day 7, 21 and 

to assess specific titers before euthanasia of the animals for collection of blood and removal of

spleens.

For the detection of impurities Vero cell derived proteins) in the vaccine preparation,

rabbit serum reactive against Vero-derived proteins can be used. Such antisera are obtained by

immunizing rabbits with at least 10/zg of Vero cell lysate with CFA/IFA. The sera can be

verified for reactivity against Vero-derived proteins in western blots. For more specific antisera

against specific relevant cell-derived proteins that tend to be co-purified with the virus, mock-

infected cell culture harvest that have undergone the purification process can be prepared and

used for immunizing rabbits.

Methods to determine neutralization titers of sera from immunized animals and humans

can be developed, without the constraints of using infectious SARS-CoV in a BSL-3+

laboratory. One such strategy will be to use recombinant antigens, particularly Spike protein or

Spike-derived epitopes, and to develop ELISA assays for measuring antibodies against the target

protein. Suitable epitopes allow a correlation to be established between the ELISA values and

virus neutralization assay values. This approach provides a faster and more efficient (higher-

throughput) comparison of specific and protective antibody titers. This ELISA test is also the

ideal tool to monitor specific antibodies in safety trials, where several hundred animal sera must

be tested.

Another strategy is to combine structural elements from both the pathogenic SARS-CoV

and the non-pathogenic coronavirus mouse hepatitis virus (MHV) to construct chimeric virus-

like particles (VLPs) that can be labeled. The assay is based on fusion between octadecyl

rhodamine (R18)-labeled VLPs and cells (Hoekstra et al. (1984) Biochemistry 23:5675-81). The

method relies on the relief of fluorescence self-quenching of R18 incorporated into VLPs upon

fusion with cellular membranes. Coronavirus VLPs have been shown to mimic native virions

with respect to their appearance in the electron microscope (EM) and their biological activities.

As they do not contain viral RNA, however, then they cannot cause a productive infection
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(Vennema et al. (1996) EMBO J 15:2020-2028). The VLP system can be used for the mouse

hepatitis virus (MHV) strain A59 (MHV-A59) )Godeke et al. (2000) J Virol 74:1566-15)

containing a chimeric S protein. The protein chimera, consisting of the ectodomain of the SARS-

CoV and the transmembrane and endodomain (64 C-terminal amino acid residues) from the

MHV spike protein, can be co-expressed with the MHV M (membrane) and E (envelope) protein

in OST-7 cells )Godeke et VLPs secreted in the supernatant are harvested, purified and

labeled with octadecyl rhodamine (R18) (Hoekstra et al). A constant amount of VLPs is

incubated with a serial dilution of sera at 37C for 1 hour in a 96-well plate. Subsequently, cells

expressing the receptor for the SARS-CoV, the angiotensin-converting enzyme 2 (ACE2) (Li et

al. (2003) Nature 426:450-54) is be added and the extent of fusion can be measured with a

fluorescence spectrophotometer.

A final strategy to monitor the ability of sera to inhibit cell-cell fusion interactions between

cells expressing the SARS-CoV S protein and a human cell line expressing the angiotensin-

converting enzyme 2 (ACE2), a functional receptor for SARS-CoV (Li et This reporter

gene-based assay uses the fluorescent shift (green to blue) of the fluorogenic substrate CCF2/AM

(AM=acetoxymethyl) upon cleavage by p-lactamase (Bla) as read-out for cell-cell fusion

(Zlokarnik et al. (1998) Science 279:84-88). For this assay, a BHK-derived cell line, stably

expressing Bla and the SARS-CoV S protein is generated. In addition, a human cell line

expressing ACE2 on its surface is used. BHK cells, expressing the S protein on their surface and

0 Bla in their cytosol are incubated with serial dilutions of the sera to be tested for lh at 37 0C. The

cell line expressing the ACE2 is loaded with 1pM CCF2/AM for 1 h at 220C, washed twice with

PBS, and co-cultivated with the BHK cells. In case of cell-cell fusion, Bla cleaves the substrate,

resulting in a green blue shift with excitation at 409 nm. Inhibition of fusion by sera thus

provides a detectable change.

EXAMPLE 16: Stabilisation of inactivated SARS-CoV

Although the purified inactivated SARS-CoV vaccine is capable of inducing potent

neutralizing antibody responses in animals, it is relatively instable and can benefit from

formulation to increase stability for an acceptable period of time. Suitable formulation changes

include the use of various buffer systems, pH ranges, stabilizing excipients sugars and

sugar alcohols, amino acids, etc.) etc.. Stability testing can be conducted in real-time at normal

storage temperatures, or can be conducted in an accelerated manner by using elevated

temperatures. Vaccine stability can thus be increased to approximately one year or longer.

Lyophilized vaccine formulation can also be used to extend shelf-life, possibly with further

additives for stability during lyophilisation.
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EXAMPLE 17: Dose and schedule optimization for inactivated virus

Animal models of SARS-CoV infection have been reported, including mice, ferrets and

macaques. As mentioned in example 4 above, mice immunized with the BPL-SARS-CoV

vaccine achieve neutralizing antibody titers in the range of 1:100 1:1000, similar to levels

found in convalescent patients, and are 100% protected from infection with a challenge virus.

While the mouse challenge model is limited only to infection but not disease, ferrets and

macaques are useful models of the human SARS disease. Two to four days after inoculation with

SARS-CoV, both ferrets and macaques have been found to shed infectious SARS-CoV particles

from the throat, nose and pharynx, as demonstrated by RT-PCR and/or virus isolation on Vero

cells. At approximately the same time, the infected animals became lethargic, show respiratory

distress and eventually die. Histologically, SARS-CoV infection in these animals associates with

pulmonary lesions of different severity, similar to those found in biopsied lung tissue and

autopsy material from SARS patients. With the availability of these models, preclinical studies

with vaccines can be performed initially in mice for immunogenicity readouts, while efficacy of

optimal doses and schedules can be assessed in the ferret and macaque models.

Initial studies in mice are used to determine the optimal dose and schedule required to

elicit the highest levels of neutralizing antibody, with titers at least in the range of 1/100 

1/1000. In parallel to the assessment of neutralizing activity, other features of the humoral

immune response and cellular immune responses can be investigated. In particular sera from

immunized mice can be assessed for the isotype (IgG1 vs. IgG2a) of the Spike-specific antibody

response. Also, the frequencies of splenic CD4+ T cells producing IFN-y and IL-4 in response to

BPL-SARS-CoV particles will be assessed by ELISPOT and ELISA. These experiments can

provide insight into the quality of the T cell response helping the priming of a protective

antibody response.

Increasing vaccine doses can be tested from 5 to 20 jg of BPL-SARS-CoV alone or

mixed with an equal volume of MF59-citrate), administered SC to anesthetized mice in 100tl of

inoculum. Groups of BALB/c mice, 10 per treatment, are immunized, with priming at day 0 and

boosting at days 14 and 28. Secondary endpoints compare the kinetics of neutralizing vs. Spike-

specific antibody titers and assess the Thl/Th2 profile of the specific immune response, and so

neutralizing and Spike-specific antibody titers are assessed at days 7, 21, 35, and at 2, 3, 4, and 

months after priming. The IgG2a and IgG1 titers of Spike-specific antibodies are determined at

days 21, 35, and at 2, 3, 4, and 5 months after priming. Proliferation and IFN-y and IL-4

production by splenic T cells against recombinant Spike protein from SARS-CoV are assessed at

day 42, and at the end of the 5th month. Peripheral blood is collected at days 7, 21, 35, and at 2,

3, 4, and 5 months after priming. Spleen cells will be obtained at day 42 and at the end of the 

month. Neutralizing and Spike-specific antibody titers and isotypes are determined by inhibition
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of infection of Vero cells and by ELISA, respectively. Proliferation of splenic cells is determined

by 3[H-thymidine uptake. Frequencies of splenic IFN-y and IL-4 producing CD4 T

lymphocytes is determined by ELISPOT and FACS analysis.

Based on mouse results, the BPL-SARS-CoV vaccine can be tested in ferrets for the

induction of protective neutralizing antibody titers. Ferrets are immunized according to a similar

schedule as the mice and at the dose that elicits the highest neutralizing antibody titers in mice at

day 35 after the second boost. Three groups of ferrets, 6 per treatment, are immunized with BPL-

SARS-CoV, alone or mixed with an equal volume of MF59-citrate, administered SC to

anesthetized animals in 200tl of inoculum. The animals are primed at day 0 and boosted at days

LO 14 and 28. Peripheral blood is collected at days 7, 21, and 35. Neutralizing and Spike-specific

antibodies titers are determined by inhibition of SARS-CoV infection of Vero cells and by

ELISA, respectively. Each group of ferrets is used to assess efficacy of the BPL-SARS-CoV in

protecting vaccinated animals from infection and/or disease. Anesthetized animals are

challenged intratracheally, two weeks after the last boost, with 106 median tissue culture

infectious dose units (TCID5o) of the SARS-CoV CDC strain. Infection by SARS-CoV can be

assessed by taking nasal, pharyngeal and rectal swabs from animals for 20 days after challenge

(Martina et al. supra). The presence of SARS-CoV in sample materials can be assessed by RT-

PCR and infection assay of Vero cells. Animals can be monitored for clinical signs of SARS

disease by assessing sleeping time, temperature, respiratory symptoms, diarrhea, body weight

and survival. Protection can be determined by the magnitude and duration of virus shedding, by

duration and severity of disease symptoms, and by percentage of surviving animals. The

formulation eliciting the highest neutralizing antibody titers at day 35 can then be tested against a

two-fold higher dose of BPL-SARS-CoV given in the same formulation in the same regimen.

Additional studies can evaluate immunogenicity and efficacy of the candidate vaccine in

non-human primates. Three groups of adult cynomolgus macaques, 4 per treatment, are

immunized with BPL-SARS-CoV, alone or mixed with an equal volume of MF59-citrate,

administered SC to anesthetized animals in 500/l of inoculum. The BPL-SARS-CoV vaccine

can be tested at the dose eliciting the highest neutralizing antibody titers in ferrets at day 35 after

the second boost. The animals are primed at day 0 and boosted at 3 and 6 weeks. Peripheral

blood is collected at weeks 1, 4, and 7. A secondary endpoint is to assess the Thl/Th2 profile of

the specific immune response. Neutralizing and Spike-specific antibody titers and frequencies of

peripheral blood CD4+ T cells producing IFN--y and IL-4 in response to the recombinant SARS-

CoV Spike protein is thus assessed at weeks 1, 4, and 7. Neutralizing and Spike-specific

antibody titers can be determined by inhibition of SARS-CoV infection of Vero cells and by

ELISA, respectively. Intracellular cytokine staining and FACS analysis will be used to quantify

IFN-y- and IL-4-producing CD4 T cells. The macaques can also be used to assess efficacy of
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the BPL-SARS-CoV in protecting vaccinated animals from infection and/or disease.

Anesthetized macaques can be challenged two weeks after the last boost with 106 median tissue

culture infectious dose unit (TCID5o) of the SARS-CoV CDC strain in a 5 ml volume. A few

drops of the virus can also be administered on each of the conjunctiva, 0.5 ml in the nose and the

remainder in the trachea. Infection by SARS-CoV can be assessed by taking nasal, pharyngeal,

and rectal swabs, and feces from animals for 20 days after challenge (Fouchier et al. (20030

Nature 423:240). The presence of SARS-CoV in sample materials can be assessed by RT-PCR

and infection assay of Vero cells. Animals can also be monitored for clinical signs of SARS

disease by assessing sleeping time, temperature, respiratory symptoms, diarrhea, body weight

and survival. Protection can be determined by the magnitude and duration of virus shedding, by

duration and severity of disease symptoms, and by percentage of surviving animals.

Mice

Group Treatment Dose/Route Sampling interval Number of mice
1-3 BPL-SARS-CoV 20, 10, 5 pg/SC 7, 21, 35 d; 10 per dose level

2,3,4, 5 m;
4-6 BPL-SARS-CoV 20, 10, 5 tg/SC 42 d 10 per dose level
7-9 BPL-SARS-CoV MF59 20, 10, 5 ug/SC 7, 21, 35 d; 10 per dose level

2,3,4, 5 m;
10-12 BPL-SARS-CoV MF59 20, 10, 5 ug/SC 42 d 10 per dose level
13 MF59 NA/SC 7, 21, 35 d; 10 10 (sacrificed at

2,3,4,5 m; 42 d and end 5 m)
14 Saline NA/SC 7, 21, 35 d; 10 10 (sacrificed at

2,3,4,5 m; 42 d and end 5 m)

Ferrets

Group Treatment Route Sampling interval No. of ferrets
1 BPL-SARS-CoV SC 7, 21, 35 d 6
2 BPL-SARS-CoV-MF59 SC 7, 21, 35 d 6
3 Saline SC 7,21, 35 d 6

Macaques

Group Treatment Route Sampling interval No. of macaques
1 BPL-SARS-CoV SC 1,4, 7 w 4
2 BPL-SARS-CoV SC 1,4, 7 w 4

MF59
3 Saline SC 1,4, 7 w 4

EXAMPLE 18: Human T cell responses

As a prelude to initiation of clinical studies in humans, the reactivity of peripheral blood T

lymphocytes from healthy donors with different ILA haplotypes can be assessed using the in

vitro priming technique (Abrignani et al. (1990) Proc Natl Acad Sci USA 87:6136-40). The aim

of this study is to have a first indication of the immune-dominant T cell epitopes in SARS-CoV
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proteins. Briefly PBMCs from 20 healthy donors with different HLA haplotypes will be cultured

in medium containing 5% autologous serum, in the presence of different concentration of SARS-

BPL-CoV particles in the range from 0.5 to 20 /g/ml. The expression of activation markers will

be assessed after 24 and 48 hours. Frequencies of IFN-y- and IL-4- producing T lymphocytes

will be assessed after 12h and after 15 days in culture, in the presence of 100 U/ml recombinant

human IL-2. Activated and cytokines producing CD4 T lymphocytes will be sorted and

eventually cloned as single cells using FACS technologies. The CD4+ T cell repertoire from

human subjects with different HLA will be assessed by proliferation assays of the CD4+ T cell

lines and clones against autologous EBV-transformed cell lines loaded with 15-mer overlapping

peptides from the most relevant structural and non structural protein of the SARS-CoV.

When moving to actual human trials, safety and immune responses will be evaluated in

healthy adults following intramuscular immunization with escalating doses of the BPL-

inactivated SARS-CoV vaccine, with MF59 adjuvant being included or omitted depending on

preclinical data. Three/four immunizations will be given at 0, 1, 6 months in the first cohort, and

at 0, 1, 2, 6 months and 0, 2, 6 weeks in the second and third cohorts respectively. The trial will

be observer blind and placebo controlled. Subjects will be randomized into each dose level.

Immune response parameters to be measured will include serum neutralizing antibodies, ELISA

antibodies and peripheral blood IFN-gamma-producing CD4+ T cells by intracellular cytokine

staining.

Group Antigen Administration No. treated No. subjects Sampling interval
dose (tg) schedule subjects with placebo

Al 10 0,1,6 months 18 6 0, 1, 2, 6, 7 mos
A2 20 0,1,6 months 18 6 0, 1, 2, 6, 7 mos
B1 10 0,1,2,6 months 18 12 0, 1, 2, 6, 7 mos
B2 20 0,1,2,6 months 18 12 0, 1, 2, 6, 7 mos
C1 10 0,2,6 weeks 18 12 0, 2, 6, 10, 30 wks
C2 20 0,2,6 weeks 18 12 0, 2, 6, 10, 30 wks

EXAMPLE 19: Selection of CHO cell lines for Spike protein expression

Methods for the derivation of Chinese Hamster Ovary (CHO) cell lines that stably express

viral envelope glycoproteins that are conformationally intact, appropriately glycosylated and

efficiently bind neutralizing antibodies are well established for HIV and HCV (Srivastava et al.

(2002) J Virol 76:2835-47; Srivastava et al. (2003) J Virol 77:11244-259; Heile et al. (2000) J

Virol 74:6885-92). The same techniques can be applied to SARS-CoV, to generate two different

stable CHOK-1 cell lines producing either full-length or truncated SARS Spike proteins. The

Spike proteins can be expressed using the constructs described herein, but without the hexa-His

tags. These proteins can compared for their ability to produce neutralizing antibodies in

immunized animals as well as for their expression levels in CHOK-1 cells.
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A pCMV3 vector expressing Spike can be used for the derivation of stable CHOK-1 cell

lines, containing the CMV enhancer/promoter, ampicillin resistance, and a fused DHFR and

attenuated neomycin gene for selection purposes. Stable cell lines can produced using the

neomycin selection system in CHOK-1 cells. Clones can be sequenced to verify the integrity of

the insert, and transient transfections can be performed using Trans-LT1 polyamine transfection

reagent (PanVera Corp., Madison, WI) to assess the expression level and also the integrity of the

expressed protein by ELISA and western blot analysis.

Initial CHO cells will be selected to be free from TSE/BSE contaminants and risks

according to relevant regulatory standards. To construct cell lines, procedures involve

transfection, primary screening with selective medium, followed by subcloning to assure purity

of cell lines. Cell supernatants can be assayed using an antigen capture ELISA to quantify

expression levels at all stages of selection and amplification. For full-length Spike expression,

methanol fixed cells can be screened for internal expression by immunofluorescent staining

using a rabbit anti-SARS antibody. Successive measurements at the T75-flask stage of

expansion canbe employed to assure stability of expression levels. The molecular mass and

integrity of the expressed proteins can be checked by PAGE both under native and reducing and

denaturing conditions, followed by immunoprobing.

The pCMV3 vectors expressing SARS-CoV Spike proteins in either full-length or

truncated forms can be introduced into CHOK-1 cells using the Trans-LT-1 reagent and non-

selective media. 24-48 hours post-transfection, depending on cell density, cells are split at a 

ratio and the medium can be changed to selective media containing neomycin at 500g/ml. Any

bovine serum used in these procedures will be from TSE-free sources that meet regulatory

standards. Ten to fourteen days later,-individual colonies can be picked and transferred to 96

well plates and cultured in complete non-selective medium. When approximately 80% of the

wells are confluent, 24 hour supernatants can be screened by Spike capture ELISA. For initial

expression of full length Spike protein, cells can be fixed with methanol and screened by

immunofluorescent staining using a rabbit anti-SARS antibody. After low-expressing cell lines

have been eliminated and there are fewer than 20-30 cell lines, capture ELISA and western blots

can then be used to determine the expression level after cell lysis. A portion of each cell line can

be pelleted, weighed and lysed in 1% Triton lysis buffer for determination of expression levels.

Three to four clones producing the highest levels of spike protein in correct structure and

conformation can be expanded to three-liter bioreactors and adapted to low serum suspension

culture conditions for scale-up.

The antigen capture ELISA assay for the SARS spike protein can be performed using 96

well flat-bottom plates coated with 250ng per well of purified immunoglobulin obtained from

rabbit sera that were immunized with inactivated SARS virus. Supernatant or lysate samples are
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added and incubated for 2 hours at 37 0 C. Bound antigen is reacted against pooled SARS+ve

serum or high affinity monoclonal antibody either human or mouse against SARS spike protein

and detected using appropriate species-specific peroxidase-conjugated second antibody. The

plates are developed using TMB substrate (Pierce, Rockford, IL), read at a wavelength of

450nm, and the concentration of protein per ml sample is derived from a standard curve (OD vs.

protein concentration) based on serial dilutions of a known concentration of recombinant spike

protein.

The immunoprobing analysis will also be performed following the standard methods

described by Srivastava et al. (2002) supra. Briefly, 10- 2 0pl of the sample is analyzed on 4-20%

SDS PAGE under non-reducing/denaturing conditions with mild heating. The proteins are then

transferred onto nitrocellulose membranes and reacted against polyclonal anti-Spike rabbit

serum, followed by anti-rabbit Ig conjugated to Alexa 688 (Molecular Probes, Oregon). The

blots are scanned using an infrared imaging system.

The highest expressing candidate cell lines will be screened for Spike protein expression

and stability in small-scale (3 liter) perfusion bioreactors. The candidate clones will be further

evaluated for level of expression as well as integrity of expressed protein, and subsequently

tested for expression stability in the absence of selection. The selected clones also will be tested

for maintenance of the DNA sequence integrity of the integrated SARS spike protein gene. To

quickly monitor the expression levels in small flasks and in the three liter evaluation cultures, a

lectin-based process (Gluvanthus Nivalis lectin) has been developed to isolate SARS spike

protein to a degree of purity that allows semi-quantitation and characterization of the protein in

CHO supernatant. Full-length Spike protein will be obtained from Triton X-100 detergent

extracted cells and then captured on GNA lectin, followed by hydroxyapatite and SP

chromatograph. Eluted protein is then characterized by: polyacrylamide gel electrophoresis

(PAGE) and Coomassie staining, immunoprobing with anti-SARS rabbit sera, structural

characterization using size exclusion chromatography (SEC), as well as mass spec analysis using

MALDI-TOF.

Productivity from the CHO cell line expressing SARS spike protein should be at least 2

mg/L and for full-length Spike protein will be 3mg/100gm of cells, at steady-state cell density.

Yield from one 45 day, 2.5-liter bioreactor will be ~1000 mg crude protein.

EXAMPLE 20: Purification of spike protein for human vaccines

To purify SARS spike protein for the purpose of producing GMP grade material for human

use, the following basic process is used, with all steps being performed at 2-8°C: the starting

material, concentrated CHO cell culture supernatant (20-30X) is thawed and filtered through a

0.45gm membrane; this material is heavily contaminated proteins from culture, as well as DNA;
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the first purification step is affinity chromatography using Gluvanthus Nivalis (GNA), a lectin

that preferentially recognizes terminal mannose containing carbohydrates; glycosylated proteins,

including SARS spike protein are captured and non-glycosylated proteins, as well as DNA, do

not bind to this column; the GNA column is followed by two chromatographic steps operated in

the flow through mode; the anion exchanger, DEAE, and ceramic hydroxyapatite (cHAP);

DEAE binds some contaminating supernatant proteins and DNA, whereas cHAP binds any

contaminating serum proteins; full-length Spike protein is purified from the cell pellet; the cells

are lysed with Triton X-100 and full-length Spike protein is then captured on GNA lectin,

followed by hydroxyapatite and SP chromatography.

The purified SARS spike can be further treated to remove adventitious viruses: viral

inactivation at pH 3.5 for 1 hour; the sample is then concentrated and diafiltered into a buffer at

pH 4 and finally captured the purified protein using SP resin; the spike protein binds to this resin

and many viruses flow through.

The spike protein is eluted, concentrated and diafiltered into formulation buffer. This

formulated bulk product is then filtered through a DV50 viral removal membrane followed by

filtration through a 0.2 gm membrane. The formulated bulk is filled into suitable containers e.g.

into 3.0 ml vials, in a class 100 laminar flow hood.

In process testing at each step of the purification includes protein concentration, endotoxin

(LAL), bioburden, and recovery.

Prior to human administration, a test for potency will evaluate the specific ability of the

vaccine in an in vitro or in vivo test to effect a given response. The in vivo immunogenicity will

be determined by dosing groups of 10 mice with various doses of the protein antigen. Sera will

be analyzed for the presence of IgG antibodies using an ELISA. The criterion for passing will be

based upon the number of vaccine treated animals that are seropositive compared to a reference

standard. Other tests include General Safety, sterility, purity, identity of the vaccine (using an

ELISA specific for Spike protein), and quantity protein concentration (UV spectrophotometric

absorbance procedure based on the molar absorbance of the aromatic amino acids).

Stability testing will be performed on the bulk drug substance and on the final container

product. Bulk product will be evaluated at temperatures of -60 0 C (recommended storage

condition), 25 ±2 'C and 40 ±2 'C protected from light, at time points of 0, 3, 6, 9, 12 months.

Final container product will be tested at temperatures of -60 and inverted at 5 ±3 oC, 25 ±2

and 40 ±2 °C at time points of 0, 3, 6, 9, 12 months. Stability-indicating assays may include

appearance, pH, protein content, SDS-PAGE, size exclusion HPLC, and container/closure

integrity, performed on single samples of bulk and triplicate vials of final container material.

The protein purified in this way can be evaluated in mice, rabbits and ferrets as described

in, and based on the results of, examples 4, 5, 8 and 9 above.
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Initial experiments will be performed in mice to determine optimal dose and schedule of

the GMP Spike protein required to elicit the highest levels of neutralizing antibody, with titers at

least in the range of 1/100 1/1000. Spike protein will be tested in the range from 5 to 40 ftg,

alone or mixed with an equal volume of MF59-citrate, to anesthetized mice in 100/l of

inoculum. Groups of BALB/c mice, 10 per treatment, will be immunized. The animals will be

primed at day 0 and boosted at days 14 and 28. Secondary endpoints will be to compare the

kinetics of neutralizing vs. Spike-specific antibody titers and to assess the Thl/Th2 profile of the

specific immune response. Neutralizing and Spike-specific antibody titers will be assessed at

days 7, 21, and 35 and at 2, 3, 4, and 5 months after priming; the IgG2a and IgG1 titers of Spike-

LO specific antibodies will be determined at days 21 and 35, and at 2, 3, 4, and 5 months after

priming; proliferation and IFN-y and IL-4 production by splenic T cell against the recombinant

Spike protein from SARS-CoV will be assessed at day 42 and at the end of the 5th month.

Peripheral blood will be collected at days 7, 21, and 35 and at 2, 3, 4, and 5 months after

priming; spleen cells at day 42 and at the end of the 5th month. Neutralizing and Spike-specific

antibody titers and isotypes will be determined by inhibition of SARS-CoV infection of Vero

cells and by ELISA, respectively. Proliferation of splenic cells will be determined by3 

thymidine uptake. Frequencies of splenic IFN-y and IL-4 producing CD4+ T lymphocytes, will

be determined by ELISPOT and FACS analysis.

Next, the optimal dosing and schedule for recombinant Spike vaccine will be determined in

ferrets. Based on the mouse results, the Spike vaccine eliciting the highest antibody neutralizing

titers will be tested against a two-fold higher dose of recombinant Spike protein given in the

same formulation. Three groups of ferrets, 6 per treatment, will be immunized SC under

anesthesia with 200gl of inoculum. The animals will be primed at day 0 and boosted at days 14

and 28. Peripheral blood will be collected at days 7, 21, and 35. Neutralizing and Spike-specific

antibodies titers will be determined by inhibition of SARS-CoV infection of Vero cells and by

ELISA, respectively. Similar to the previous ferret studies, each group of animals will be used to

assess efficacy of the vaccine in protecting immunized animals from infection and/or disease.

Immunogenicity and efficacy of the candidate vaccine also will be evaluated in nonhuman

primates. Three groups of adult cynomolgus macaques, 4 per treatment, will be immunized with

recombinant SARS-CoV Spike protein, alone or mixed with an equal volume of MF59-citrate,

administered SC to anesthetized animals in 500 l1 of inoculum. The Spike protein vaccine will

be tested at the dose eliciting the highest neutralizing antibody titers in ferrets at day 35. The

animals will be primed at day 0 and boosted at 3 and 6 weeks. Peripheral blood will be collected

at weeks 1, 4, and 7. A secondary endpoint will be to assess the Thl/Th2 profile of the specific

immune response, as described above (neutralizing and Spike-specific antibody titers,
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frequencies of peripheral blood CD4+ T cells producing IFN-y and IL-4 in response to the

recombinant Spike protein, assessed at at weeks 1, 4, and 7).

Finally, human phase I, placebo-controlled, dose-escalation, safety/ immunogenicity trials

will be performed for the IM recombinant SARS vaccine with MF59 adjuvant. The trial will

evaluate safety and immune responses in healthy adults following immunization with escalating

doses of SARS recombinant vaccine with MF59 adjuvant, administered intramuscularly.

Three/four immunizations will be given at 0, 1, 6 months. The trial will be observer blind and

placebo controlled. Subjects will be randomized into each dose level. Immune response

parameters to be measured include serum neutralizing antibodies, ELISA antibodies and

LO peripheral blood IFN-y-producing CD4+ T cells by intracellular cytokine staining:

Group Vaccine Administration No. of No. of subjects Sampling interval
Antigen schedule treated with placebo
dose sg) subjects (MF59)

Al 50 0,1,6 months 18 6 0, 1, 2, 6, 7 months
A2 100 0,1,6 months 18 6 0, 1, 2, 6, 7 months

EXAMPLE 21: Comparison of inactivated virus and purified Spike protein

Immunogenicity and efficacy of the inactivated virus vaccine and the purified Spike

protein can be compared in non-human primates. Three groups of adult cynomolgus macaques, 4

for treatment, will be immunized with recombinant SARS-CoV Spike protein from CHO cell

lines or with BPL-SARS-COV, given in the dose and formulation eliciting the highest

neutralizing antibody titers in previous immunogenicity challenge experiments, administered SC

to anesthetized animals in 500p.l of inoculum. The animals will be primed at day 0 and boosted

at 3 and 6 weeks. Peripheral blood will be collected at weeks 1, 4, 7. A secondary endpoint will

be to assess the Thl/Th2 profile of the specific immune response, as described above.

Group Treatment Dose/Route Sampling interval No. of macaques
1 Rec-Spike protein Y Jg /SC 1,4, 7 w 4

or MF59
2 BPL-SARS-CoV Y yg/SC 1,4, 7 w 4

or MF59
3 Saline NA/SC 1,4, 7 w 4

EXAMPLE 22: Expression in yeast

Yeast is a useful and inexpensive eukaryotic expression system. Yeast-expressed proteins

are used in recombinant hepatitis B virus vaccines, and recombinant SARS antigens may also be

expressed in yeast for vaccine purposes. Yeast-expression is also convenient for the production

of antigens for preparing monoclonal and polyclonal antitobodies, or for use in serological

assays.
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The nucleocapsid protein and two different versions of the spike glycoprotein from

SARS coronavirus FRA strain (AY310120) were cloned for expression in S.cerevisiae:

SARS N: aa 1 422 (coordinates 28120-29388 of AY310120 strain) 

SARS spike: aa 14 1195 (transmembrane domain and cytoplasmic tail deleted) Fig.66

SARS spike: aa 14 662 (S1 domain)

To make the S construct, a XhoI-NotI fragment of approximately 3733bp encoding the full-

length spike glycoprotein was the starting point. PCR was used to amplify the full-length gene

in two pieces: XbaI-BlnI of 2440bp and BlnI-SalI of 1306bp. These fragments were subcloned

into commercial vectors (Novagen): pT7Blue2 XbaI-BlnI end of spike glycoprotein) and

pT7Blue2 BlnI-SalI end of spike glycoprotein; Figure 58), respectively. The following

primers were used in the subsequent PCR reactions: Spk-1 SEQ ID NO: 9785; Spk-2 

SEQ ID NO: 9786; Spk-3 SEQ ID NO: 9787; Spk-4 SEQ ID NO: 9788.

E. coli HB101 competent cells were transformed with the PCR ligation product and plated

on Luria agar plates, containing 100Ig/ml ampicillin. The desired clones were identified using

miniscreen DNA analysis. After sequence verification and plasmid amplification of the desired

subclones, it was desirable to eliminate the internal Sail site present in the XbaI-BlnI portion of

the spike sequence in order to facilitate future cloning into the yeast expression vector (BamHI-

Sall). Therefore, we prepared a CelII-Mfel vector from the pT7Blue2 XbaI-BlnI end Spike)

subclone to eliminated a 143bp sequence containing the Sall site. Kinased oligos DS1-6 (SEQ

ID NOS: 9789-9794) were then ligated into the Celll-MfeI vector to replace the 143bp that were

removed to mutate the SalI site (no aa changes), creating pT7Blue2.XbaI-BlnIAsal.

The 5' XbaI-BlnI (from pT7Blue2.XbaI-BlnI ASal) and the 3' BlnI-SalI (from pT7Blue2

Bln-SalI) spike glycoprotein inserts were gel-purified and ligated them into the p893-1 Xbal-

Sall vector (a vector derived from pLitmus 38 (New England Biolabs) with the alpha-factor

leader sequence cloned into the BamIl -Sall sites of the MCS). The resulting full-length SARS

Spike coding sequence was named p893-1.SARS Spike 1255 #9 (Figure 58).

E.coli HB 101 competent cells were transformed with the oligo replacement ligation

product and plated on Luria agar plates, containing 100/tg/ml ampicillin. The desired clones

were identified using miniscreen DNA analysis. After sequence verification of the positive

clones, pT7Blue2 Xba-Bln ASal was chosen for use as a template for PCR reactions to amplify

the Spike S1 1967 bp Xba-Sal fragment. The fragment was then subcloned into the p893-1 Xba-

Sal vector, sequence verified, and named it p893-1.Spike S1 #11 (Figure 59).

In order to clone into the S.cerevisiae expression vector, pBS24.1, the 5' end of the S1

sequence had to be modified from XbaI to HindIII to allow ligation with the 3' HindIII end of the

ADH2/GAPDH BamHI-HindIII promoter fragment. From pT7Blue2 Xba-BlnASal (described

above) an AgeI-SalI 1943bp fragment was gel-purified. This fragment was ligated along with a
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synthetic pair of HindlIl-AgeI 30bp kinased oligos (S1-1+S1-2 creating the necessary 5' HindIII

site) into the pSP72 HindIII-SalI commercial subcloning vector (named pSP72.SARS Spike S1

Figure 59). SI-1 had SEQ ID NO: 9795 and S1-2 has SEQ ID NO: 9796.

After sequence verification of the positive clone from miniscreen DNA analysis, the

HindmI-Sall fragment was gel purified. The 1365 bp BamHI-Hindm ADH2/GAPDH promoter

fragnient was ligated along with the 1973 bp HindIH-SalI S1 fragment into the pBS24.1 BamHI-

Sall vector creating the genetically engineered pd.SARS Spike S #2 expression plasmid (Figure

S.cerevisiae strain AD3 was transformed with pd.SARS Spike S1 #2 and single

transformants were checked for expression after depletion of glucose in the medium. The

recombinant protein was expressed at high levels in yeast, as detected by Coomassie blue

staining. In particular, yeast cells were transformed with the SARS S1 expression plasmid using

the Invitrogen S.c. EasyCompTM Transformation Kit. Expression in shown in Figure 57.

To express Spike 1195 protein, which does not contain the trans-membrane (TM) region or

cytoplasmic tail that are present in the full-length SARS construct, the following series of genetic

manipulations was performed:

From pT7Blue2 BlnI-SalI #11 (described above) a BlnI-Dral 1056bp fragment was gel

purified. This fragment was ligated with a synthetic pair of 68bp DraI-SalI kinased oligos

(DRS 1+2; SEQ ID NOS: 9797 9798) into a pT7Blue2 BlnI-SalI vector (Figure 61). E.coli

HB 101 competent cells were transformed with the oligo replacement ligation product and plated

on Luria agar plates, containing 100tg/ml ampicillin. The desired clones were identified using

miniscreen DNA analysis. After sequence confirmation the clone was named pT7Blue2 BlnI-

Sal Spike 1195 The 1126bp BlnI-SalI fragment encoding the 3' end of the Spike 1195 was

gel purified (Fig.61).

In order to generate the XbaI-SalI Spike 1195 fragment, the 3109bp XbaI-PciI fragment

was isolated from the p893-l.SARS Spike 1255 #9 (described above) and a 457bp PciI-SalI

fragment from pT7Blue2.SARS Spike 1195 #7 (described above). The two fragments were

cloned into the p893-1 XbaI-SalI vector, creating the p893-1.SARS Spike 1195 #34 plasmid

(Figure 62).

To clone SARS Spike 1195 into the pBS24.1 Saccharomyces cerevisisae expression

vector, it was necessary to modify the 5' end of the SARS Spike 1195 from XbaI to Hindm, as

done for the Spike S1 expression clone described above. To begin, the 2416bp AgeI-BlnI

fragment was isolated from p893-1.SARS Spike 1195 #34. This fragment was ligated with the

synthetic HindIII-AgeI 30bp oligos (described above to generate the S1 protein for expression in

S.cerevisiae) into the pT7Blue2 HindIII-BlnI vector. E. coli HB101 competent cells were

transformed with the oligo replacement ligation product and plated on Luria agar plates,
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containing 100/g/ml ampicillin. The desired clones were identified using miniscreen DNA

analysis. After sequence verification of the positive clone and plasmid amplification of

pT7Blue2.SARS 1195 5' HindII-BlnI #10 (Figure 63), we isolated a 402bp HindIII-NcoI

fragment and the 2044bp NcoI-BlnI fragment (Figure 63). It was necessary for the HindlIl-BlnI

isolation to be done in two steps to avoid cloning issues related to the internal HindIII site

located at nucleotide number 1319 of the spike 1195 protein.

To assemble the BamHI-Sall-expression cassette of Spike 1195 into the pBS24.1 vector

E.coli HB 101 competent cells were transformed with the the BamHI-HindI (ADH2/GAPDH

promoter), Hindm-Ncol 402bp fragment, NcoI-BlnI 2044bp and the BlnI-SalI 1126bp fragments

into the pBS24.1 BamHI-SalI vector. The samples were plated on Luria agar plates, containing

100g/ml ampicillin. The desired clone was identified using miniscreen DNA analysis, thus

creating the genetically engineered pd.SARS Spike 1195 #10 (Figure 64).

S.cerevisiae strain AD3 was transformed with pd.SARS Spike 1195 #10 and single

transformants were checked for expression after depletion of glucose in the medium. The

recombinant protein was detected by Coomassie blue staining. In particular, yeast cells were

transformed with the SARS 1195 expression plasmid using the Invitrogen S.c. EasyCompTTM

Transformation Kit.

EXAMPLE 23: Expression in mammalian cell lines

cDNA fragments containing the S protein ORF of 1255 amino acids were amplified by

RT-PCR from SARS viral RNA (Frankfurt isolate) grown in Vero cells. The amplified PCR

fragments were cloned into pBlueScript vector, sequenced, and consensus spike sequence was

assembled to create a full-length SARS spike clone, pBSnSh. In vitro transcription of pBSnSh

followed by translation in a rabbit reticulocyte lysate resulted in the production of single

polypeptide with an estimated molecular mass of -140 kDa.

The insert of this plasmid was recloned via XhoI and Not I into a mammlian expression

vector pCMVIII (Srivastava et al. (2003) J. Virol. 77:11244-11259) to create a construct, nSh

(Fig. 74A). A PCR fragment containing a spike protein of 1195 amino acid, which was deleted

for transmembrane (TM) domain and cystein-rich cytoplasmic tail (Cy) was amplified and

cloned pCMVII vector to generate the contstruct nShATC (Figure.74B). Both constructs were

tagged with six histidine residues at the C-terminus in order to aid in their characterization. The

Xho I/Not I fragment without a histidine tag also was subcloned into the alphavirus replicon

vector backbone pVCRchim2.1 for use in the production of an alphavirus replicon particle

chimera that expresses S protein. Production and characterization of the replication defective

alphavirus vector particles was performed essentially as described previously (Perri et al. (2003)

-317-



WO 2004/092360 PCT/US2004/011710

J. Virol. 77:10394-10403; Polo et al. (1999) PNAS USA. 96:4598-4603). The resultant alphavirus

vector particles were named as VEE/SIN.

COS7 cells and BHK-21 cells were maintained in Dulbecco's modified Eagle's medium

supplemented with 10% fetal bovine serum at 37 0C and 5% CO2 in air. COS7 cells were

transfected with expression plasmids (nSh, nShATC) using a transfection kit (TransIt-COS,

Mirus) following the manufacturer's protocol. The cells were washed once with ice-cold PBS

and lysed with lx Lysis buffer (20mM MOPS, 10mM NaCI, 1.5mM MgC12, and 1% Triton X-

100) containing complete mini protease inhibitor (Roche). After a 30-min incubation on ice, the

debris was cleared by centrifugation. The cleared lysate was either purified or used directly in

LO western blotting.

To purify secreted spike proteins, medium from transfected cells was collected and

subjected to centrifugation at 12,000 rpm for 10 min to remove cellular debris. The cleared

medium was applied to a ConA-agarose column (Vector Lab). The column was washed

extensively with 20mM sodium phosphate buffer, and then the bound proteins were eluted with

1M methyl a-D-mannopyranoside (MMP), IM NaC1 in 20mM sodium phosphate buffer.

Column fractions containing SARS-CoV spike proteins were applied to MagneHis Protein

purification system (Promega) following the protocol suggested by the manufacturer.

For western blot analysis, proteins were separated by 4-20% SDS-PAGE and then

transferred electrophoretically to nitrocellulose membrane (Invitrogen). Membrane was blocked

in blocking buffer skim milk and 0.1% Tween 20 in PBS) and incubated with indicated

antibody at room temperature for 1 hr, washed and probed with horseradish peroxidase (HRP)-

conjugated secondary antibody (Biosource) followed by chemiluminescence (ECL system,

Amersham) and exposed by X-ray films. The antibodies used were a mouse monoclonal anti-

histidine antibody (anti-His-tag Mab, Novagen), a rabbit polyclonlal antipeptide antibody against

SARS-CoV spike proten (SmPab, Abgent), or rabbit anti-SARS sera (2BE) obtained by

immunization of rabbits with purified SARS-CoV virion. The latter has a cell culture

neutralizing titer of 1/2,500. Unless stated otherwise, antibody was used at 1/1,000 for anti-

histidine antibody and SmPab and 1/10,000 for anti-SARS rabbit sera.

Some spike proteins were treated with Peptide-N glycosidase F (PNGase Cell lysates

were diluted in 0.5% SDS and 1% P-mercaptoethanol and denatured at 100 0C for 10 min. After

2-fold dilution with 1% NP-40 in 50mM sodium phosphate (pH the samples were treated

with PNGase F (NEB) at 37 0C for 1 hr. Enzyme-treated samples were analyzed by 4-12% SDS-

PAGE in reducing condition. For a partial digestion with the PNGase, the cell lysates were

diluted with 50mM sodium phosphate (pH 6.0) containing 0.75% Triton-X and treated with

PNGase F (Calbiochem) at 370C for 3 hr. Enzyme-treated samples were analyzed by 4-20%

SDS-PAGE in nonreducing condition.
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Western blots of cells 48-hours after transfection are shown in Figure 75. The S protein
was detected in cell lysates as a doublet with estimated molecular weight of -170 -180 kDa,
when the lysate was boiled and analysed under reducing SDS-PAGE conditions (Fig. 75A, lane

This doublet appears to result from differential glycosylation of one polypeptide product
since pre-treatment of the cell lysate with PNGase F reduced the doublet to a single species of
-140 kDa (Fig. 75A, lane This is the expected size predicted from the aa sequence for a full-
length, intact polypeptide product. This experiment indicates that the full length SARS-CoV S is
expressed in mammalian cells as a single, uncleaved polypeptide, but in two differentially
glycosylated forms, gpl70 and gpl80 respectively. Unlike the two S glycoforms encoded by the
full-length sequence, none of which were secreted, the SA protein product was detected both in
cell lysates (Fig. 75A, lane 5) as well as in the cell culture medium (Fig. 75B, lane3) as a single
species of 160 kDa.

In order to further characterize the intracellular processing of the S protein, and as
described above, BHK21 cells were infected with defective alphavirus particles expressing the
full-length S. At 6 hr post infection with a MOI of 5, infected cells were pulse labeled for 1 hr
with L-[35S] methionine/cysteine and chased for 2 or 4 hours. The [35S]-labeled S protein was
immuno-precipitated using the rabbit antiserum raised against inactivated, purified virus and
then digested with Endo H. The Endo H treatment involved dilution with a sample buffer 
sodium phosphate, 0.1% SDS, 50 mM DTT, pH 6.0) and boiling for 5 min. After denaturation,

,0 the samples were further diluted with 0.75% Triton-X 100 and treated with endoglycosidase H
(Endo H) following manufacturer's protocol (Calbiochem) for 3 hr at 37 0C. Enzyme-treated
samples were added with gel loading buffer containing 0.1% SDS and DTT and analyzed by 8%
SDS-PAGE.

Both digested and undigested proteins were boiled in SDS and analysed by reducing SDS-
PAGE (Figure 55). After a 1-hr pulse, the S protein was apparent as a single gpl70 component
that was Endo H sensitive (lanes 1 and After a 2-hr chase, a new species (gpl80) was present
along with gpl70 in approximately equal proportions (lane3). After a 4-hr chase, the 
species was the dominant S protein component (lane 5) that was now Endo H resistant (lanes 
and This data is consistent with gpl70 being an ER-resident glycoprotein containing high

0 mannose chains and with gpl80 corresponding with a Golgi-processed glycoprotein containing
Endo H-resistant complex oligosaccharides.

The Endo H sensitivity of the C-terminus deleted SA protein purified from cell culture
media ws also tested. As shown in Figure 76, the SA observed within cell lysates was found to be
Endo H sensitive (lanes 1 and while the secreted SA in cell culture media was Endo H
resistant (lanes 3 and This result is consistent with this glycoprotein being synthesized in an
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immature form in the ER prior to transfer to the Golgi where the complex carbohydrate is added

and the protein then secreted.

As already described, the S protein expressed in COS7 cells was detected as a

gpl70/gpl80 doublet in western blot analyses of cell lysates that were fully denatured by boiling

in the presence of DTT. However, the majority of S protein was detected as a high molecular

glycoprotein in the 440-669 kDa range when the same cell lysate was not heat-denatured prior to

western blot analysis using SDS-PAGE (Fig. 77, lane The -500 kDa species was resistant to

mM DTT treatment (lane 3) and not dissociated into the monomeric form unless the lysate

was first heat-denatured at 100'C (lane In contrast, oligomeric form of a test protein

(Thyroglobulin) of which quaternary structure is held by disulfide-linkage was converted into

subunit form by the 10 mM DTT treatment. These data suggest that the -500 kDa oligomeric

form of S protein is not disulfide-linked and is heat labile. To confirm the heat-sensitivity of the

~500 kDa species of S protein, the heat-denaturation experiment was repeated but without DTT.

As shown in Figure 78, heat denaturation of -500 kDa protein at 100 0C alone was sufficient to

convert it into gpl70/180 monomeric forms (lane Using a 80'C heat-denaturation step, both

the ~500 kDa and monomeric forms were detectable in similar proportion (lane 3).

In order to investigate further whether this -500 kDa species represents an S protein

oligomer in native conformation, comparative analyses with virion-derived S glycoprotein

derived from Vero cell cultures was performed. The purified virions were solubilised in 1% SDS

prior to Western blot analyses after SDS PAGE. The presence of the ~500 kDa spike protein

oligomer was confirmed in virion particles (Fig. 79, lane In addition, heat denaturation of

solubilised virions produced the same oligomer-to-monomer conversion as seen with the full-

length recombinant S (lanes The oligomeric nature of virion S was further analysed in a

cross-linking experiment. Aliquots of inactivated virion from sucrose gradient fractions were

treated with 10% SDS at 1% final concentration and diluted 2-fold with 0.2M Triethanolamine-

HC1 (pH 8, Sigma); Dimethyl suberimidate (DMS; Pierce Chemical Co.) was then added from a

freshly prepared solution (10mg/ml in 0.2M Triethanolamine-HC1) at 3.3mg/ml final

concentration. After 2 hr at room temperature, samples were concentrated with Centricon-30 and

analyzed by silver staining after electrophoresis on a 4% polyacrylamide gel. Both untreated and

DMS cross-linked virion proteins were heat-denatured, and the heat effect on the maintenance of

oligomer structure was analysed by SDS-PAGE and silver staining (Figure 80). In the absence of

cross-linking, heat denaturation resulted in the replacement of the ~500 kD spike protein species

with the monomer species. In contrast, in the cross-linked proteins, the levels of the -500 kD and

monomer species did not change significantly after heating. These data support the fact that the

~500 kD protein is an oligomer of S monomer proteins that are bound non-covalently. After

cross-linking and boiling, the -500 kDa species migrated as a somewhat slower diffuse form
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than the untreated form. This mobility shift is probably due to a structural change resulting from

boiling. In addition, a minor protein species of ~300 kD, which may represent a non-dissociated

S dimer, could be seen.

To estimate more precisely the size of the recombinant -500 kDa S species expressed in

COS7 cells, a COS7 cell lysate containing the S protein oligomer was fractionated using size-

exclusion column chromatography. The major portion of the ~500 kDa oligomer co-eluted with a

572 kDa marker protein. Taken together, these experiments suggest that the -500 kDa S species

seen in COS7 cell lysates is probably a homotrimer of the S protein monomer.

The oligomeric status of the SA spike protein was also examined after expression in COS7

cells. As shown in Figure 81, the recombinant SA proteins present in cell lysates were also

detected in high molecular weight forms of -500 kDa range when the lysate was not heated prior

to SDS-PAGE and Western blot analysis (lane However, the efficiency of oligomerization by

intracellular SA protein appears to be much less compared to that of full-length S protein

under the same western analysis conditions. A heat-sensitivity test on this -500 kDa protein

showed that the SA oligomer was more heat labile than that of the full-length S oligomer, as

demonstrated by the >90% conversion of all of the -500 kDa species into monomeric Sd forms

at 800C (lane Also (Figure 82), the majority of the secreted SA protein was found in

monomeric form with the -500 kDa species barely detectable (and only detectable when he

protein was loaded in excess for Western analysis) (lane At a temperature above 80 0 C, all

secreted SA proteins were detected as monomers (lanes 2, 3).

The -500kDa protein is glycosylated, and the effect of deglycosylation on its antibody

binding was investigated. The recombinant COS7 lysate was treated with PNGase F under non-

denaturing condition (as described above) and analysed by western blot. As shown in Figure 83,

deglycosylation did not affect the binding of anti-histidine Mab antibody to the treated S

oligomer (lanes However, it compromised the reactivity with the rabbit antisera raised

against purified virus (lane This antiserum binds to virion-derived S in western blot analyses

only when DTT is omitted from the sample for SDS-PAGE indicating that it recognizes

primarily a discontinuous, conformational epitope(s). This antisera has also been shown to have

a high-titer of viral neutralizing antibodies. Its lack of binding to deglycosylated, recombinant S

suggests that the carbohydrate actively contributes to the higher order, native structure of the S

polypeptide oligomer.

The difference between the recombinant S and SA protein is the presence or absence of the

TM-and Cys-rich domains at the C-terminus. This difference predicts that full-length S would be

found associated with the membrane fraction while Sd would be in the soluble fraction upon

lysis of transfected cells. Therefore, nSh- or nShATC-transfected cells were lysed under

hypotonic conditions and the soluble cytosol fraction was separated from the insoluble
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membrane fraction by centrifugation (Figure 48). As shown in Figure 84, the S protein was

found in the membrane fraction (DF) both as a -500 kDa and 180/170 kDa species (lane 4) but

was not detectable in the soluble cytosol fraction (AF) (lane However, the truncated SA

protein was found as a monomeric species (gpl70) in both fractions (lanes This indicates

that the C-terminal TM and Cys-rich domains are required for the anchorage of the S protein to

cell membrane.

The cellular location of the S and SA proteins in COS7 cells was analyzed by indirect

immunofluorescence microscopy. At 48 hr post-transfection, cells were directly fixed with 2%

paraformaldehyde without detergent for cell surface staining or treated with detergent followed

by Cytofix/Cytoperm solution for intracellular staining. Fixed cells were then stained with rabbit

anti-SARS sera (2BE) and FITC-conjugated antibody. The nSh-transfected cells showed foci of

S protein indicative of Golgi-localisation (Figure 85A), while the nShATC-transfected cells

displayed a uniform distribution of SA protein throughout the cytoplasm indicative of ER

localisation (Figure 85B). While the complete S protein was also observed on the surface of

transfected cells in unfixed cells (Figure 85D), the SA was undetectable on the cell surface

(Figure 85E). These results indicate the role played by the TM-and Cys-rich domains in

anchoring the S protein to the plasma membrane. Although the TM-region alone is likely

responsible for membrane anchorage, the potential role played by the Cys-rich region remains to

be determined.

The SARS recombinant full-length S protein is thus an N-linked glycoprotein with an

estimated molecular weight of 170-180,000 kDa. Deglycosylation with PNGase F resulted in a

polypeptide of the expected size for the uncleaved, encoded polypeptide (140kDa). Both

transient and stable expression of the full-length SARS-CoV S gene in a variety of mammalian

cells, including COS7, 293, BHK21, and Huh7 cell lines, consistently produced a S protein

doublet (gpl70/180) as detected in western blot analyses. Pulse-chase analyses of transfected

cells demonstrated that the SARS CoV S protein was initially synthesized as an Endo H sensitive

gp170 species followed by the gradual appearance of an Endo H resistant gp180 form,

presumably as a result of the addition of complex carbohydrate within the Golgi apparatus.

The recombinant S protein was not secreted into the cell culture medium unless the C-

terminal 60 amino acids containing the TM-region and the Cys-rich tail were deleted.

The quaternary structure of the full-length recombinant S protein was investigated using

cross-linking treatment, heat-denaturation, and size fractionation analyses. The results data are

consistent with the recombinant S protein existing as a homotrimer of ~500kDa. Similar analyses

of virion-derived S yielded the same results. Such a trimeric structure has been reported for other

enveloped RNA viruses: the hemagglutinin HA of influenza virus, the E1-E2 heterodimer of

alphaviruses and the G protein of vesicular stomatitis virus. Incubations under reducing
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conditions indicate that the SARS-CoV S trimeric structure is non-covalently associated, and is

very stable. S oligomers present in the cell lysate were shown to be resistant to reduction by 

mM DTT, detergent treatment with 1% SDS, and heat denaturation at up to 60 0 C Incubation at

a temperature higher than >800C resulted in the dissociation of the trimeric complex as

evidenced by the decrease in trimer with the concomitant increase in the monomer bands. The

temperature-induced appearance of the high-mannosylated gpl70 (ER monomer form) as well as

the complex-glycosylated gp180 (Golgi monomer form) suggests that trimerization can occur

before the transport of the monomer spike protein to the medial Golgi apparatus. This is

consistent with other reports for TGEV, influenza virus HA, and vesicular stomatitis virus G

LO proteins. With these proteins, trimerization was reported to take place before addition of complex

oligosaccharides in the Golgi apparatus.

The C-terminally truncated form of S was found in the cell lysate in both oligomeric and

monomeric forms at a frequency of 10% and 90%, respectively. The truncated protein secreted

into medium was found fully glysosylated and it was essentially all in monomeric form. We

conclude that the C-terminal 60 amino acids of the S glycoprotein contains a membrane anchor

region that affects the efficiency of trimerization. In S protein trimerization, it is possible that the

C-terminal region is required to initiate the event and the triple-stranded coiled coil structures in

the S2 stalk domain provide further stabilizing force as seen in HA oligomer of influenza virus.

EXAMPLE 24: CHO cells for Spike protein expression

0 CHO cell lines that stably express either the full-length or truncated SARS-CoV spike

proteins were prepared. Several stably transfected CHO cell lines were obtained, and Figure 73

shows western blot data from a panel of representative clones.

EXAMPLE 25: Expression in E. coli

All SARS-CoV ORFs (Figure 17, Table 10) were cloned in the pET vector and expressed

as C-terminal His-Tag fusion proteins in E.coli. The proteins smaller than 16KD were also

expressed as N-terminal GST (Glutathione S-transferase) fusion proteins using pGEX vector.

Nspl and Nsp2, the two SARS-CoV proteins with proteolytic activity, were not expressed

as full length proteins due to toxicity in E.coli. The respective genes were instead cloned in

different portions in order to separate the catalytic residues (Cys833/ His994 for Nspl;

His41/Cys145 for Nsp2) in the resulting recombinant proteins: NsplA from nucleotides 2719-

5214 of AY310120; NsplB from nucleotides 5218-7371; NsplC from nucleotide 7372-9984;

Nsp2A from nucleotide 9985-10416; Nsp2B from nucleotide 10476-10902.

Nsp9 (SEQ ID NO: 9775) was divided into two portions: Nsp9A from nucleotide

13371- 14756; Nsp9B from nucleotide 14757-16166.
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Matrix ORF3 and ORF7 contain respectively three, two and one transmembrane

domains. These proteins were expressed as deletion proteins excluding the first 100 amino acids

(M and ORF3) or the first 18 amino acids (ORF7) that include the hydrophobic regions.

The cloned sequences are shown in Table 26.

A two-step strategy was used to amplify the cloned sequences. In the first step,

amplification of DNA fragments containing more than one gene or single gene used sequenced

cDNA as template. Eleven cDNA sequences were amplified: a fragment, named amplCl,

including genes coding for protein E, protein M, orf 7-8-9-10; a fragment, named amplC2,

including genes coding for orf 3-4; a fragment, named amplC5, including genes coding for

proteins Nspl2 and Nspl3; Nspllgene; P28 and P65 genes; NsplB and NsplC genes

portion; a fragment, named amplC9, including genes coding for proteins Nsp2 and Nsp3; (8)

a fragment, named amplNsp4-7, including genes coding for proteins Nsp4, Nsp5, Nsp6, Nsp7

and for amplification of Nsp9A gene portion; Nsp 9B gene portion and Nspl0 gene; (10) a

fragment, named amplCO, including genes coding for proteins Orfl 1, Nucleocapsid and

Orf12; (11) NsplA gene portion. The primers used in this first step are given in Table 27:

In the second step, amplification of single genes was performed using DNA fragments

from the first amplification step as templates. The primers are shown in Table 28.

Of the proteins where expression was seen, it was either in inclusion bodies (insoluble) or

in a soluble form. Purification proceeded on appropriate material. Table 29 shows the molecular

weight of the expressed fragments of SARS-CoV ORFs, whether they were cloned or 

whether the cloned fragment was seen to be expressed or and the form of protein which

was chosen for purification.

Where a protein was a soluble His-tagged product, a single colony was streaked and grown

overnight at 37C on a LB/Amp (100 tg/ml) agar plate. An isolated colony from this plate was

inoculated into 20ml of LB/Amp (100 gg/ml) liquid medium and grown overnight at 370C with

shaking. The overnight culture was diluted 1:30 into 1.0 L LB/Amp (100 Ig/ml) liquid medium

and allowed to grow at the optimal temperature (30 or 370C) until the OD550nm reached 0.6-

0.8. Expression of recombinant protein was induced by addition of IPTG (final concentration 

mM) and the culture incubated for a further 3 hours. Bacteria were harvested by centrifugation at

8000 x g for 15 min at 4°C. The bacterial pellet was resuspended in 10 ml of cold buffer A (300

mM NaC1, 50 mM phosphate buffer, 10 mM imidazole, pH Cells were disrupted by

sonication (or French Press) on ice four times for 30 sec at 40W using a Branson sonifier 450

and centrifuged at 13 000xg for 30 min at 4°C. Supernatants were mixed with 150,pl Ni2+-resin

(previously equilibrated with buffer A) and incubated at room temperature with gentle agitation

for 30 min. The resin was Chelating Sepharose Fast Flow (Pharmacia), prepared according to the

manufacturer's protocol. The batch-wise preparation was centrifuged at 700 x g for 5 min at 40 C
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and the supernatant discarded. The resin was washed twice (batch-wise) with 10ml buffer A for

min, resuspended in 1.0 ml buffer A and loaded onto a disposable column. The resin

continued to be washed with buffer A at 40 C until the OD280nm of the flow-through reached

0.02-0.01. The resin was further washed with cold buffer B(300 mM NaCI, 50 mM phosphate

buffer, 20 mM imidazole, pH 8.0) until the the OD280nm of the flow-through reached 0.02-0.01.

The His-fusion protein was eluted by addition of 700pl of cold elution buffer C (300 mM NaC1,

phosphate buffer, 250 mM imidazole, pH 8.0) and fractions collected until the OD280nm

indicated all the recombinant protein was obtained. 2 0/l aliquots of each elution fraction were

analyzed by SDS-PAGE. Protein concentrations were estimated using the Bradford assay.

0L Where a protein was seen as an insoluble product, the inclusion bodies were purified as

follows: homogenize cells (5 g wet weight) in 25 ml 0.1M Tris HC1 pH 7, ImM EDTA, at 40C

using an ultraturrax (10000 rpm); add 1.5mg lysozyme per gram cells; mix shortly with an

ultraturrax and incubate at 40 C for 30'; use sonication or high-pressure homogenization to

disrupt the cells; to digest DNA, add MgC12 to a final concentration of 3mM and DNase to a

final concentration of lOug/ml and incubate 30' at 25°C. add 0.5 vol of 60mM EDTA, 6% Triton

x-100, 1.5M NaC1 pH 7.0 to the solution, and incubate for 30' at 4°C; centrifugation at 31000 g

for 10' at 4°C; re-suspend pellet in 40ml of 0.1M Tris HC1 pH 7.0, 20 mM EDTA using

ultraturrax; centrifugation at 31000 g for 10' a 40C; store the IB pellet at 200 C.

The results of expression are shown in Figures 86 to 105. Examples of purity and yield are

given in Table 

EXAMPLE 26: Retention of critical epitope on truncated Spike antigen

A human monoclonal antibody having neutralizing activity was tested in an ELISA assay

for reactivity with the purified truncated Spike protein. Briefly, ELISA plates were coated with

truncated form of the spike protein at a concentration of 1/g/ml (1001l/ well) by incubating the

plates overnight at 4°C. The plates were washed, non-specific binding sites were blocked and

then different dilutions of the antibody were added and plates were incubated for 1 hour at room

temperature. At the end of incubation, the plates were washed and bound antibody was detected

by using anti-human IgG conjugated to horse radish peroxidase (HRP) and an appropriate

substrate. The optical density of each well was recorded at 405 nm'using an ELISA reader. The

data are shown in Figure 69 and clearly demonstrate that the neutralizing epitope recognized by

the mAb is preserved and exposed on the recombinant truncated Spike protein.

EXAMPLE 27: Different Spike vaccines

Purified truncated spike protein was used to immunize mice and the level of binding

antibodies induced against the truncated spike protein was determined by ELISA assay. Briefly a

group of 10 mice were immunized with 3xg of truncated spike protein adjuvanted in MF59 at 0,
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4 and 8 weeks intervals. Sera samples were collected from these animals and assayed for
antibodies induced by truncated spike protein in an ELISA assay. An additional group of 8 mice
was immunized with 75 ug of DNA encoding the truncated form of the spike protein on PLG
particles at 0, 4 and 13 weeks intervals, the sera were collected and analyzed as above for anti-
spike antibodies as above

The profile of binding antibodies induced in each group was plotted as geometric mean
titer (GMT). Compared to a plasmid DNA vaccine expressing truncated spike antigen and
delivered using a PLG microparticle formulation, the purified truncated spike protein was
significantly more potent for inducing strong antibody responses. Further comparison with the

LO0 antibody responses induced by inactivated BPL-SARS-CoV (already shown protective) in the
same mouse strain revealed that the magnitude of antibody responses induced by purified
truncated spike protein and the inactivated virus vaccine are in the same range (Figure 

The neutralization potential of antibodies induced by the recombinant truncated spike
protein, or plasmid DNA expressing the same spike antigen, were also evaluated. The GMT
values obtained in both groups are shown in Figure 71. From these data, it appears that the
purified protein is significantly more effective at inducing neutralizing antibody responses
against the SARS-CoV spike. Furthermore, the neutralization titers typically induced by the
purified truncated spike protein are comparable to neutralization titers induced by an inactivated.
SARS-CoV vaccine.

0 Figure 72 shows a comparison of antibody binding levels (ELISA, X-axis) with
neutralization titers (Y-axis). In general there is a very good correlation between the binding and
neutralizing antibodies. The bottom-left grouping shows ratios 2 weeks post-3rd immunization
with the DNA vaccine; the top-right grouping shows ratios 2 weeks post-2nd immunization with
the protein vaccine. Both forms of vaccine show a consistent correlation.

In further experiments, the ability of a DNA vaccine to invoke an immune response in
mice was studied. Mice were immunized with pCMV-nSdTC plasmid, either free or with PLG
microparticles. Serum from the mice was then used as the staining antibody against cultured 293
cells that had been transfected with spike, either full-length or truncated. The cells were
centrifuged prior to testing and the pellet was lysed. The antibody was tested against the culture

3 supernatant and against the cell lysate. As shown in Figure 112, the mouse serum was able to
detect spike protein in the lysate of cells that expressed full-length spike and in the supernatant
of cells that expressed the truncated spike protein. Results were comparable to the staining seen
when using rabbit serum that had been obtained after immunization with whole killed virus.
Thus anti-spike antibodies can be induced by the use of DNA vaccination.
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EXAMPLE 28: Expression cassettes in pCMV

The sequence of plasmid pCMVKm2 is given as SEQ ID NO: 9923. Genes encoding the

spike protein either in full-length form (pCMVKm2 SARS Spike nS; SEQ ID NO: 9921) or in its

ATC form (pCMVKm2 SARS Spike nSATC; SEQ ID NO: 9922) were inserted into this basic

vector.

Mice were immunized with these vectors, and with similar vectors encoding the N, M or E

proteins. Vectors encoding the same proteins but with optimized codon usage were also

prepared. Codons were optimized for efficient human expression starting from the FRA

sequence (GenBank: AY310120). The optimized sequences are: N (SEQ ID NO: 9924); M (SEQ

ID NO: 9925); E (SEQ ID NO: 9926).

After administration, expression of proteins could be detected by immunofluorescence in

all cases. For example, Figure 106 shows immunofluorescence (using anti-SARS rabbit serum)

results after administration of the vector encoding optimsed N antigen, revealing high level

expression. Mice receiving the control vector alone showed no fluorescence.

Figure 107 compares immunofluorescence (using Abgent anti-M antibody) of the native M

sequence (107A) or the codon-optimsed M sequence (107B). Similarly, Figure 108 compares

immunofluorescence (using Abgent anti-E antibody) of the native E sequence (108A) or the

codon-optimsed E sequence (108B).

Four groups of mice (8 mice per group) were immunized with: SARS nS Spike, nSdTC

!0 truncated Spike, and N proteins; pCMV-SARS-nSdTC: DNA+DNA-PLG at weeks 0,4 and

13 wks; CMV-nS: DNA+DNA-PLG+VEE/SIN Rep at 0, 4 and 9 wks; VEE/SIN Rep-

SARS-nS three times at 0, 4 and 13 wks. Sera from all groups recognized SARS nS and nSdTC

proteins, and also showed virus binding and neutralization activity.

EXAMPLE 29: Spike protein cleavage

To investigate the effect of proteolytic cleavage on SARS-CoV Spike protein, it was

expressed in various forms in E.coli, including: full-length S1-S2; S1 alone; HR1

heptad; and HR2 heptad. The expressed proteins were used to raise immune rabbit sera,

which were then used for visualizing western blots of Vero cells, either infected or not infected

with SARS-CoV.

(0 Figure 109 shows a western blot using a 1:10000 dilution of antibody raised against either

the S1 domain or the uncleaved S1-S2 domains. Figure 110 shows a western blot using a

1:10000 dilution of antibody raised against each of the four proteins. The difference in antigen

reactivity is readily apparent.

Figure 111 shows similar data. Each serum was tested against four lanes, with those gour

lanes being from left to right: serum at 1:500 dilution, SARS-CoV-infected cells; serum at
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1:500 dilution, non-infected cells; serum at 1:2500 dilution, SARS-CoV-infected cells; (d)

serum at 1:2500 dilution, non-infected cells. Again, the difference in antigen reactivity is readily

apparent.

Figures 109-111 show that the Spike protein exists in various forms in infected Vero cells,

with sizes of approx. 75kDa, 90kDa, 180kDa and >250kDa. The Spike protein is cleaved (at

least partially) either intracellulary or after release of the particles.

If enzymatic cleavage of the mouse hepatitis coronavirus spike protein is inhibited then

cell-cell fusion (syncytia formation) is also inhibited, but virus-cell fusion is not (de Haan et al.

(2004) J Virol). Syncytia are observed in vivo in the lungs of SARS-infected patients, but are not

[0 seen in Vero cell cultures of the SARS-CoV. Inhibition of Spike protein cleavage may thus be

used to prevent syncytia formation and related pathology, even though viral infectivity may not

be blocked.

Example 30: Purification of SARS protease

Cells were grown at 370C to mid-log phase and induced with 0.2% L-arabinose. Cells were

harvested by centrifugation, and the cells resuspended in lysis buffer (LB) containing 20 mM

Tris pH 7.5, 500 mM NaCI, 5% glycerol V/V, 0.05% Triton X-100, 5 mM PME, 5 mM

imidazole, and complete protease inhibitors (-)EDTA. Benzonase was added to a final

concentration of 50U/ml of lysate. Cells were then lysed using two passes through a pre-chilled

microfluidizer. The lysate was clarified by high speed centrifugation at 44,000 x g. Clarified

0 lysate was applied to a prepared Pharmacia chelating FF column charged with nickel sulfate.

After application of the lysate the column was washed with 5 column volumes of LB, followed

by 5 column volumes of LB supplemented with 45 mM imidazole. The column was then eluted

using LB supplemented with 250 mM imidazole. Purity of the isolated SARS protease was 

Fractions containing protease were pooled, adjusted to 5 mM EDTA, and then applied to a

Superdex 200 gel filtration column equilibrated in 20 mM Tris pH 7.5, 150 mM NaC1, 5% V/V

glycerol, 0.05 Triton X-100, and 5 mM DTT. Purity of the isolated SARS protease was 

Again, fractions containing the protease were pooled, and then stored at -800C until used.

Activity assay, mass spectrometry and western blot analysis were used to positively identify the

protein (FIG 133). All steps were carried out with pre-chilled buffers, and kept at 40C for as

much of the preparation as possible.

Western of SARS Protease Purification Fractions

Protocol: Briefly, protein concentration was based on Absorbance at 280 nm, and coomassie

stained gel estimates of purity. Protein was run on a 4-20% gradient gel, and transferred to

nitrocellulose. The blot was then blocked with 3% BSA, probed with Mouse IgG anti-pentaHis,

-328-



WO 2004/092360 PCT/US2004/011710

and then probed with a secondary antibody to Mouse IgG conjugated with HRP. The blot was

visualized using an ECL kit (Pharmacia Biotech). The results are shown in Figure 133 where A

is the sizing column pool loaded at 50, 100 and 200 ng of target protein and B is the immobilized

metal affinity column pool loaded at 50, 100 and 200 ng of target protein.

Example 31: Continuous Fluorescence Resonance Energy Transfer (FRET) Enzyme Assay

The peptide containing EDANS, the fluorescence donor, and DABCYL, the fluorescence

quencher (DABCYL-VNSTLQ VSGLRK-EDANS) was synthesized by Syn. Pep. (Dublin, CA).

The peptide contains the cleavage site Gln-Ser in the middle. Meyers, G. et al. Handbook of

Proteolytic Enzymes and Barrett, A et al. Academic Press, London, 1998, 726-728. The

proteolytic activity of SARS protease was followed kinetically by measuring the level of

formation of cleaved product that contains the fluorescence donor, SGLRK-EDANS using the

Hitachi fluorometer (F-4500 FL Spec.) set at 340 nm excitation and 490 nm emission wave

length. 5 pL of 5 mM peptide stock in DMSO solution was added to the reaction mixture,

containing 295 pl of standard buffer (75 mM Tris-Hcl, 25 mM NaOAc, 25 mM Bis-Tris, 25 mM

glycine, 5 mM EDTA, and 1 mM EDTA, pH 7.4) and 100 ul of buffer or 100 ul of 3.6 uM

protease stock solution. The kinetic curve was followed for 6 minutes (the reaction was linear

with R2 value of 0.998 (FIG 134)). The formation of fluorescence (proteolytic reaction) is likely

enzyme dependent, as concentration of enzyme was tripled three times as much fluorescence was

formed in the 6 minutes time frame.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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Table 1. US Patents and Published International Patent Applications

Publication Til ublication
Number Dteate
US-3927216 1,2,4-Triazol E-3-Carboxamnides For Inhibiting Virus Infections 12/16/1975

10269 Antiviral Quiriazoline Compositions And Methods Of Use 3/1/1977
US-4065570 Antiviral 5-(Substituted Benzal) Hydantoins 12/27/1977

US-4089965 Thiazolyiphenylguanidines As Antirhinovirus Agents 5/16/1978
US-4 122191 Antirhinovirus Agents 10/24/1978
US-4192895 Antirhinovirus Agents 3/11/1980
US-4254 144 Substituted Benzonitriles Having Antiviral Activity 3/3/1981
US-4264617 Antiviral 5-(Substituted Benzal) Hydantoins 4/28/1981
US-4287188 Purine Derivatives 9/1/1981
US-4327088 Phosphonooxy- Or Glycosyloxy-Substituted. Acrylophenones, Compositions And Uses Thereof 4/27/1982
US-4332820 Substituted Benzonitriles Having Antiviral Activity 6/1/1982
US-4349568 Sulfur-Substituted Diphenyl Ethers Having Antiviral Activity 9/14/1982
US-4352792 3-Alkoxyflavone Antiviral Agents 10/5/1982
US-437 1537 Sulfur-Substituted Phenoxypyridines Having Antiviral Activity 2/1/1983
US-4423053 Derivatives Of 2-Amino-5-(O-Sulphamidophenyl)-l,3,4-Thiadiazol As Antiviral Agents And A 12/27/1983

Process For The Preparation-Thereof
US-4505929 Sulfur-Substituted Diphenyl Ethers Having Antiviral Activity 3/19/1985
US-4526897 Hypertensive lsoindolin-2-YI-Aminoimidazolines And Isoindolin-2-Yl-Guanildines 7Y2/1985
US-4558 134 Certain Phenoxy-Pyridine-Carbonitriles Having Antiviral Activity 12/10/1985
US-4629729 Endowed With Anti-Viral Activity 2-Alkylamino-4,6-Dihalo Pyrimidines 12/16/1986
US-4636492 Inhibition Of Viral Protease Activity By Peptide Halomethyl Ketones 1/13/1987
US4652552 Tetrapeptide Methyl Ketone Inhibitors Of Viral Proteascs 3/24/ 19 87
US-4724233 Therapeutical Application Of Phosphonylmethoxyalkyl Adenines 2J9/1988
US4738984 Antirhinovirus Agents 4/19/1988

UJS-4847246 Antiviral Compositions Derived From Fireflies And Their Methods Of Use /111/1989
US-4855283 Novel Pharmaceutically Active N-(2-Ain~oacylamiido-2-Deoxy-Hexosyl)-Aniides, -Carbamnates 8/8/1989

And -Ureas
US-4885285 hosphorus Compounds, Processes For Their Manufacture, And Their Use 12/5/1989
US-4956351 Ativiral Pharmaceutical Compositions Containing Cyclodextrins 9/11/199)0
US-5001125 Anti-Virally Active Pyridazinamines 3/19/199 1
US-5036072 Antiviral Agent 7/30/1991
US-5070090 Antipicorpaviral Herterocyclic-Substituted Morpholinyl Alkylphenol Ethers 12/3/1991

100893 Antipicomnaviral Pyridazinarnines 3/31/1 992
US-5i112825 Antirhinoviral Heteroamine-Substituted Pyridazines 5112/1992

157035 Anti-Virally Active Pyridazinamines 10/20/1992
US-5240694 Combined Antiviral And Antimediator Treatment Of Common Colds 8/31/1993
US-5242924 Tetrazolyl-(Phenoxy Anid Phenoxyalkyl)-Piperidinylpyridazines As Antiviral Agents /7/1993
US-5278 184 Synthetic Derivatives Of Pyrrole Anid Pyrrolidine Suitable For The Therapy Of Infections Caused 1/11/1994

Rhinoviruses

364865 Phenoxy- And Phenoxyalkyl-Piperidines As Antiviral Agents 11/15/1994
US-5453433 Thiadiazoles And Antipicornaviral Compositions 9/26/1995
US-5492689 Combined Virustatic Antimediator (CO YAM) Treatment Of Common Colds 2/20/1996

14679 Therapeutic Phenoxyalklpyridazines And Intermediates Therefor 5/7/1996
14692 Substituted Quinoline Derivatives Useful As Antipiconaviral Agents 5/7/1996

US-55233 12 Antipicomaviral Agents 6/4/1996
US-5545653 Anti-Viral Compounds 8/13/1996

US-5552420 Therapeutic Phenoxyalkylazoles And Phenoxyalkylazinies /3/1996
W-5567719 Thiadiazoles And Their Use As Antipicornaviral. Agents 10/22/1996
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US -5580897 1,2-Dithiins Having Antifungal Activity 12/3/1996
US-561882 1 herapeutic Phenoxyalkyiheterocycles 4__8/1997_

/2lyAtv nivrlCmons4/1998

US-5728359 lant-Baiis Hapenuti a A tihvirtati An7niialEfc/10/1998
US-5750527 Thiadiazoles And Their Use As Antipicornaviral Agents 7/22/1997_
US-5793551 rAtnti orViral Diseaseds 1/2/1997

763461 Therapeutic Phenoxyalkyiheteoles 6hnxalyai /9/1998
US-578594 Pant-Viale Comrpuds Agn ihVrsa n niia fet310/1/998
US-5821227 Thiadiazoles And Their Uses As Antipicornaviral Agents 15/1/1998
US-5750551 TrantiorViral Ages 1/1/1998

US-5764686 herapeutic Phenoxyalkylaztoyles n6hnxylyains1//1998

US-5821842 Anti-Viral Compounds 1/1/199
US-58924857 nTipdiaoleavAndlTCompoUnds As nMthods or heir s A ndreato 10/5/199

US-586986 Cysaetie Potea hibios AdPeoylyai 12/2/1999
US-58630 1 tipicornaviral Compounds Cmoiin otiigTe And Methods For Their Use /n rpaain1/20009
US-6581874 Ati-Viral Compounds4619

US-61 14327 Anti-Viral Compounds 9520
US-61 17844 Method And Composition For Antiviral Therapy 9/12/2000
US-6 194447 Bis (Benzimidazole) Derivatives Serving As Potassium Blocking Agents 2/27/2001.
US-62 14799_ ntipicornaviral Compounds And Methods For Their Use And Preparation 4/10/2001
US-627789 1 Nitric Oxide Inhibits Rhinovirus Infection 8/21/2001
US-6294 186 Antinmicrobial Compositions Comprising A Benzoic Acid Analog Anid A Metal Salt 9/25/2001'
US-633 1554 untipicurnaviral Compounds, Compositions Containing Them, And Methods For Their Use 12/18/2001
US-6358971 Anti-Viral Compounds 3/19/2002
US-6362 166_Antipicornaviral Compounds And Methods For Their Use And Preparation3/620
US-6414004 3-Substituted 5-Aryl-4-Isoxazolecarbonitriles Having Antiviral Activity 7220
US-6420591 Carbamates And Compositions Thereof, And Methods For Their Use For Treating Cancer, 7/16/2002

___________Inflammation, Or A Viral Infection
US-6469018 Compounds 10/22/2002

tJS-6498 178 Inhibitors Of IMPDH Enzyme 12/24/2002
14997 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For /14/2003

T___heir SynthesisI

US-6525043 Use Of Ion Channel Modulating Agents2/503
US-653 1452 untipicomnaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For 3/11/2003

Synthesis
34489_Organophosphorus Compounds And The Use Thereof3/820

WOOO/06529 Diketoacid-Derivatives As Inhibitors Of Polymerases 2/10/2000
WOOO/25791 Pyridin-4-YI Or Pyrimidin-4-YI Substituted Pyrazines5/120
WOOO/27423 Methods And Compositions For Treating Common Cold Symptoms 5/18/2000
WOOO/34308 Protein Transduction System And Methods Of Use Thereof 6/15/2000
WOOO/39348 Methods And Compositions For Identifying Protease Modulators 7/6/2000
WOOO/40243 Novel Compounds 7/13/2000_

WOOO/50037 Nitrosated And Nitrosylated Proton Pump Inhibitors, Compositions And Methods Of Use 8/31/2000
WOOO/5633 1 Inhibitors Of Impdh Enzyme )/28/2000
WOOO/56757 Immunomodulatory Steroids, In Particular The Hemihydrate Of I 6.Alpha.-Bromoepiandrosterone 9/28/2000
WOOO/66096 New Indication For Use Of Antiepileptic Agents Anid Medicines 11/9/2000
WOOO/78746 ontiviral Agents 12/28/2000
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WOO 1/00199 Krompounds Obtained From Salvia Species Having Antiviral Activity [/4/2001
WOO 1/00585 Pyrazolidinol Compounds 1/4/2001
WOO 1/02551 Virus Like Particles, Their Preparation And Their Use Preferably In Pharmaceutical Screening 1/111/200 1

And Functional Genomics
WOO01/03681 Use Of Flavones, Coumarins And Related Compounds To Treat Infections 1/18/2001
WOO 1/05396 Use Of Cobalt Chelates For Treating Or Preventing Virus Infection 1/25/2001
WOO 1/10894 Antipicomaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For 2/15/2001

Synthesis______

W001/19322 Use Of Csaids In Rhinovirus Infection 3/22/2001
WOO 1/19822 Antiviral Agents 3/22/2001
WOO 1/22920 Colon And Colon Cancer Associated Polynucleotides And Polypeptides 45/2001
WOO1/25 188 Novel Carbamnates And Ureas 4/12/2001
WOO 1/3 1016 Processed Human Chemokines Phc-1 And Phc-2 /13/2001
WOO1/37837 3,4-Dihydro-(Ih)-Quinazolin-2-Ones And Their Use As Csbp/P38 Kinase Inhibitors /131/2001
W001/38312 3,4-Dihydro-(lh)Quinazolin-2-One Compounds As Csbp/P38 Kinase Inhibitors /131/2001
W001/38313 3,4-Dibydro-(lh)Quinazolin-2-One Compounds As Csbp/P39 Kinase Inhibitors 5/31/2001
WOO 1/38314 3,4-Dihydro-(lh)Quinazolin-2-One Compounds As Csbp/P38 Kinase Inhibitors /131/2001
WOO 1/40189 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For, 6/7/2001

Synthesis
WOO 1/49303 Multivalent Electron Active Compositions And Methods Of Making And Using Same 7/12/2001-
W001/60393 Selective Destruction Of Cells Infected With Human Immunodeficiency Virus 8/23/2001
W001/62726 2-Oxo-1-Pyrrolidine Derivatives, Processes For Preparing Them And Their Uses 8/30/2001
WOO01/79167 ntipicomaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For 10/25/2001

Synthesis
WOO 1/90047 Novel Mmp-2/Mmp-9 Inhibitors 11/29/2001
WOO01/90129 Prophylactic And Therapeutic Treatment Of Infectious And Other Diseases With Mono- And 11/29/2001

___________isacchafide-B ased Compounds
WOO01/92499 Nucleic Acid Molecules Encoding A Protein Interacting With Ser/Thr Kinase Akt 12/6/2001
W001/93883 Therapeutic Agents Iii 12/13/2001
WOO 1/93 884 Therapeutic Agents 1 12/13/2001
WOO1/93885 Therapeutic Agents li 12/13/2001
WOO 1/96297 nrtipicomaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For 12/20/2001

Synthesis
W002/04413 Chiral Integrin Modulators And Methods Of Use Thereof 1/17/2002
W002/1 1743 Treatment Of Prostate Cancer 2114/2002
W002/12477 Enhanced Replication Of Hcv Rna 2114/2002
W002/14343 Immunosuppressive, Antiinflamrnatory And Analgetic Compounds 2/21/2002
W002/24 145 Antiviral Substances From Plant Cuticular And Epicuticular Material 3/28/002
W002/28351 Recombinant Mucin Binding Proteins From Steptococcus Pneumoniae 4/11/2002
WV002/30442 Method For Treating Cytokine Mediated Hepatic Injury 4118/2002
W002/34771 Nucleic Acids And Proteins From Streptococcus Groups A B /12/2002
W002/44737 Diagnostic And Therapeutic Compositions And Methods Related To G Protein-Coupled Receptor 6/6/2002

Anaphylatoxin. Ca Receptor______
W002/50045 Antiviral Agents 6/27/2002
W002/51413 Macrocyclic Anti-Viral Compoiiiids 7/4/2002
WV002/53 138 Treatment For Inhibiting Neoplastic Lesions 7111/2002
W002/57425 Nucleoside Derivatives As Inhibitors Of Riia-Dependent Rna Viral Polymerase 7/25/2002
W002/59083 Novel Compounds 81/2002
W'002/60875 Nicotinamd& Biaryl. Derivatives Useful As Inhibitors Of Pde4 Isozymes 8/8/2002
W002/60898 Thiazolyl-, Oxazolyl-, Pyrrolyl-, And Imidazolyl-Acid Amide Derivatives Useful As Inhibitors 8/8/2002

Pde4 Isozymes______

W002/69903 Nucleosides, Preparation Thereof And Use As Inhibitors Of Rna Viral Polymerases /112/2002
W002/72022 ISubstituted Tetracycline Compounds As Antifungal Agents /119/2002
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W002/72031 Substituted Tetracycline Comnounds As Svnergistic Antifunal Agents 9/109/2f00

W002/76939 Cysteine Protease Inhibitors 10/3/2002
W002/77021 Streptococcus Pneumoniae Proteins And Nucleic Acids 10/3/2002
W002/79401 ovel Rgs9 Protein Binding Interactions And Methods Of Use Thereof 10/10/2002
W002/82041 Production And Use Of Novel Peptide-Based Agents For Use With Bi-Specific Antibodies 10/17/2002
W002/87465 Compositions And Methods Of Double-Targeting Virus Infections And Cancer Cells 11/7/2002
W002/87500 Viral Enzyme Activated Prototoxophores And Use Of Same To Treat Viral Infections 11/7/2002
W002/88091 Inhibitors Of Human Rhinovirus 2a Cysteine Protease 11/7/2002
W002/89832 Pharmaceutical Compositions For Preventing Or Treating Thl And Th2 Cell Related Diseases By 11/14/2002

Modulating The Thl/Th2 Ratio.
W002/92779 Method For Enriching Tissues In Long Chain Polyunsaturated Fatty Acids 11/21/2002
W002/94185 Conjugates And Compositions For Cellular Delivery 11/28/2002
W002/94868 Staphylococcus Aureus Proteins And Nucleic Acids 11/28/2002
W002/96867 nhibitors Of Protein Kinase For The Treatment Of Disease 12/5/2002
W002/98424 Novel Anti-Infectives 12/12/2002
W003/04489 Compositions And Methods For Inhibiting Prenyltransferases 1/16/2003
W003/08628 Enzymatic Nucleic Acid Peptide Conjugates 1/30/2003
W003/15744 Chitin Microparticles And Their Medical Uses 2/27/2003
W003/20222 Dioxolane And Oxathiolane Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase 3/13/2003
W003/20270 Oxadiazolyl-Phenoxyalkylisoxazoles, Compositions Thereof And Methods For Their Use As 3/13/2003

_nti-Picomaviral Agents
W003/20271 Oxadiazolyl-Phenoxyalkylisoxazoles, Compositions Thereof And Methods For Their Use As 3/13/2003

Anti-Picornaviral Agents
W003/20712 Oxadiazolyl-Phenoxyalkylthiadiazoles, Compositions Thereof And Methods For Their Use As 3/13/2003,

Anti-Picornaviral Agents
WO86/03412 mprovements Relating To The Treatment Control And Prevention Of Rhinovirus Infections 6/19/1986
W086/03971 Antiviral Agents 7/17/1986
W088/09669 Avirulent Microbes And Uses Therefor 12/15/1988
W092/03475 Enterovirus Peptides 3/5/1992
W092/22520 Orally Active Antiviral Compounds 12/23/1992
W092/22570 nhibitors Of Picornavirus Proteases 12/231992
W094/00012 Nucleic Acids And Methods Of Use Thereof For Controlling Viral Pathogens 1/6/1994
W095/03821 Prosaposin And Cytokine-Derived Peptides As Therapeutic Agents 2/9/1995
W095/09175 Ring-Expanded Nucleosides And Nucleotides 46/1995
W095/11992 Antiviral Compounds 5/4/1995
W095/31198 Thiadiazoles And Their Use As Antipicornaviral Agents 11/23/1995
W095/31438 Therapeutic Phenoxyalkylheterocycles 11/23/1995
W095/31439 Therapeutic Phenoxyalkylpyridazines And Intermediates Therefor 1/23/1995
W095/31452 Therapeutic PhenoxyalkylazolesAnd Phenoxyalkylazines 11/23/1995
W095/34595 Antiviral Dendrimers 12/21/1995
W095/35103 A Pharmaceutical Composition For The Prevention And/Or Treatment Of Viral Infections And 12/28/1995

Optionally Inflammations As Well As A Method For The Treatment Thereof
W096/05836 Methods Of Treating Cold Symptoms Using Pentoxifylline 2/29/1996
W096/05854 Combination Preparation, Containing Cyclosporin A Or Fk506 Or Rapamycin And A Xanthine 2/29/1996

Derivative
W096/09822 Antipicomaviral Agents 44/1996
W096/11211 Selective Inhibition Of Internally Initiated Rna Translation /18/1996
W096/22689 Multiple Component Rna Catalysts And Uses Thereof 8/1/1996
W096/40641 ulfonamide Derivatives As Cell Adhesion Modulators 12/19/1996
W097/08553 Targeting Of Proteins To The Cell Wall Of Gram-Positive Bacteria 3/6/1997
W097/34566 Electrophilic Ketones For The Treatment Of Herpesvirus Infections 9/25/1997
W097/41137 Use Of Anthocyanidin And Anthocyanidin Derivatives 11/6/1997
W097/43305 Inhibitors Of Picornavirus 3c Proteases And Methods For Their Use And Preparation 11/20/1997
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W097/47270 JNovel Anti-Viral Compounds
W098/03572 Antiviral Linear Polymers

12/18/1997
1/29/1998

W098/07745 Compositions And Methods For Treating Infections Using Analogues Of Indolicidin 2/26/1998
W098/11778 Antimicrobial Treatment For Herpes Simplex Virus And Other Infectious Diseases 3/26/1998
W098/22495 Antikinin Compounds And Uses Thereof 5/28/1998
WO98/31363 Anti-Viral Compounds 7/23/1998
W098/31374 Method Of Treating Rhinoviral Infections 7/23/1998
W098/32427 Therapeutic Treatment And Prevention Of Infections With A Bioactive Material Encapsulated 7/30/1998

Within A Biodegradable-Biocompatible Polymeric Matrix
W098/34601 Method For Inhibiting Intracellular Viral Replication 8/13/1998
W098/42188 Antimicrobial Prevention And Treatment Of Human Immunedeficiency Virus And Other 10/1/1998

Infectious Diseases
W098/43950 Antipicomaviral Compouds, Compositions Containing Them, And Methods For Their Use 10/8/1998
W098/49190 Substituted Oxadiazole Cysteine Protease Inhibitors 11/5/1998
W098/55120 Anti-Viral Compounds 12/10/1998
W099/30699 Modulators Of Cysteine Protease 6/24/1999
W099/31122 Antipicornaviral Compounds And Methods For Their Use And Preparation 6/24/1999
W099/54317 Cysteine Protease Inhibitors 10/28/1999
W099/55663 nhibitors Of mpdh Enzyme 11/4/1999
W099/57135 Antipicoraviral Compounds, Their Preparation And Use 11/11/1999
W099/59587 Anti-Viral Compounds 11/25/1999
W099/61437 Novel 2-Alkyl Substituted Imidazole Compounds 12/2/1999

Table 2. US-Patents and Published International Patent Applications

Publication Title Publicatio
Number n Date
W002/69903 Nucleosides, Preparation Thereof And Use As Inhibitors Of Rna Viral Polymerases 9/12/2002
W002/48116 nhibitors Of Hepatitis C Virus Ns3 Protease 6/20/2002
W002/48157 Imidazolidinones And Their Related Derivatives As Hepatitis C Virus Ns3 Protease Inhibitors 6/20/2002
W002/61048 In Vitro System For Replication Of Rna-Dependent Rna Polymerase (Rdrp) Viruses 8/8/2002
W003/02518 Novel 2,4-Difluorobenzamide Derivatives As Antiviral Agents 1/9/2003
W002/79187 Methoxy-l,3,5-Triazine Derivatives As Antiviral Agents 10/10/2002
W001/78648 6-Methylnicotinamide Derivatives As Antiviral Agents 10/25/2001
W001/12214 MYCOPHENOLATE MOFETIL IN ASSOCIATION WITH PEG-IFN-.Alpha. 2/22/2001
W002/100415 4'-Substituted Nucleosides 12/19/2002
W002/18404 Nucleoside Derivatives 3/7/2002
W002/94289 Antiviral Nucleoside Derivatives 11/28/2002
W096/39500 Oligonucleotides Specific For Hepatitis C Virus 12/12/1996
W003/00713 Nucleoside Compounds In Hcv 1/3/2003
W001/60381 Nucleoside Analogs With Carboxamidine-Modified Bicyclic Base 8/23/2001
W002/03997 Pyrido[2,3-D]Pyrimidine And Pyrimido[4,5-D]Pyrimidine Nucleosides 1/17/2002
W097/26883 Modulation Of Thl/Th2 Cytokine Expression By Ribavirin3 And Ribavirin3 Analogs In 731/1997

Activated T-Lymphocytes
W003/26589 Methods And Compositions For Treating Hepatitis C Virus Using 4'-Modified Nucleosides 4/3/2003
W003/26675 Methods And Compositions For Treating Flaviviruses And Pestiviruses Using 4'-Modified /3/2003

Nucleoside
W097/30067 Sugar-Modified Gapped Oligonucleotides 1/21/1997
W001/47883 Fused-Ring Compounds And Use Thereof As Drugs 7/5/2001
W003/00254 Fused Cyclic Compounds And Medicinal Use Thereof 1/3/2003
W002/100354 yrrolo[2,3-D]Pyrimidine Nucleoside Analogs 12/19/2002
WO001/55111 Biaryl Compounds, Their Preparation And Their Use In Therapy 8/2/2001
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WOO1/16149 2-Azapurine Compounds And Their Use 3/8/2001
W001/85770 Sentinel Virus Ii 11/15/2001
W002/12263 Nucleic Acid Binding Compounds Containing Pyrazolo[3,4-D]Pyrimidine Analogues Of Purin- 2/14/2002

2,6-Diamine And Their Uses
P2001-247550 A2 Condensed Ring Compound And Its Medicinal Use 9/11/2001

6210675 PT-NANB Hepatitis Polypeptides 4/3/2001
6451991 Sugar-Modified Gapped Oligonucleotides 9/17/2002
5830455 Method Of Treatment Using A Therapeutic Combination Of a-Interferon And Free Radical 11/3/1998

Scavengers
5908621 Polyethylene Glycol Modified Interferon Therapy 6/1/1999
5990276 Synthetic Inhibitors Of Hepatitis C Virus NS3 Protease 11/23/1999
6172046 Combination Therapy For Eradicating Detectable HCV-RNA In Patients Having Chronic 1/9/2001

Hepatitis C Infection
6177074 Polyethylene Glycol Modified Interferon Therapy 1/23/2001
6326137 Hepatitis C Virus Protease-Dependent Chimeric Pestivirus 12/4/2001
6434489 Compositions Of Hepatitis C Virus NS5B Polymerase And Methods For Crystallizing Same 8/13/2002
6461605 Continuous Low-Dose Cytokine Infusion Therapy 10/8/2002
6472373 Combination Therapy For Eradicating Detectable HCV-RNA In Antiviral Treatment Naive 10/29/2002

Patients Having Chronic Hepatitis C Infection
6524570 Polyethylene Glycol Modified Interferon Therapy 2/25/2003
W000/37097 ibavirin-Interferon Alfa Induction Hcv Combination Therapy 6/29/2000
W000/37110 Ribavirin-Pegylated Interferon Alfa Induction Hcv Combination Therapy 6/29/2000
W000/62799 Hcv Combination Therapy, Containing Ribavirin In Association With Antioxidants 10/26/2000
W001/58929 Azapeptides Useful In The Treatment Of Hepatitis C 8/16/2001
W002/32414 Ribavirin-Pegylated Interferon Alfa Hcv Combination Therapy 4/25/2002
W003/24461 Hcv Combination Therapy 3/27/2003
W093/20835 Treatment Of Hepatitis With Gm-Csf 10/28/1993
W096/36702 Soluble, Active Hepatitis C Virus Protease 11/21/1996
W097/16204 Continuous Low-Dose Cytokine Infusion Therapy 5/9/1997
W097/43310 Synthetic Inhibitors Of Hepatitis C Virus Ns3 Protease 11/20/1997
W098/48840 olyethylene Glycol-Interferon Alpha Conjugates For Therapy Of Infection 11/5/1998
W099/15194 Combination Therapy For Eradicating Detectable Hcy-Rna In Patients Having Chronic /1/1999

Hepatitis C Infection
W099/59621 Combination Therapy Comprising Ribavirin And Interferon Alpha In Antiviral Treatment 11/25/1999

Naive Patients Having G Chronic Hepatitis C Infection
W002/100846 ompounds And Methods For The Treatment Or Prevention Of Flavivirus Infections 12/19/2002
W002/100851 Compounds And Methods For The Treatment Or Prevention Of Flavivirus Infections 12/19/2002
5241053 Fused Proteins Comprising Glycoprotein Gd Of HSV-1 And LTB 8/31/1993
5556946 Interleukin-2/Viral Antigen Protein Chimers 9/17/1996
6087484 Enhancement Of Ribozyme Catalytic Activity By A 2'-O-Substituted Facilitator 7/11/2000

Oligonucleotide
5830905 Compounds, Compositions And Methods For Treatment Of Hepatitis C 11/3/1998
6316492 Methods For Treating Or Preventing Viral Infections And Associated Diseases 11/13/2001
6440985 Methods For Treating Viral Infections 8/27/2002
W000/10573 ompounds, Compositions And Methods For Treating Or Preventing Viral Infections And 3/2/2000

_ssociated Diseases
W000/13708 Methods For Treating Or Preventing Viral Infections And Associated Diseases 3/16/2000
WO00/18231 Methods For Treating Or Preventing Viral Infections And Associated Diseases 4/6/2000
W099/51781 Hepatitis C Virus Ns5b Compositions And Methods Of Use Thereof 10/14/1999
6323180 Hepatitis C Inhibitor Tri-Peptides 1/27/2001
6143715 Hepatitis C Inhibitor Peptide Analogues 11/7/2000
6329379 Hepatitis C Inhibitor Tri-Peptides 12/11/2001
6329417 Hepatitis C Inhibitor Tri-Pepitides 2/11/2001
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6410531 Hepatitis C Inhibitor Tri-Pentides 5/25/2002
6420380 Hepatitis C Inhibitor Tri-Peptides 7/16/2002
6448281 Viral Polymerase Inhibitors 9/10/2002
6479508 iral Polymerase Inhibitors 11/12/2002
6534523 Hepatitis C Inhibitor Tri-Peptides 3/18/2003
WO00/09543 Hepatitis C Inhibitor Tri-Peptides 2/24/2000
W000/09558 Hepatitis C Inhibitor Peptides 2/24/2000
WO00/59929 Macrocyclic Peptides Active Against The Hepatitis C Virus 10/12/2000
W002/04425 Viral Polymerase Inhibitors 1/17/2002
W002/70739 Hcv Polymerase Inhibitor Assay 9/12/2002
W003/07945 Viral Polymerase Inhibitors 1/30/2003
W003/10140 Viral Polymerase Inhibitors /6/2003
W003/10141 Viral Polymerase Inhibitors 2/6/2003
W099/07734 Hepatitis C Inhibitor Peptide Analogues 218/1999
W001/16379 Hepatitis C Virus Replication Inhibitors 3/8/2001
W002/07761 Inhibiting Hepatitis C Virus Processing And Replication 1/31/2002
W002/57287 ucleoside Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase 7/25/2002
W002/57425 Nucleoside Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase 7/25/2002
W002/70651 Viral Reporter Particles 9/12/2002;
W003/20222 Dioxolane And Oxathiolane Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase 3/13/2003
PCT/US2003/ Thiosemicarbazones as Anti-Virals and Immunopotentiators 01/10/2003
041493

Table 3: US Patents and published international patent applications relating to inhalation

technology for the delivery of antiviral compounds of the invention.

Publication Publication
Number Date
5740794 Apparatus and methods for dispersing dry powder medicaments 4/21/1998
5775320 Method and device for delivering aerosolized medicaments /7/1998
5785049 Method and apparatus for dispersion of dry powder medicaments 7/28/1998
5814607 Pulmonary delivery of active fragments of parathyroid hormone 9129/1998
5826633 Powder filling systems, apparatus and methods 10/27/1998
5458135 Method and device for delivering aerosolized medicaments 10/17/1995
5607915 Pulmonary delivery of active fragments of parathyroid hormone 3/4/1997
5654007 Methods and system for processing dispersible fine powders 8/5/1997
5922354 Methods and system for processing dispersible fine powders 7/13/1999
5928469 Process for storage of materials 7/27/1999
5976574 Processes for spray drying hydrophobic drugs in organic solvent suspensions 11/2/1999
5985248 Processes for spray drying solutions of hydrophobic drugs and compositions thereof 11/16/1999
5994314 Compositions and methods for nucleic acid delivery to the lung 11/30/1999
5997848 Methods and compositions for pulmonary delivery of insulin 12/7/1999
6001336 Processes for spray drying aqueous suspensions of hydrophobic drugs and compositions thereof 12/14/1999
6019968 Dispersible antibody compositions and methods for their preparation and use 2/1/2000
6051256 Dispersible macromolecule compositions and methods for their preparation and use 4/18/2000
6071428 Stable compositions 6/6/2000
6077543 Systems and processes for spray drying hydrophobic drugs with hydrophilic excipients 6/20/2000
6080721 Pulmonary delivery of active fragments of parathyroid hormone 6/27/2000
6089228 Apparatus and methods for dispersing dry powder medicaments 7/18/2000
6103270 Methods and system for processing dispersible fine powders 8315/2000
6123936 Methods and compositions for the dry powder formulation of interferons 9/26/2000
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6136346 Powdered pharmaceutical formulations having improved dispersibility 10/24/2000
6138668 Method and device for delivering aerosolized medicaments 10/31/2000
6165463 Dispersible antibody compositions and methods for their preparation and use 12/26/2000
6182712 Power filling apparatus and methods for their use 2/6/2001
6187344 Powdered pharmaceutical formulations having improved dispersibility /13/2001
6207135 Gaseous microparticles for ultrasonic diagnosis and process for their production 3/27/2001
6231851 Methods and compositions for the dry powder formulation of interferons 5/15/2001
6257233 Dry powder dispersing apparatus and methods for their use 7/10/2001
6258341 Stable glassy state powder formulations 7/10/2001
6267155 Powder filling systems, apparatus and methods 7/31/2001
6294204 Method of producing morphologically uniform microcapsules and microcapsules produced by 9/25/2001

Shis method
6303582 Compositions and methods for nucleic acid delivery to the lung 10/16/2001
6309623 Stabilized preparations for use in metered dose inhalers 10/30/2001
6309671 Stable glassy state powder formulations 10/30/2001
6358530 Powdered pharmaceutical formulations having improved dispersibility 3/19/2002
6365190 Systems and processes for spray drying hydrophobic drugs with hydrophilic excipients 4/2/2002
6372258 Methods of spray-drying a drug and a hydrophobic amino acid 4/16/2002
6423344 Dispersible macromolecule compositions and methods for their preparation and use 7/23/2002
6426210 Storage of materials 7/30/2002
6433040 Stabilized bioactive preparations and methods of use 8/13/2002
6440337 Method and apparatus for the formation of particles 8/27/2002
RE37872 Storage of materials 10/8/2002
6479049 Methods and compositions for the dry powder formulation of interferons 11/12/2002
6503411 Stable compositions 1/7/2003
6509006 Devices compositions and methods for the pulmonary delivery of aerosolized medicaments 1121/2003
6514496 Dispersible antibody compositions and methods for their preparation and use 2/4/2003
6518239 dry powder compositions having improved dispersivity 2/11/2003
6543448 apparatus and methods for dispersing dry powder medicaments /8/2003
6546929 dry powder dispersing apparatus and methods for their use 4/15/2003
WO 00/15262 dry powder active agent pulmonary delivery 3/23/2000
WO 93/00951 method and device for delivering aerosolized medicaments 1/21/1993
WO 94/07514 ulmonary delivery of active fragments of parathyroid hormone 4/14/1994
WO 95/24183 methods and compositions for pulmonary delivery of insulin 9/14/1995
WO 95/31479 methods and compositions for the dry powder formulation of interferons 11/23/1995
WO 96/09085 apparatus and methods for dispersing dry powder medicaments 3/28/1996
WO 96/32096 powdered pharmaceutical formulations having improved dispersibility 10/17/1996
WO 96/32116 compositions and methods for nucleic acid delivery to the lung 10/17/1996
WO 96/32149 pulmonary delivery of aerosolized medicaments 10/17/1996
WO 96/32152 ulmonary administration of dry powder alpha 1-antitrypsin 10/17/1996
WO 96/40068 methods and system for processing dispersible fine powders 12/19/1996
WO 97/41031 powder filling systems, apparatus and methods 11/6/1997
WO 97/41833 dispersible macromolecule compositions and methods for their preparation and use 11/13/1997
WO 98/16205 stable glassy state powder formulations 4/23/1998
WO 98/29096 aerosolized hydrophobic dru 7/9/1998
WO 98/29098 rocesses for spray drying aqueous suspensions of hydrophobic drugs with hydrophilic 7/9/1998

_xcipients and compositions prepared by such processes
WO 98/29140 processes and compositions for spray drying hydrophobic drugs in organic solvent suspensions 7/9/1998

_f hydrophilic excipients
WO 98/29141 processes for spray drying solutions of hydrophobic drugs with hydrophilic excipients and 7/9/1998

_ompositions prepared by such processes
WO 99/19215 powder filling apparatus and method 4/22/1999
WO 99/42124 liquid crystal forms of cyclosporin 8/26/1999
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WO 99/47196 aerosolized active agent delivery 9/23/1999
WO 99/62495 dry powder dispersing apparatus and methods for their use 12/9/1999
WO 00/21594 low resistance modulated aerosolized active agent delivery 4/20/2000
WO 00/61178 ulmonary administration of dry powder formulations for treating infertility 10/19/2000
WO 00/72904 apparatus and method for dispensing metered amount of aerosolized medication 12/7/2000
WO 01/00263 systems and methods for aerosolizing pharmaceutical formulations 1/4/2001
WO 01/00312 spray drying process for preparing dry powders 1/4/2001
WO 01/32144 dry powder compositions having improved dispersivity 5/10/2001
WO 01/43529 receptacles to facilitate the extraction of powders 6/21/2001
WO 01/43530 systems and methods for extracting powders from receptacles 6/21/2001
WO 01/43802 systems and methods for treating packaged powders 6/21/2001
WO 01/44764 systems and methods for non-destructive mass sensing 6/21/2001
WO 01/87393 systems, devices and methods for opening receptacles having a powder to be fluidized 11/22/2001
WO 01/93932 lockout mechanism for aerosol drug delivery devices 12/13/2001
WO 02/09669 apparatus and process to produce particles having a narrow size distribution and particles made 2/7/2002

thereby
WO 02/11695 nhaleable spray dried 4-helix bundle protein powders having minimized aggregation 2/14/2002
WO 02/49619 induced phase transition method for the production of microparticles containing hydrophilic 6/27/2002

active agents
WO 02/49620 induced phase transition method for the production of microparticles containing hydrophobic 6/27/2002'

active agents
WO 02/54868 ulmonary delivery of polyene antifungal agents 718/2002
WO 02/87542 novel methods and compositions for delivering macromolecules to or via the respiratory tract 11/7/2002
WO 02/100548 centrifuged rotating drum for treating cohesive powders 12/19/2002
WO 03/00326 >owder aerosolization apparatus and method 1/3/2003
WO 03/00329 Flow regulator for aerosol drug delivery device and methods 1/3/2003

TABLE 4: Forward and reverse primers for nucleic acid amplification of SARSV

o 0

i. 
a.t0 Z ar rr 

0 oE
E CL E a_

U- U- U

111021 12726 12746 51.3 47. 3521 12996 12977 50.2 40 1 271 75 42.8 26 52.6
2 1022 12236 12256 51.2 42.93522 12993 12975 51.4 47.4 0.2 758 76.4 42.5 26 54
3 1023 12373 12391 50.8 47.4 3523 12993 12975 51.4 47.4 0.6 621 76.4 43 26 5318
41024 12236 12256 51.2 42.93524 12996 12977 50.2 40 0.9 761 76.4 42.3 26 53.6
51025 12373 12391 50.8 47.4 3525 12996 12977 50.2 40 0.5 624 76.4 42.8 26 53.6
61026 12726 12746 51.3 47.63526 12993 12975 51.4 47.4 0.1 268 75.1 43.3 26 53.1
7 1027 2671 2692 52.1 40.93527 3185 3164 51 45.5 1.2 515 75.6 41.6 26 53.3
81028 28942 28961 50.2 453528 29298 29280 51.4 52.6 1.2 357 76.4 44.8 26 53.6
9 1029 19801 19819 53.2 52.63529 19922 19901 51.5 45.5 1.7 122 72.2 43.4 26 51.1

101030 19800 19817 50.4 503530 19921 19901 50.2 47.6 0.3 122 72.2 43,4 26 50.7
11 1031 9930 9948 51.5 52.63531 10605 10588 51.1 50 0.4 676 75.8 41.3 27 53.5
121032 9933 9952 50.9 453532 10605 10588 51.1 50 0.2 673 75.8 41.2 27 53.4
13 1033 9930 9949 52.2 503533 10605 10588 51.1 50 1.1 676 75.8 41 27 53.5
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14[1034 9927 9945 50.8 52.63534 10605 10588 51.1 50 0.3 679 75.8 41.2 28 53.4
1035 3789 3806 50 50 3535 4445 4425 50.6 42.9 0.5 657 75.5 40.5 28 52.9

16 1036 3788 3805 50 50 3536 4444 4424 50.6 42.9 0.5 657 75.5 40.5 28 52.9
17 1037 3795 3813 52.1 52.613537 4445 4425 50.6 42.9 1.5 651 75.5 40.6 28 53.1
18 1038 3787 3804 50 50 3538 4445 4425 50.6 42.9 0.5 659 75.4 40.4 28 52.9
19 1039 19801 19819 53.2 52.63539 19921 19900 51.8 45.5 1.4 121 72,3 43.8 28 51.2
201040 24418 24436 50 47.43540 25182 25164 51.4 47.4 1.4 765 76.1 41.7 28 53.4
21 1041 9929 9949 53.8 47.63541 10449 10425 54.6 40 0.8 521 75.4 40.9 28 54
22 1042 2671 2692 52.1 40,93542 3186 3165 50.4 40.9 1.7 516 75.6 41.5 28 53.1
23 1043 3792 3810 52.9 52,613543 4446 4425 51.8 45.5 1.1 655 75.5 40.6 28 53.5
241044] 9933 9952 50.9 453544 10449 10431 50.9 47.4 0.1 517 75.3 40.8 28 53.1

1045 3792 3810 52.9 52.6 3545 4445 4424 51.3 40.9 1.6 654 75.5 40.5 28 53.3
2651046 25782 25806 535 403546 26184 26164 52.4 42.9 1.1 403 74.7 40.2 28 53.1
27 1047 9927 9945 50.8 52,63547 10449 10431 50.9 47.4 0.1 523 75.4 40.9 28 53.1
28 1048 9927 9945 50.8 52.6 3548 10449 10428 51.9 40.9 1.1 523 75.4 40.9 28 53.1
291049 3789 3806 50 5013549 4444 4424 50.6 42.9 0.5 656 75.5 40.5 28 53
301050 3795 3813 52,1 52.63550 4444 4424 50.6 42.91 1,5 650 75.5 40.6 28 53,1
311051 9933 9952 50.9 45 3551 10449 10428 51.9 40.9 1. 1 .517 75.3 40.8 28 53.1
32 1052 9930 9948 51,5 52.6 3552 10449 10431 50.9 47.4 0.5 520 75.4 41 28 53.2
83 1053 9930 9948 51,5 52.6 3553. 10449 10428 51.9 40.9 0.4 520 75.4 41 28 53.3
34 1054 9929 9948 53,2 503554 10449 10425 54.6 40 1.4 521 75.4 40.9 28 53.8

1055 9931 9952 53 45.5 3555 10449 10425 54.6 40 1.6 519 75.3 40.8 28 53.7
361056 3791 3808 50 50 3556 4445 4425 50.6 42.9 0.5 655 75.5 40.5 28-52.9
37 1057 3791 3808 50 50 3557 4444 4424 50.6 42,9 0.5 654 75.5 40.5 28 53
381058 9930 9949 52,2 50 3558 10449 10431 50.9 47.4 1.2 520 75.4 41 28 53.2
39 1059 9930 9949 52,2 50 3559 10449 10428 51.9 40.9 0.3 520 75.4 41 28 53.5
401060 3788 3805 50 50 3560 4445- 4425 50.6 42.9 0.5 658 75.5 40.4 28 52.9
4111061 19800 19817 50.4 503561 19921 19900 51.8 45.5 1.4 122 72.2 43.4 28 50.8
4211062 3787 3804 50 503562 4444 4424 50.6 42,9 0.5 658 75.57[' 40.4 28 52.9
431063 25782 25806 53.5 403563 26183 26163 51.7 42.9 1.7 402 74.7_ 40.3 28 52.9
44 1064 25782 25806 53.5 40 3564 26183 26160 54.5 41.7 1 402 74.7 40.3 28 53.5

1065 25782 25806 53.5 40 3565 26183 26159 54.9 40 1.5 402 74.7 40.3 28 i'53.5
46 1066 2429 2447 50.2 47.4 3566 3187 3166 50.3 45.5 0.1 759 76.6 43 29 53.8
4711067 2427 2445 52.1 52.63567 3185 3164 51 45.5 1.1 759 75.7 43.1 29 54.1
4811068 2429 2447 50.2 47.4 3568 3185 3164 51 45.5 0.7 757 76.6 42.9 29 53.8
4911069 1 19800 19817 50.4 50 3569 19923 19904 50.1 50 0.3 124 72.3 43.5 29 50.8
501070 2427 2445 52.1 52.6 3570 3187 3166 50.3 45.5 1.8 761 76.7 43.1 29 53.9
51 1071 29183 29204 50.4 40.9 3571 29412 29393 50.3 45 0 230 75.3 44.8 29 52.9
52 1072 16367 16386 51.4 50 3572 16780 16760 51.4 42.9 0.1 414 75 40.8 30 53
53 1073 11543 11562 50.4 403573 12254 12236 50,5 47.4 0.1 712 76.2 42 30 53.6
541074 12976 12995 51.1 45 3574 13547 13528 50.2 45 0.9 572 77.4 45.5 30 54.3

1075 12040 12057 50.6 50 3575 12254 12236 50.5 47.4 0.1 215 75.5 45.6 30 53.1
561076 12976 12996 51.8 42.9 3576 13544 13525 52.6 55 0.8 569 77.5 45.7 30 54.8
57 1077 10141 10160 51 45 3577 10605 10588 51,1 50 0.1 465 74.9 40.2 30 52.8
581078 12235 12253 50.1 52.63578 12996 12977 50.2 40 0.1 762 76.4 42.4 30 53.6
59 1079 19795 19814 50.4 453579 19921 19901 50.2 47.6 0.3 127 72.3 43.3 30 50.8

1080 12235 12253 50.1 52.6,3580 12993 12975 51.4 47.4 1.3 759 76.5 42.6 30 53.7
61 1081 12976 12994 50.3 47.43581 13547 13528 50.2 45 0.1 572 77.4 45.5 30 54.3
62 1082 12975 12994 52.1 45 3582 13544 13525 52.6 55 0.5 570 77.4 45.6 30 54.9
63 1083 12977 12996 50.2 403583 13547 13528 50.2 45 0 571 77.3 45.4 30 54.3
64 1084 11541 11561 50.9 42.93584 12254 12236 50.5 47.4 0.3 714 76.2 42 30 53.6

1085 28394 28411 50.3 503585 28672 28654 50.6 52.6 0.3 279 78.6 51.6 30 55.2
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6611088 1 9930 9948 51.51 52.6 3586 10455 10434! 51.1! 40.91 0.3 526! 75.3 40.7 301 53.1
67 10871 8220 8238 51.5 47.4 3587 8929 8911 53.4 52.6 1.9 710 75.4 40 30 53.3
68 1088 9930 9949 52.2 50 3588 10455 10435 50.5 42.9 -1.7 526 75.3 40.7 30 52.9

691089 12236 12256 51.2 42.9 3589 12412 12392 50 42.9 1.2 177 73 41.2 30 51.2

1090 J 9930 99952.2 50 3590 10455 10434 51.1 40.9 1.1 526 75.3 40.7 30 53.1
71091 9933, 9952 50., 45 3591 10455 10435 50.5, 42.9, 0.4 5231 75.2 40.5 30 52.9

721092 12726 12746 51.31 4763592 13314 13297 511 50 0. 58 766 461 30
73 1093 9933 9952 50.9 45 3593 10455 10434 51.1 40.91 0.3 523 75.2 40.5 30 53

74 -09 16909 16928 50.8 45,3594 17501 17481 51.2 42.9 0.4 593 75.9, 41.8 30 53.5
1095 12975 12993 51.4 47.413595 13544, 13525 52.8 55 1.2 570 77.4 45.6. 30 54.7

76 1096 2671 2692 52.1 40.9 3596 3187 3166 50.3 45.5 1.8 517 75.6 41.6 30 53.1
77 1097 19800 19818 52.1 52.6 3597 19921 19900 51.8 45.5 0.3 122 72.2 43.4 30 51.2
78 1098 12975 12993 51,4 47,4 3598 13547 13528 50.2, 45 1.2 573 77.3 45.4 30 54.3
79 1099 9930 9948 51.5 52,6 3599 10455 10435 50.51 42.9 1 526. 75.3 40.7 30 52.9

1100 12976 12995 51.11 45.3600 13544 13525 52.6 55 1.5 569 77.5 45.7 30 54.6
81 1101 24635 24653 50.5 52.6 3601 25182 25164 51.4 47.4 0.9 548 75.1 40.1 30 52.8
82 1102 24633 24651 50.1 52.613602 25182 25164 51.4 47.4 1.3 5501 75.2 40.2 30 52.7
83f 113 460 4648 50.8 52.6 3603 25182 25164 51.4 47.4 0.61 5531 75.2 .40.3 30 53
8411104 28394 28412 51.1 47.4 3604 28672, 28654 50.6 52.6, 0.5 2791 78.6 51.61 30 55.3
8511105 28395 28413 50.2 42.1 3605 286721 28654 50.6 52.6 0.41 278 78.6, 51.41 30 55.2
8611106 28396 28415 51.21 45 3606 28872 28654 50.6 52.8 0.8 277 78.6 51.51 30 '55.3
8711107 26421 26441 51.5 42.9 3607 26587 26568 52.7 45 1.2 167 72.3 p40.1 30. '.51.2
88 1108 26421 26441 51.5 42,9 3608 26589 26571 51.7, 47.4 0.2 169 72.4 40.21 30 51.2
89 1109 26421 26441 51.5 42.9 3609 26589 26572 511 50 0.5 169 72.4 40.21 30 51.1
9D 1110 26421 26441 51.5 42.9 361 26590 26573 51.71 50 0.3 170 72.3. 40 30 51.2

91 1111 26040 26061 56.4 54.5 '3611 26589 26568 55.21 45.5 1.2 550 75.1 40 30 .54.2

92 1112 26 0-39 26057 52.6 52.6 3612 26183 26160 54.5j 41.7 1.9 145 71.9 40.7 30 51.2
93 1113 26039 26057 52.6 52.6 3613 26182 26161 51.21 40.9 1.41 144 71.7 40.3 301 50.7
941114 26039 26057 52.6 52.6 3614 26183. 26163 51.7j 42.9 0.9f 145 71.9 40.7 30 51

9561116 8867 8867 52.3 47.6 3615 92531 9235 51.6 47.4 0.71 387 75.1 41.31 30 53.2
-9611116 10247 10267 50., 47.6,3616 108051 10588 51.1 5 0.6 359 74.6 40.41 30 .52.4

9711117 111540 11557 50.41 503617 12254 12236 50.5 47.4 0.1 715 76.2 42.1 30 !53.6
98 1118 111541 11560 50.11 4513618 12254 1- 2236 50.51 47.4 0.4 714 76.2 42 30, 53.5
99 1119 '8221 8240 52.4 503619 8929 8911 53.4 52.6 1 709 75.4 40.1 30 53.6

100 1120 109 13057 51.1 52.6 3620 13177 13156 50.4 40.9 0.7 139 73.9 46 31 52
11 19801 1981 53.2 52.6 3621 19917 19895 52.5 43.5 0.81 117 72 43.61 31 51.2

102 1122 19709, 19730 51.3 40.9 3622 19921, 19900 51.8 45.5 0.51 213 73.9 41.8 31 52.2
103 1123 16366 16386 54.4, 52.4,3623 16774 16751 53.61 41.7 0.81 409 75.1 41.1 31, 53.8
10D4 1124 3 21 53.4 52.6 3624 256 235 52.61 45.5 0.81 254 76.1 46.1 311 54.2
105 1125 4 22 52.3 52.6 3625 314 296 50.6 47.4 1.71 311 76.8 46.6 311 54.1

106 1126 13039 130581 51.8 5013626 13177 13156 50.4 40.9 1.5 139 73.9 46 31 52
107 1127 19800 19817 50.4 5013627 19916, 19895 50.2 40.9 0.2 117 71.7 42.7 31 50.3
108 1128 4645 4665 50.2 42.9 3628 5306 5289 50.8 50 0.5 662 75.6 -40.8 31 53.1
109 1129 13039 13057 51.1 52.6 3629 13747 13726 50.81 40.9 0.4 709 76.6 43.2 31 54
110 1130 13039 13058 51.8 50 3630 13747 13726 50.8 40.9 1.1 '709, 76.6 43.21 31 54
i11 1131 3 21 53.4 52.6 3631 253 233 51.8 47.8 1.6 251 76.2 46.2 31 54
1121132 27365 27385 53.2, 47.6 3632 27464 27444 53 42.9 0.2 100 70.8 43 31 50.6
113 1133 24418 24436 50 47.4 3633 24527 24508 50.5 45 0.5 110 71.3 42.7 31 
114 1134 26708 26727 50 453634 27463 27446 50 44.4 0 756 75.9 41.1 31 53.2
115 115 219 24200 53.3 40.9 3635 24936 24919 51.8 50 1.5 758 75.8 41 31 53.7
116 1136 1 267081 26727 50 45.3636 27462, 27444 50.1 42.11 0.11 75517. 12 1 

-340-



WO 2004/092360 PCT/US2004/011710

117111 I I I
37 26708 26731 54.21 41.7 3637 1 2746E 274461 54,6 758 75.91 41.31 31 54,5

1181138 27365 27384 52.6 50363 27464 27446 51.7 47.4 0.9 100 70.8 43 31 50.2
119 1139 27365 27384 52.6 50 3639 27464 27445 52.4 45 0.2 100 70.8 43 31 50.4
1201140 27365 27384 52.6 503640 27464 27444 53 42.9 0.4 100 70.8 43 31 50.4
121 1141 27367 27385 51.4 52.63641 27571 27552 50.1 40 1.3 205 74.6 43.9 31 52.4
12211142 27367 27385 51.4 52.613642 27567 27547 51.1 42.9 0.2 201 74,7 44.3 31 52.7
12311143 2427 2445 52.1 52.63643 3186 3165 50.4 40.9 1.7 760 76,7 43 31 53.9
1241144 8867 8887 52.3 47.63644 9256 9237 50.8 45 1.5 390 75.1 41.3 31 52.9
125 1145 9934 9953 50.7 503645 10605 10588 51.1 50 0.4 672 75.8 41.2 31 53.4
126 1146 2429 2447 50.2 47.4 3646 3186 3165 50.4 40.9 0.2 758 76.6 42.9 31 53.8
127 1147 27365 27385 53.2 47.63647 27464 27445 52.4 45 0.8 100 70.8 43 3150A
1281148 19994 20011 50.4 503648 20615 20597 50.6 47.4 0.2 622 75.2 40 31 52.9
129 1149 9922 9941 51.3 503649 10605 10588 51.1 50 0.2 684 75.8 41.2 32 53.5
1301150 12962 12980 50.7 47.43650 13544 13525 52.6 55 1.8 583 77.5 45.6 32 54.5
131 1151 12965 12988 54 41.7 3651 13544 13525 52.6 55 1.5 580 77.4 45.5 32 
1321152 -13176 13197 52.7 4553652 13544 13525 52.6 55 0.1 369 77.1 46.3 32 54.8
1331153 28867 28886 53,2 503653 29298 29280 51.4 52.6 1.7 '432 7 .8 45.1 32 54.3
134 1154 24418 24439 52.9 45.53654 25182 25164 51.4 47.4 1.5 765 7.1 41.732 53.8
135 1155 24420 24440 50.8 42,93655 25182 25164 51.4 47.4 0.6 763 76.1 41.5 32 53.6
1361156 8867 8887 52.3 47.63656 9107 908651.6 45.5 0.7 241 74.1 41.5 32 52.5
1371157 1402 1422 50.2 42.9 3657 2103 2083 50.6 42.9 0.4 702 76.7 43.3 32 53.8
138 1158 25782 25805 52.1 41.73658 26183 26163 51.7 42.9 0.4 402 74.7 40.3 32 52.9
1391159 25781 25805 53.5 403659 26183 26160 54.5 41.7 1i 403 74.7 40.2 32 .53.4
140 1160 26781 25805 53.5 403660 26183 26159 54.9 40 1.5 403 74.7 '40.2 32 53.4

-141 1161 2671 2692 52.1 40.9 3661 3052 3033 50.3 50 1.8 382 74.8 40.6 32 52.5
142 1162 12726 12746 51.3[ 47.63662 13177 13156 50.4 40.9 0.9 452 76.4 43.8 32 53.7
1431163 16909 16928 50.8 453663 17111 17090 51.1 40.9 0.3 203 75 44.8 32 52.8
14411164 12234 12252 50.6 47.43664 12993 12975 51.4 47.4 0.8 760 76.4 42.5 32 53.8
1451165 26039 26057 52.6 52.6 !3665 26828 26810 52.9 52.6 0.2 790 76.4 42.4 32 54.4

146 1166 26039 26057 52.6 52.63666 26694 26677 51.4 50 1.2 656 75.7 41 32 53.5
-147 7 -26039 26057 52.6 52.6 3667 26692 26674 51.9 52.6 0.7 654 75.7 41 32 53.6
1481168 26039 26057 52.6 52.63668 26691 26673 51.3 47.4 1.3 653 75.6 40.9 32 53.4
149 1169 26039 26057 52.6 52.63669 26687 26669 51.3 47.4 1.3 649 75.6 40.8 32 53.4
1501170 26039 26057 52.6 52.63670 26684 26666 53.4 52,6 0.8 646 75.6 40.9 32 '53.8
151 1171 26039 26057 52.6 52.63671 26683 26665 52.7-52.6 0.1 645 75.6 40.9 32 53.8
152,1172 9934 9953 50.7 503672 10449. 10431 50.9 47.4 0.2 516 75.4 40.9 32 53.1
1531173 9927 9945 50.8 52.6.3673 10455 10434 51.1 40.9 0.3 529 75.3 4061 32 53
1541174 7728 7746 51.7 52.63674 8188 8169 5015 45 1.2 461 75.6' 41.9 32 53.2
155 1175 18550 18571 50.4 40.93675 19216 19195 50.2 40.9 0.2 667 75.7 41.1 32 '53.2
1561176 19801 19819 53.2 52.63676 19921 19899 52.4 43,5 0.8 121 72.3 43,8 32 51.4
1571177 19709 19730 51.3 40.93677 19923 19904 50.1 50 1.2 215 73.9 41.9 32 51.9
158 1178 4639 4859 51.1 47.83678 5306 5289 50.8 50 0.3 668 75.6 40.9 32 53.3
159 1179 19794 19813 50 503679 19921 19901 50.2 47.6 0.2 128 72.6 43.8 32 50.9
160 1180 12965 12985 51.2 42.93680 13544 13525 52.6 55 1.4 580 77.4 45.5 32 54.6
161 1181 9932 9953 53 45.53681 10449 10425 54.6 40 1.6 518 75.3 40.7 32 53.7
16211182 19795 19814 50.4 453682 19921 19900 51.8 45.5 1.4 127 72.3 43.3 32 50.9
163 1183 27366 27384 52.2 52.6 3683 27468 27451 51.1 50 1 103 71.3 43.7 32 50.3
164 1184 27366 27384 52.2 52.63684 27467 27450 52.1 50 0.1 102 71.4 44.1 32 50.7
165 1185 27366 27384 52.2 52.63685 27466 27449 51 50 1.2 101 71.5 44.6 32 50.4,
166 1186 25782 25805 52.1 41.73686 26183 26164 51 45 1.1 402 74.7 40.3 32 52.7
1671187 9934 9953 50.7 50 3687 10449 10428 51.9 40.9 1.2 516 75.4 40.9 32 53.1
168.1188 9925 9945 53.4 52.413688 10449 10425 54.6 40 1.2 525 75.4 41 32 53.9
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169 1189 19800 19817 50.4 503689 19922 19902 501 42.9 0.4 123 72.1 43.1 32 50.6
170 1190 8867 8887 52.3 47,63690 9310 9291 51.21 45 1.2 444 75.4 41.4 32 53.2
171 1191 27367 27385 51.4 52.6 3691 27468 27451 51.1 50 0.3 102 71.4 44.1 32 50.4
1721192 27367 27385 51.4 52,6 3692 27467 27450 52.1! 50 0.7 101 71.5 44.6 32 50.6
173 1193 2671 2692 52.1 40.93693 3082 3058 52.3 40 0.2 412 74.9 40.5 32 53.2
174 1194 9927 9945 50.8 52.63694 10608 10589 51 50 0.2 682 75.8 41.2 32 53.4
175 1195 19800 19817 50.4 503695 19920 19899 50.2 40.91 0.3 121 71.9 43 32 50.5
176 1196 13177 13197 50.3 42,9 3696 13547 13528 50.2 45 0.1 371 76.9 45.8 32 54
177 1197 28179 28200 50.8 40,9 3697 28672 28654 50.6 52.6 0.3 494 79.8 51.8 32 56.1
178 1198 27367 27385 51.4 52,6 3698 27466 27449 51 50 0.4 100 71.6 45 32 50,5

179 1199 27366 27385 52.8 503699 27465 27446 54.6 50 1.7 100 71.2 44 32 50.8
180 1200 19800 19818 52.1 52,6 3700 19921 19901 50.2 47.6 2 122 72.2 43.4 32 50.7
181 1201 9927 9945 50.8 52.6 3701 10455 10435 50.5 42.9 0.3 529 75.3 40.6 32 52.9
182 1202 28868 28887 50.7 45 3702 29298 29280 51.4 52.6 0.7 431 76.8 451 32 54,1
183 1203 28867 28887 53.7 47.63703 29306 29288 53.5 52.6 0.3 440 76.9 45.2 32 
184 1204 28867 28887 53.7 47.63704 29301 29282 55.3 55 1.5 435 76.9 45.3 32 55.1

1 185 1205 28868 28888 51.4 42,913705 29298 29280 51.4 52.6 0 431 76.8 45 32 54.3
186 1206 28867 28888 54.3 45,513706 29306 29288 53.5 52.6 0.8 440 76.9 45.2 32 
187 1207 28867 28888 54.3 45,5 3707 29301 29282 55.3 55 1 435 76.9 45.3 32 55.2
188 1208 28870 28889 50.1 40 3708 29298 29280 51.4 52.6 1.3 429 76.8 451 32 53.9
189 1209 28868 28889 52 40.9 3709 29306 29288 53.5 52.6 1.5 439 76.9 45ff 32 54.5
190 1210 28867 28889 54.8 43.5 3710 29301 29282 55.3 55 0.5 435 76.9 45. 32 55.4
191 1211 28867 28890 55.2 41,73711 29306 29288 53.5 52.6 1.7 440 76.9 45.2 32' 

1921212 28867 28890 55.2 41.713712 29301 29282 55.3 55 0.1. 435 76.9 45.3 32 55.5
193 1213 28867 28890 55.2 41.73713 29299 29280 53.9 55 1.3 433 76.9 45.3 32 55.1
194 1214 12234 12252 506 47,4 3714 12996 12977 50.2 40 0.3 763 76.4 42.3 32 53.6
195 1215 28968 28988 50.9 47.63715 29298 29280 51.4 52.6 0.6 3311 76.2 44.7 32 53.7
196 1216 28968 28989 51,5 45.53716 29298 29280 51.4 52.6 0.1, 331 76.2 44.7 32 53.9
197 1217 13230 13251 52.4 45.5 3717 13544 13525 52.6 55 0.11 315 77.2 47.3 32 54.8
1981218 29186 29205 501 403718 29298 29280 51.4 52.6 1.3j 113 72.81 46 32 51.1
199 1219 29195 29213 51.9 52.63719 29306 29288 53.5 52.6 1.6 112 73.6 48.2 32 52.2
2001220 29195 29213 51.9 52.63720 29298 29280 51.4 52.6 0.5 104 73.1 48.1 32 51.7
201 1221 29196 29214 51,1 52.63721 29298 29280 51.4 52.6 0.3 103 73.3 48.5 32 51.7
202 1222 29195 29214 52,6 503722 29306 29288 53.5 52.6 0.9 112 73.6 48.2 32 52.4
203 1223 29196 29215 51.8 503723 29306 29288 53.5 52.6 1,6 111 73.8 48.6 32 52.3
204 1224 29196 29215 51.8 503724 29298 29280 51.4 52.6 0.4 103 73.3 48.5 32 51.8
205 1225 29197 29216 50 453725 29298. 29280 51.4 52.6 1.4 102 73 48 32 51.2
206 1226 29196 29216 52.5 47.6 3726 29306 29288 53.5 52.6 1 111 73.8 48.6 32. 52.5
207 1227 29195 29216 53.8 45.5 3727 29301 29282 55.3 55 1.5 107 73.5 48.6 32 52.7
208'1228 29254 29273 53.1 50 3728 29358 29339 52.8 50 0.2 105 73.4 48.6 32 52.3
209 1229 29259 29278 52.6 50 3729 29358 29339 52.8 50 0.2 100 72.4 47 32 51.6
210 1230 1402 1422 50.2 42.913730 1773 1755 51.7 52.6 1.5 372 75.8 43.3 33 53.2
211 1231 12726 12746 51.3 47.6 3731 13326 13306 50.7 42.9 0.6 601 76.7 43.6 33 54
212 1232 4 22 52.3 52.613732 269 251 51.1 52.61 1.2 266 76.5 46.6 33 54
213 1233 19800 19817 50.4 503733 19923 19903 50.9 47.61 0.4 124 72.3 43.5 33 50.9
214 1234 2371 2389 50.3 47.4 3734 3082 3058 52.3 40 2 712 76.7 43.3 33 53.9
215 1235 3 21 534 52.6 3735 270 251 52.9 50 0.5 268 76.4 46.3 33 54.4
216 1236 9930 9949 52.2 50 3736 10183 10166 50.9 50 1.3 254 75.3 44.1 33 53.1
217 1237 19795 19814 50.4 45 3737 19923 19904 50.1 50 0.3 129 72.5 43.4 33 50.9
218 1238 8867 8887 52,3 47.6 3738 9365 9347 53 62.6 0.7 499 75.8 42.1 33 53.9
219 1239 2371 2389 50.3 47.4 3739 3055 3036 50.6 50 0.3 685 76.7 43.4 33 53.9
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220 1240 19709 19730 51.3 40.93740 19921 19901 50.2 47.6 1.1 213 73.9 41.8 33 51.9
221 1241 9930 9949 52.2 503741 10183 10165 51,7 47.4 0.5 254 75.3 44.1 33 53.3

S2221242 2371 2389 50.3 47.43742 2747 2727 50 42.9 0.3 377 76.9 45.9 33 54
223 1243 24921 24938 50.4 503743 25182 25164 51,4 47,4 1 262 74.2 41.2 33 52.2
2241244 18077 18099 54.4 47.8 3744 18443 18424 55.9 55 15 367 75.8 43.3 33 54.5
225 1245 25772 25793 52.4 40.9 3745 26183 26164 51 45 1.3 412 74.8 40.3 33 52.8
226 1246 25769 25786 50.3 503746 26183 26164 51 45 0.8 415 74.9 40.5 33 52.6
2271247 25348 25366 51.2 47,4 3747 25548 25531 51.1 50 0.1 201 74.3 43.3 33 52.4
2281248 12726 12746 51.3 47.6 3748 13323 13304 51.1 45 0.2 598 76.7 43.61 33 54.1
2291249 8372 8390 50.7 47,43749 8928 8911 51.9 50 1.2 557 75.1 40 33 52.9
2301250 2671 2692 52.1 40.9 3750 3189 3168 51 45.5 1.2 519 75.7 41.6 33 53.4
231 1251 25348 25365 50.4 503751 25548 25531 51.1 50 0.7 201 74.3 43.3 33 52.2
2321252 19801 19819 53.2 52.63752 19923 19902 51.5 45.5 1.7 123 72.4 43.9 33 51.3
2331253 27442 27461 51.5 403753 27546 27527 51.3 50 0.2 105 71.8 44.8 33 50.8
2341254 8867 8887 52.3 47.6 3754 9312 9293 50.6 45 1.8 446 75.4 41.5 33 53
235 1255 2671. 2692 52,1 40.93755 3056 3038 50.8 52.6 1.3 386 74.8 40.7 33 52.7
2361256 13231 13251 50,1 42.93756 13547 13528 50.2 45 0.2 317 76.9 46.7 33 54
237 1257 9055 9079 52.8 40 3757 9310 -9291 51.2 45 1.7 256 74.4 41.8 33 52.5
2381258 28821 28838 50,3 50 3758 29298 29280 5i.4 52.6 1,1 478 77 45.2 33 54.1
239 1259 9055 9079 52.8 40 3759 9253 9235 51.6 47.4 1.2 199 73.6 41.7 33 52.1
2401260 123840 23863 55.2 45.8 3760 24050 24031 56.5 55 1.4 211 75 44.5 33 54.1
241 1261 18074 18093 50.3 453761 18233 18214 52 50 1.7 160 73.9 44.4 33 51.9
2421262 27366 27384 52.2 52.63762 27674 27654 51.9 42.9 0,3 309 74.3 40.5 33 52.7
2431263 28967 28989 53.7 47.83763 29301 29282 55.3 55 1.5 335 76.4 45.1 -33 54.71
24-41264 27366 27384 52.2 52.63764 27674 27653 52.5 40.9 0.3 309 74.3 40.5 33 52.8
2451265 28966 28988 55.3 52.23765 29301 29282 55.3 55 0.1 336 76.4 45.2 33 55.2
2461266 18074 18094 51.1 42.9 3766 18233 18214 52 50 1 160 73.9 44.4 33-- 52.1-

247 1267 28965 28984 52.9 55 3767 29298 29280 51.4 52.6 1.5 334 76.4 45.2 33 54
2481268 18081 18099 51.2 52.6 3768 18233 18215 51.3 52.6 0.1 153 74f 45.1- 33 52.2

2491269 18081 18099 51.2 52.563769 18233 18214 52 50 0.8 153 74 45.1 33 52.2
250 1270 18081 18099 51.2 52.813770 18231 18210 52.2 45.5 l i51 73.6 44.433 52
2511271 24480 24500 53.2 47.63771 24815 24791 54.5 40 1.3 336 75.6 43.2 33-- 54
252 1272 24481 24503 52.7 43.5 3772 24815 24791 54.5 40 1.8 335 755 43 33 53. 8
253 1273 27367 27385 51.4 52.6 3773 27675 27656 50 40 1.4 309 74.3 40.5 33 52.1
254 1274 27367 27385 51.4 52.63774 27674 27654 51.9 42.9 0.5 308 74.4 40.6 33 52.6
255 1275 27367 27385 51.4 52.63775 27674 27653 52.5 40.9 1.1 308 74.4 40.6 "33 52.6
2561276 18081 18099 51.2 52.6 3776 18223 18206 51.8 50 0.6 143 73.2 44.1 33 51.7
2571277 18080 18099 53 503777 18220 18202 54.8 52.6 1.9 141 73.1 44 33 52.2
258 1278 9933 9952 50.9 453778 10670 10649 51.3 40.9 0.5 738 75.7 40.8 33 53.4
259 1279 27665 27686 51.4 40.9 3779 28208 28190 51.7 52.6 0.4 544 75,1 40.1 33 53.1
260 1280 27665 27685 50.7 42.9 3780 .28208 28190 51.7 52.6 1.1 544 75.1 40.1 33 52.9
261 1281 27442 27461 51.5 403781 27541 27522 50.1 45 1.4 100 71,2 44 33 
262 1282 28821 28840 51.8 453782 29298 29280 51.4 52.6 0.4 478 77 45.2 33 54.4
263 1283 28821 28839 51.1 47.43783 29298 29280 51,4 52.6 0.3 478 77 45.2 33 54.3
2641284 8868 8889 50.4 40.93784 9252 9235 50.1 50 0.3 385 75.1 41.3 34 52.7
2651285 19800 19818 52.1 52.63785 19920 19899 50.2 40.9 2 121 71.9 43 34 50.5
266 1286 9055 9079 52.8 403786 9313 9293 52.1 47.6 0.7 259 74.6 42.1 34 52.9
267 1287 10142 10163 51.3 40.93787 10605 10588 51.1 50 0.2 464 74.9 40.1 34 52,8
268 1288 12726 12746 51.3 47.6 3788 13312 13294 51 52.6 0.3 587 76.6 43.6 34 54
269 1289 9055 9079 52.8 40 3789 9257 9237 52.2 42.9 0.7 203 73.5 41.4 34 52,2
270 1290 7876 7895 51.5 45 3790 -8188 8169 50.5 45 1.1 313 75 42.2 34 52.8
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271 1291 23843 23863 50.3 42.9 3791 24527 24507 51 42.9 0.7 685 76 41.8 34 53.4
272 1292 10247 10267 50.5 47.6 3792 10608 10589 51 50 0.5 362 74.6 40.3 34 52.4
273 1293 24179 24199 52.7 42.9 3793 24815 24791 54.5 40 1.8 637 75.8 41.3 34 53.9
274 1294 12236 12256 51.2 42.9 3794 12998 12979 50.1 45 1.1 763 76.4 42.5 34 53.6
275 1295 7869 7889 52.5 47.63795 8189 8169 52 47.6 0.5 321 75.3 42.7 341 53.
2761296 1402 1422 50.2 42.93796 2152 2133 50.7 45 0.5 751 76.7 43.1 34 53.8
2771297 12233 12251 51.1 52.6[3797 12993 12975 51.4 47.4 0.2 761 76,5 42.6 34 54
2781298 3033 3053 51.7 47.6 3798 3650 3631 53.1 50 1,4 618 76.4 42.9 34 54.1
279 1299 12233 12251 51.1 52.6 3799 12996 12977 50.2 40 0.9 764 76.4 42.4 34 53.7
280 1300 24483 24503 51 42.9 3800 24938 24921 50.4 50 0.6 456 75.6 41.9 34 53.1
281 130-I 11541 11561 50.9 42.93801 12253 12235 50.1 52.6 0.8 713 76.2 42.1 34 53.5
282 1302] 24622 24643 57.1 54.5 3802 25400 25379 56 50 1.1 779 75.7 40.7 34 54.9
283 1303 24622 24643 57.1 54.5 3803 25400 25378 56.4 47.8 0.6 779 75.7 40.7 34 
284 1304 24630 24648 50.8 52.63804 25403 25385 51.1 47.4 0.3 774 75.7 40.6 34 53.3
285 1305 9929 9946 50 503805 10605 10588 51,1 50 1 677 75.8 41.2 34 53.2
2861306 24633 24651 50.1 52.6 3806 25403 25385 51.1 47.4 1 771 75.6 40.5 34 53.1
2871307 -11541 11560 50.1 453807 12253 12235 50,1 52.6 0 713 76.2 42.1 341 53.5
288 1308 24635 24653 50.5 52,6 3808 25403 25385 51.1 47.4 0.7 769 75.6 40.4 34 53.2
289 1309 9933 9952 50.9 453809 10608 10589 51 50 0.1 676 75.8 41.1 34 53.4
290 01310 24921 24938 50.4 503810 25548 25531 51.1 50 0.7' 628 75.6 40.9 34 53.1
2911311 7725 7743 50.8 47,43811 8188 8169 50.5 45 0.4 464 75.6 41.B 34 53.2
2921312 28547 28568 53,5 45,53812 29301 29282 55.3 55 1.8 755 '78.5 47.5 34 56.1
2 93 1313 28547 28568 53.5 45.53813 29306 29288 53.5 52.6 0 760 78.5 47.5 34 56.1
2941314 28548 28568 50,5 42.93814 29298 29280 51.4 52.6 0.9 751 78.4 47.4 34 55.2
2951315 28546 28567 55.1 50 3815 29301 29282 55.3 55 0.2 756 78.5 47.6 34 56.6
2961316 28547 28567 52.9 47.63816 29298 29280 51.4 52.6 1.5 752 78.5 47.5 34 -55.5
297 1317 28546 28565 52.2 50 3817 29298 29280 51.4 52.6 0.8 753 78.5 47.5 34 55.5
2981318 28546 28565 52.2 503818 29306 29288 53.5 52.6 1.3 761 78.5 47.6 '34 55.7
299 1319 28396 28416 52.4 47.6 3819 28872 28654 50.6 52.6 1.8 277 78.6 51.6 34 55.3
3001320 28396 28415 51.2 453820 28671 28652 52.8 55 1.6 276 78.6 51.4 34 55.4
301 1321 28396 28415 51.2 453821 28671 28653 50.2 52.6 1 276 78.6 51.4 34 55.2
302 1322 12976 12995 51.1 45 3822 13545 13527 50.3 52.6 0.8 570 774 45.6 34 54.4
303 1323 16551 16568 51.1 503823 16711 16691 51 42.9 0.1 161 73.8441 34 52.1
3041324 28395 28414 51.5 453824 28672 28654 50.6 52,6 0.9 278 7B.6 51.4 34 55.3
3051325 16555 16572 50.3 50 3825 16780 16760 51.4 42.9 1.1 226 73.6 40.7 3-4 51.7
3061326 28394 28413 51.8 453826 28671 28652 52.8 55 1 278 ,78.6 51.4 34 55.6
3071327 28395 28413 50.2 42.1 3827 28671 28653 502 52.6 0 277 78.5 51.3 34 55.1
308 1328 7728 7746 51.7 52.6 3828 8049 8032 50.4 50 1.3 322 74.9 41.6 34 526
309 1329 28394 28412 51.1 47.4 3829 28671 28652 52.8 55 1.7 278 78.6 51.4 34 55.4
3101330 28394 28412 51.1 47.43830 28671 28653 50.2 52.6 0.8 278 78.6 51.4 34 55.2
311 1331 11543 11562 50.4 403831 12257 12237 51.3 47.6 0.9 715 762 42 34 53.5
3121332 -28393 28411 52.9 52.63832' 28671 28652 52.8 55 0.1 279786 51.6 34 56
3131333 28394 28411 50.3 50 3833 28671 28653 50.2 52.6. 0 278 78.6 51.4 34 55.2
3141334 4255 4276 51.7 45.53834 4710 4691 50.2 45 1.5 456 75.1 40.8 34 52.8
315 1335 12975 12994 52.1 453835 13545 13526 52.9 55 0.8 571 77.4 45.5 34 54.9
316 1336 9930 9948 51.5 52.63836 10608 10589 51 50 0.5 679 75.8 41.2 34 53.5
3171337 27665 27686 51.4 40.93837 28411 28393 52.9 52.6 1.6 747 76.8 43.5 34 543
3181338 27665 27686 51.4 40.93838 28415 28396 51.2 45 02 751 76.8 43.4 34 54.2
3191339 11541 11561 50.9 42,93839 12257 12237 51.3 47.6 0.5 717 76.2 42 34 53.7
3201340 27665 27685 50.7 42.93840 28415 28396 51.2 45 0.5 751 76.8 43.4 34 54.1
41 IM1 ]1 i4a 11b 403841 12253 12235R FO.I Fi2f 1n W 711 7R 9

125 123 501__ 526 031__ 711 7R 
34 53.5
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6921712 27366 27384 52.2 52.64212 27466 27448 52,3 52.6 0.1 101 71.5 44,6 36 50.8
6931713 985 1008 56.1 504213 1483 1462 54.3 45.5 1.8 499 76.4 43.5 36 54.8
6941714 2823 2844 50.4 45.54214 3052 3033 50.3 50 0.2 230 74.1 41.7 36 52
6951715 3224 3242 50.5 52.6 4215 3504 3485 50.4 45 0.1 281 74.7 42 36 52.5
6911 8867 8886 50.7 504216 9310 9291 51.2 45 0.5 444 75.4 41.4 36 53.1
69711717 8867 8886 50.7 504217 9254 9236 50.6 47'.4 0.1 388 75.11 41.2 36 52.8
698 1718 9349 9367 51.7 52.6 4218 9989 9968 51 40.9 0.7 641 75,4 40,4 36 53.2
699 1719 8867 8887 52.3 47.64219 9369 9350 51,5 50 0.8 503 75.8 42.1 36 53.6
700 1720 8867 8887 52.3 47.6 4220 j 9341 9322 51.1 50 1.2 475 75.7 41.9 36 53.4
701 1721 9926 9944 50.5 52.64221 10608 10589 51 50 0.5 683 75.8 41.1 36 53.3
702 1722 7725 7742 50 504222 8190 8172 50.3 47.4 0.3 466 75.6 '41.8 36 53
703 1723 9131 9151 50.4 42.94223 9375 9354 50.4 40.9 0 245 74.7 42.9 36 52.5
7041724 3055 3075 51.81 47.64224 3494 3473 50.4 "40.9 1.4 440 761.. 43 36 53.4
7051725 7725 7742 50 504225 8189 8170 50.6 50 0.6 465 75.6 -41.9 36 53.1
7061726 2823 2844 50.4 45.5J4226 3056 3038 50.8 52.6 0.3 234 74,2 41.9 36 52.2
7071727 12370 12388 50.1 47.414227 13155 13138 50.4 50 0.3 786 76.8 434 36 53.9
7081728 3055 3075 51.8 47.6 4228 3209 3189 50,5 47.6 1.3 155 74.1 45.2 36 52.1
7091729 8867 8887 52.31 47.64229 9340 9319 50,8 45.5 1.6 474 75.6 41.8 36 53.3
7101730 27367 27385 51.4 52.6 4230 27466 27448 52.3 52.6 0.9 100 71.6 45 36 50.6
711 1731 14951 14975 52.2 404231 15146 15129 50.3 50 1.9 196 73.2 40.8 36 51.4
7121732 8867 8887 52.3 47.614232 9311 9292 50.7 50 1.6 445 75.4 41.6 36 53.1
713 1733 12234 12252 50.6 47.414233 12999 12980 50.6 40 0 766 76.4 42.4 36 53.8
714 1734 3055 3076 52.4 45.5 4234 3495 3473 51.8 43.5 0.6 441 76 43.1 36 53.9
715 1735 8867 8887 52.3 47.64235 9109 9087 50.5 43.5 1.8 243 74 41.2 36 52.1
716 1736 3055 3076 52.4 45.5 4236 3209 3189 50.5 47.6 2 155 74.1 45.2 36 52.1
717 1737 2671 2692 52.1 40.9,4237 3053 3034 50.3 50 1.8 383 74.7 '40.5 36 52.5
7181738 16981 17000 51.3 504238 17501 17481 51.2 42.9 0.1 521 75.9 42.2 36 53.6
719 1739 3796 3814 50.8 52.64239 4444 4424 50.6 42.9 0.2 649 75.5 40.5 36 53.1
7201740 3796 3814 50.8 52.614240 4445 4425 50.6 42.9 0.2 650 75.5 40.5 36 53.1
721 1741 27382 27401T 50.8 4514241 27546 27527 51,3 50 0.6 165 73.7 43.6 36, 51.9
7221742 27382 27401 50.8 454242 27541 27522 50.1 45 0.6 160 73,4 43.1 36 51.5
7231743 27383 27403 50.3 42.9 4243 27546 27527 51.3 50 1,1 164 73.5 43.3 36 51.7
7241744 27383 27403 50.3 42.94244 27541 27522 50.1 45 0.1 159 73.2 42.8 36 51.4
7251745 17789 17811 52.9 43.54245 18220 18202 54.8 52.6 1.9 432 74.9 40.5 36 53.4
726 1746 17791 17813 52.9 43.54246 18220 18202 54.8 52.6 1.9 430 74.9 40.5 36 53.4
7271747 18004 18023 51.1 504247 18233 18215 51.3 52.6 0.2 230 75 43.9 36 52.9
7281748 18004 18023 51.1 50 4248 18231 18210 52.2 45.5 1.1 228 74.7 43.4 36 52.8
7291749 27437 27456 50.2 404249 27546 27527 51.3 50 1.1 110 72.4 45.5 36 50.8

730 1750 27437 27456 50.2 404250 27541 27522 50.1 45 0.1 105" 71.8 44.8 36 50.4
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73111751 18004 18023 51.1 5014251 18223 18206 51.8T 5010.812201 74.8T4.~TPJ~1 
732 1752 12233 12251 51.1 52.64252 12994 12976 50.3 47.4 0.8 762 76.5 42.5 36 53.7
7331753 7869 7889 52.5 47.614253 8192 8172 50.9 42.9 1.6 324 75.2 42.3 36 53
7341754 3224 3242 50.5 52.64254 3503 3484 51.5 50 0.9 280 74.8 42.1 36 52.6
7351755 3224 3242 50.5 52.6 4255 3500 3481 51.2 50 0.6 277 74.6 41.9 36 52.5
736 1756 3224 3242[ 50.5 52.6 4256 3497 3478 51.3 50 0.8 274 74.6 42 36 52.5
7371757 1 2 54.8 504257 204 185 56.6 55 1.8 204 75.1 45.1 36 54.1
7381758 9140 9159 50.1 45 4258 9597 9576 51 40.9 0.9 458 75.3 41.3 36 52.9
7391759 28179 28200 50.8 40.9 4259 28671 28653 50, 52.6 0.6 493 79.7 51.7 36 56
7401760 9140 9159 50.1 454260 9560 9540 51.6 42.9 1.5 421 75.2 41.3 36 52.8
741 1761 7728 7746 51.7 52.64261 8189 8170 50.6 50 1.1 462 75.7 42 36 53.3
7421762 9140 9159 50.1 454262 9559 9539 50,6 42.9 0.5 420 75.3 41.4 36 52.8
743 1763 12235 12253 50.1 52.64263 12998 12979 50.1 45 0 764 76.5 42.5 36 53.7
744.1764 3225 3244 52.4 554264 3503 3484 51.5 50 1 279 74.8 42.3 36, 52.9
745 1765 14951 14975 52.2 404265 15595 15576 50,8 45 1.3 645 75.5 40.6 36 53.2
7461766 3225 3244 52.4 554266 3500 3481 51.2 50 1.3 276 74.7 42 36 52.7
747 1767 12233 12251 51.1 52.64267 12999 12980 50.6 40 0.6 767 76.4 42.5 36 53.8
748 1768 3225 3244 52.4 55 4268 3497 3478 51.3 50 1.1 273 74.7 42.1 36 52.8
749 1769 12233 12251 51.1 52,64269 13000 12981 51.1 45 0.1 768 76.5-42.6 36 54
750 1770 28395 28414 51.5 454270 28671 28653 50.2 52.6 1.3 277 78.5 51.3 36 55.1
751 1771 28395 28414 51.5 45 4271 28671 28652 52.8 55 1.3 277 78.5 51.3 361 55.5
752 1772 9931 9950 50.2 454272 10449 10431 50.9 47.4 0.8, 519 75.3- 0 40.8 3652.9
753 1773 12235 12253 50.1 52,64273 12994 12976 50.3 47.4 0.21 760 76.4 42.5 36 '53.6
754 1774 3359 3379 51.2 42.94274 3650 3631 53.1 50 1.9 292 75.6 43.8 36 53.4
7551775 11543 11562 50.4 404275 12258 12238 50.3 42.9 0.2 716 76.1 41.936 53.5
7561776 28396 28416 52,4 47,64276 28672 28653 51.8 55 0.5 277 78.6 51.6 36 55,7
757 1777 28396 28416 52.4 47.614277 28671 28652 52.8 55 0.4 276 78.6 51.4 36 55.8
7581778 3229, 3248 50.6 5014278 3647 3628 50.6 45 0 419 75.3 41.5 36 53
759 1779 12235 12253 50,1 52.64279 12992 12974 51.2 52.6 1.1 758 76.5 42.6 36 53.7
760 1780 3229 3248 50.6 504280 3646 3625 52 40.9 1,4 418 75.3 41.4 36 53
761 1781 3228 3248 52 47.64281 3650 3631 53.1 50 1.1 423 75.4 41.6 36 53.5
7621782 3230 3249 50.1 454282 3647 3628 50.6 45 0,5 418 75.3 41.4 36 52.8
763 1783 9931 9950 50.2 4514283 10449 10428 51.9 40.9 1.8 519 75.3 40.8 36 52.9
7641784 1402 1422 50.2 42.9 4284 1622 1602 51.6 47.6 1.4 221 76.5 48 36 53.7
765 1785 9922 9941 51.3 504285 10808 10589 51 50 0.3 687 75.8 41.2 36 53.5
7661786 3792 3810 52.9 52.6 4286 4318 4294 54.4 40 1,5 527 75.5 41.2 36 53.8
767 1787 2429 2447 50.2 47.44287 3189 3168 51 45.5 0.7 761 76.6 43 36 53.8
768 1788 18008 16029 54.5 504288 18443 18424 55.9 55 1.4 436 76 43.1 36 54.7
7691789 13039 13058 51.8 50 4289 13179 13158 50.4 40.9 1.5 141 74 46.1 36 52
770 1790 942 961 52.8 50 4290 1484 1466 53.1 52.6 0.4 543 76.9 44.4 36 54.7
771 1791 943 961 50.3 47.44291 1483 1464 51.3 45 1 541 76.8 44.2 36 53.9
772 1792 28867 28886 53.2 5D 4292 29358 29339 52.8 50 0.3 492' 76.9 44.9 36 54.8
773 1793 943 961 50.3 47.4.4293 1483 1465 50.5 47,4 0.3 541 76.8 44.2 36 53.9
774 1794 28866 28886 55.4 52.44294 29301 29282 55.3 55 0.2 436 77 45.4 36 55.6
775 1795 12352 12375 52.9 41.74295 12997 12977 51.8 42.9 1.1 646 76.4 42.9 36 54.1
776 1798 28867 28887 53.7 47.84296 29358 29339 52.8 50 0.9 492 76.9 44.9 36 54.8
777 1797 3896 3917 50.7 40.94297 4608 4590 51.5 52.6 0.9 713 75.5 40.4 36 53.2
778 1798 6098 6118 50.3 42.914298 6486 6467 50.8 45 0.5 389 74.6 40.1 36 52.4
779 1799 28868 28888 51.4 42.94299 29358 29339 52.8 50 1.4 491 76.9 44.8 36 54.3
780 1800 8220 8240 54 47.64300 8931 8913 55.5 52.6 1.4 712 75.4 40 36 54.1
781 1801 2220 2239 51.3 454301 2672 2653 51.6 50 0.4 453 77 45.3 36 54.4
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782 1802 12040 12057 50.6 50 4302 12493 12476 50.7 501 0.1 454 76.3 43,61 36 53.7
7831803 942 960 52.1 52.64303 1483 1464 51.3 45 0.8 542 76.8 44.3 36 54.3
784 1804 28868 28889 52 40.94304 29358 29339 52.8 50 0.8 491 76.9 44.8 36 54.5
785 1805 942 960 52.1 52.6 4305 1483 1465 50.5 47.4 1.6 542 76.8 44,3 36 54
786 1806 12040 12057 50.6 50 4306 12724 12705 52.41 55 1.8 685 76.6 43.1 36 53.9,
787 1807 942 960 52.1 52.6[4307 1484 1466 53,1 52.6 1 543 76.9 44,4 36 54.5
788 1808 11545 11563 50.8 47.414308 12253 12235 50.1 52.6 0.7 709 76.2 42.2 36 53.5
789 1809 98 118 50.6 42.9 4309 269 251 51.1 52.6 0.5 172 75 46.5 36 52.8
790 1810 12373 12391 50.8 47.414310 12911 12892 50.5 50 0.3 539 76.1 42,5 36 53.5
79111811 16366 163841 50.3 52.614311 16781 16761 51.3 47.6 0.9 416 75,1 41.1 36 52.8
7921812 9929 9946 50 504312 10183 10165 51.7 47.4 1.6 255 75.3 43,9 36 52.8
793 1813 12236 12256 51.2 42.9 4313 13000 12981 51.1 45 0.1 765 76.4 42,5 36 53.9
794 1814 3231 3252 52.7 45.5 4314 3650 3631 53.1 50 -0,4 420 75.4 41.7 36 53.7
795 1815 11541 11560 50.1 454315 11727 11708 50,4 45 0.3 187 73 40.6 36 51.2
7961816 3232 3252 51.1 47.6 4316 3494 3473 50.4 40.9 0.7 263 74.3 41.4 3652.3

797 1817 7725 7743 50.81 47.4 4317 8054 8035 50.4 50 0.4 330 75 41.8, 36 527
798 1818 28968 28988 50.91 47.6 4318 29358 29339 52.8 50 2 391 76.4 44.5 36 53.9
799 1819 11545 11563 50.8 47.44319 12257 12237 51,3 47.6 0.5 713 76.2 42.1 36 53.7800 1820 24417 4436 52.6-50 T320 25080 2--5062 53.5 52.6 0.9 664 75.8 41.3 36 53.9

801 1821 28968 28989 51.5 "45.54321 29358 29339 52.8 50 1.3 391 76.4 44.5 36 54.1
802 1822 3789 3808 53.5 5014322 4318 4294 54.4 401 0.9 530 75.5 41.1 36 54
8031823 3232 3252 51.1 47.6{4323 36461 3625 52 40.9 0.9 415 75.3 41.4 36 53.1
-8041824 3232 3252 51.1 47.6432 3647 3628 50.6 45 0.5 416 75.3 41.6 36 53
805 1825 28971 28993 51.9 43.5 4325 29306 29288 53.5 52.6 1.6 336 76.2 44.6 36 54
806 1826 24179 24200 53.3 40.94326 24818 24797 51.6 40.9 1.6 '640 75.8 41.2 36 53,6
807 1827 3231 3251 52 47.614327 3650 3631 53.1 50 1.1 420 75.4 41.7 36 53.5
8081828 9930 9950 52.6 47,64328 10449 10425 54.6 40 2 520 75.4 41 36 53.7
8091829 8866 8885 51.1 45 4329 92541 9236 50.6 47.4 0.5 389 75 41.1 36 52.8
810 1830 2522 2541 51.4 454330 2672 2653 51.61 50- 0.2 151 75.3 48.3 36 53.2
81118311 11541 11561 50.9 42,94331 12258 12238 50 42.91 0.6 718 76.2 41.9 36 53.5
81211832 3232 3251 50.3 504332 3646 3625 52 40.9 1.7 415 75.3 41.4 36 52.9
81311833 3232 3251 50.3 5014333 3647 3628 50.6 45 0.3 416 75.3 41. 36 52.9
841834 J 2-843 23863 50.3 42.94334 24527 24508 50.5 45 0.2 685 76 41.8 36 53.4
815 1835 21210 21228 53.2 52,614335 21317 21293 53.2 40 0 108 71.1 42.6 36 50.8
816 1836 3229 3249 51.4 47.64336 3650 3631 53.1 50 1.7 422 75.4 41.7 36 53.3
817 1837 3230 3249 50.1 45 4337 3494 3473 50.4 40.9 0.3 265 74.2 41.1 36 52.1
818 1838 2371 2389 50.3 47,44338 2997 2976 51.4 40.9 1.1 627 76.7 43.5 36 53.9
8191839 29186 29206 51.3 42,94339 29298 29280 51.4 52.6 0.1 113 72.8 46 36 51.5
8201840 9929 9946 50 50.4340 10455 10435 50.5 42.9 0.4 527 75.3 40.6 36 52.8
821l1841 9351 9370 51.2 50 4341 9989 9968 51 40.9 0.2 639 75.4 40.4 36 53.2
822 1842 25348 25365 504 50 4342 25772 25753 51.9 50 1.5 425 74.9 40.5 36 52.6
823 1843 1402 1422 50.2 42,9 4343 2103 2082 52 45.5 1.8 702 76.7 4.3.3 36 53.8
824 1844 9929 9946 50 50 4344 10608 10589 51 50 0.9 680 75.8 41.2 36 53.2
825 1845 9934 9953 50,7 50,4345 10608 10589 51 50 0.3 675 75.8 41.2 36 53.4
825 1846 13176 13196 51.4 47.6 4346 13544 13525 52.6 55 1.2 369 77.1 46.3 36 54.5
827 1847 7725 7743 50.8 47.414347 8189 8170 50.6 50 0.2 465 75.6 41.9 36 53.2
828,1848 7725 7743 50.8 47.4'4348 8190 8172 50.3 47.4 0.6 466 75.6 41.8 36 53.1
829 1849 18074 18093 50,3 45 4349 18662 18641 50.4 40.9 0.1 589 76.2 42.6 36 53.6
8301850 18074 18093 50,3 454350 18632 18611 50.2 40.9 0.1 559 76.2 42.8 36 53.5
831 1851 29200 29222 53.2 43.5 4351 29306 29288 53.5 52.6 0.3 107 73.1 47.7 36 52.3
832 1852 25348 25366 51.2 47.4 4352 255451 25525 51.7 45 0.5 198 74.1 42.9 36 52.3
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8331853 25348 25366 51.2 47.4 4-353 25545 25525 52.3 42.9 1.1 198 74.1 42.9 36 52.3
834 1854 29200 29223 53.7 41.7 43-54 29306 29288 53.5 52.6 0.2 107 73.1 47.7 36 52.3
835 1855 25347 25366 52.7 504355 25545 25521 54.5 40 1.8 199 74.2 43.2 36 52.9
836 1856 3792 3811 54 55 4356 4447 4425 53 43.5 1 656 75.5 40.5 36 53.9
837 1857 29200 29224 54.2 -40 4357 29306 29288 53.5. 52.6 0.7 107, 73.1 47.7 36. 52.3
838 1858 985 1004 51. -1 504358 1483 1465 50.5 47.4 0.6 499 78.4 43.5 361 53.7
839 1859 2427 2445 52.1 52.614359 3189 3168 51 45.5 1.1 763 768.7 43.1 36 54.1
840 1860 13701 13725 53.6 40 4360 14084 14060 53.6 40 0.1 384 74.6 40.1 36 53.4
841 1861 9851 10041 51.1 50 4361 1483 1464 51.3 45 0:2 499 76.4 43.5 36 53.9
842,1862 8794j 8813 51.6 4514362 19559 9539 50.6 42.9 1 766 75.9 41.3 37 53.4
843 1863 37891 3806 50 50 4363 4435 4417 50.5 52.6 0.4 647 75.5 453752.9
8441864 113177j 13197 50.3. 42.9 4364 13314 13297 51 50 0.6 138 72. 4351 37 51.2
845 T861 37911 3808 501 50 4365 4435 4417 50.5 52.6 0.4 645 75.4- 40. 51 -37 52.9
846 1-866 9139 9159 52.5 47.6 4366 9364 9346 53.9 52.6 1.4 226 74.9 43,8 37 53.3
84711867 1 3226 3245 51.7 55 4367 3494 3473 50.4 40.9 1.3 269 74.5 41 ,6 37 52.4
848 1868 13040 13059 50.9 50 4368 13314 13297 51 50 0.1, 275 75.6 44.4 37 53.3
849 1869 2522 2541 51.4 45 4369 2891 2873 50.8 47.4 0.61 370 76 43.8 37 53.6
850 1870J 8865 8884 50.4 -45 4370 9245. 9226 50 45 0.4 381 74.9, 40.9 37 52.6
851 1871 3787 3804 501 504371 44341 4416 51,5 52.6 1.4 648 75.4 40.31 37 52.9
852.1872 3226 3245 51.7 55 4372 36461 3625 521 40.9 0.3 421 75.3 41.61 37 53.4
8531 1873 1 3226 3245 51.71 55 4373 3647 3628 50.6 45 1.1 422 75.4 41.71 37 53. 1
85411874 1 3226 3245 51.71-55[4374 3650 3631 53.1 50 1.4, 425 75. 5 4 19 37 -53. 
855 1875 2387 2405 51.6 52.6 4375 2747 2727 50 42.9 1.6 361 76.9 461 37153.91
8561876 18074 18093 5U.3 454 4376 r18229 18209 50.1 42.9 0.2 156 73.2 42,9137 51.4
857 1877 13701 13725 53.6 40 4377 14059 14040 52.8 4-50 0.8 359 74.5 40.1] 37 53. 1
858 1878 3787 3804 50 50 4378 4435 4417 50.51 52.6, 0.4 649 75.4 40.4 37 52.9
859,1879 13040 13059 50.9 504379 j13323 13304 51.11 45 284 75.7 44.4 37 53.4
860 1880 3789 3806 50 504380 4434, 4416 51.5 52.6 1.4 646 75.4 40.4 37 52.9
861 1881 15506 15527 50.8 40.9 4381 162141 16196 51.8 52.6 1 709 75.5 -40.3 -37 53.2
852 1882 12234 12252 5064. 382 1211132 5 29 0.6 179 73.1 41.3 37 51.31

8631883 12234 12252 50.6 47.4 4383 12739 12718 51 40.9 0.4 506 75.81 42.1. 37 53.4
864 1884 18074 18094k 51.11 42.9 4384 18229 18209 50.1 42.9 0.15 3. 293 51
865 1885 18075 18095j 50.6 47.64385 18223 18206 51.81 50 1.2 149 73.3T 43.6T37 51.61
866 1886 130401 13059j 50.9 50 4386 13326 13306 50.7 42,9 0.2 287 75.7 44.3 37 53.31

8718 188 108j51.2 52.6 4387 18233 18215 51.3 52.6 0.1 154 44.8 37 -52.2
868 1888 18080 18098, 51.2 52.6 4388 18233 18214 52 50 0.9 154 73.9 44.8 37 52.21
869I1889 1 808D 18098 51.2 52.614389 18231 18210 52.2 45.5 1 152 73.5 44.1 37 51.9
870 1890 18080 18098 51.2 52.64390 18223 18206 51.81 50 0.6 144 73,2. 43.8 37 51.7
871 1891 18077 18098 52.9 504391 18220 18202 54.81 52.6 1.9 144 73.2 43.8 37 52.2
872 1892 18076 18098 54.4 47.8 4392 18443 18424 55.9 55 1.5 368 75.8 43.2 37 54.5
873 1893 3792 3810 52.9 52.6 4393 4436 4417 52.2 50 0.6 645 75.4 40.5 37, 53.6.
874,1894 3055 3074 51.1 50,4394 3647 3628 50.8 45 0.5 593 76.3 42.7 37 53.71
875 1895 3055 3074 51.1 50 4395 3646 3625 52 40.9 0.9 592 76,21 42.6 37 53.8
876 1896 15506 15527 50.8 40.9 4396 15645, 15625 51.1 42.9 0.4 140 71.8 40.7 37 50.6
877 1897 18081 18099 51.2 52.64397 182291 18209 50.1 42.9 1.1 149 73.3 43.6 37 51.4
878 1898 13039 13058 51.8 504398 13155 13138 50.4 50 1.4 11 73.4 47 37 51.6
879 1899 3055 3075 51.8 47.6 4399 3650 3631 53.1 50. 1.3 596 76.3 42.8 37 54.1
88B0 1-90 18080 18099 53 50 4400 18223 18205 53.3 52.6 0.4 144 73.21 43.8 37 52.2
881 1901 -273611 27380 52.4 54401 27579 27558 51.1 40.9 1.3 219 75.41 45.2 37 53.2
882 1902 32211 3239 51.5 52.64402 350 3484 51.5 50 0 283 74.81 42 -37 52.9
8831903 32211 3239 51.5 52.6 4403 35041 3485 50.4 45 1.1 284[ 747 41.937 
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88411904 18077 180991 54.41 47.814404 182201 18201 56.1 551 1.7 144 73.2 43.8 37 52.6
885 1905 3055 3075 51.8 47.64405 3647 3628 50.6 45 1.2 593 76.3 42.7 37 53.7
886 1906 18581 18599 51.4 47.4 4406 18697 18679 51.9 52.6 0.4 117 71 41 37 50.2
887 1907 18616 18636 51.4 47.6 4407 19216 19195 50.2 40.9 1.1 601 75.6 41.1 37 53.1
888 1908 3219 3238 50.7 50 4408 3503 3484 51.5j 50 0.8, 285 74.8 42.1 37 52.7
889 1909 18696 18715 51.7 50 4409 19216 19195 50.2 40.9 1.5 521 75.5 41.3 37 53
8901910 3219 3238 50.7 50'4410 3504 3485 50.4 45 0.3 286 74.7 42 37 52.5
891 1911 27366 273841 52.2 52.64411 27573 27552 52.3 40.9 0.1 208 74.6 43.8 37 53
8921912 27366 273841 52.2 52.64412 27567 27547 51.1 42.9 1 202 74.6 44.1 37 52.7
893 1913 3055 3075 51.8 47.64413 3646 3625 52 40.9 0.2 592 76.2 42.6 37 54
894 1914 18704 18724 50.8 47.614414 19216 19195 50.2 40.9 0.5 513 75.5 41.1 37 53
8951915 16874 16893 52.1 504415 17056 17035 51.8 45.5 0.4 183 74.4 44.3 37 52.7
8961916 12234 12252 50.6 47.44416 12739 12719 50.3 42.9 0.3 506 75.8 42.1 37 53.3
8971917 7728 7746 51.7 52.614417 8054 8035 50.4 50 1.2 327 75 41.9 37 52.7
8981918 15506 15527 50.8 40.94418 15647 15628 51 45 0.3 142 71.9 40.8 37 50.7
8991919 985 1004 51.1 504419 1773 1755 51.7 52.6 0.6 789 76.7 4-3.1 37 54.1
900 1920 3217 3236 51.1 5014420 3503 3484 51,5 50 0.4 287 74.8 42.2 37 52.8
9011921 3791 3808 -50 50 4421 -4434 4416 51.5 52.6 1.4 644 75.4 40,4 37 52.9
9021922 1-9794 19813 50 50 4422 199231 19904 50.1 501 0.1 .130 72.7 43.8 37 51
9031923 13039 13058 51.8 504423 13178 13157 50,4 40.9 1.5 140 73.8 45.7 37 51.9
9041924 13033 13051 52.1 52.64424 13155 13138 50,4 50 1.7 123 73.7 47,2 37 51.8
9019205- 12233 12251 51.1 52.6 4425 12739 12719 50.3 42.9 0.9 507 75.9 42.2 37 53.3
9061926 19795 19814 50.1 454426 19923 19903 50,9 47.6 0.4 129 72.5 43.4 37 51
907 1927 13177 13197 50.3 42.94427 13946. 13929 51.5 50 1.2 770 75.9 41 37 53.3
908 1928 3799 3820 5 29 4-.5 4428 4318 4294 54.4 40 1,5 520 75.4 41 37 53.7
909 1929 8867 8887 52.3 47.64429 9364 9346 53,9 52.6 1.6 498 75.8 42.2 37 53.9

910 1930 1472 14911 51.2 45 4430 2152 2133 50.7 45 0.5 681 76.5 42.9 37 53.8
911 1931 12233 12251 51.1 52.6' 4431 12739 12718 51 40.9 0.2 507 75.9 42.2 37 53.5
912 1932 3055 3076 52.4 45.54432 3650 3631 53.1 50 0.7 596 76.3 42.8 37 54.2
913 1933 12726 127461 51.3 47.64433 13325 13305 50.5 47.6 0.7 600 76.7 43.7 37 53.9
9141934 8867 88871 52.3 47.64434 9316 9296 50.8 42.9 1.5 450 75.4 41.6 37 53.1
915119351 8867 8887 52.3 47.64435 9314 9295 51.1 50 1.2 448 75.5 41.7 37 53.3
9161936 8867 8887 52.3 47.64436 9313 9294 50.4 50 1.9 447"75.5 41.6 37 53
9171937 3055 3076 52.4 45,54437 3647 3628 50.6 45 1.8 593 762.3 42.7 37 53.7
918 1938 13176 13196 51.4 47,6 4438 13312 13294 51 52.6 0.4 13 72 43.8 37 51.5
919 1939 12726 12746 51.3 47,6 4439 13155 13138 50.4 50 0.9 430 76.4 44 37 53.7
920 1940 13701 13724 53.1 41.74440 14058 14040 61.4 52.6 1.7 358 74.5 40.2 37 52,7

921,1941 8372 8390 50.7 47,44441 9101 9081 50.5 47.6 0.2 730 75.5 40.3 37 53.1
92211942 3055 3076 52.4 45,514442 3646 3625 52 40.9 0.4 592 76.2 42.6 37 54.1
92311943 887 905 50.1 47.4 4443 1493 1474 50.8 45 0.7 607 77.1 44.6 37 54.1
92411944 1046 1063 50.3 50 4444 1697 1677 51 42.9 0.7 652 76.9 43.9 37 54
925 1945 27378 27397 50.5 45 4445 27675 27656 50 40 0.5 298 74.1 40.3 37 52
926 1946 27378 27397 50.5 45 4446 27674 27654 51.9 42.9 1,4 297 74.2 40.4 37 52.2
927 1947 2671 2692 52,1 40,9 4447 3056 3037 52.1 55 0 386 74.8 40.7 37 53.1
928 1948 1046 1063 50.3 50 4448 1697 1678 50.3 45 0.1 652 76.9 43.9 37 54
929 1949 2387 2405 51.6 52.6 4449 2672 2654 50.9 52.6 0.8 286 77 47.6 37 54.3
930 1950 3792 3810 52.9 52.6 4450 4565 4542 53.9 41.7 1 774 75.6 40.3 37 53.8
931 1951 15506 15527 50.8 40.9 4451 15647 15629 50.3 47.4 0.5 142 71.9 40.8 37 50.5
932 1952 8794 8813 51,6 45 4452 9560 9540 51.6 42.9 0 767 75.9 41.2 37 53.7
933 1953 19801 19819 53.2, 52.6 4453 19909 19885 52.5 40 0.7 109 71.4 43.1 37 50.8
9341954 19988 20006 50,4 47.44454 20615 20597 50.6 47.4 0,2 628 75.3 40.1 37 52.9
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935 1955 19991 200091 52.8 52.614455 20616 20597 52.31 45 6261 75.31 40.11 371 53.5
93611956 16875 16895 51.6 47.6 4456 17060 17041 51.1 50 0.5 186 74.6 44.6 37 52.6
93711957 16875 16895 51.6 47.64457 17059 17039 50.6 47.6 1 185 74.4 44.3 37 52.41
938 1958 16875 16895 51.6 47.64458 17056 17035 51.8 45.5 0.2 182 74,2 44 37 52.5
939 1959 27442 27461 51.5 404459 27541 27521 51.7 47.6 0.1 100 71.2 44 37 50.4
940 1960 16875 16896 52.2 45.5 4460 17060 17041 51.1 50 1.1[ 186 74.6 44.6 37 52.6
941 1961 23841 23859 50.5 52.64461 24527 24507 51 42.9 0.5 687 76.1 41.9 37 53.5
9421962 23841 23859 50.5 52.614462 24093 24075 50.9 52.6 0.4 253 76 45.8, 37 53.5
9431963 16875 16896 52.2 45.54463 17059 17039 50.6 47.6 1.6 185 74.4 44.3 37 52.4
944 1964 16875 16896 52.2 45.54484 17056 17035 51.8 45.5 0.5 182 74.2 44 37 52.6
945 1965 23843 23863 50.3 42.9 4465 24093 24075 50.9 52,6 0.5 251 75.8 45.4 37 53.3
946 1966 168751 16896 52.2 45.5 4466 17041 17023 53.5 52,6 1.3 167 73.8 43.7 37 52.4
947 1967 28187 28205 53.1 52.6 4467 28673 28654 53.5 55 0.5 487 80 52.4 37 57
948 1968 28190 28208 51.7 52.64468 28672. 28654 50.6 52.6 1.2 483 79.9 52.2 37 56.2
949 1969 24030 24047 50.7 504469 24527 24508 50.5 45 0.2 498 75.4 41.2 37 53
950 1970 24031 24050 56.5 554470 24816 2479254.7 40 1.8 786 76.3 423754.9

951 1971 7880 7900 50.3 42.9 4471 8049 8032 50.4 50 0 1701 72.8 41.2 37 51.2
9521972 24096 24119 54.4 41.74472 24815 2479154.5 40 0.1 720 75.8 41 37 54.5
9531973 17790 17811 51.6 40.94473 18233 18214 52 50 04 444 75.1 40.8 37 53.21
9541974 24174 24194 50.9 42.914474 24938 124921 504 50 0.5 765 75.8 40.9 37 53.31
95511975 16875 16896 52.2 45.514475 17039 17022 51.4 50 0,8 165 73.7 43.6 37 52.1
956 1976 24174 24195 52.51 40.914476 24936 2491951.8 50 0.7 763 75.8 41 37 53.7'
957,1977 24179 24198 51 454477 24938 24921 50,4 50 0,6 760 75.8 40.9 37 53.3
9581978 16875 16896 52.2 45.54478 17038 17021 507 50 1.6 164 73.8 43.937 52
959 1979 24180 24199 50.3 404479 24936 24919 51.8 50 1.5 757 75.8 '41 37 53.2
960 1980 2823 2844 50.4 45.54480 3186 3165 50.4 40.9 0 364 75.5 42.6 37 53.1
961 1981 10142 10163 51.3 40.94481 10608 10589 51 50 0.3 467 74.9 40 37 52.8
962 1982 1046 1063 50.3 5014482 1483 1464 51,3 45 0.9 438 76.2 43.6 37 53.6
9631983 17388 174081 50.7 42.94483 17501 17481 51,2 42.9 0.6 114 70.5 40.4 37 49,7
964 1984 24179 24200 53.3 40.94484 24740 24717 52.5 41.7 0.8 562 76 42.2 37 54
965 1985 24379 24398 55 554485 25088 25070 54.5 52.6 0.5 710 75.9 41.3 37 54.6
966 1986 24379 24398 55 554486 25087 25069 53.7-52.6 1.3, 709 75.9 41.3 37 54.3
967 1987 16874 16893 52.1 504487 17059 17039 50.6 47.6 1.51186 74.6 44.6 37 52.5
968 1988 24380 24399 55 5514488 25088 25070 54.5 52.6 0.5 709 75.9 41.3 37 54.61
969 1989 28522 28542 50.2 42.914489 28671 28653 50.2 52.6 0 150 76.2 50.7 37 53.5
970 1990 16874 16893 52.1 504490 17060 17041 51.1 50 1 187 74.7 44.9 37 52.7
971 9l91 24380 24399 55 554491 25087 25069 53.7 52.6 1.3 708 75.9 41.4 37 54.4
9721992 17608 17627 50.2 454492 18239 18220 50 45 0.2 632 75.3 40.2 37 52.8
973 1993 17608 17627 50.2 454493 18238 18219 50.3 45 0.1 631 75.3 40.3 37 52.9
9741994 1046 1063 50.3 50'4494 1483 1465 50.5 47.4 0.2 438 76.2 43.6 37 53.6
975 1995 17608 17628 50.9 42.94495 18239 18220 50 45 0.9 632 75.3 40.2 37 52.8
976 1996 17608 17628 50.9 42,94496 18238 18219 50.3 45 0.7 631 75.3 40.3 37 52.9
977 1997 8063 8084 51.4 45.54497 8188 8169 50.5 45 0.9 126 72.1 42.9 37 50.7
978 1998 12236 12256 51.2 42.94498 12739 12718 51 40.9 0.2 504 75.8 42.1 37 53,5
979 1999 13176 13196 51.4 47,64499 13325 13305 50.5 47.6 0.8 150 73.4 44 37 51.7
980,2000 2371 2389 50.3 47,44500 2749 2728 50.3 45.5 0 379 76.9 45.9 37 54.1
98112001 9402 9420 51.3 47,44501 9989 9968 51 40.9 0.4 588 75.4 40.5 37 53.1
9822002 9931 9950 50.2 454502 10183 10166 50.9 50 0.7 253 75.2 43.9 37 52.8
983 2003 2387 2405 51.6 52.64503 2997 2976 51.4 40.9 0.2 611 76.6 43.5 37 54.2
9842004 3788 3805 50 50.4504 4435 4417 50.5 52.6 0.4 648 75.4 40.4 37 52.9
9852005 26039 26057 52.6 52,614505 26650 26630 51.4 42.9 1.2 512 75.3 40.4 37 53.3
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98612006 23711 2389 bU. 47.4 30341 50.3 0 683 76.71 43.31 37 53.9
987 2007 3 21 53.4 52.6 4507 315 296 51.9 50 1.5 313 76.9 46.6 37 54.5
968 2008 2371 2389 50.3 47.44508 3056 3037 52.1 55 1.7 686 76.7 43.4 37 53.9
989 2009 13040 13059 50.9 504509 13155 13137 52.1 52.6 1.2 116 73.2 46.6 37 51.6
990 2010 9931 9950 50.2 454510 10183 10165 51.7 47.4 1.5 253 75.2 43.9 37 52.8
991 2011 3788 3805 50 504511 4434 4416 51.5 52.6 1.4 647 75.4 40.3 37 52.9
9922012 13176 13196 51.4 47.64512 13946 13929 51.5 50 0.2 771 75.9 41.1 37 53.6
993 2013 3772 3792 51.2 42.9 4513 4444 4424 50.6 49 0.7 673 75.6 40.7 37 53.2
9942014 13176 13196 51.4 47.6 4514 13320 13300 51.4 47.6 0 145 73.3 44.1 37 51.9
995 2015 8861 8880 50.2 45 4515 9245 9226 50 45 0.1 385 74.9 40.8 37 52.5
9962016 8868 8889 50.4 40.9 4516 9310 9291 51.2 45 0.8 443 75.3 41.3 37 52.9
997 2017 16366 16384 50.3 52.6 4517 16774 16752 52.2 43.5 1.9 409 75.1 41,1 37 52.8
9982018 9934 9953 50.7 50 451B 10183 10166 50.9 50 0.2 250 '75.2 44 37 53
999 2019 9055 9079 52.8 40 4519 9342 9323 52.1 50 0.8 288 75.1 42.7 37 53.3

1000 2020 8868 8889 50.4 40.94520 9249 9231 50.8 47.4 0.4 382 75.1 41.4 37 52.8
1001 2021 16366 16385 52.9 554521 16774 16752 5Z2 43.5 0.6 409 75.1 41.1 371 53.3
1002{2022 8868 8889 50.4 40.94522 9249 9230 51,5 45 1.1 382 75.1 41.4 37T 52.8
1003j2023 9934 9953 50.7 504523 110183 10165 51.7 47.4 0.9 250 75.2 44 37 53
1004,2024 25772 25793 52. 40.9452-4 26183 26163 51.7 42.9 0.7 412 74.8 40.3 37 53
100512025 13039 13057 51.1 52.64525 13155 13138 50.4 50 0.7 117 73.4 47 34 51.6

100612026 25771 25790 51.1 454526 26183 26164 51 45 0.1 413 74.8 40.4 371 52.8
10072027 25769 25786 50.3 50 4527 26183 26163 51.7 42.9 1.4 4151 74.9 40.5 37 52.6
10082028 3794 3812 52.9 52,6 4528 4436 4417 52.2 50 0.6 643 75.4 40.4 37 53.6
100912029 j 887 905 50.1 47, 4529 1480 1462 51.6 47.4 1.5 594 77.1 '44.6 37 54.1
1010i 2030 3794 3812 52.9 52.6 4530 4434 4416 51.5 52.6 1.4 641 75.4 40.4 37 53,3
1011 2031 12370 12388 50.1 47.4 4531 12994 12976 50,3 47.4 0.3 625 76.4 42.9 37 53.6
101212032 3797 3815 50.9 47.44532 4186 4168 51.8 52.6 0.91 390 75.3 41.81 37 53.1
101312033 3795 3813 52.1 52,6 4533 4435 4417 50.5 52.6 1.6 641 75.51 40.61 37 53.1
10142034 3795 3813 52.1 52.6 4534 4434 4416 51.5 52.6 0.6 640 75.41 40.5 37 53.3
1015 2035 13177 13197 50.3 42.94535 13323 13304 51.1 45 0.8 147 73.2 43.5 37 51.4

1016 2036 1046 1064 51.2 47.4 4536 1401 1382 50.6 45 0.6 356 75.6 43 37 53.2
10172037 16549 16567 54.9 52.6 4537 17057 17035 53 43.5 1.9 509 75.9 42.2 37 54.1
10182038 1046 1064 51.2 47.4 4538 1483 1464 51.3 45 0.1 438 76.2 43.6 37 53.8
10192039 16551 16568 51.1 50 4539 17056 17035 51.8 45.5 0.7 506 75.9 42.3 37 53.6
1020 2040 1046 1064 51.2 47.4 4540 1483 1465 50.5 47.4 0.6 438 76.2 43.6 37 53.6
1021 2041 1046 1064 51.2 47.4 4541 1484 1466 53.1 52.6 2 439 76.3 '43.7 37 53.9
1022 2042 1046 1064 51,2 47.4 4542 1697 1676 51.7 40.9 0.5 652 76.9 43.9 37 54.2
1023 2043 1046 1064 51.2 47.4 4543 1697 1677 51 42.9 0.2 652 76.9 43.9 37 54.2
10242044 16555 16572 50.3 50 4544 17111 17090 51.1 40.9 0.8 557 76.1 42.5 37 53.5
10252045 1046 1064 51.2 47.4,4545 1697 1678 50.3 45 0.9 652 76.9 43.9 37 541
10262046 1046 1063 50.3 50 4546 1401 1382 50.5 45 0.2 356 75.6 43 37 53.1
102712047 3796 3814 50.8 52.64547 4435 4417 50.5 52.6 0.3 640 75.4 40.5 37 53.1
102812048 12232 12250 51.9 52.6 4548 12993 12975 51.4 47.4 0.5 762 76.5 42.5 37 54
1029 2049 12236 12256 51.2 42.9 4549 12739 12719 50.3 42.9 0.9 504 75.8 42.1 37 53.2
1030 2050 28937 28956 52.4 50 4550 29306 29288 53.5 52.6 1.1 370 76.6 45.1 37 54.4
1031 2051 12232 12250 51.9 52.6 4551 12996 12977 50.2 40 1.7 765 76.4 42.4 37 53.6
1032 2052 3234 3254 51.1 47.6 4552 3504 3485 50.4 45 0.7 271 74.4 41.3 37 52.3
10332053 3234 3254 51.1 47.6 4553 3503 3484 51.5 50 0.4 270 74.4 41.5 37 52.5

10342054 9922 9941 51.3 504554 10670 10649 51.3 40.9 0.1 749 75.8 40.9 37 53.5
103512055 3792 3810 52.9 52.6 4555 4434 4416 51.5 52,6 1.4 643 75.4 40.4 37 53.3
103612056 3234 3254 51.1 47.6 4556 3494 3473 50.4 40.9 0.6 261 74.1 41 37 52.1
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103712057 42761 51.71 4.5 4557 ~[4608T 45901 51.5 52.6 0.2 3541 74.71 40.71 371 52.8
1038 2058 24582 245801 50.11 52.6 4558 24936 24919 51. 8 50 1.7 375 75.6 42.7 371 3
1039 2059 24552 245801 50.11 52.6 4559 249381 24921 50,4 50 0.3 377 75.5 42.4 37} 53
10402060 24582 24580j 50.1j 52.6 4560 25182 25164 51,4 47.4 1.3 621 75.9 41.7 37 53.3
1041 2061 24559 24579? 52? 52.4 4561 24936 24919 51.8 50 0.2 378 75.7, 42.9 37 53.6
1042 2062 24559 24579 521 52.414582 24938 24921 50.4 50i 1.61 380 75.61 42.6 37 53.1
1043,2063 1046 1063 50.3j 5014553 1697 1676 51,7 40.9 1.3 652 76.9 43.9 37 54
1044 2064 24482 24503 51.6j 40.9 4564 24815, 24792 53.4 41.7 1.8 334 75.4 42.8 37 53.4
1045 2065 13177 13197 50.31 42.9 4565 13326 13306 50.7 42.9 0.4 150 73.2 43.3, 37 51.4
1 046 2066 24480 24502 54.2 47.8 4566 24815 24791 54.5 40 0.3 336 -75.6 43.2 37 54.3
1047 2067 17840 17859 50.8 454567 18223 18206 51.8 50, 1 384? 74.7 40.4 37 52.6
1048 2068 24480 24500 53.2 47.6 4568 24815 24792 53.4 41.7 0.2 336J 75.6 43.2 37 54
1049 2069 17840 17859 50.8 454569 18231, 18210 52.2 45.5 1.4 392? 74.8, 40.6 37 52.7
1050 2070- 2-8821 28840 51.8 45 4570 29298 29279 52.6 55 0.8 478 771 45.2, 37 54.6
105112071 24418 24440 55 47.8 4571 24517 24494 53.21 41.7 1.8 100 70.8 43 37~ 50.6
105212072 ,13701 13722 50.4 40.9 4572 14058 14040 51.41 52.6 1 ,358 74.5 40.2 37 52.4,
105312073 128821 28840 51.81 4514573 29358 29339 52.8 50 1 538 77.1 -45 -37 54.6
1054 2074 117792 17813 51.Sj 40.9 4574 18233. 18214 52 50 0.4 442 75.1 40.7 37 53.1
105512075 124420 24440 50.8J 42.9 4575 25079 25061 52.7 52.6 1.9 660 75.7 -41.1 374 53.3
105612076 128821 28839 51.1 47.4 4576 29298 29279 52.6 55 1.5 478 77 45.2 37[ 54.3
1057 2077 1 3796 38141 50.8 52.6 4577 4434 4416 51.5. 52.6 0.7 639 75.4 40.4 37j 53.1
105812078 128821 28839 51.1 47.4 4578 29358 29339 52.81 501 1.7 538, 77.1 '45 Z37 54.4
1 0592079T 28820 28838 53. 7 -52.6 r45 79 29298 29279 52.6 55 1.1 479 77.1 45.3 37j 54.8
1060 2080 24418 24439 52.9 45.5 4580 25079 25061 52.7 52.6 0.2 662 7. 412371 54
10611~2081 28820 28838 53.7 52.6 4581 29358 29339 52.8 50 0.9 539 77.1 45.1 3754.9
106212082 27869 27389 52.5 47.6 4582 27468 27451 51.1 50 1.41 100 71.2 44 38 50.31
10632083 7725 7742 50 504583 81871 8167 50.4 42.9 0.3 463 75.61 41.9 38 53
1064j2084 16549 16567. 54.9 52.6 4584 17040 17021 53.4 50 1.51 492 75.91 42.3 38 54.2
1i065 2085 3221 3239 51.5 52.614585 3500 3481 51.21 50 0.3 280 74.6 '41.8, 38 52.7
106,2086 1 16549 16567 54.9 52.6 4500 17041 17022 54.1[-50 0.8j 493- 75.8 42.2 38 54.4
106712087 1 20138 20158 50.1 42.9 4587 20615 20597 50.6~ 47.4 0.5478 -75 40.438 52.7,
106812088 2 0078 20099 50.5 40.9 4588 20615 20597 50.61 47.4 0.1 538 75.3 40.5 38 52.91
106912089 113039 13057, 51.1 52.6 4589 13325 13305 50.51 47.6 0.6 287 75.8 44.6 38 533
1070 2090 16549 16567 54.9 52.6 4590 17041 17023 53. 52.8 1.4 493 75.8 42.2 38 54.2
1071 2091 -13701 13725 53.6 404591 14124 14106, 52.41 52.6 1.2 424. 75.1 41 38 53.4
1072 2092 12975 12993 51.4 47.4 4592 13320 13300 51.41 47.6 0 346 76.1 44.2 38 53.8
1073 20-93 16548 16566 54.9 52.6 4593 16779 16758 53.5 50 1.4 232 74 41.4, 38 52.9
1074 2094 3361 3381 50.51 42.9 4594 3500 3481 51.2 50 0.7 140 74.1 46.4 38, 52.11
1075.2095 3361 3381 50.5 42.9 4595 3503 3484 51.5 50, 1 143 74.4 46.9 38 52.31
107612096 116368 16387 50.2 454596 16780 16760 51.4 42.91 1.2 413 74.9 40.7 3 8 52.81
107712097 1 7725 7742 50 5014597 6168 8168 50.4 42.9 0.3 464 75.6 41.8 38 53
1078 2098 8867 8887 52.3 47.6 4598 9597 9573 53.4 40 1.1 731, 75.9. 41.2 38 53.9
1079 2099 2223 2244 51.4 45.5 4599 2672 2654 50.9, 52.6 0.5 450 77 '45.3 38 54.3
10802100 10242 10265 51.2 41.7 4600 108051 10588 51.1 50 0.2 364 74.5 40.11 38 52.6
1081 2101 8867 8888 52.7 45.5 4601 9253 9235 51.6 47.4 1.1 387 75.1 41.3 38 53.2
1082,2102 3361 3381 50.5 42.9 4602 3504 3485 50.4 45 0.1 144 74.3 46.5 38 52.2
1083 2103 98 118 50.6 42.9 4603 314 296 50.6 47.4 0 217 75.9 46.5 38 53.4
1084 2104 12233 12251 51.1 52.6 4604 12498 12480 50 47.4 1.1 266 74.8 42.5 38 52.5
1085 2105 9926 9944 50.5 52.6 4605 10455 10434 51.1 40.9 0.6 530 75.3. 40.6 38 52.9
1086 2106 3360 3380 51.4 42.9 4606 1 34971 3478 51.3 50 0.1 138 74- 46.4 38 52.3
1087,2107 9926, 9944 5=0.5 52.6 4607 1104551 10435 50.5 42.91 01 530 75.31 40.61 381 52.9
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1088 2108 10140 10159 52.4 50 4608 10608 10589 51 50 1.4 469 75 40.3 38 52.9
10892109 9931 9950 50.2 45 4609 10455 10435 50.5 42.9 0.3 525 75.3 40.6 38 52.8
10902110 3219 3238 50.7 50 4610 3500 3481 51.2 50 0.5 282 74.7 41.8 38 52.6
1091 2111 3219 3238 50.7 50 4611 3497 3478 51.3 50 0.6 279 74.7 41.9 38 52.6
10922112 3360 3380 51,4 42.9,4612 3500 3481 51.2 50 0.3 141 74 46.1 38 52.3
10932113 3360 3380 51.4 42.914613 3503 3484 51.5 50 0 144 74.3 46.5 38 52.51
109412114 2223 2244 51.4 45.5 4614 2672 2653 51.6. 50 0.2 450 7745.33854.
10952115 9922 9941 51.3 504615 10449 10428 51.9 40.9 0.7 528 75.4 40.9 38 53.3
10962116 13039 13057 51.1 52.64616 13312 13294 51 52.6 0.1 274 75.7 44.5 38 53.4
1097 2117 15951 15973 52.1 43.5.4617 16174 16154 50.4 42.9 1.7 224 73.5 40.6 38 51.7
10982118 13176 13196 51.4 47.64618 13545 13526 52.9 55 1.5 370 77 46.238 54.4
10992119 11541 11562 51.5 40.94619 11983 11965 53 52.61 1.5 443 75 40.6 38 53.1
1100 2120 2429 2447 50.2 47.44620 3056 3038 50.8 52.6 0.6 628 76.3 42.7 38 53.6
1101 2121 11545 11563 50.8 47.44621 12258 12238 50.3 42.9: 0.5 714 76.2 42 38 53.5
11022122 8868 8889 50.4 40.94622 9245 9226 50 451 0.4 378 74.9 41 38 52.6
1103 2123 27361 27380 52.4 554623 27466 27448 52.3 52.6! 0.1 106 72.5 46.2 38 51.5
1 2 8861 888050.2 45 4624 9340 9319 50.8 45.5 0,6 480 75.5 41.5 38 53
11052125 1784 1802 51.8 52.64625 2113 2094 50.1 45 1.7 330 76 44.2 38 53.3
11061212 8868 8889 50.4 40.914626 9107 9086 51.6 45.5 1.2 240 74 41.21 38-
1107 2127 19795 19814 50.4 45 4627 20099 20078 50.540.91 0 305 74.4 40.7 38 52.3
11082128 26708 26731 54.2 41.74628 27347 27324 52.3 41.7 1.9 640 75.6 40.8138 53.7
110912129 19794 19813 50 504629 19920 19899 50.2 40.9 0.2 127 72.3 43.338 50.7

1-012130 3031 3051 51.3 52.44630 3650 3631 53.1 50 1.8 620 76.5 43.1 54
1111 2131 3031 3051 51.3 52.44631 3647 3628 50.6 45F 0.7 617 76.4 42.9 38 53,8
1112,2132 19794 19813 50 504632 19922 19902 50 42.9 0 129 72.5 43.4_38 50.8
111312133 12236' 12256 51.2 42.94633 12994 12976 50.31 474 0.8 759 76.4 42.4 38 53.7
11142134 267081 26731 54.2 41.74634 27467 27449 52.8 47.4 1.4 760 76, 41.3 38 54.1
1115 2135 19716 19737 52.2 45.54635 19922 19901 51.5 45.5 0.7 207 73.5 41,1 38 52
11162136 19715 19735 52.5 47.64636 19922 19901 51.5 45.5 0.9 208 73.6 41.31 38 52.1
1117 2137 3360 3379 50.7 45 4637 3503 3484 51.5 50 0.7 144 74.3 46.5 38 52.3
1118 2138 9055 9079 52.8 404638 9364 9346 53.9 52.6 1.1, 310 75.3 42,9 38 53.7
11 gi2139 1782 -1801 52.71 5014639 1881 1861 54.5 52.4 1.8 100 72.4 47 38 51,6
11202140 26708 26727 50 454640 27468 27450 51.91 47.4 1.8 761 75.9 41.3 38 53.3
1121 2141 26708 26727 50 454641 27468 27451 51.11 50 1.1 761 75.9 41.3 38 53.3
11222142 4593 4613 51.5 47.64642 4995 4975 51.71 42.9 0.1 403 76 43.4 38 53.8
11232143 19709 19730 51.3 40.94643 19930 19911 50.7 50 0.5 222 74 41.9 38 52.1
11242144 26421 26441 51.5 42.94644 26587 26570 50.2 50 1.3 167 72.3 40.1 38 50.8
1125 2145 18979 19000 51.6 45.54645 19217 19195 51.7 43.5 0 239 73.5 40.2 38 52.1
112612146 18703 18724 53.5 504646 19476 19453 53.5 41,7 0 774 75.6 40,3 38 54
11272147 4255 4276 51.7 45.5 4647 4708 4690 50.3 47.4 1.4 454 75.1 40,7 38 52.8
11282148 3232 3252 51.1 47.6 4648 3503 3484 51.5 50 0.4 272 74.6 41.9 38 52.6
11292149 26421 26441 51.5 42.9 4649 26656 26636 51.3 47.6 0.2 236 74.2 41,9 38 52.5
11302150 3232 3252 51.1 47.6 4650 3504 3485 50.4 45 0.7 273 74.6 41.8 38 52.4
11312151 26421 26441 51.5 42.9 4651 26660 26641 50.2 50 1.3 240 74.2 41.7 38 52.1
1132 2152 26421 26441 51.5 42.9 4652 26683 26665 52.7 52.6 1.2 263 74.8 42.6 38 52.9
11332153 26421 26441 51.5 42.9 4653 26686 26669 50.5 50 0.9 266 74.8 42.5 38 52.6
11342154 26421 26441 51.5 42.94654 26691 26673 51.3 47.4 0.1 271 74.8 42.4 38 52.9
11352155 18704 18724 50.8 47.64655 19476 19456 50.5 429 0.3 773 75.5 40.2 38 53.1
11362156 18704 18724 50.8 47.64656 19482 19463 50.1 45 0,7 779 75.5 40.2 38 53
11372157 942 960 52.1 52.64657 1498 1481 51 50 1.1 557 76,9 44.5 38 54.3
113812158 942 960 52.1 52.6 4658 1497 1480 50,3 50 1.9 556 77 44.638 54.1
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1144 2164 9130 9150 51.3 42.9 4664 9560 9541 50.9 45 0.4 431 75.3 41.3 8 53
1145 2165 18224 18243 53.1 50 4665 18696 18672 53.9 40 0.8 473 75.7 42.1 38 54
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1180 2200 7725 7743 50.8 47.4 4700 8187 8167 50.4 42.9 0.5 463 75.6 41.9 38 53.1
1181 2201 18074 18094 51.1 42.94701 18642 18622 50.5 42.9 0.5 569 76.2 42.5 38 53.6
11822202 25782 25805 52.1 41.7 4702 26174 26153 51 40.9 1.1 393 74.8 40.5 38 52.8
1183 2203 9131 9151 50.4 42.94703 9560 9541 50.9 45 0.5 430 75.3 41.4 38 52.9
11842204 25782 25805 52.1 41.74704 26183 26162 52.8 45.5 0.7 402 74.7 40.3 38 53.1
11852205 9131 9151 50.4 42.94705 9560 9540 51.6 42.9 1.2 430 75.3 41.4 38 529
11862206 7725 7743 50.8 47.44706 8188 8168 50.4 42.9 0.5 464 75.6 41.8 38 53.1
11872207 985 1004 51.1 504707 1494 1476 50.7 47.4 0.4 510 76.5 43.7 38 53.9
11882208 13039 13058 51.8 50 4708 13323 13304 51.1 45 0.7 285 75.8 44.6 38 53.5
11892209 9131 9151 50.4 42,94709 9559 9539 50.6 42.9 0.3 4291 75.3 41.j5 38 52.9
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11 9012210 12352 12375 52.91 41.7 4710 12499 124801 51.8 1481 73.3 43.9 38
1-i191 211 3225 3244 52.4 55 4711 3646 3625 52 40.9 0.4 422 75.41 41.7 38 53.5
fT-922-12 25676- 25697 51.9 40.9 4712 25764 25765 53.3 50 1.4 109 70,3J 40.4 38 49.9
1T 19 3 213 2 5363 25381 51.1 52.6 4713 25548 25531 51.1 -50 -0 186 73.7J 42.5 38 52
1194 2214 25363 25381 51.11 52.6 4714 25645 25626 50.8 45 0.4 283 74.21 40.6 38 52.3
1195 2215 18074 18093 50.3 4514715 18642 18622 50.5 42.9 0.2 569 76.21 42.5, 38 53.5
1196 2216 3225 3244 52.4 55 4716 3647 3628 50.6 45 1.8 423 75.51 41.81 38 53.1
1197 2217 3225 3244 52.4 55 4717 3650 3631 53.1 50 0.7 426 75.5 42 38 53.7
119682218 12352 12375 52.9 41.7 4718 12494 12476 52.2 47.4 0.6 143 73.2 44.1 38 52
1199 2219 13039, 13058 51.8 50 4719 13326 133061 50.7 42.9, 1.2 288 75.8 44.4 38 53.4
1200 2220 7617' 7636 50.9, 50.4720 8168 8169 50.5 45 0.5 572 76.1 42.3 38 53.5
1201 2221 988 1006 52.2 52.614721 1697 1678 50.3 45 2 710 76.9. 43.8 38 54
1202 2222 12232 12250 51.9 52.6 4722 12739 12719 50.3 42.9 1.7 508 75.8 42.1 38 53.3
1f2 03 223 12232 12250 51.9 52.6 4723 1-2739 12718 51 40.9 1 508 75.8 42.1, 38 53.5
1204 2224 968 1006 52.2 52.6 4724 167 1677 51 42.9 1.2 710 76.9 43.8 38 54.2

105 22 8867 88 507 0425 93411 9322 51.1 50 0.5 475 75.7 41.9 38 53.3

1206 2226 3-223 3242 51.8. 55 4726 36501 3631 53.1 50 1.3 428 75.6 42.11 38 53.6
0-7 227 8867 8886 5. 5042 94T 93[ 50.8 455 0.1 474 75.6 41.81 38 53.2

1208'2228 988 1006 52.2 52.6 478 16971 1676 51.7 40.9 -0.6 710 6.9 43.8138 54.
1T209 M29 988 1006 52.21 52.6 4729 1694 1673 51.7 40.9 0.5 707 76.9 43.81 381 54.5
1210 2230 988 1008 52.2 52.6.4730 1494, 1476 50.7 47.4 1.5 507 76.5 43.8J 38~ 53.9
1211 2231 9931 9950 50.2 45 47311 104551 10434 51.1 40.9 1 525 75.3 40.6~ 38j 52.8
121212232 3224 3242 50.5 52.6 432 3646] 3625 52 40.9j 1.5 423 75.4 41.61 38 53
1213[2233 3224 3242 50.5 52.6 4733 3647T- 3628 50.61 45 0.1 424 75.41 41.71 38 53.1
1214 2234 3016 3036 50.2 42.9 4734 3187 316 50.31 45.5 0.1 172 '74.6 45.31 38 52.4
1215 2235 24559 24579 52 52.4 4735 25182 25164 51.41 47.4 0.6 624 76 41.8 38 53.7
1216 2236 1782 1802 53.3 47.6 4736 1881 1861 54.5 52.4 1.2 100 72.4 47 38 51.8
1i217 2237 7880 7900 50.3 42.9 4737 8188 8169 50.5 45 0.1- 309 74.8 41.7 38 52.6
1218 2238 8861 8880 50.2 45 4738 9248 9229 50.1 45 0l 388 75 41 38 52.6
1219 2239 8868 8889 50.4 40.9 4739 9312 9293 50.6 45 0.1 445 75.3, 41.3 381 53
1220 2240 17790 17813 54.31 41.7 4740 18220 18201 56.1 55 1.8 431 74.9 40.4 38 53.8
1221 2241 24569 24590 56.6 54.5 4741 25184 25164 55.9 52.4 0.7 616 75.9 41.7 38 
1-222 242 1317 6 1319-6 51.4 47.6 -4742 13328 13307 51.2 45.5 153 73.4 43.8 38 51.9

-223 2243 8861 8880 50.2 45 4743 9254 9236 50.6 47.4 0.4 394 74.9 40.9 38 52.6
1T2242244 24622 24643 57.1 54.54744 25400 25377 57.2 50 0.1 779 75.7 40.7 38, 55.2
1 225 22 45 8868 8889 50.4 40.914745 9256 9237 50.81 45 0.4 389 75 41.1 38 52.7
1 226 246 3361 3381 50.5 42.9 4746 3497 3478 51.31 50 0.8 137 74.1 46.7 38 52.1
1227 2247 4593 4613 51.5 47.6 4747 4711 4693 50.4 47.4 1.1. 119 71.5 42 38 50.2
1228 2248 19911 19930 50.7 50 4748 20615 20597 50.6 47.4 0.11 705, 75.5 40.3 38 53.1
1229 2249 3221 3239 51.5 52.6 4749 3497 3478 51.3 50 0.2 277 74.61 41.9 38 52.7
123-0 250 3223 3241 50.2. 52.6K4750 35041 3485 50.4 45 0.2 282 74.8 42.2 38 52.5
1231 2251 3223 3241 50.21 52.614751 35031 3484 51.51 50 1.2 281 74.9 42.3 38 52.6
1232 2252 3360 3380 51.4 42.914752 3504 3485 50.4 45. 1 145 74.2 46.2 38 52.2
12332253 4593 4613 51.5 47.64753 4711 4692 51.2 45 0.3 119 71.5 42, 38, 50.5
1234 2254 4593 4613 51.5 47.6 4754 4710 4691 50.2 45 1.4 118 71.6 42.4 38 50.2
1235 2255 3016 3036 50.2 42.9 4755 3186 3165 50.4 40.9 0.2 171 74.4 45 38 52.3
1236 2256 29182 29206 55.4 44 4756 29301, 29282 55.3. 55 0.1 120 73.4 46.7 38 53.1
1237 2257 29183 29206 52.9 41.7 4757 29306 29287 54.6 55 1.7 124 73.3 46 38 52.3
1238 2258 29186 29206 51.31 42.9 4758 29298 29279 52.6 55 1.3 113 72.8i 46 38 51.5
1239 2259 16979 17000 526 5 759 17483 17465 54.4 52.61 1.8 505 7594. 381 54
1240122601 291821 29205 5. 4176 29298 29279 52.6 551 1.91 1171 73.11 40.213 52
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131 74.51 48.1 38[124112261 169811 17000 5014761 17111 17090 51.11 40.9

12422262 13177 13197 50.3 42.94762 13949 13932 51.6 50 1.3 773 75.8 41 38 53.3
T124-3 2263 8867 88871 52.3 47.6 4763 9252 9234 51.4 52.8 0.9 386 75.1 41.5 38 53.1
1244 2264 24420 24440 50.8 42.9 4764 25081 25063 52.4 52.6 -1.6 662 75.7 40.9 38 53.3
1245 2265 7727 7745 50.8 47.4 4765 8188 8169 50.5 45 0.4 462 75.6 41.8 38 53.1
1246 2266 2387 2405 51.6 52.61476B 3055 3036 50.6, 50 1.1 669 76.7 43.3 38, 53.9

1247 2267 2671 2692 52.1 40.9 4767 3055 3036 50.6 50 1.5 385 74.8 40.5 38 52.6
12482268 29182 29202 51.2 42.94768 29298 29279 52.6 55 1.4 117[ 73.1 46.2 38 51.6
1249 2269 24418 24439 52.9 45.54769 25081 25063 52.4 52.6 0.5 664 75.7 41.1 38 53.8
1250 2270 12373 12391 50.8 47.4,4770 12992 12974 51.2 52.6 0.4 620 76.5 43.1 38 53.9

1251 2271 29179 29199 51.4 42.914771 29298 29279 52.6 55 1.2 120 73.4 46.7 38 51.9
1252 2272 1783 1803 54.2 47.64772 1882 1861 56 50 1.8 100 72.4 47 38 52

12532273 12373 12391 50.8 47.44773 12498 12480 50 47.4 0.7 126 72.8 44.4 38 51
1254 2274 7728 7746 51.7 52.64774 8190 8172 50.3 47.4 1.4 463 75.6 41.9 38 53.1

1255 2275 16875! 168961 52.2 45.5 4775 17064 17045 51.4 50 0.8 190 74.5 44.2 38 52.7
1256 2276 11402 1425t 52.8 41.7 4776 2103 2082 52 45.5 0.8 702 76.7 43.3 38F 54.4
12572277 28971 28993 51.9 43.5 4777 29358 29339 52.8 50 0.9 388 76.3. 44.31 381 54.1

125812278 '2-438o 24399 55 5 4778 25080 25061 54.1 50 1 701 75.9 41.4 381 54.5

12592279 24380 24399 55 55 4779 25080 25062 53.5 52.6 1.6, 701 75.9 41.4 381 54.3

12602280 3168 3189 51 45.54780 3497 3478 51.3 50 0.3 330 75.3 42.4 381 53.1
12612281 1402 1426 54.1 4014781 1 1602 56.1 44 1.9 225 76.4 47.6 381 54.8

12632283 24379 24398 55 55 4782 25086 25061 54.1 50 1 702 75.9 41.3 381 54.4
1263 2282 24379 24398 55 55 4783 25080 25062 53.5 526 1.6 702 75.9 41.3 381 54.3
12642284 16875 16895 51.6 47.6 4784 17062 17045 50.2 50 1.4 188 74.4 44.1 381 52.2

1265 2285 12726 127461 51.3 47.64785 12998 12979 50.1 45 1.2 273 75.2 '43.2 38 52.7
1266 2286 24378 24397 551 5514786 24517 24494 53.2 41.7 1.8 140 72.7 42.9 38 51.9

12672287 24378 243971 55 55,4787 25080 25061 54.1 50 1 703 75.9 41.3 38 54.4

1268 2288 28939 28961 55.2 47.84788 29306 29285 56.7 54.5 1.5 368 76.6 45.1 38 55.3

1269 -2289 28940 289611 53.1 45.514789 29306 29287 54.6 55 1.5 367 76.5 45 38 54.6
1270 2290 28941 28961 51.6 42.914790 29298 29279 52.6 55 1 358 76.3 44.7 38 54

1271 2291 28178 28200 52 43.514791 28284 28265 52.9 50 0.9 107 74.7 51.4 38 53

1272 2293 28941 28961 51.6 42.94792 29358 29339 528 50 1.2 418 76.5 44.5 38 54.2

1273 2293 24378 24397 55 5514793 25080 25062 53.5 52.6 1.6 703 75.9 41.3 38 54.2

1274 2294 28938 28960 56.1 47.8 4794 29306 29285 56.7 54.5 0.6 369 76,5 45' 38 55.5
1275 2295 12234 12252 50.6 47.4 4795 12498 12480 50 47.4 0.5 265 74.7 42.3 38 52.4

1276 2296 28939 28960 54.7 50 4796 29306 29287 54.6 55 0.1 368 76.6 45.1 38 55.1
1277 2297 28140 28158 54.1 52.6 4797 28411 28393 52.9 52.6 1.1 272 78.8 52.2 38 56.2
12782298 28941 28960 50.9 45 4798 29298 29279 52,6 55 1.7 358 76.3 44.7 38 53.8
1279 2299 28140 28158 54.1 52.6 4799 28416 28396 52.4 47.6 1.7 277 78.8 52 38 56

1280 2300 28941 28960 50.9 45 4800 29358 29339 52,8 50 1.9 418 76.5 44.5 38 53.9
1281 2301 24179 24200 53.3 40.9 4801 24815 24791 54.5 40 1.2 637 75.8 41.3 38 54.1
1282 2302 28938 28956 50.8 47.4 4802 29298 29279 52.6 55 1.8 361 76.4 44.9 38 53.8

1283 2303 12726 12746 51.31 47.6 4803 12992 12974 51.2 52.6 0.1 267 75.2 43.4 38 53.1
1284 2304 16874 16893 52.11 5014804 17062 17045 502 50 1.9 189 74.6 44.4 38 52.3
1285 2305 1352 1371 56.1 55 4805 1484 1464 54,3 47,6 1.8 133 74,9 48.9 38 53.8

12862306 11540 11561 53.8 45.54806 11983 11965 53 52.6 0.7 444 75.1 40.8 38 53.6

1287 2307 24179 24199 52.7 42.9 4807 24815 24792 53.4 41.7 0,7 637 75,8 41.3 38 53.9
1288 2308 16555 16572 50.3 50 4808 16777 16758 51,5 50 1.2 223 73,6 40.8 38 51.7
1289 2309 24178 24198 52.7 42.9 4809 24815 24791 54.5 40 1.8 638 75.7 41.2 38 53.9

1290 2310 3192 3213 51.8 45.5 4810 3650 3631 53.1 50 1.3 459 75.7 42 38 53.6
1291 2311 3192 3213 51.8 45.5 4811 3647 3628 50.6 45 1.2 456 75.6 41.9 38 53.2
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129212312 1f 24174 241951 52.5 40.914812 124815 24792 6421 75.81 41.3 381 53.9
129312313 16553 16571 53.4 52.6 4813 16780 16760 51.4 42.9 2 228 73.7 40.8 38 52.1
129412314 16550 16568 54.1 52.6 4814 17041 -17023 53.5 52.6 0.61 492 75.9 42.3 38 54.3
129512315 3192 3213 51.8 45.5 4815 3646 3625 52 40.9 0.2 455 75.5 41.8 38 53.5
129612316 16551 16568 51.1 504816 16777 16758 51.5 50 0.4 227 73.9 41.4 38 52.2
1297,2317 12373 12391, 50.6 47.4,4817 12998 12979 50., 45 0.7 626 76.4 43 38 53.6
1298{2318 28868 28887 50.7 4514818 29414 29395 50.5 50 0.2 547-- 77, 44.8 38 54.2
129912319 24028 24047 53.8 5014819 24815 24791 54.5 40 0.7 788 76.3 42 38 54.6
1300 2320 2427 2445 52.1 52.614820 3056, 3038 50.8 52.6 1.3 630 76.4 42.9 38 53.8
1301 2321 28867 28886 53.2 5014821 293061 29288 53.5 52.6 0.3 440 76.9 45.2 38 54.9
1302 2322 24021 24044 52.8 41.7j4822 24815 24791 54.5 40 1.6 795 76.2 41.9 38 54.3
1303 2323 28867 28885 51.5 52.614823 29414 29395 50.5r -50 0.9 548 7. 4.9 3854.2
13042324 12369 12388 50.6 4514824 13155 13137 52.1 52.6 1.5 787 76.8 43.3 38 54
1305 2325 27368 27392 58.2 4814825 27467 27443 59.4 481 1.2 100 71.2 44 38 52.4
1306 2326 27369 273921 57.2 50 4826 27468, 27444 58.4 441 1.2 100 71.2 44, 38 52.1
1307 2327 27369 27392T 57.21 504827 27468 27445 58,1 45.81 0.81 100 71.2 44 38 52.1
1i308 2328 23841 238631 53.71 47.8 4828 24022 24003 55.5 55 1.7 182 74.4 44.5 38 53.3

-309 2329 3192 3213{ 51.8 45.5 4829 3497 3478 51.3 5o0 0.5 306 75 42.2 38 53

1311 2331 27366 273891 56.1 45.814831 27465, 27443 56.4 47.8 0.3 100 71.2 44 38 51.8
13122332 23663 278863 56.1 45.8,4832 246 24446 55.6 45.5 06810 761 44. 38 51.6
1313 2333 27366 27389{ 56.1 45.8 4833 274651 27445 55.1 47.6 1. 100 71.2 -441 38 51.5

13,]14, 2 3 34 165491 I6567j 54.9 52.6 4834 16779 16758 53.51 50 1.41 231 74 41.61 38 53
1315 2335 273691 27389 52.5 47.6 4835 27468 27448 53,7 47.6 1,1 100 71.2 441 381 50.7

1316 2336 1 273691 27389 52.5 47.6 4836 27468 '27449 52.6 45 0 100 71.2 44 350 .7

1317 2337 1273691 27389 52.5 47.64837 27468 27450 51,9 47.4 0,7 100 71.2 441 38 50.5
1318 2338 128654 28672 50.6 52.6 4838 29412 29393 50.3 45 0.2 759 77.9 46.1 38 54.7
1319,2339 1 2429 2447 50.21 47.414839 3053 3034 50.3 50 0.1 625 76.3~ 42.6 39 53.6
1320r2340  1442 1461 51.6 5514840 1697 1676 51.7 40.9 0 256 75.8 45.3 39 53.7
!31'34 144 141 5. 5841 1697 1677 51 42.9 -0.6 256 75.8 45.3 39 53.5
1322[2342 1442 1461 51.6 5514842 -1697 1678 50.3 45 1.3 256 75.81' 45.3 39 53.3
132312343 3214 3233 51.1 50{4843 3504 3485 50.4 45 0,7. 291 74. 8 41.9 39 52.6
1324[2344 3214 3233 51.1 5014844 3503 3484 51.5 50 0.4 290 74.8 42.1 39 52.8
132512345 27374 27392 50.6 47.44845 27674 27653 52.5 40.9 1.9 301 74.1 40.2 39 52.2
1326-2346 9930 9949 152.2 50 4846 10670. 10649 51.3 40.9 0.9 7411 75.8 40.9 39 53.5
132712347 1442 1481 51.8 55 4847 2103 2083 50.61 42.9 1 6621 76.7 43.4 39 53.9
1328 2348 8867 8887 52.3. 47.614848 9375 9354 50.4 40.9 21 5091 75.7 41.8 39 53.2
1329 2349 16367 16386 51.41 5014849 16775 16755 51.1 42.9 0.31 4091 75 40.8 39 52.9
1330 2350 18081 18100 51.7 504850 18702[ 18685 50.2 501 1.5 6221 76.2 42.4 39 53.5
1331 2351 18083 18102 50.6 454851 18702 18685 50.2 50 0.4 620 76.1 42.31 391 53.4
1332,2352 18094 18113 51 504852 18702 18685 50,2 50 0.8 609 76.1 42.2F39 53.4
1333 2353 8865 8884 50A4 45 4853 9254 9236 50.6 47.4 0.2 390 75 41 39 52.7
13342354 16387 16386 51.4, 50,4854 18774 16754 50.4 42.9 1 408 75 40.9 39 52.7
1335 2355 18008 18028 53 52.4 4855 18220 18202 54.8 52.6 1.9 213 74.4 43.2 39 53.1
1336 2356 ,27369 27389 52.5 47.6 4856 27674' 27653 52., 40.9 0.1 306 74.3 40.5 39 52.9
13372357 16367 16386 51.4 504857 16774 16753 51.1 40.9 0.3 408 75 40.9, 39. 52.9
13382358 1442 1461 51.6f 554858 2113 2094 50.1 45 1.5 672 76.7 43.3 39 53.8
1339 2359 786 7895 51.51 4S 8190 8172 SO347.4 1.2 3S 75.1 42.239 27

13402360 18696 18715 51.7j 504860 194821 19463 50,1 45 1.71 787, 75.6 40.3 39 53
1341 2361 12370 12388 50.11 47.4 4861 12911 128921 50.5 50 0.4 427. 42.4 39 53.4
134212362 1 887 905 50.11 744862 1493 14731 521 47.6 1.9 67 7. 44.6 39 54.1
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13432363 16367 16387 51.8 47.6 4863 16774 16751 53.6 41.7 1.8 408 75 40.9 39 53.2
1344 2364 16378 16397 50.4 45 4864 17111 17090 51.1 40,9 0.7 734 76,3 42.2 39 53.6
13452365 16378 16397 50.4 454865 16781 16761 51.3 47.6 0.8 404 75.1 41.1 39 52.8
1346 2366 1402 1425 52.8 41.74866 1501 1478 54.6 41.7 1.8 100 72 46 39 51.3
1347 2367 16378 16397 50.4 45 4867 16777 16758 51.5 50 1 400 75 41 39 52.7
13482368 16378 16397 50.4 45 4868 16775 16756 50.3 45 0.1 398 75 41 39 52.7
1349 2369 16378 16397 50.4 4514869 16775 16755 51.1 42.9 0.6 398 75 41 39 52.7
1350 2370 16378 16397 50.4 454870 16774 16754 50.4 42.9 0 397 75 41.1 39 52.7
1351 2371 16378 16397 50.4 454871 16774 16753 51,1 40.9 0.7 397 75 41.1 39 52.8
1352 2372 16378 16397 50.4 45 4872 16774 16752 52.2 43.5 1.8 397 75 41.1 39 52.8
13532373 10250 10274 51.6 404873 10608 10589 51 50 0.6 359 74.6 40.4 39 52.6
13542374 16548 16566 54.9 52.6 4874 17112 17090 53.3 43.5 1.6 565 76.3 42.8 39 54.5
1355 2375 19709 19730 51.3 40,9 4875 19922 19902 50 42.9 1.2 214 73.8 41.6 39 51.8
13562376 3218 3237 50.5 45 4876 3504 3485 50.4 45 0.1 287 74.7 41.B 39 52.5
13572377 3218 3237 50.5 45 4877 3503 3484 51.5 50 0.9 286 74.7 42 39 52.6
1358 2378 9709 19730 51.3 40.9 4878 19920 19899 50.2 40.9 1.1 212 73.7 41.5 39 51.8
1359 2379 1402 1422 50.2 42.9 4879 1501 1480 51.9 40.9 1.7 100 72 46 39 50.6
1360 2380 1402 1422 50.2 42 9 4880 1501 1481 51.2 42.9 1.1 100 72 46 39 50.6
1361 2381 8867 8886 50,7 50 4881 9249 9230 51.5 45 0.9 383 75.2 41.5 39 52.9
1362 2382 19794 19813 50 50 4882 19928 19908 52 52.4 2 135 72.8 43.7 39 51.1
13632383 8867 8886 50,7 50 4883 9249 9231 50.8 47.4 0.2 383 75.2 41.5 39 52.9
1364 2384 9927 9945 50.8 52.6 4884 10183 10165 51.7 47.4 0.9 257 75.3 44 39 53.1
1365 2385 27366 27384 52.2 52.6 4885 27566 27546 50.7 47.6 1.5 201 74.7 44.3 39 52.6
1366 2386 9927 9945 50.8 52.6 4886 10183 10166 50.9 50 0,1 257 75.3 44 39 53.1
1367 2387 27366 27384 52.2 52.6 4887 27568 '27548 50.2 42.9 1.9 203 74.6 43.8 39 52.4
1368 2388 27366 27384 52.2 52.6 4888 27571 27551 51.442.9 0.8 206 74.5 43.7 39 52.7
1369 2389 887 905 50.1 47.4 4889 1483 1465 50.5 47.4 0.4 597 77 44.6 39 54.1
1370 2390 27366 27384 52.2 52.6 4890 27579 27558 51.1 40.9 1.1 214 74.9 44.439 52.9
1371 2391 16549 16567 54.9 52. 4891 16774 16751 53.6 41.7 1.3 226 74 416 53
13722392 19794 19B13 50 504892 19916 19895 50,2 40.9 0.2 123 72.1 43.1 39 50.6
1373 2393 16551 16568 51.1 50 4893 17062 17045 50.2 50 0.9 512 76. 42.4 39 53.3
13742394 12726 12746 51.3 47. 4894 13155 13137 52.1 52.6 0.8 43076.4 44 39 53.9
13752395 545 564 50.7 50 4895 1171 1153 50.4 47.4 0.3 62778.2 47.2 39 54.9
1376 2396 887 905 50.1 47.4 4896 1483 1464 51,3 45 1.2 597 77 44.6 39 54.1
13772397 9927 9945 50.8 52.64897 10356 10336 52.4 47.6 1.6 430 75.6 42.1 39 53.3
13782398 887 905 50.1 47.4 4898 1481 1463 50.5 47.4 0.4 595 77 44.5 39 54.1
13792399 12726 12746 51.3 47.64899 12911 12891 51.2 47.6 0.1 186 73.5 41.9 39 51.9
13802400 19795 19814 50.4 45 4900 19917 19896 50.9 45.5 0.5 123 72.1 43.1 39 50.7
1381 2401 27361 27380 52.4 55 4901 27566 27546 50,7 47.6 1.7 206 75.1 45.1 39 52.9
1382 2402 27361 27380 52.4 55 4902 27569 27548 50.9 40.9 1.5 209 74.9 44.5 39 52,8
1383 2403 27361 27380 52.4 55 4903 27571 27551 51.4 42.9 1 211 75 44.5 39 53
13842404 8867 8886 50.7 50 4904 9256 9237 50.8 45 0.1 390 75.1 41.3 39 52.9
1385 2405 8373 8391 50.7 47.4 4905 9109 9087 50.5 435 0.1 737 75.4 40 39 53
13862406 19800 19817 50.4 504906 19927 19908 52.1 55 1.7 128 72.6 43.8 39 51
13872407 19800 19817 50.4 50 4907 19924 19905 50.1 50 0.3 125 72.2 43.2 39 50.7
1388 2408 16553 16571 53.4 52.6 4908 16774 16751 53.6 41.7 0.3 222 73.7 41 39 52.7
1389 2409 2427 2445 52.1 52.6 4909 3053 3034 50.3 50 1.8 627 76.4 42.7 39 53.6
1390 2410 887 905 50.1 47.4 4910 1479 1460 51.6 50 1.5 593 77.1 44.7 39 54.1
1391 2411 13177 13197 50.3 42.9 4911 13321 13301 50.3 42.9 0 145 73.1 43.4 39 51.3
1392 2412 8374 8395 52.4 45.5 4912 9109 9087 50.5 43.5 1.9 736 75.4 40.1 39 53.1
1393 2413 9926 9944 50.5 52.64913 10183 10165 51.7 47.4 1.2 258 75.2 43.8 39 52.9

-365-



WO 2004/092360 PCT/US2004/011710

WOnn 2004/9236 PCTIS204/0 1710
I34IUI14 1 50b2 180buU 01. 52.i4914 17056I____17056
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I i- 4- I
13Y/12417 131771 13197 50.3 42.9 4917 13325 13305 50.5 47.6
1398 2418 10141 10160 51 454918 10356 10336 52.4 47.6 1.4 216 73.5 40.7 39 51.8
1399 2419 2823 2844 50.4 45.5 4919 3185 3164 51 45.5 50 363 75.6 42.7 39 53.1
1400 2420 19800 19818 52.1 52.6 4920 19916 198951 50.2 40.9 1.9 117 71.7 42.7 39 50.3
1401 2421 8063 8084 51.4 45.5 4921 8189 8170 50.6 50 0.8 127 723 43.3 39 50.9
1402 2422 985 1008 56.1 50 4922 1485 1465 56 52.4 0 501 76.5 43.7 39 55.4
1403 2423 985 1008 56.1 50 4923 1485 1466 55.6 55 0.5 501 76.5 43.7 39 55.3
1404 2424 985 1008 56.1 504924 1495 1474 55.1 45.5 1 511 76.5 43.6 39 55.2
1405 2425 18017 18036 54.8 554925 18231 18209 53.5 47.8 1.3 215 74.5 43.3 39 53.3
1406 2426 985 1008 56.1 50 4926 1497 1476 56.4 50 0.3 513 76.6 43.9 39 555
1407 2427 13039 13057 51.1 52.64927 13155 13137 52.1 52.6 1 117 73.4 47 39 51.8
14082428 985 1008 56.1 50 4928 1498 1478 54.9 47.6 1.2 514 76.5 43.8 39 55.1
1409 2429 988 1006 52.2 2 524929 1496 1478 50.4 47.4 1.9 509 76.5 43.8 39 53.8
14102430 988 1006 52.2 52.6 4930 1497 1480 50.3 50 2 510 76.6 43.9 39 53"~
1411 2431 19856 19875 50.2 45 4931 20033 20016 50.4 50 0.2 178 74.1 43.8 39 52
1412 2432 988 1006 52,2 52.6 4932 1498 1481 51 50 1,2 511 76.6 43.8 39 54
1413 2433 3361 3382 51.9 45.5 4933 3650 3631 53.1 50 1.2 290 75.7 44.1 39 53.6
14142434 8867 8888 52.7 45.54934 9365 9347 53 52.6 0.3 499 75.8 42.1 39 54
1415 2435 24921 24938 50.4 50 4935 25645 25626 50.8 45 0,4 725 75.5 40.4 39 53.1
1416 2436 -3361 3382 51.9 45.5 4936 3647 3628 50.6 45 1.3 287 75.6 43.9 39 53.2
1417 2437 24635 24653 50.5 52.64937 25398 25378 51.1 42.9 06 764 75.5 4033953.1
1418 2438 8867 8888 52.7 45.54938 9256 9237 50.8 45 1.9 390 751 41.3 52.9
14192439 18017 18036 54.8 55 4939 18712 18693 54.8 55 0 696 76.4 42. 39 
1420 440 24633 24651 50.1 52.64940 25398 25378 51.1 429 0.9 766 75.6 40. 53
1421 2441 18011 18032 557 4.5941 8220 18202 54.852.6 210 74.5 433 39 53.7
1422 2442 18014 18032 51 52.4942 18223 18206 51.8 50 0.8 210 74.3 42.9 39 52.4
1423 2443 24630 24648 50.8 52.6 4943 25398 25378 51.1 42.9 0.2 769 75,6 40.4 39 53.3
1424 2444 18014 18032 51 52.6 4944 18231 18210 52.2 45.5 1.2 218 74.5 43.1 39 52.5
1425 2445 18014 18032 51 52.6 4945 18233 18214 52 50 1.1 220 74.7 43.6 39 52.7
1426 2446 18014 18032 51 52.64946 18233 18215 51.3 52.6 0.4 220 74.7 43.6 39 52.7
1427 2447 18011 18031 54.5 52.4 4947 18220 18201 56.1 55 1.6 210 74.5 43.3 39 53.6
1428 2448 3361 3382 51.9 45.54948 3646 3625 52 40.9 0.1 286 75.5 43.7 39 53.5
1429 2449 4658 4677 50.5 50 4949 5306 5288 52.4 52.6 2 649 75.5 40.7 39 53.1
1430 2450 18012 18031 53.2 554950 18223 18205 53.3 52.6 0.2 212 74.5 43.4 39 532
1431 2451 18012 18031 53.2 55 4951 18712 18693 54.8 55 1.7 701 76.4 42.7 39 54.6
1432 2452 13040 13059 50.9 50 4952 13325 13305 50.5 47.6 0.4 286 75.7 44.4 39 53.3
1433 2453 8867 8888 52.7 45.5 4953 9249 9231 50.8 47.4 1.9 383 75.2 41.5 39 53
1434 2454 24179 24198 51 45 4954 24740 24717 52.5 41.7 1.4 562 76 42.2 39 53.6
1435 2455 18013 18031 50.6 52.6 4955 182291 18209 50.1 42.9 0.5 217 74.4 42.9 39 52.2
1436 2456 8865 8884 50.4 45 45956 9340 9319 50.8 45.5 0.3 476 75.5 41.6 39 53.1
1437 2457 24558 24577 50.7 50 4957 24936 24919 51.8 50 1.1 379 75.8 43 39 53.3
1438 2458 8867 8888 52.7 45.5 4958 9249 9230 51.5 45 1.2 383 75.2 41.5 39 53.2
1439 2459 26039 26058 54 55 4959 26753 26733 54 52.4 01 715 76 41.5 39 54.5
1440 2460 26039 26058 54 55 4960 26753 26734 52.6 55 1.4 715 76 41.51 39 54.1
1441 2461 18009 18028 51.6 55 4961 18223 18206 51.8 50 0.1 215 74.5 43.3 39 52.7
1442 2462 24482 24503 51,6 40.9 4962 25080 25062 53.5 52.6 1,8 599 75.5 40.7 39 53.4
1443 2463 8861 8880 50.2 45 4963 9109 9087 50.5 43.5 0.4 249 73.8 40.6 39 51.8
1444 2464 24483 24503 51 42.9 4964 25086 25069 50.3 50 0.6 604 75.5 40.7 39 53
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144712467 24481 24502 51.5 45.5 4967 25081 25063 52.4 52.6
I

144812468 24482 24502 50.3 42.9 4968 25082 25064 51.1 7601i 7R s n
1449 2469 24482 24502 50.3 42.94969 25085 25068 50.3 50 0 604 75. 4  40.6 39 53
1450 2470 24482 24502 50.3 42.9 4970 25086 25069 50.3 50 0 605 75.5 40,7 39 53
1451 2471 18011 18030 52.91 55 4971 18223 18206 51.8 50 1.1 213 74.4 43.2 39 52.7
1452 2472 18011 18030 52.9 55 4972 18231 18210 52.2 45.5 0.7 221 747 434 39 53
1453 2473 18011 18030 52.9 554973 18233 18214 52 50 0.9 223 74.9 43.9 39 53.1
14542474 18011 18030 52.9 55 4974 18233 18215 51.3 52.6 1.6 223 74.9 43.9 39 52.9
14552475 24419 24440 52.3 45.54975 24815 24792 53.4 41.7 1.2 397 75.9 43.1 39 53.9
1456 2476 18008 18029 54.5 50 4976 18220 18201 56,1 55 1.6 213 74.4 43.2 39 53.6
1457 2477 24420 24440 50.8 42.9 4977 24527 24507 51 42,9 0.2 108 70.7 41.7 39 49.9
1458 2478 12232 12250 51.9 52.6 4978 12994 12976 50.3 47.4 1.6 763 76.4 42.5 39 53.7
1459 2479 4644 4665 52.5 45.5 4979 5306 5288 52,4 52.6 0.1 663 75.6 40.9 39 53.8
14602480 18009 18029 53.3 52.4 4980 18712 18693 54.8 55 1.6 704 76.4 42.6 39 54.6
1461 2481 18010 18029 51.8 50 4981 18223 18205 53.3 52.6 1.5 21474.4 43 39 52.7
1462 2482 24418 24439 52.9 45.5 4982 24527 24507 51 42.9 1.9 110 71.3 42.739 50.3
1463 2483 24418 24439 52.9 45.5 4983 24815 24792 53.4 41.7 0.5 398 75.9 43.2 39 54.1
1464 2484 9351 9370 51.2 504984 10017 9999 52.8 52.6 1.6 6677 75.7 '40.9 39 53.4
1465 2485 18011 18029 51.3 52.6 4985 18229 18209 50.1 42.9 1.2 219 74.4 42.9 39 52.
14662486 13176 13196 51.4 47.64986 13314 13297 51 50 0.4 139 73 43.9 39 51.5
1467 2487 3229 3248 50.6j 50 4987 3497 3478 51.3 50 0.6 269 74. 41.6 39 524
14682488 28 25772 25793 52.4 40.9 4988 26182 26161 51.2 40.9 1.2 411 74.7 40.1 39 52.8
1469 2489 3229 3248 50.6 50 4989 3500 3481 51.2 50 0.5 272 74.5 41.5 39 52.4
1470 2490 13176 13196 51.4 47.6 4990 13323 13304 51.1 45 0.3 148 73.3 43.9 39 51.8
1471 2491 25771 25790 51.1 45 4991 26183 26163 51.7 42.9 0.6 413 74.8 40.4 39 52.8
14722492 24418 24436 50 474 4992 24526 24506 50.3 4219 0.3 109 71.4 43.1 39 50.1
1473 2493 25769 25786 50.3 50 4993 26182 26161 51.2 40.9 0.9 414 74.8 40.3 39 52.6
1474 2494 18009 18028 51.6 55 4994 18231 18210 52.2 45.5 3 747 43.5 39 52.9
1475 2495 18009 18028 51,6 554995 18233 18214 52 50 0.4 225 74.9 44 39 53
14762496 24418 24436 50 47.44996 25082 25064 51.1 52.6 1.1 665 75.8 41.2 39 53.2
1477 2497 18009 18028 51.6 55 4997 18233 18215 51.3 52.6 0.3 225 74.9 44 39 53
1478 2498 24418 24436 50 47.4 4998 .25209 25190 50.6 50 0.6 792 76.2 41.9 39 53.5
1479 2499 25363 25381 51.1 52.614999 25650 25631 51.3 45 0.1 288 74.2 40.6 39 52.4
1480 2500 25363 25381 51.1 52.6 5000 25651 25634 50.4 50 0.7 289 74.3 40.8 39 52.2
1481 2501 25354 25372 50.9 52.6 5001 25548 25531 51.1 50 0.2 195 74.1 43.1 39 52.2
1482 2502 18005 18024 51.1 50 5002 18223 18206 51.8 50 0.6 219 74.4 42.9 39 52.5
1483 2503 18005 18024 51.1 50 5003 18231 18210 52.2 45.5 1.1 227 74.6 43.2 39 52.7
1484 2504 25354 25372 50.9 52.6 5004 25651 25632 52.7 50 1.8 298 74.6 41.3 39 52.6
1485 2505 18005 18024 51.1 50 5005 18233 18215 51.3 52.6 0.2 229 74.9 43.7 39 52.8
1486 2506 18003 18023 53.5 52.4 5006 18712 18693 54.8 55 1.3 710 76.4 42.7 39 54.7
1487 2507 13176 13196 51.4 47.65007 13326 13306 50.7 42.9 0.7 151 73.4 43.7 39 51.7
1488 2508 8BB6 8889 50.4 40.9 5008 9311 9292 50.7 50 0.3 444 75.4 41.4 39 53
1489 2509 25354 25372 50.9 52.6 5009 25832 25811 52.1 50 1.2 479 75 40.3 39 52.9
1490 2510 8375 8396 51.8 45.5 5010 9109 9087 50.5 43.5 1.2 735 75.4 40 39 53
1491 2511 9918 9938 51.4 47.6 5011 10017 9999 52.8 52.6 1.3 100 72.4 47 39 51.2
14922512 8375 8396 51.8 45.5 5012 8933 8916 52.2 50 0.4 559 75.1 40.1 39 53.2
1493 2513 17840 17859 50.8 45 5013 18632 18611 50.2 40.9 0.6 793 76.1 41.5 39 53.4
1494 2514 13040 13059 50.9 50 5014 13155 13138 50.4 50 0.5 116 73.2 46.6 39 51.4
1495 2515 25348 25366 51.2 47.4 5015 25650 25631 51.3 45 0.1 303 74.6 41.3 39 527
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1496f2516 f25348 25366 47.415016 I256511 256341 50.4 50 0.71 304 74.7! 41.4! 39
1497 2517 13040 13059 50.9 -50 5017 13178 13157 50.4 40.9 0.5 1391 73.61 45.3 39 51.7
1498 2518 17792 17813 51.6 40.9 5018 182231 18205 533 52. 1. 3 49 4. 9 1499 2519 25348 25366 51.2 47.4 5019 258321 25811 52.1 50 0.9 485 75.1 40.4 39 53
1500,2520 ,25348 25366 51.2 47.4 5020 25833 25812 51.4 45,5 0.2 486 75 40.3 39 53
150112521 125347 25365 52 52. 6 5021 2565 1 25632 52.7 50 0.7. 305 74.8 41.6, 39 53
150212522 1 8868 8889 50.4 40.9 5022 9252 9234 51.4 52.6 1 385 75.1 41.31 39 52.8
150312523 117793 17813 50. 42.9 95023 18229 18209 50.1 42.9 0.1 437 74.9 40.31 39 52.5
150412524 117793 17813 50 42952 18231 [18211 50.6, 47.6 0.6 439 75 40.51 39 52.6
1505 2525 117793 17813 50 42.9 5025 182341 18216 51 52,6 1 442 75.1 40.71 39 52.7
1506 2526 17793 17813 50 42.9 5026 18238 18219 50.3 45. 0.2 446 75.1 40.8 39 52.7
15072527 17793 17813 50 42.9 5027 18239 18220 50 45 0 447 75.1 40.7 39 52.7
1508 2528 24180 24199 50.3 405028 24938 24921 50.4 50 0.1 759 75.8 40.8 39 53.2
1509 2529 25348 25365 50.4 50 5029 25832 25811 52.1 50 1.7 485 75.1 40.4 39, 52.8
15102530 25068 25085 50.31 505030 25182 25164 51.4 47.4 1.1 115 73.3 41 391 51.5
1511,2531 29260 29278 51.3J 47.415031 29414 29395 50.5 50, 0.8 1551 74.3 45.81 391 52.3
15223 24179 4198 511 45 5032 24933 24913 51.1 42.9 0.1 7551 75.8 40.91 391 53.5
1513T2533 17790 17811 51.61 40.9 5033 18223 1820 53.3 52.6 1.7 434 74.9 40.3~ 391 53
1-514 2534 8063 8084 51.4 45,5 5034 8190 8172 50.3, 47.4 1.1 128 72.2 -43J 391 50.8
1515 2535 24178 24197 50.31 4015035 124936 24919 51.81 50 1.5 759 75.8 41 391 53.2
1516 2536 17791 17811 50 42.915036 118229 18209 50.1 42.9 0.1 439 74.9 40.3 39 52.5
1517,2537 17791 17811 50 42.9 5037 18231 182111 50.6 47.61 0.6 441 75 40.6, 39 52.6
1518 2538 24174 24194 50.9 42.9 5038 24740 24717 52.5 41.7 1.5 567 76 42.2 39 .53.6
151i9 2539 2 4174 24194 50.9 42,9 5039 24933, 24913 51.1 42.9 0.2 760 75.8 40.9 39, 53.4
1520 2540 17791 17811 50 42.9 5040 18234 18216 51, 52.6 1 444 75.1 40.8B 39- 52.7
1521 2541 17791 17811 50 42.9.5041 18238 1295. 45 02 448 75.1 40.8 39 52.7
1522,2542 17791 17811 50 42.9 5042 18239 18220 50 45, 0 449, 75.1 40.8 39 52.7
152312543 124035 24053 52.2 52.6 5043 24526 24506 50.3 42.9 1.9 492 75.41 41.3 39 53,
152412544 124035 24053 52,2 52,6 5044 24527 24507 51 42.9 1.2. 493 75.4 41.2 39 53.2
152512545 117607 17628 52,3 40,915045 18231 182C9 53.5 41.8 1.21 625 75.2 401 395.
15262546]1 29196 29218 52.5 47.615046 29358 29339 52.8 50 0.3 163 74.94631 39 
15272547]1 17608 17628 50.9 42Z9 5047 18231 18211 50.6 47.6_0.4 624 75.240.1 39 52.9
1528 2548 1 8868 -8889 50.4 40.95048 9248 9229 50.1 45 0.31 381 75 41.2 39 52.7
17529 -2-5-41 17608 17628, 50.9 42.9 5049 18234 18216 51 52.6 01 627 75.3 40.2 39 53.1
1530 2550 29196 29215 51.81 505050 29529339 52.8 50 1 163 74.9 46.6 39 53.1
1531 2551 24023 24044 51.41 40.915051 24527 24508. 50.5 45 0.9 505 75.4 41 39 53
1532.2552 9409 9428 51.6 455052 9989 9968 51 40.9 0.6 581 75.3 40.4 39 53.1
153312553 129196 29214 51,1 52.6 5053 29358 29339 52.8 50 1.7 163 74.9 46.6 39 52.8
153412554 1 8861 8880 50.2 45 5054 9257 9238 50.5 45 0.31 397 74.9 40.8 39, 52.6
1535 2555 17607 17627 51.6 42.9 5055 18231 18209 53.5 47.8 1.9 625 75.2. 40 39 53.2
1536 2556 29195 29213 51., 52.615056 293581 29339 52.81 50 0.9 164, 74.8 46.3 39 53
1537 2557 17608 17627 50.2 455057 18231 18211 50.61 47.6 0.4 624 75.2 40.1 39 52.8
1538 2558 985 1004 51.1 50 5058 1622 1602 51.6 47.6 0.5 538 77.2 44.7 39 54.4
1539,2559 17608 17627 50.2 45 5059 18234 18216 51 52.6 0.8 527 75.3 40.2, 39, 52.9
1540 2560 23841 23860 52.1 55 5050 24496 24478 50.7 52.6 1.4. 656 76.1 42.1 39 53.6
1541 2561 23841 23860 52.1 55 5061 24498, 24479 51.2 50 0.9 658. 76.1 42.1 39 53.8
1542 2562 3404 3422 50.5 47.4 5062 3647 3628. 50.6 45 0.1 244 74.6 42.6 39 52.5
1543 2563 9349 9367 51.7 52.6 5063 10017 9999 52.8 52.6 1.1 669 75.7 41 39 53.6
1544 2564 23841 23859 50.5 52.6 5064 24496 24478 50.7 52.6 0.2 656 76.1 42.1 39 53.5
15452565 25068 25085 50.3 50 5065 25548 25531 51.1 50 0.8 481 75.8 42.2 39 53.3
154612565 291861 292051 .50.1, 40 5066 29414 29395 50.5 50, 0.41 229 75.4 45 39 52.9
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154712567 29182T 29204 I 

b3.21 4.515067 29358 293391 52.81 50 0.4 177 74.6 45.21 39 53.2
15482568 23841 23859 50.5 52.6 5068 24498 24479 51.2 50 0.7 658 76.1 42.1 39 53.5
1549 2569 3404 3422 50.5 47.4 5069 3646 3625 52 40.9 1.5 243 74.5 42.4 39 52.4

0 2570 29183 29204 50.4 40.9 5070 29414 29395 505 50 0.2 232 75.4 44.839 53
1551 2571 23841 23859 50.5 52.6 5071 24527 24508 50.5 45 0 687 76.1 41.9 39 53.5
155212572 23838 23857 50.4 50 5072 24093 24075 50.9 52.6 0.5 256 75.8 45.3 39 53.3
15532573 23838 23857 50.4 50 5073 24496 24478 50.7 52.6 0.3 659 76.1 41.9 39 53.4
1554 2574 23838 23857 50.4 505074 24498 24479 51.2 50 0.8 661 76.1 41.9 39 53.5
1555 2575 29181 29201 52.4 47.615075 29358 29339 52.8 50 0.4 178 74.8 45.5 39 53.2
1556 2576 29181 29201 52.4 47.6 5076 29414 29395 50.5 50 1.9 234 75.6 45.3 39 53.2
1557 2577 29180 29200 51.7 42.9 5077 29358 29339 52.8 50 1.2 179 74.7 45.3 39 52.9
15582578 985 1004 51.1 505078 1498 1481 51 50 0.1 514 76.5 43.8 39 54
1559 2579 985 1004 51.1 505079 1497 1480 50.3 50 0.8 513 76.6 43.9 39 53.8
1560 2580 8859 8879 50 42.95080 9254 9236 50.6 47.4 0.6 396 75 40.9 39 52.6
1561 258-1 29178 29198 51.4 42.9 5081 29414 29395 50.5 50 .0.9 237 75.6 45.1 391 53.2
1562 2582 8859 8879 50 42,95082 9340 9319 50.8 45.5 0.7 482 75.5 41.5 39j 53
15632583 16909 16928 50.8 455083 17109 17089 50.4 42.9 0.4 2011 74.9 44.8 391 52.7
156412584 8794 8813 51.6 45 5084 8919 8901 50.4 47.4 1.2 126 71.8 42.1 39 50.5
15652585 8794 8813 51.6 45 5085 8920 8902 52.8 52.6 1.2 127 72 42.5 39 51
15662586 985 1004 51.1 50 5086 1496 1478 50.4 47.4 0.7 512 76.5 43.8 39 53.8
15672587 18017 18036 54.8 55 5087 18223 18205 53.3 52.6 1.5 207 74.3 43 39 53.1
15682588 4593 4613 51.5 47.6 5088 4994 4974 51.2 47.6 0.3 402 76.1 43.539 53.7
15692589 18017 18036 54.8 55 5089 18220 18201 56.1 55 1.3 204 74.3 43.1 39 53.5
15702590 6155 6174 52.1 505090 6486 -6467 50.8 45 1.2 332 74.5 40.7 39 52.5
1571 2591 6158 6178 51.3 42.9 5091 6486 6467 50.8 45 0.4 329 74.3 40.1 39 52.4
1572 2592 3232 3251 50,3 50 509 3500 3481 51.2 50. 0.8 269 74.5 41.6 39 52.3
15732593 3232 3251 50.3 505093 3497 3478 51.3 50 1 266 74.5 41.7 39 52.3
1574 2594 28523 28544J 51.6 40.9 5094 29298 29279 52.6 55 1 776 78.4 47.3 39 55.5
1575 2595 28965 28984 52.9 555095 29358 29339 52.8-50 0.1 394 76.6 44.9 39 54.6
15762596 8866 8885 51.1 45 5096 9256 9237 50.8 45 0.3 391 75.1 41.2 39 52.9
1577 2597 28518 28538 51.2 42.9 5097 28672 28654 50.6 52.6 0.7 155 76.-7 51.6 39 54
15782598 6165 61831 51.2 52.6 5098 6486 6467 50.8 45 0.3 322 74:5 40.7 39 52.5
15792599 6264 6283 50.4 50 5099 6483 6463 50.2 42,9 0.2 220 73.8 41.4 39 51.8
15802600 18074 18093 50.3 455100 18233 18215 51.3 52.6 1 160 7319 44.4 39 51.9
1581 2601 6271 6291 51.1 47.6 5101 6483 6463 50.2 42.9 0.9 213 73.5 40.8 39 51.6
1582 2602 18074 18093 50.3 45 5102 18231 18210 52.2 45.5 1.9 158 73.5 43.7 39 51.7

1583 2603 6274 6293 50.1 45 5103 6483 6463 50.2 42.9 0.1 210 73.5 41 39 51.8
1584 2604 18074 18093 50.3 45 5104 18223 18206 51.8 50 1.5 150 73.2 43.3 39 51.4
1585 2605 5 23 51.3 52.6 5105 314 296 50.6 47.4 0.6 310 75.8 46,5 39 54
1586 2606 6343 6364 50.7 45.55106 6486 6467 50.8 45 0.1, 144 71.7 40.3 39 50.5
1587 2607 3800 3820 50.6 42.9 5107 4445 4425 50.6 42.9 0 646 75.4 40.2 39 53
1588 2608 7615 7635 51.1 47.8 5108 7821 7798 52.8 41.7 1.6 207 73.7 41.5 39 52
1589 2609 7723 7741 52.2 52.65109 8049 8032 50.4 50 1.8 327 74.9 41.6 39 52.6
1590 2610 1 19 50.1 52.6'5110 314 296 50.6 47.4. 0.6 314 76.8 46.5 39 53.9
1591 2611 7725 7742 50 505111 7856 7836 51.1 42.9 1.1 132 71.3 40.2 39 
1592 2612 18074 18094 51.1 42.9 5112 18233 18215 51,3 52.6 0.3 160 73.9 44.4 39 52.1
1593 2613 3168 3189 51 45.5 5113 3503 3484 51.5 50 0.5 336 75.3 42.6 39 53.1
15942614 18074 18094 51.1 42.9 5114 18231 18210 52,2 45.5 1.1 158 73.5 43.7 39 51.9
1595 2615 13177 13197 50.3 42.9 5115 13312 13294 51 52.6 0.7 136 72.7 43.4 39 51.i
1596 2616 28190 28209 54.2 555116 28671 28652 52.8 55 1.5 482 79.9 52.1 39 56.8
1597 2617 28190 28209 54.2 55 5117 28673 28654 53.5 55 0.7 484 79.9 52.3 39 57.1
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159812618 1 28190 282081 51.71 52.615118 28671 28652
28653

52.8
50.2

55
159912619
1600 620

28190
18074

28208 51.71 52.6 5119
18094 51.11 42.95120

28671
482 79.91 52.1 391 56.5
482 79.9 52.1 39 56.1

-150 73.21 43.31 391 51.6182231 182061 51.8
1601 2621 28185 28205 53.5 47.65121 28284 28265 52.9 50 0.6 100 74.5 52 39 53.1

1602 2622 28187 28205 53.1 52.6 5122 28672 28653 51.8 55 1.2 486 79.9 52.3 39 56.6

-6-3 2623F 2371 2389 50.3 47.415123 2900 2881 50.1 45 0.2 530 76.8 44.3 39 53.9
6042624 f 2371 2389 50.3 47.4 5124 3052 3033 50.3 50 0,1 682 76.7 43.4 39 53.9

1605 2625 2371 2389 50.3 47.4 5125 3056 3038 50.8 52.61 0.5 686 76.7 43.4 39 53.9

1606 2626 18074 18095 52.2 45.5 5126 18223 182051 53.3 52.6 1.1 150 73.2 43.3 39 52

1607 2627 2220 2239 51.3 45 5127 2891 2873 50.8 47.4 0.5 672 76.8 43.8 39 54.1

1608 2628 18077 18097 51.5 47.615128 18662 18641 50,4 40.9 1.1 586 76.2 42.7 39 53.6
1609 2629 28117 28135 50.6 52.6 5129 28671 28653 50.2 52.6 0.4 555 80 51.9 39 56.1

1610 2630 28116 28134 50.8 47.415130 28671 28653 50.2 52,6 0.6 556 79.9 51.8 39 56.1
161-1 2631 12232 12250 51.9 52.615131 130001 12981 51.1 45 0.8 769 76.5 42.5 39 54

1612 2632 18080 18098 51.2 52.6 5132 18702 18685 50.2 50 1 623 76.2 42.4 39 53.5

16132633 12232 12250 51.9 52.6 5133 12999 12980 50.6 40 1.4 768 76.4 42.4 39 53.8

16142634 28820 28840 54.8 47.6 5134 29306 29285 56.7 54.5 1.9 487 77.1. '45.4 39 55.5
1615 2635 288201 28840 54.8 47.65135 29306 29287 54,6 55 0.3 487 77.1 45.4 39 55.5

16162636 18080 18098 51.2 52.6 5136 18642. 18622 505 42.9 0.7 563 76.2 42.6 39 53.6

16172637 8865 8884 50.4 4515137 92491 9231 50.8 47,4 0.4 385 75.1 41.31 39 52.8

16182638 8865 8884 50.4 4515138 92491 9230 51,5 45 1.1 385 75.1 '41.31 391 52.8

1619 2639 8865 8884 50.4 455139 9109 9087 50.5 43.5 0.1 245 73.9 '40.8 39 51.9
1620 2640 28819 28839 56.6 52.4 5140 29306 29285 56.7 54.5 0.2 488 77.2 45.5 39 56.1

1621 2641 9130 9151 52 40.9 5141 9364 9346 53.9 52.6 2 235 74.8 43.4 39 53.1

1622 2642 288201 28839 54.3 505142 29306 29287 54,6 55 0.3 487 77.1 45.4 39 55.4

16232643 8865 8884 50.4 455143 9248 9229 50.1 45 0.3 384 75 41.1 39 52.7

16242644 18080 18098 51.2 52.65144 18229 18209 50.1 42.9 1.1 150 73,2 '43.3 39 51.4

1625 2645 15752 15772 50.8 47.6 5145 16175 16155 51.8 47,6 1 424 75.1 41 39 52.9

1626 2646 122321 12250 51.9 52.6 5146 12498 12480 50 47.4 1.9 267 74.7 42.3 39 52.4

1627 2647 180781 180981 51.5 47.6 5147 18223 18205 53.3 52.6 1.8 146 73 43.2 39 51.6

16282648 7833 78531 50.7 47.6 5148 8054 8035 50.4 50 0.2 222 74.6 43.2 391 52.4

16292649 230 2481 51.2 52.6 5149 713 695 50.7 47.4 0.5 484 79 3 50.6 39 55.8
16302650 1472 1491 51.2 45 5150 2153 2134 50.4 45 0.8 682 76.5 42.8 39 53.7

1631 2651 18076 18098 54.4 47.85151 18220 18201 56,1 55 1.8 145 73.1 43.4 39 52.6

16322652 1442 1461 51.8 55.5152 1694 1673 51.7 40.9 0.1 253 75.9 45.5 39 53.7

16332653 28618 28636 52.5 52.6 5153 29358 29339 52.8 50 0.3 741 78.2 47 39 55.6

1634 2654 940 959 56.3 555154 1701 1677 54,7 40 1.6 762 77.1 44.2 40 55.5
163-5 2655 18076 18097 53.1 45.55155 18696 18672 53.9 40 0.8 621 76.2 42.4 40 54.4

1636,2656 940 959 56.3 555156 1697 1673 54,41 40 1.9 758 77.2 44.3 40 55.5

16372657 3016 3036 50.2 42.915157 3188 3167 50,2 40.9 0.1 173 74.5 45.1 40 52.3
16382658 18077 18097 51.5 47.615158 18696 18673 53,4 41.7 1.9 620 76.2 42.4 40 53.9

1639 2659 18077 18097 51.5 47.65159 18697 18679 51,9 52.6 0.3 621 76.2 42.5 40 53.9

S1640 2660 9352 9371 50.6 455160 9989 9968 51 40.9 0.4 638 75.4 40.3 40 53

1641,2661 6042 6062 50.4 47.6 5161 6374 6353 50 40,9 0.3 333 74.6 40.8 40 52.3

16422662 942 960 52.1 52.6 5162 1697 1678 50,3 45 1,8 756 77.2 44.3 40 54.2

1643 2663 942 960 52.1 52.65163 1697 1677 51 42.9 1.1 756 77.2 44.3 40 54.4

1644 2664 6042 6062 50.4 47.65164 6292 6273 50.8 45 0,4 251 73.9 40.6 40 51.9
1645 2665 942 960 52.1 52.65165 1697 1676 51.7 40.9 0.5 756 77.2 44.3 40 54.6

1646 2666 942 960 52.1 52.65166 1694 1673 51.7 40.9 0.4 753 77.2 44,4 40 54.7
1647 2667 13176 13196 51.4 47.65167 13749 13727 50.5 43.5 0.9 574 76.2 42,7 40 53.6

1648 2668 13176 13196 51.4 47.65168 13949 13932 51.6 50 0.2 774 75.9 41.1 40 53.6
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i2669 960 52.1 52.65169 1493 14731 ~52~ 47.6 0.1 5521 76.9 44.4 40 54.5
267U 6062 50.4 47.6 5170

6062 50.4 47.65171
6292 6272 51.5 42.91 1.1 251 73.9 40.6 40 51.9
6290 6270 50.9 42.9 06 9AZ 7?I o An! ~a165112671

1652 2672 6042 6062 50.4 47.65172 6289 6267 52,2 43.5 1.8 248 73.9 40.7 40 51.9
16532673 9402 9420 51.3 47.45173 10017 9999 52,8 52.6 1.4 616 75.6 41,1 40 53.
16542674 943 961 50.3 47.45174 1697 1678 50.3 45 0 755 77.1 44.2 40 54.2
16552675 9139 9159 52.5 47.65175 9324 9300 52.9 40 0.4 186 73.9 43 40 52.6
1656 2676 9139 9159 52.5 47.65176 9324 9301 52.4 41.7 0.1 186 73.9 43 40 52.6
1657 2677 943 961 50.3 47.4 5177 1697 1677 51 42.9 07 755 77. 44.2 40 54.2
16582678 6222 6246 52.2 40 5178 6486 6467 50.8 45 1.4 265 73.8 40 40 52
iboa

1660
1661
1662

26/

2680
2681
2682

388
3889

3889

9139

3914 50U.3 455179 51,5 52.6 714 75.5 40.3 401 53
I 74 75.5144 4 4 40. M0 53

7b1 3.3911 54.2 47,85180 53.2 52.4 722 75.5 40.4 401 53.9
1

1-

91
39U8 51.3 5015181 52.6

1r~~T~I 4 4 4-

409159 52.5 47.6 9359 40
0.3 720 75.5 40.4 40 53.4
1.9 221 74.7 43.4 40 53.1

166312683
1664T2684

943 961 50.3 47.4
9-43 961 50.3 47.4

F
51,7 40.9 7551 77.1 44.2 40 542

I 1694. 
167 3 51,7 40. 1.5J I

S6u542 85
jgW2505 6302 6321 51.4 505185

752 77.2 44.3 40
182 729 40.740

54.2
51.2

4.

1.2

3

3

3

1666
1667
1668

-1

2686 9409 9428 51.6
2687 9431 961 ''50 3

455186 I
6483

10017
31 50.2 42.9 1.21

52.8 52.6 609 75.6 41.1 40 53.53
t t -~4~4~22

'47 D i7 55 1 76.8 44.3 40
r2688 13039! 13058 51.8 5015188

I

13312 13294 274 75.7 44.5 40
767 75.5 40.2 40

54
53.4
53.81669[2689 820 5291 45.515189

16702690 985
1671 2691 13039

1004 51.1 50
13058 51,8 50

4565
1481

4542 53.9
1463 50.5 497 76.4 43.5 40 53.7

5191 13325 1330 50.5 476 I ?ff7

76f7 692 7635 51.1 47.65192
167312693 7615 7635 51.1 47.6

8032 50.4 50 0.8
7833 50.7 47.6 0.4
3484 51.5 50 1.2

-43 5

239

470

287
435

_239
470

75.8
75.7

74.4
76.3

44.6
42.3

42.3
43.4

53.3
53.2
52.4
5'-f

i

i1674 2694
1675 2695

3034 3053 50.31 505194 1 3503
A 76.3 43.4 53.

WlbO OU.1 4b blUb 9315 52.1 50
9315 52.1 50

2 195 74.3 43.6 40 52.1
0.5 388 75.3 41.8 40 53.2Ibfb

1677

1678
1679

2696

2697
2698
2699

ai19 51.31 47.65196 51.8 52.6
3799
3799
7617

3819
3819
7636

51.3 47.615197 51.5 52,6 6361 7531 do.qI ~61 s~2
636 753 403 40 53.

51.3 47.5 5198 4417 50.5 52.6
~4 4-I I 

50.9 50 5199
75:4 40.3 401 53
76.1 42.3 40 53.4A

1
4 4-

1680
1681
1682

2700

2701

2702

18011 18032 55.7| 54.55200
18013 18032 52.2 55 520

50.3
55.9

47.4
18443 18424 55 433 76.1 43.2 40 55.1
18696 18672 539 4C 684 76.31 42.4 40

18013 18032 55 5202t ,~~lzz-
_54.2
54.24

16832703 13177
18696
1354513197 42.95203

4 4 1 1 

18673

13527

10434

7833

53.4 41.7
50.3 52.6 369 77 46.1! 40 54.1

684 76.3 42.4 40

1684
1685
1686

9922
7617

9941
7636

50 5204 10455 T 51.1 40.9 534 75.3 40.6 40 53.1
T-50 5205 50.7 47.6 237 74.4 42.2 40

13177
1 I4 

13197 42.9 5206 13329 133081 505
52.4
51.4153 73.2 43.1 40

:l 7 33081 50.5
168712707 18014 52.615207

4

16882708
1689 2709

18014
18014

18238
18239

18219 50.3 225 74.8 43,6 40 52.5
52.615208 18220 50 45 226 74.7 43.4 40 52.4
52.615209

i I 
18697 18679 51.9 52.6 684 76.3 42.4 40 53.8

16902710 7708 7730 50.6 43.55210 7853 7833 50.7 47.6 0.1 146 71.8 40,4 40 50.6
16912711 9140 9159 50.1 45 5211 9358 9338 51 42.9 0.9 219 74.4 42.9 40 52.2
16922712 7723 7741 52.2 52.65212 7856 7836 51.1 42.9 1.1 134 71.4 40.3 40 50.4
16932713 988 1006 52.2 52,6 5213 1171 1153 50.4 47.4 1.8 184 73.8 42.9 401 51.9
1694 2714 13177 13197 50.3 42.9 5214 13328 13307 51.2 45.5 0.9 152 73,3 43.4 40 51.5
16952715 9935 9955 50.4 42.9 5215 10608 10589 51 50 0.6 674 758 41.1 40 53.2
1696 2716 985 1008 56.1 50 5216 1484 1463 55.5 50 0.5 500 76.4 43.6 40 55.3
16972717 13033 13051 52.1 52.65217 13179 13158 50.4 40.9 17 147 74.3 46.3 40 52,2
16982718 12977 12996 50.2 40 5218 13320 13300 51.4 47.6 1.1 344 76.1 44.2 40 53.4
16992719 12977 12996 50.2 405219 13321 13301 50.3 42.9 0.1 345 76 44.1 40 53.4
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1704 2724 12976 12995 51.1 45 5224 13321 13301 50.3 42.9 0.8 346 76.1 44.2 40 53.5
17052725 12976 12994 50.3 47.4 5225 13320 13300 51.4 47.6 1.1 345 76.1 44.3 40 53.5
1706 2726 12976 12994 50.3 47.4 5226 13321 13301 50.3 42.9 0 346 76.1 44.2 40 53.5
1707 2727 18011 18030 52.9 55 5227 18696 18672 53.9 40 1 686 76.3 42.4 40 54.4
17082728 18011 18030 52.9 55 5228 18696 18673 53.4 41.7 0.5 686 76.3 42.4 40 54.4
17092729 18011 18030 52.9 55 5229 18697 18679 51.9 52.6 1 687 76.3 42.5 40 54.1
1710 2730 9140 9159 50.1 45 5230 9374 9353 501 40.9 0 235 745 42.6 40 52.3
1711 2731 3 23 55.4 52.4 5231 204 185 56.6 55 1.3 202 75 45 40 54.2
1712 2732 15255 15273 50.3 52.6 5232 15761 15741 51,7 47.6 1.4 507 75 40 40 52.7
1713 2733 15255 15273 50.3 52.6 5233 15763 15743 52 47.6 1.7 509 75 40.1 40 52.7
1714 27-34 12965 12985 51.2 42.9 5234 13320 13300 51.4 47.6 0.2 356 76.1 44.1 40 53.7
1715 2735 8373 8391 50.7 47.4 5235 9060 9039 50,3 40.9 0.4 688 75.4 40.1 40 53
1716 2736 12962 12980 50.7 47.45236 13320 13300 51.4 47.6 0.7 359 76.2 44.3 40 53.6
1717 2737 12938 12957 50.9 45 5237 13155 13137 52.1 52.6 1.2 218 75.4 45.4 40 53.2
171738 2671 2692 52.1 40.9 5238 3190 3169 50.7 45.5 1.5 520 75.6 41.5 40 532
1719 2739 2671 2692 52.1 40.95239 3192 3171 51.9 50 0.2 522 75.7 41.8 40 53.7
1720 2740 12938 12956 50.1 47.4 5240 13155 13137 52.1 52.6 2 218 75.4 45.4 40 52.9
1721 2741 26421 26441 51.5 42.9 5241 26592 26574 52.4 52.6 0.9 172 72.4 40.1 40 51.2
1722 2742 18006 18028 54,5 52.2 5242 18443 18424 55.9 55 1.4 438 761 43.2 40 54.7
1723 2743 26421 26441 51.5 42.9 5243 26656 26635 52.9 45.5 1.4 236 74.2 41.9 40 52.5
17242744 3055 3074 51.1 50 5244 3210 3190 50.5 47.6 0.6 156 74.2 45.5 40 52.2
17252745 7833 7853 50.7 47.65245 8189 8170 50.5 50 0 357 75.6 42.9 40 53.2
1726 2746 26421 26441 51.5 42.9 5246 26658 26640 50.8 47.4 0.7 238 74.1 41.6 40 52.2
1727 2747 9131 9151 50.4 4-2.9 5247 9328 9310 51 52.6 0.7 198 74.3 43.4 40 52.2
17282748 24921 24938 50.4 50 5248 25650 25631 51.3 45 0.9 730 75.5 40.4 40 53.1
1729 2749 24921 24938 50.4 50 5249 25651 25634 50.4 50 0 731 75.6 40.5 40 53.1
1730 2750 9130 9151 52 40.9 5250 9324 9301 52.4 41.7 0.5 195 73.9 42.6 40 52.4
1731 2751 9130 9151 52 40.9 5251 9324 9300 52.9 40 1 195 73.9 42.6 40 52.4
1732 2752 8376 8396 50.6 42.9 5252 9107 9086 51.6 45.5 1 732 75.4 40 40 53.1
1733 2753 11541 11561 50.9 42.9 5253 11727 11708 50.4 45 0.5 187 73 40.6 40 51.3
1734 2754 11540 11561 53.8 45.55254 11984 11966 53 52.6 0.7 445 75.1 40.7 40 53.6
1735 2755 2371 2389 50.3 47.4 5255 2672 2654 50.9 52.6 0.5 302 77.1 47.4 40 54.2
1736 2756 237 2389 50.3 47.4 5256 2998 2977 51.1 40.9 0.8 628 78.7 43.5 40 53.9
17372757 11543 11562 50.4 40 5257 11727 11708 50.4 45 0.1 185 72.9 40.5 40 51.2
1738 2758 26040 26061 56.4 54.5 5258 26589 26567 56.1 47.8 0.4 550 75.1 40 40 -545
1739 2759 11541 11562 51.5 40.9 5259 11984 11966 53 52.6 1.5 444 75 40.5 40 53.1
1740 2760 7728 7746 51.7 52.6 5260 8187 8167 50.4 42.9 1.3 46075.6 42 40 53.2
1741 2761 26040 26061 56.4 54.5 5261 26657 26634 54.6 41.7 1.9 618 75.5 40.6 40 54.3
1742 2762 2223 2243 50.2 42.9 5262 2675 2656 50.4 50 0.2 453 77 45.3 40 54
1743 2763 2220 2239 51.3 45 5263 2676 2657 50.7 50 0.5 457 76.9 45.1 40 54.1
17442764 11541 11560 50.1 455264 11727 11707 51.1 42.9 1 187 73 40.6 40 51.2
1745 2765 24559 24580 54.2 54.5 5265 25088 25070 54.5 52.6 0.2 530 75.5 41.1 40 54.2
1746 2766 12233 12251 51.1 52.6 5266 12998 12979 50.1 45 1 766 76.5 42.6 40 53.7
1747 2767 12233 12251 51.1 52.6 5267 12412 12392 50 42.9 1.1 180 73.2 41.7 40 51.4
1748 2768 24562 24580 50.1 52.6 5268 25086 25069 50.3 50 0.2 525 75.4 41 40 52.9
1749 2769 9931 9950 50.2 45 5269 10608 10589 51 50 0.8 678 75.8 41.2 40 53.2
1750 2770 24562 24580 50.1 52.6 5270 25209 25188 52 45.5 1.9 648 76.1 42 40 53.4
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1751 2771 24562 24580 50.1 52.6 5271 25209 25189 51.4 47.61 1.3 648 76.1 42 40 53.4
1752 2772 3789 3807 51.8 52.6 5272 4445 4425 50.6 42.9 1.2 657 75.5 40.5 40 53.1
1753 2773 26039 26058 54 55 5273 26656 26634 53.4 43.5 0.6 618 75.5 40.6 40 53.9
1754 2774 26039 26058 54 55 5274 26660 26639 52.5 45.5 1.5 622 75.4 40.5 40 53.7
1755 2775 3789 3807 51.8 52.6 5275 4444 4424 50.6 42.9 1.2 656 75.5 40.5 40 53.1
1756 2776 24559 24579 52 52.4 5276 25086 25069 50.3 50 1.6 528 75.5 41.1 40 53
1757 2777 12235 12253 50.1 52.6 5277 12999 12980 50.6 40 0.5 765 76.4 42.5 40 53.6
1758 2778 24559 24579 52 52.4 5278 25209 25188 52 45.5 0 651 76,11 42.1 40 54
1759 2779 24559 24579 52 52.45279 25209 25189 51.4 47.6 0.6 651 76.1 42.1 40 53.8
1760 2780 887 905 50.1 47.4 5280 1499 1482 50.1 50 0.1 613 77.1 44,7 40 54.1
1761 2781 24558 24577 50.7 505281 25182 25164 51.4 47.4 0.7 625 76 41.9 40 53.5
1762 2782 26039 26058 54 55 5282 26828 26810 52.9 52,6 1.2 790 76.4 42.4 40 54.5
1763 2783 8866 8885 51.1 45 5283 9597 9577 50.3 42.9 0.8 732 75.8 41.1 40 53.3
1764 2784 7727 7745 50.8 47.4 5284 8049 8032 50.4 50 0.5 323 74.8 41.5 40 52.6
1765 2785 13177 13197 50.3 42.9 5285 13747 13726 50,8 40.9 0.4 571 76.2 42.6 40 53.5
1766 2786 j 887 905 50.1 47.4 5286 1498 1481 51 50 0.9 612 77.2 44.8 40 54.1
1767 2787 1784 1803 52.5 50 5287 2103 2083 50.6 42.9 2 320 76 44.4 40 53.5
1768 2788 12235 12253 50.1 52.6 5288 12498 12480 50 47.4 0.1 264 74.7 42.4 40 52.4
1769 2789 1784 1802 51.8 52.6 5289 2103 2083 50.6 42.9 1.3 320 76 44.4 40 53.5
1770270 887 905 50.11 47.45290 1496 1478 50.4 47.4 0.3 610 77.1 44.8 40 54.1
1771 2791 1783 1801 52.9 52.65291 2153 2133 52.1 42,9 0.9 371 76 43.7 40 53.9
1772 2792 887 905 50.1 47.4 5292 1494 1476 50.7 47.4 0.6 608 77.1 44.7 40 54.1
17732793 3791 3809 51.8 52.65293 4445 4425 50.6 42.9 1.2 655 755 40.5 40 53.1
1774 2794 17813 17832 50.1 45 5294 18506 18488 51.2 52.6 1.2 694 7528 41.2 40 53.2
1775 2795 3791 3809 51.8 52.6 5295 4444 4424 50.6 42.9 1.2 654. 75.5 40.5 40 53.1
1776 2796 17840 17859 50.8 45 5296 18233 18215 51.3 52.6 0.5 394 74.9 40.9 40 52.8
1777 2797 17840 17859 50.8 455297 18233 18214 52 50 '1.3 394 74.9 40.9 40 52.
1778 2798 9930 9949 52.2 505298 10356 10336 52.4 47.6 0.2 427 75.6 42.2 40 53.7
1779 2799 15211 15230 50.2 45 5299 15949 15930 51.1 45 0.9 739 75.5 40.3 40 53
1780 2800 98 118 50.6 42,9 5300 253 .233 51.8 47.6 1.2 156 74.5 46.2 40 52.4
1781 2801 18004 18023 51.1 505301 18233 18214 52 50 0.9 230 75 43.9 40 52.9
1782 2802 24420 24440 50,8 42,9 5302 24936 24919 51.8 50 1 517 75.9 42.2 40 53.5
1783 2803 24420 24440 50.8 42.9 5303 24938 24921 50.4 50 0.4 519 75.8 42 40 53.3
1784 2804 98 118 50.6 429 5304 254 235 50 45 06 157 74.4 45.9 40 52.2
1785 2805 11540 11557 50,4 50 5305 11727 11707 51.1 42.9 0.7 188 73.1 41 40 51.4
1786 2806 98 118 50.6 42.9 5306 642 622 51.6 47,6 0.9 545 79.1 49.7 40 55.6
17872807 15211 15230 50.2 45 5307 15595 15576 50.8 45 0.6 385 75.1 41.3 40 52.7
1788 2808 15255 15273 50.3 52.6 5308 15767 15747 50 42.9 0.3 513 75.1 40.2 40 52.6
1789 2809 12373 12391 50.8 47.4 5309 12911 12891 51.2 47.6 0.4 539 76.1 42.5 40 53.6
1790 2810 18009 18028 51.6 55 5310 18697 18679 51.9 52.6 0.2 689 76.41 42.5 40 54
1791 2811 18009 18028 51.6 55 5311 18696 18673 53.4 41.7 1.8 688 76.31 42.4 40 54
17922812 18009 18028 51.6 55 5312 18239 18220 50 45 1.6 231 74.9 43.7 40 52.5
17932813 18009 18028 51.6 555313 18238 18219 50.3 45 1.4 230 75 43.9 40 52.7
1794 2814 24417 24436 52.6 5D 5314 25079 25061 52.7 52.6 0.1 663 75.8 41.3 40 54
1795 2815 10250 10271 50.6 45.5 5315 10356 10336 52.4 47.6 1.8 107 70.8 42.1 40 49.9
1796 2816 1356 1375 53.8 55 5316 1484 1464 54.3 47.6 0.5 129 74.4 48.1 40 53.3
1797,2817 1356 1375 53.8 55 5317 1484 1465 53.8 50 0 129 74.4 48.1 40 53.3
1798 2818 1356 1375 53.8 55 5318 1484 1466 53.1 52.6 0.7 129 74.4 48.1 40 53.1
1799 2819 24418 24436 50 47.4 5319 24560 24542 50.2 47.4 0.1 143 72.4 42 40 50.8
1800 2820 18008 18028 53 52.4 5320 18696 18672 53.9 40 0.9 689 76.3 42.4 40 54.4
1801 2821 25363 25381 51.1 52.6 5321 25646 25627 50.5 45 0.7 284 74.1 40.5 40 52.1
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18022822 9131 9151 50.4 42.9 5322 9333 9315 52.2 52.61 1.9 203 74.6 43.8 401 52.4
1603 2823 9131 9151 50.4 42.9 5323 9374 9353 50.1 40.9 0.3 244 74.6 42.6 40 52.4
1804 2824 24380 24399 55 55 524 24582 24560 54.2 52.2 0.9 203 74.4 43.3 40 53.4
1805 2825 19802 19820 53 52.6 5325 19921 19900 51.8 45.5 1.2 120 72.4 44.2 40 51.3
1806 2826 3055 3075 51.8 47.6 5326 3210 3190 50.5 47.6 1.3 156 74.2 45.5, 40 52.2
1807 2827 1 3055 3075 51.8 47.653-27 20 3187 50.5 47.6 1, 153 74 45.1 40 52
1808 2828 3055 3076 52.4 45.5 5328 3210 3190 50.5 47.6 2 156 74.2 45.5 40 52.2
1809 2829 24379 24398 55 -55 5329 24582 24560 54.2 52.2 0.9 204 74.3 43.1 40 53.3
1810 2830 7876 7895 51.5 45 5330 8054 8035 50.4, 50 1.11 179 73.5 42.5 40 51.7
1811 2831 3055 3076 52.4 45.5 5331 3207 3187 50.51 47.6 2 153. 74 45.1 40. 52
1- 812 2832 -9130 9150 51.3 42.9 5332 9324 9300 52.9 40 1.6 195 73.9 42.6 40 52.2
1813 2833 9130 9150 51.3 42.9 5333 0324 9301 52.4-41.7 1.1 195 73.9 42.6 40 52.2
1814 2834 874 81 16 45,5334 9324 9301 52.4 417 08 51 7. 41.6 40 53.6,
1815 2835 8794 8813 51.6 45 5335 9324 9300 52.9 40 1.3 531 75.7 41.6 40 53.61
1816 2836 9130 9150 51.3 42.9 5336 9328 9310 51, 52.6 0.3. 199 74.2 43.2 40 52.41
1817 2837 9130 9150 51.3 42.9 5337 9333 9315 52.2 52.6 0.9 204, 74.5 43.6 40 52.6
181862836 24179 24200 53.3 40.9 538 24807 24786 51.7 45.5 1.6 6291 75.8 -41.3, 40 53.7
1 8 192839 -4593 -4613 51.51 47.6 5339 4708] 4690 50.3 47.4 1.3 116j 71.4 42.2T 40 50.2
1820 2840 9130 9150 51.31 4 2.9 5340 93741 9353 50.1 40.9 1.21 245~ 74.6 42.4 401 52.3
1821 2841 29180 29199 50.11 40 5341 [29412 29393 50.3 45, 0.21 2331 75.5 45.1 40 53
18 22 2842 25348 25366 51.21 47.4 5342 25772 -25753 51.9 50 0.8 425 74.9 40.5 40 52.9
182-312 843 2-4179 24200 53.3j 40.9 5343 24815 24792 53.4 41.7 0.2 637 75.8 41.3 40. 54.1
182 4. 2844 8794 8813 51.6~ 45 5344 9101 9081 50.5 47.6 -1.21 308 74.8 41.6. 40 52,6
1825f24 16861 168801 50.81 50,5345 117056 17035 51.8 45.5 1 196 74.7 44.4 40 52.6
182612846 16562 165811 52.6 50 5346 170O3-8 17021 50.7 -50 -1.9 -477 75.7 41.9 40, 53.3,
18272847 16562, 165811 52.6 505347 109 17022 514 50 1.2 478 75.6 41.8 40 53.51
182812848 16562 165811 52.6 50 5348 17041 ,17023 53.5 52.6 0.9 480 75.7 41.9 40 53.8
1829 2849 -3090 31101 50.3 42.9 5349 3647 3628 50.6, 45 0.3 558 76.2 42.7 40 5-3.5

S1830 2850 16562 16580~ 51.9 52.6P550 17038- 17021 50.71 50 1.2 477 75741.9, 40 53.3
1831 2851 1165621 165801 51.9 52,615351 170391 17022 54] 50 0.5 478 -75.6 41.81 40 53.5
1832 2852 24178 218 52.7 42.915352 248151 24792 53.4f 41.7 0.7 638 75.7 41.2 40 53.9
1833 2853 16562 16580 51.9 52.6 5353 17041 17023 53.5{ 52.6 1.6 480, 75.7 41.9 40 53.6
1834 2854 24179 24198 51 45 5354 24807 24786 51.71 45.5 0.7 829 75.8 41.3 40 53.5.
1835 2855 24179 24198 51 45 5355 24618 24797 51.6 40.9 0,8 540 -75.8. 41.2 40 53.4
1i836 28-56 3-090 3110 50.3 42.9 5356 3646 3625 52. 40.9 1.7 557 76.1 42.5, 40 53.5
1637 2857 3089 31 10 51.8 45.515357 3650 3631 53.1 50 1.3 562 76.3 42.9 40 54.
1838 2858 29259 29279 54 52.4 5358 29358 29339 52.8 50 1.1-100, 72.4 47 40 51.6
1839 2859 8794 8813 51.6 45 5359 8928 8911 51.9 50 0.2 135 72.2 42.2 40 51.1
1840 2860 24176 24197 52.1 40.9 5360 24815 24792 53.4 41.7 1.3 640 75.8 41.2 40t 53.8
1841 2861 29-N259 29277 50.9 52.6 5361 29358. 29339 52.8. 50 2 100 72.4 47 40 51.1
1842,2862 ,29257 29276 51.3. 50,5362 29356 29339 52.8 50 1.5 102 72.8 47.1 40 51.3
184312863 1 9915 9935 51-.8 47.6 5363 10017 9999 52.8 52.6 1 103, 72.9 47.6 40 51.6
1844 2864 4639 4659 51.1 47.6 5364 5306 528B 52.4 52.6 1.3 668 75.6 40.9 40 53.4
1845 2865 24178 24197 50.3 40 5365 24807 24788 51.7 45.51 1.4 -630 75.8 41.3 40 53.2,
1846 2866 28653 28671 50.2 52.6 5366 29414, 29395 50.5, 50 0.3 762 78 46.2 40 54.7
1847 2867 28653 28671 50.2 52.615367 29412 29393 50.3 45 0.1 760 78 46.2 40 54.7
184802868 .268652 28671 52.8 5515368 29358 29339 52.8 50 0 707, 78 46.4 40 55.5
18492859 15752 15772 50.8 47.6 5369 16213 16195 50.8 52.6 0 462 75.4 41.3 40 53.1
1850 2870 24178 24197 50.3 405 570 24818 24797 51.6 40.9 1.4 641 75.7 41.2 40 53.2
1851 2871 19794 19814 51,7 47.6 5371 19909 19885 52.5 40 0.8 116 71.8 43.1 40 5 0. 8
1852 2872 8866 6885 51.1 45372 9341i 932 511 0 0 476 75.6 41.8 40 53.4
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1856 2876 15951 15973 52.1 43.5 5376 16169 16151 51.3 52.6 0.8 219 73.5 406 40 51.9
18572877 15951 15974 53.3 41.75377 16175 16154 53.4 45.5 0.1 225 73. 40.9 40 52.7
18582878 27437 27456 50.21 405378 27541 27521 51.7 47.6 1.5 105 71.8 44.8 40 50.4
18592879 15650 15674 52.9 40,5379 16210 16192 54.3 52.6 1.4 561 75.1 40.1 40 53.6
1860 2880 8866 8885 51.1 45 5380 9334 9316 51.3 52.6 0.2 469 75.7 42 40 53.4
1861 2881 8866 8885 51.1 455381 9310 9291 51.2 45 0.1 445 75.3 41.3 40 53.2
1862 2882 8866 8885 51.1 455382 9252 9234 51,4 52,6 0.3 387 75.1 41.3 40 53
18632883 3360 3379 50.7 455383 3494 3473 50.4 40.9 0.3 135 73.7 45.9 40 51.8
18642884 8866 8885 51.1 455384 9248 9229 50.1 45 1 383 75.1 41.3 40 52.7
1865 2885 18081 18099 51.2 52.6 5385 18697 18679 51.9 52.6 0.7 617 76.3 42.6 40 53.9
1866 2886 8865 8884 50.4 45 5386 9257 9238 50.5 45 0.1 393 75 41 40 52.7
1867 2887 18081 18099 51.2 52.6 5387 18239 18220 50 45 1.2 159 74 44.7 40 51.9
18682888 18081 18099 51.2 52,6 5388 18238 18219 50.3 45 0.9 158 74.1 44.9 40 52
1869 2889 28117 28135 50,6 52.6 5389 28505 28487 50.2 47.4 0.4 389 79.551.9 40 55.8
18702890 8866 8885 51.1 45 5390 9109 9087 50.5 43.5 0.6 244 739 41 40 52
18712891 9055 9079 52.8 40 5391 1 9724 9706 51.3 52.6 1.5 67075.4 40.3 40 53.3
18722892 3403 3423 54.1 47.65392 3502 3478 55.8 48 1.7 100 71.6 45 40 51.5
18732893 28855 28874 52,9 50 5393 29306 29288 53.5 52.6 0.6 452 77.1 45.6 40 54.9
1874 2894 24173 24194 52.5 40.9 5394 24815 24792 53.4 41.7 0.9 643 75.8 41.2 40 53.9
1875 2895 3094 3113 50 50 5395 3647 3628 50.6 45 0.6 554 76.2 42.8 40 53.5
18762896 24174 24194 50.9 42.9 5396 24807 24786 51.7 45.5 0.8 634 75.8 41.3 40 53.4
1877 2897 28856 28875, 52.2 50 5397 29308 29288 53.5 52.6 1.3 451 77.1 45.7 40 54.7
1878 2898 24174 24194 50.9 42.9 5398 24818 24797 51.5 40.9 0.7 645 75.8 41.2 40 53.4
1879 2899 28857 28876 51.7 45 5399 29306 29288 53.5 52.6 1.8 450 77.1 45.6 40 54.6
18802900 8858 8877 512 45 5400 9254 9236 50.6 47.4 0.6 397 75 41.1 40 52.8
1881 2901 16553 16571 53.4 52.6 5401 16777 16758 51.5 50 1.9 225 73.7 40.9 40 52.1
1882 2902 29197 29219 54.8 47.8 5402 29301 29282 55.3 55 0.5 105 73.448.6 40 52.9
188312903 29198 29219 52.6 45.5 5403 29306 29288 53.5 52.6 0.9 109 73. 47.7 40 52.2
18842904 28857 28877 52.3 42.9 5404 29306 29288 53.5 52.6 1.2 450 77.1 45.6 40 54.8
1885 2905 29199 29219 51.2 42.9 5405 29298 29280 51.4 52.6 0.2 100 72.4 47 40 51.1
1886 2906 3094 3113 50 50 5406 3646 3625 52 40.9 2 553 76.2 42.740 53.4
18872907 3224 3243 52.3 50 5407 3650 3631 53.1 50 0.8 427 75.5 41.9 40 53.7
18882908 29195 29216 53.8 45.5 5408 29306 29287 54.6 55 0.8 112 73.6 48.2 40 52.8
1889 2909 28867 2885 51.5 52.6 5409 29358 29339 52.8 50 1.4 492 76.9 44.9 40 54.4
1890 2910 29196 29216 52.5 47.6 5410 29298 29279 52.6 55 0.1 103 73.3 48.5 40 52.1
1891 2911 28867 28886 53.2 50 5411 29415 29395 53.4 52.4 0.2 549 77.1 45 40 
1892 2912 3093 3113 51.7 47.65412 3650 3631 53.1 50 1.4 558 76.3 42.8 40 54
1893 2913 3225 3243 50.9 52.6 5413 3646 3625 52 409 1.2 422 75.4 41.7 40 "531
1894 2914 3225 3243 50.9 52.6 5414 3647 3628 50.6 45 0.3 423 75.5 41.8 40 53.1
1895 2915 28867 28886 53.2 50 5415 29306 29287 54.6 55 1.4 440 76.9 45.2 40 54.9
1896 2916 3223 3241 50.2 52.6 5416 3500 3481 51.2 50 1 278 74.7 42.1 4052.5
18972917 28867 28886 53.2 50 5417 29298 29279 52.6 55 0.5 432 76.8 45.1 40 54.7
1898 2918 24034 24053 53.4 55 5418 24815 24791 54.5 40 1.1 782 76.3 42.1 40 545
18992919 3221 3239 51.5 52.65419 3650 3631 53.1 50 1.6 430 75.5 41.9 40 53.4
1900 2920 18080 18099 53 50 5420 18696 18673 53.4 41.7 0.5 617 76.2 42.5 40 54.3
1901 2921 3095 3116 51.9 45.55421 3650 3631 53.1 50 1.2 556 76.2 42.8 40 54
19022922 18080 18099 53 505422 18696 18672 53.9 40 1 617 76.2 42.5 40 54.3
1903 2923 28868 28887 50.7 45 5423 29298 29279 52.6 55 1.9 431 76.8 45 40 54.1
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190412924 3218 3238 52.1 47.6 5424 1 3650] 3631 53.lf 50fiT433I7s~I41.RVThTTh~iF
19052925 8867 8886 50.7 505425 9252 9234 51.4 52.6 0.8 386 75.1 41.5 40 52.9
19062926 28867 28887 53.7 47.6 5426 29306 29287 54.6 55 0.8 440 76.9 45.2 40 55.1
19072927 3218 3237 50.5 455427 3497 3478 51.3 50 0.8 280 746 41,8 40 52.5
19082928 29195 29215 53.2 47.65428 29306 29287 54.6 55 1,4 112 73.6 48.2 40 52.6
19092929 29196 29215 51.8 505429 29298 29279 52.6 55 0.8 103 73.3 48.51 40 51.9
19102930 3218 3237 50.5 455430 3500 3481 51.2 50 0.6 283 74.6 41.7 40 52.5
1911 2931 8867 8886 50.7 50 5431 9245 9226 50 45 0.6 379 75 41.2 40 52.6
1912 2932 28868 28888 51.4 42.9 5432 29298 29279 52.6 55 1.2 431 76.8 45 40 54.3
19132933 8867 8886 50.7 505433 9107 9086 51.6 45.5 0.9 241 74.1 41,5 40 52.2
19142934 28867 28888 54.3 45.55434 29306 29287 54.6 55 0.3 440 76.9 45.2 40 55.2
1915 2935 19906 19925 50.1 505435 20615 20597 50,6 47.4 0.5 710 75.5 40.3 40 53
1916 2936 16551 16558 51.1 505436 16775 16756 50.3 45 0.8 225 73.8 41.3 40 -51.9

1917 2937 8861 8880 50.2 455437 9341 9322 51.1 50 0.9 481 75,5 41.6 40 53
1918-2938 16368 16387 50.2 455438 16781 16761 51,3 47.6 1 414 75 40.8 40 52.7
19192939 3055 3074 51.1 50 5439 3209 3189 50.5 47.6 0.6 155 74.1 452 40 52.1
19202940 3217 3236 51.1 505440 3650 3631 53.1 50 2 434 75.5 41.9 40 53.3
1921 2941 28868 28889 52 40.95441 29298 29279 52.6 55 0.6 431 76.8 45 40 54.5
1922 2942 28867 28889 54.8 43.5 5442 29306 29287 54.6 55 0.2 440 76.9 45.2 40 55.3
1923 2943'i 3404 3422 50.5 47,4 5443 3503 3484 51.5 50 0.9 100 71.6 45 40 50.4
192412944 16368 16387 50.2 455444 16777 16758 51.5 50 1.2 4101 75 40.7J 40 52.6
1925 2945 24029 24047 52.1 52.6 5445 24815 24792 53.4 41.7 1.3 787 76.3 42.lj 40 54.1
19262946 16368 16387 50.2 455446 16711 16691 51 42.9 0.8 344 75.1 41.9 40 52.7
1927 2947 28867 28890 55.2 41,75447 29306 29287 54.6 55 0.6 440 76.9 45.2 40 55.3
19282948 29196 29214 51.1 52.65448 29298 29279 152.6 55 1.5 103 73.3 48.5 40 51.7
19292949 18488 18507 53.7 55 5449 19224 19200 52.4 40 1.3 737 76 41.5 40 54
1930 2950 28395 28413 50,2 42.1 5450 28506 28488 50.2 47.4 0 .112 74.4 50 40 52.2
19312951 16551 16568 51.1 505451 17032 17011 52 45.5 0.9 482 75.8 42.1 40 53.5
1932 2952 28871 28891 50.9 42,9 5452 29358 29339 52.8 50 1.9 488 76.9 44.9 401 54.2
1933 2953 28871 28891 50.9 42,9 5453 29298 29280 51.4 52.6 0.5 428 76.8 45.1 40 54.2
1934 2954 28870 28891 52.2 40.95454 29306 29288 53.5 52.6 1.2 437 76.8 45.1 40 54.6
1935 2955 28868 288911 53.8 41.7 5455 29301 29282 55.3 55 1.5 434 76.9 45.2 40 55.1
19362956 3404 34221 50.5 47.4 5456 3504 3485 50.4 45 0.1 101 71.5 44.6 40 50.3
19372957 29195 29213 51.9 52.65457 29298 29279 52.6 55 0.7 104 73.1 48.1 40 51.9

1938 2958 28938 28956 50.8 47.45458 29298 29280 51.4 52.6 0.6 361 76.4 44.9 40 53.8
19392959 18488 18507 53.7 555459 19210 19191 52 50 1.7 723 76 41.6 40 53.9
19402960 3095 3116 51.9 45.5 5460 3647 3628 50.6 45 1.3 553 76.2 42.7 40 53.6
1941 2961 3214 3233 51.1 505461 3497 3478 51.3 50 0,2 284 74.7 41.9 40 52.7
19422962 24017 24039 53 43.55462 24815 24791 54.5 40 1.5 799 76.2 41.9 40 54.4
1943 2963 3095 3116 51.9 45.5 5463 3646 3625 52 40.9 0.1 552 76.1 42.6 40 54
19442964 18550 18571 50.4 40.9 5464 19215 19194 50.2 40.9 0.2 666 75.8 41.1 40 53.2
19452965 3214 3233 51.1 50|5465 3500, 3481 51.2 50 0.1 287 74.7 41.8 40 52.7
19462966 18586 18603 50.4 44.4 5466 19224 19200 52.4 40 1.9 639 75.6 40.8 40 53.1
19472967 18586 18603 50.4 44.45467 19217 19196 50.2 40.9 0.2 632 75.6 41 40 53.1
19482968 18586 18603 50.4 44.45468 19215 19194 50.2 40.9 0.2 630 75.6 41 40 53.1
19492969 18590 18608 50.6 42.1 5469 19224 19200 52.4 40 1.8 635 7 5.6 40,9 40 53.2
19502970 15255 15273 50.3 52.6 5470 15767 15746 50.7 40.9 0.4 513 75.1 40.2 40 52.7
1951 2971 28942 28961 50.2 45 5471 29414 29395 50.5 50 0.3 473 75.8 44.6 40 53.9
19522972 18590 18608 50.6 42.1 5472 19217 19196 50.2 40.9 0.3 628 75.7 41.1 40 53.1
19532973 3055 3074 51.1 505473 3207 3187 50.5 47.6 0.6 153 74 45.1 40 52
195412974 18590 18608 50.6 42.1 5474 19215 19194 50,2 _40.9 0.3 626 75.7 41.1 40 53.1
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195512975 1 18591 186111 51.71 42.915475 192241 19200 52.4 634 75.71 41 40 53.6
1956 2976 18591 18611 51.7 42.9 5476 19217 19196 50.2 40.9 1.4 627 75.7 41.1 40 53.2
1957 2977 18591 18611 51.7 42.9 5477 19215 19194 50.2 40.9 1.4 625 75.7 41.1 40 53.2
19-58 2978 28546 28565 52.2 50 5478 28672 28654 50.6 52.6 1.6 127 76,5 53.5 40 53,8
19-59 2979 29191 29210 54.4 555479 29415 29395 53.4 52.4 1 225 75.7 45.8 40 54.1
1960 2980 7880 7900 50.3 42.915480 8190 8172 50.3 47.4 0 311 74.9 41.8 40 52.6
1961 2981 3167 3189 51.6 43.5 5481 3650 3631 53.1 50 1.5 484 75.81 42.1 40 53.6
1962 2982 28965 28984 52.9 55 5482 29306 29288 53.5 52.6 0.61 342 76.5 45.3 40 54.5
1963 2983 3166 3188 51.6 43.5 5483 3650 3631 53.1 50 1.51 485 75.8 42.3 40 53.7
1964 2984 8867 8887 52.3 47.6 5484 9101 9081 50.5 47.6 1.9 235 74.1 41.7 40 52.1

1965 2985 23843 23863 50.3 42.9 5485 24013 23995 50.3 47.4 O 171 73.7 43.3 40 51.8
1966 2986 3403 3421 53.1 52.6 5486 3503 3484 51.5 50 1.7 101 71.9 45.5 40 50.9
1967.2987 16549 16567 54.9 52.6 5487 16777 16756 53.4 45.5 1.5 229 74 41 .5 40 52.9
19682988 8868 8889 50.4 40.95488 9109 9087 50.5 43.5 0,1 242 73.9 40.9 40 51.9
1969 2989 8861 8880 50.2 455489 9311 9292 50.7 50 0.6 451 75.3 41.2 40 52.9
1970 2990 8868 8889 50.4, 40.95490 9257 9238 50.5 45 0.1 390 75 41 40 52.7
1971 2991 8868 8889 501 40.9 5491 9313 9294 50.4 50 0 446 75.4 41.5 40 53
197212992 23841 23859 50.5 52.6 5492 24013 23995 50.3 47.4 0.1 173 74 43.9 40 52
1973 2993 28548 28568 50.5 42.9 5493 28672 28654 50,6 52.6 0 125 76.2 52.8 40 53.6
1974 2994 8867 8888 52.7 45.5 5494 9310 9291 51.2 45 1.5 444 75.4 41.4 40 53.2
1975[2995 1 28968 28988 50.9 47.6 5495 29298 29279 52.6 55 1.8 331 76.2 44.7 40 53.7
197612996 19907 19926 52.1 55 5496 20615 20597 50.6 47.4 1.6 709 75.5 40.3 40 53.1
197712997 8861 8880 50.2 45 5497 9252- 9235 50.1 50 0.1 392 75 41.1 40 52.6
197812998 19909 19929 507 52.4 5498 20615 20597 50.6 47.4 0.2 707 75.5 40.31 40 53.1
197912999 3361 3382 51.9 45.5 5499 3500 3481 51.2 50 0.7 140 74,1- 46.4 40 52.31
198013000 18696 18715 51.7 505500 18881, 18862 50.2 45 1.5 186 74.1 43.5 40 ,52.1
198113001 28968 28989 51.5 45.55501 292981 29279 52.6 55 -1.1 331 76.2 44.7 40 53.9
198213002 19709 19730 51.3 40.915502 19923 19903 50.9 47.6 0.4 215 73.9' 41.9 40 52.1
198313003 1 3361 3382 51.9 45.515503 3497 3478 51.3 50 0.6- 137 74.11 46.7 -0 52,4
198413004 3361 3384 53.7 41.75504 3495 3473 51.81 43.5 1.9 135 -74 525
19853005 19709 19730 51.3 40.95505 19924 19905 50.1 50 1.2 216 7.9 41.7 40 51.8
198613006 16378 16397 50.4 455506 16711 16691 51 42.9 0.6 334 75.2 42.2 40 52.9
1987 3007 3361 3382 51.9 45.55507 3504 3485 50.4 45 1.5 144 74.3 46.5 40 52.2
198813008 18704 18724 50.8 47,65508 19406 19388 50.6 47.4 0.1 703 75.4 '40.3 40 53.1
198913009 8868 8889 50.4 40.9 5509 9314 9295 51.1 50 0.7 447 75.5 41.5 40 53
19903010 3361 3382 51.9 45.5 5510 3503 3484 51.5 50 0.5 143 74.4 46.9 40 52.6
1991 3011 19709 19730 51.3 40.95511 19931 19912 50.9 55 0.4 223 74.2 42.2 40 52.3
19923012 16548 16566 54,9 52.6,5512 16777 16756 53.4 45.5 1.5 230 73.9 41.3 40 52.9
1993 3013 8868 8889 50.4 40.9 5513 9315 9296 50 45 0.4 448 75.4 41.5 40 52.9
19943014 22321 22341 51.6 42.9 5514 22460 22441 50.7 45 0.9 140 71.5 40 40 50.3
1995 3015 29182 29202 51.2 42.9 5515 29412 29393 50.3 45 0.9 231 75.4 45 40 53
1996 3016 22173 22193 51 42.9 5516 22460 22441 50.7 45 0.3 288 74.1 40.3 40 52.1
1997 3017 29181 29201 524 47.6 5517 29413 29393 51.1 42.9 1.3 233 75.5 45.1 40 53.3
1998 3018 18704 18724 50,8 47.615518 18881 18862 50.2 45 0.5 178 73.8 43.3 40 51.9
19993019 20751 20771 51.3 47.6 5519 21301 21278 51.3 41.7 0 551 75.5 41 40 53.3
2000 3020 29181 29200 50 45 5520 29412 29393 50.3 45 0.3 232 75.5 45.3 40 53
2001 3021 20751 20771 51.3 47.6 5521 21304 21283 50.5 40.9 0.8 554 75.5 41 40 53.1
2002 3022 29173 29197 54.2 40 5522 29415 29395 53.4 52.4 0.8 243 75.7 45.3 40 54.1
2003 3023 8867 8888 52.7 45.55523 9247 9226 52 45.5 0.7 381 75 41.2 40 53.2
2004 3024 8867 8888 52.7 45.5,5524 9255 9236 51.1 45 1.6 389 75 41.1 40 52.9
200513025 29178 29198 51.4 42.915525 29412 29393 50.3 45 1.1 235 75.5 45.1 4 53.1
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2006T3026 F 31631 3185 53.61 47.8 5526 36311 53.1! 50 75.9! 42.4! 40! 54.2
2073027 [19800D 19817 50.4 50 5527 20033 20016 50.4 50 0 234 74.9 43.6 41 52.7

2008 3028 88671 E8886 50.7 -50 528 9376 9355 51 40.9 0.3 510 75.7 41.8 41 53.3
2009 3029 198001 19817 50.4 505529 19930 19910 50.6 47.6 0.2 131 72.6 43.5 41 51
2010b 3030 24418 I24439 52.9 45.5 5530 2508 25064 51.1 52.6 1.8 665 75.8. 41.2 41 53.5
2011 3031 25771 25790 51.1, 455531 26182 26161 51., 40.9 0.1 412 74.8 40.3, 41 52.8
2012,3032 12976 12994 50.3 47.4 5532 13326 13306 50.71 42.9 0.3 351 76.1 44.2 41 53.5
2013 3033 12976 12994 50.3 47.4 5533 13328 13307 51.2 45.5 0.9 353 76,1 44.2 41 53.5
2014 3034 2823 2844 50.4 45.5 5534 3500 3481 51.2 50 0.7 678 76.3 42.5 41 53.7
201 3035 18009 18028 51.6 55 5535 18223 16205 53.3 52.6 1.7 215 74.51 43.3 41 52.7
2016 3036 8223 8240 50.4 50]5536 8933, 8916 52.2 50 1.8 711 75.4 40.1 41 53
2017 303 29180 29199 50.1 4015537 294141 29395 50.5 50 0.4 235 75.5 45.1, 41 53
2018 3038 19800 19817 50.4 50 5538 19925 19906 50.1 50 0.4 126 72.4 43.71 41, 
2019 3039 25772 25793 52.4 40.9 5539 26183 26162 52.8 45.5 0.4 412 74.8 40.31 411 53.2
2020 3040 14951 14975 52.21 40 5540 15152 15135 51.4 50 0.8 202 73.4 41.11 411 51.9
2021 3041 2823 2844 50.41 45.5 5541 3503 3484 51.5 50 1 681 76.4 42.61 411 53.7
2022 3042 18075 18095 50.6 47.615542 162311 16210 52.2 45.51 1.6 157 73.6 43.9 41 51.8
2023 3043 5 231 51.3 56143 29 251 51.1 52.6{ 0.1 265 76.4 46.4[ 41 53.9

2024 3044 9140 9159 50.1 45 5544 9249 9231 50.8 47.4 0.7 110 71.3 42.7 41 
2025 3045 24 N418 724439 52.9 45.515545 24815 24791 -54.51-40 -1.61 398 75.9 43.21 41 54.1
2026 3046 8794 8813 51.61455546 9358 9338 51 42.9 0.61 565 75.8 41.8 41 
2027 3047 24418 24439 52.9 45.5 5547 24807 24786 51.7 45.5 1.2 3901 75.9 43.3 41 53.8
2028P3048 2387 2405 51.6 52.6 5548 3186 3165 50.4 40.9 1.2 8001 76., 43.5 41 54.1
202913049 24418 24439 52.9 45.5 5549 24527 24506 51,7 40.9 1.2 1101 71.3 42.7 41 50.5
2030 3050 24418 24439 52.9 45.5 5550 24517 24494 53.2" 41.7 0.3 100 70.8 43 41 '50.5
2031 3051 4255 4276 51.7 45.5 5551 4836 4817 51.2 45 0.5 582 75.9 41.9 41 53.6

2023052 24420 24440 50.8 42.9 5552 25082 25064 51,1 52.6 0.3 663 75.7 41 41 53.3
2033 3053 8867 8887 52.3 47.6 5553 9250 9232 51.6 47.4 0.8 384, 75.1 41.4 41 53.2
20O34 3054 14951 1-4975 52.2 405554 15275 15257 50.8 52.6-1.31 325 74.6 40.9 4M 52.6
2035 3055 2387 2405 51.6 52.6 5555 3185 3164 51. 45.5 0.7 799 76.9 43.6 41 54.2

2036- 306 86-84 04 4 56 95 9235 50.1 50 0.3 388 75.1 41.2 41 52.7
2037 3057 24420 24440 50.8 42.9 5557 24818 24797 51.6 40.9 0.8 399 75.8 42.9 41 53.4
203 308 2-4420 24440 50.8 42.95558 24807 24786 51.7 45.5 0.9 388 75.8 43 41 53.4
2039 3059 11541 1 1560 50.1 455559 12110 12090 51.1 42.9 1 570 75.9 41.9 41 53.3
2040 3060 -2387 2405 51.6 52.6 5560 2672 2653 51.61 50 0 286-77 47.6 41 54.5
2041 3061 24420 24440 50.8 42.9 5561 24526 24508 50.31 42.9 0.5 107 70.8 42.1 41 49.8
20423062 11540 11557 50.4 50 5562 12110, 12090 51.1 42.9 0.7 571 76 42 41 53.
2043,3063 6263 6282 50.9 4515563 64831 6463 50.2 42.9 0.7 221 73.7 41.2 41, 51.8
204413064 124418 24440 551 47.815564 24815l 24791 54.5 40 0.5 398 75.9 43.2 41 54.6
2045 3065 18075 18095 50.6 47.615565 18233 18214 52 50 1.4 159 74 44.7 411 52.1
20463 066 18075 18095 50.6 47.615566 18233 18215 51.31 52.6 0.7 159 74 44.7 411 52.1
2047 3067 2429 2447 50.2 47.4J5567 3055 3036 50.6 50 0.41 627 76.3 42.81 41 53.6
2048 3068 19800 19818 52.1 52.615568 19917 19896 50.9 45.5 1.2 118 71.9 43.21 41 50.7
2049,3069 24481 24500 50.1, 4515569 24936, 24919 51.8 50 1.7 456 75.7 42.1 41 53.1
2050 3070 275 294 50.5 47.4 5570 713 695 50.7 47.41 0.2 438 79.1 50.7 41 55.7
2051 3071 19801 19819 53.2 52.6 5571 19927 19908 52.1 55. 1.1 127 72.7 44.1 41 51.6
2052 3072 19801 19819 53.2 52.6 5572 19925 19905 51.4 52.4 1.91 125 72.5 44 41 51.3
2053 3073 3800. 3824 53.6 40 5573 4318 4294 54.4 40 0.8519 75.3 .40.8 41, 53.9
2054 3074 11540 11557 50.4 50.5574 12258 12238 50.3 42.9 0.2 719 76.21 42 411 53.5
2055 3075 24482 24502 50.31 42.915575 24938 24921 50.4 50 0.1 457 75.6l 41.8 411 53.1
205613076 24482 245021 50.31 42.915576 248071 24786 51.7 45.5 1.4 326 75.41 42.9 411 53
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205713077 8867 8888 52.7145,5 93461 53.9 498 75.8 42.21 41 54
20583078 24481 24502 51.5 45,55578 25080 25062 53.5 52.6 2 600 75.5 40.8 41 53.4
2059 3079 8865 8884 50.4 45 5579 9107 9086 51.6 45.5 1.2 243 74 41.2 41 52
2060 3080 8867 8888 52.7 45,55580 9313 9293 52.1 47.6 0.6 447 75.5 41.6 41 53.5
2061 3081 2427 2445 52.1 52,6 5581 3055 3036 50.6 50 1.5 629 76.4 42.8 41 53.7
2062 3082 2823 2844 50.4 45,5 5582 3504 3485 50.4 45 0.1 682 76.3 42.5 41 53.7
20633083 24483 24503 51 42,9 5583 25085 25068 50.3 50 0.6 603 75.4 40.6 41 53
2064 3084 15255 15273 50.3 52.6 5584 15649 15632 50.1 50 0.2 395 75.1 41.3 41 52.7
20653085 24483 24503 51 42.9 5585 25082i 25064 51.1 52.6 0.1 600 75.5 40.8 41 53.3
2086 3086 8867 8886 50.7 50 5586 9375 9354 50.4 40.9 0.3 509 75.7 41.8 41 53.2
2067 3087 12976 12994 50.3 47,4 5587 13329 13308 50.5 40.9 0.2 354 76.1 44.1 41 53,4
2068 3088 24483 24503 51 42.9 5588 25081 25063 52.4 52.6 1.4 599 75.5 40.7 41 53.2

20693089 379 398 50,1 45 5589 941 922 50,5 50 0.4 563 78.7 48.8 41 55.2
2070 3090 24483 24503 51 42.9 5590 24936 24919 51.8 50 0.8 454 75.7 42.1 41 53.4
2071 3091 19802 19820 53 52.6 5591 19927 19908 52.1 55 0.8 126 72.8 44.4 41 51.7
2072 3092 9934 9953 50,7 50 5592 10670 10649 51.3 40.9 0.6 737 75.7 40.8 41 53.3
20733093 8866 8885 51.1 45 5593 93121 9293 50.6 45 0.5 447 75.4 41.4 41 53

273094 19846 19866 51.2 42,95594 200331 20016 50.4 50 0.8 188 74.2 i 43.6[ 41 52.2
2075 3095 19848 19867 50.7 455595 20033 20016 50.4 50 0.3 186 74.1 43.5 41 52.1
2076 3096 9538 9558 50.9 42,95596 100171 9999 52.8 52.6 1.9 4801 5.5 41.5 41 532
207713097 8220 8238 51.5 47.4 5597 89331 8916 52.2 50 0.71 7141 75.4 40.1 41 53.3
20783098 9140 9159 50.1 455598 9249 9232 50 50 0.1 1101 71.3 42.7 41 
2079 3099 12976 12994 50.3 47.45599 13332 13312 50.9 47.6 0.6 357 76.2 '44.3 41 53.5
20803100 15752 15772 50.8 47.65600 16174 16154 50.4 42.9 0.4 423 75.1 40.9 41 52.8
2081 3101 18074 18094 51. 42.9 5601 18232 18212 50.6 47.6 0.5 159 73.7 44 41 51.9
20823102 24559 24579 52 52.4 5602 25081 25063 52,4 52.5 0.4 523 75.5 41:1 41 53.5
2083 3103 24559 24579 52 52.45603 25079 25061 52.7 52.6 0.7 521 75.5 41.3, 41 53.6
20843104 3169 3191 52,1 47.8 5604 3650 3631 53.1 50 1 482 75.9 42.3 41 53.8
20853105 28117 28135 50.6 52.65605 28672 28654 50.6 52.6 0.11 556 80 ,52 41 56.3
20863106 1809 1829 50.6 42,9 5606 2103 2082 52 45.5 1.5 295 75.4 43.4 41 53

2087 3107 24559 24579 52 52,415607 24933 24913 51.1 42.9 0.8 375 75.6 42.7 41 53.4
2088 3108 1809 1829 50.6 42,95608 2113 2094 50.1 45 0.4 305 75.4 43.3 41 52.9447 40 279.45 41 5 .8
20893109 28116 28134 50.8 47.45609 28505 28487 50.2 47.4 0.6 390 79 51.8
20903110 1808 1828 50.6 42.95610 2103 2082 52 45.5 1.5 296 75.5 43.6 41 53.1
2091 3111 15951 15975 53.1 40 5611 16210 16192 54.3 52.6 1.2 260 74.3 41.5 41 53.1
20923112 8865 8884 50.4 455612 9341 9322 51.11 50 0.7 477 75.6 41.7 41 53.1
2093 3113 15 33 50,7 52,6 5613 642 622 51.6' 47.6 0.9 628 79 49.2 41 55.6
2094 3114 8861 8880 50,2 4515614 9107 9086 51.6 45.5 1.4 247 73.9 40.9 41 51.9

2095 3115 1808 1828 50,6 42,9 5615 2113 2094 50.1 45 0.4 306 75.5 43.5 41 53
20963116 24562 24580 50.1 52,6 5616 24933 24913 51.1 42.9 1.1 372 75.5 42.5 41 53

2097 3117 28116 28134 50.8 47,4 5617 28672 28654 50.61 52.6 0.2 557 80 51.9 41 56.2
2098 3118 24560 24580 51,3 52,4 5618 250811 25063 52.4 52.6 1.1 522 75.4 41 41 53.3
20993119 24560 24580 51.3 52.45619 25079 25061 52.7 52.6 1.41 520 75.5 41.2 41 53.3
2100 3120 16366 16384 50,3 52.65620 16775 16755 51.1 42.9 0.7 410 75.1 41 41 52.7
2101 3121 16366 16384 50,3 52,65621 16774 16754 50.4 42.9 0.1 409 75.1 41.1 41 52.8
2102 3122 24569 24590 56,6 54.5 5622 25089 25070 55.8 55 0.8 521 75.4 40.9 41 54.6
21033123 24569 24590 56,6 54.5 5623 25088 25069 55 50 1.6 520 75.3 40.8 41 54.3
2104 3124 24567 24590 57,8 54.2 5624 25095 25072 59.3 54.2 1.5 529 75.4 40.8 41 55.2
2105 3125 24568 24591 58,9 54,25625 25095 25072 59.3 54.2 0.4 528 75.3 40.7 41 55.5
2108 3126 24568 24591 58.9 54.2 5626 25091 25070 59.1 54.5 0.2 524 75.4 40.8 41 55.5
2107 3127 24568 24591 58.9 54.2 5627 25090 25069 58.3 54.5 0.6 523 75.4 40.9 41 55.4
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210813128 1 6366 163841 50.31 52.6 5628 116774 167531 51.11 40.91 0.81 4091 75.11 41.11 4 1 52.
21093129 18061 1825 51.1 45 5629 2103 2082 52 455 11298 75.5 43.6 41 53.3
2110 3130 83741 8395 52.4 45.5 5630 9107 9086 51.6 45.5 -0.8j 734 75.5 40.2 41 53.4
2111 3131 246221 24643 57.1 54.5 5631 24935 24913 56.1 47.8 __ij314 74.5 40.8 41 54.1
21123132 91301 9150 51.3 42.95632 9358 9338 51, 42.9 0.31 229 74.5 42.8 41 52.5
21133133 12936? 12957 53.7, 45.55633 13530, 13511 55.6 55 1.91 595 77.41 45.41 41 55.4
2114 3134 83731 8391 50.7 47.4 5634 9107 9086 51.6 45.5 0.9j 735 75.4 40.1 41 53.1
2115 3135 13521 1371 56.1 555635 1701 1678 54.3 41.7 1.81 350 76.7 45.7 41 55.1
2116 3136 88671 8886 50.7J 50 5636 9342 9323 52.1 50 1.41 476 75.7 42 41 53.3
21173137 1352, 1371 56.1 55 5637 1701 1677 54.71 40 1.4 350 76.7 45.7 41, 55.2
2- 118 -338 91301 9150 51.3t 42.9 5638 9249 9232 50-50 -1.3 120 71.7,-42.5 41 50.3
2119 3139 168611 16880 50.8f 50 5639 17062 17045 50.2 50 0.6 202 74.81 44.6 41 52.5
2120 3140 9130 9150 51.3[ 42.9 5640 9249 9231 50.8 47.4 0.5 120 .71.71 42.5 41 50.5
2121 3141 9130 9150 51.31 42.9.5641 9249, 9230 51.5 45 0.21 120 71.7 42.5, 41 50.7
2122 3142 8372 8390 50.7 47.4 5642 90601 9039 50.3 40.9 0.4 689 75.4 40.21 41 53
2123 3143 18074 18093 50.3~ 4515643 18232 18212 50.61 47.6 0.3 159 73.7 441 41 51.8
2 124 T144 2671 2692 52.1? 40.915644- 3193 3172 52.61 50 0.5-523 75.8 41.91 41 53.8

225 [145 16562 16581 52.6r 50 5645 17064 17045 51.4 50 1.2 503 75.8 42,1 41 53.6
212613146 2671 2692 52.1 40.9 5646 3193 3173 51.4 47.6 0.7 523 75.8 41.9 41 53.6
212713147 8372 8390 50.7 47.45647 9107 9086 51.6 45.5 0.9 736: 75.5 40.2 41 53.1
212813148 12726 12746 51.3 47.6 564B8 1332F 15; 1331 50.3 42.9 0.9 596. 76.7, 43.6 41 53.9
21293149 8867 8886 50.71 50.5649 9312 9293 50.6 45 0.1 446 75.4 41.5 41 53
213013150 16562 16580 51.91 52.615650 17062 17045 50.2 -50 +1.7 501 75.8 42.1 41 53.2
21313151i 27377 27397 53.4 47'6 5651 27674 27653 52.5 40.9 0.91 298 74.3 40.6 41 52.8
2132 3152 16556 16573 50.3 50 5652 17111 17090 51.1 40.9 0.81 556 76.1 42.4 41 53,5
2133,3153 j 7815 7833 51.5 52.6 5653 8531 8512 52 45 0.5 717 75.7 40.7 41 53.5
213413154 1 3223 3241 50.2 52.6 5654 34041 3473 50.4 40.9 0.2 272 74.6 41.9 41 52.4
213513155 1 8372 8390 50.7. 47.415655 91091 9087 50.5 4 3.5 -0.1 738 75.4 40.1[-41 5-3.1J
213613156 1 3041 3065 57.7 485656 3650 3 6 28 656.3 47.8 1.4 610 76.3 42.81 41, 55.4
2137 3157 9569 9591 53 43.515657 10017 -9999 52.8 52.6 0.3 449, 75.4 41.41 411 53.7
2 138 3158 3041 3065 57.7 485658 3649 -3625 56.6 44 -1.2 6091 76.3 42.7 411 55.51
21 39315 9- 1 3 1-76 13196 51.4 47.65659 13321 13301 50.3 4 2.9 -1 146 73.3 43.8 411 51.5
21403160 16366 16385 52.9 555660 16775, 16755 51.1 42.9 1.8 410 75.1 41 41j 53
2141 3161 16366 16385 52.91 555661 16775 16754. 51.7 40.9 1.1 410 75.1 41 41? 53.2
214236 166 168 529 552 16774 16753 51.1 409 1.8, 4091 75.1 41.1 41? 53
214313163 1 1402 1422 50.2 42.9 5663 2104 2084 -50.6r42.9 0.4 703 76.7 43.2,4 53.8A
214413164 1 1402 1422 50.2 42.9 5664 1697 1678 50.3 45 -0.1 296 76 44.9 41153.4
2145 3165 3055 3076 52.4 45.55665 3503 3484 51.5 50 1 449 76.1 43.2 41 53.81
21463166 15211 15230 50.2 455666 16001 15980 51.1 45.5 0.9 791 75.6 40.3 41 53.1
2147 3167 12267 12290 54.5 41.7 5667 12414 12392 53.9 43.5 0.61 148 72.2, 41.2 41 51.8
2148 3168 8861 8880 50.2 45 5668 9256 9237 50.8, 45 0.51 396 75 40.91 41 52.6
2149 3169 3049 3071 56.3 52.2 5669 3650 3628 56.3 47.8 01 602 76.4 42.9 41 55.4
2150 3170 3049 3071 56.31 52.215670 3648, 3625 55.5 41.7 0.81 600 76.3 42.7 41 55.2
2- 151 311 8861 8880 50.21 45 5671 9313 9294 50.4 50 0.3 453 75.3 41.3 41 52.9
2152 312 12352 12375 52.9 41.7 5672 12911 12891 51.2 47.6 1.7 560 76.1 42.5 41 53.7
2153 3173 7965 7985 51.9 42.9 5673 8531 8512 52, 45 0.2 567 75.1 40 41 53.2
21543174 18017 18036 54.8 55 5674 18233 18212 53.5 50 1.3 217 74.7 43.6 41 53.5.
2155 3175 8867 8886 50.7 50,5675 9257, 9238 50.5 45 0.21 391 75.1 41.2 41 52.8
2156 3176 3221 3239 51.5 52.6 5676 3494 3473 50.4 40.9 1.1 274 74.5 41.6 41 52.4
2157 3177 1402 1422 50.2 42.9 5677 1697 1677 51 42.9 0.8 296 76 44.9 41 53.4
21583178 14021 1422 50.2 42.9 5678 1697 1670 51.7 40.9 1.5 296 761 44.91 41 53.4
2159 3179 180111 18032 55.7 54.5 5679 18220 18201 56.1 55 0.4 210, 74.51 43.31 41 53.9
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2160 3180 12726 12746 51.3 47.6 5680 13329 13308 50.5 40.9 0.8 604 76.6 43.5 41 53.9
2161 3181 1402 1425 52.8 41.7 5681 1698 1678 51.7 42.9 1.1 297 76 44.8 41 53.8
2162 3182 18013 18032 52.2 55 5682 18223 18205 53.3 52.6 1.1 211 74.4 43.1 41 52.8
2163 3183 3777 3797 51.7 47.6 5683 4444 4424 50.6 42.9 1.1 668 75.6 40.7 41 53.2
2164 3184 3777 3797 51.7 47.6 5684 4445 4425 50.6 42.9 1.1 669 75.6 40.7 41 53.2
2165 3185 7876 7895 51.5 455685 8189 8170 50.6 50 0.9 314 75.1 42.41 41 52.9
2166 3186 18014 18032 51 52.6 5686 18229 18209 50.1 42.9 0.8 216 74.2 42.6 41 52.
2167 3187 1402 1425 52.8 41.75687 1697 1677 51 42.9 1.8 296 76 44 9 41 53.6
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2199 3219 1402 1426 54.1 405719 1700 1678 52.9 43.5 1.3 299 76 44.8 41 54.2
2200 3220 9131 9151 50.4 42.9 5720 9358 9338 51 42.9 0.6 228 74.6 43 41 52.4
2201 3221 3055 3075 51.8 47.6 5721 3503 3484 51.5 50 0.3 449 761 43.2 4 53.8
2202 3222 18013 18031 50.6 52.6 5722 18232 18212 50.6 47.6 0 220 74.7 43.6 41 52.6
22033223 8794 8813 51.6 45 5723 9249 9230 51.5 45 0.1 456 75. 41.4 41 53.4
2204 3224 8794 8813 51.6 45 5724 9249 9231 50.8 47.4 08 456 75.4 41.4 41 53.1
2205 3225 16549 16567 54.9 52.6 5725 17065 17045 53.1 47.6 1.9 517 76 42.4 41 54.2
2206 3226 8794 8813 51.6 45 5726 9249 9232 50 50 1.6 456 75.4 41.4 41 52.9
2207 3227 1402 1426 54.1 40 5727 2104 2082 53.5 43.5 0.6 703 76.7 43.2 41 54.8
2208 3228 9927 9946 51.3 50 5728 10356 10336 52.4 47.6 1.1 430 75.6 42.1 41 53.4
2209 3229 3219 3238 50.7 50 5729 3494 3473 50.4 40.9 0.3 276 74.5 41.7 41 52.4
2210 3230 16549 16567 54.9 52.6 5730 17033 17011 53.2 43.5 1.7 485 75.8 42.1 41 54.1
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2211 3231 18014 18032 51 52.6 5731 18702 18685 50.2 50 0.8 689 76.2 42.2 41 53.5
2212 3232 8794 8813 51.6 455732 9333 9315 52.2 52.6 0.6 540 75.9 42 41 53.7
22133233 8867 8888 52.7 45.5 5733 9249 9229 53 47.6 0.2 383 75.2 41.5 41 53.5
2214 3234 18009 18028 51.6 55 5734 18229 18209 50.1 42.9 1.5 221 74.5 43 41 52.3
2215 3235 9633 9651 51 47.45735 10017 9999 52.8 52.6 1.8 385 75.6 42.6 41 53.3
2216 3236 9915 9935 51.8 47.65736 10449 10428 51.9 40.9 0.1 535 75.4 40.9 41 53.4
2217 3237 29259 29277 50.9 52.6 5737 29414 29395 50.5 50 0.3 156 74.5 46.2 41 52.4
2218 3238 8868 8889 50.4 40.9 5738 9317 9297 50.5 42.9 0.1 450 75.4 41.6 41 53
2219 3239 29257 29276 51.3 50 5739 29414 29395 50.5 50 0.8 158 74.6 46.2 41 52.5
2220 3240 13176 13196 51.4 47.6 5740 13332 13312 50.9 47.6 0.5 157 73.6 43.9 41 51.9
2221 3241 9918 9938 51.4 47.6 5741 10449 10428 51.9 40.9 0.5 532 75.4 40.8 41 53.3
2222 3242 13176 13196 51.4 47.65742 13856 13835 50.1 45.5 1.3 681 75.8 41.1 41 53.2
2223 3243 29253 29270 50 50 5743 29414 29395 50.5 50 0.5 162 75.2 475 41 52.8
2224 3244 13037 13058 54.8 50 5744 13530 13511 55.6 55 0.8 494 77.3 45.7 41 55.6
2225 3245 18009 18028 51.6 555745 18702 18685 50.2 50 1.5 694 76.3 42.4 41 53.6
2226 3246 24178 24197 50.3 40T5746 24938 24921 50.4 50 0.1 761 75.8 40.9 41 53.2
2227 3247 24174 24195 52.5 40.9 5747 24740 24717 52.5 41.7 0 567 76 42.2 41 54
2228 3248 7679 7698 50.6 505748 8054 8035 50.4 50 0.1 376 75.6 42.6 41 53.1
2229 3249 18005 18024 51.1 505749 18229 18209 50.1 42.9 1 225 74.4 42.7 41522
2230 3250 24174 24195 52,5 40,9 5750 24933 24913 51.1 42.9 1.4 760 75.8 40.9 41 535
223113251 3016 3036 50.2 42.9 5751 3500 3481 51.2 50 0.9 485 76.3 ,43.3 41 53.6
22323252 28820 28838 53.7 52.65752 29306 29288 53.5 52.6 0.2 487 77.1 45.4 41 55.1
2233 3253 18005 18024 51.1 50 5753 18233 18214" 52 50 0.9 229 74.9 :43.7 41 52.8
22343254 3016 3036 50.2 42,9 5754 3503 3484 51.5 50 1.2 488 76.3 43.4 41 5316
2235 3255 7723 7741 52,2 52.6 5755 8054 8035 50.4 50 1.7 332 75 41.9 41 52
2236 3256 29200 29224 54.2 40 5756 29358 29339 52.8 50 1.4 159 74.5 45.9 41 53.1
22373257 3016 3036 50.2 42.9 5757 3504 3485 50.4 45 0.1 489 76.3 43.4 41 53.6
2238 3258 985 1004 51,1 50 5758 1499 1482 50.1 50 1.1 515 76.5 43.7 41 53.7
2239 3259 8866 8885 51.1 45 5759 9257 9238 50.5 45 0.6 392 75 41.1 41 52.8
2240 3260 3016 3036 50.2 42.9 5760 3647 3628 50.6 45 0.4 B32 76.4 42.9 41 53.7
2241 3261 13039 13058 51.8 5015761 13749 13727 50.5 43.5 1.3 711 76.7 43.2 41 53.9
2242 3262 24096 24119 54.4 41.7 5762 24815 24792 53.4 41.7 1 720 75.8 41 41 54.2
2243 3263 17840 17859 50.8 45 5763 18229 18209 50.1 42.9 0.7 390 74.7 40.3 41 52.4
22443264 15255 15273 50.3 52.6 5764 15647 15628 51 45 0.7 393 75.1 41.2 41 52.7
2245 3265 988 1006 52.2 52.65765 1500 1482 50.6 47.4 1.6 513 76.5 43.7 41 53.8
2246 3266 24035 24053 52.2 52.6 5766 24527 24508 50.5 45 1.7 493 75.4 41.2 41 53
2247 3267 18616 18636 51.4 47.6 5767 j19215 19194 50.2 40.9 1.1 600 75.7 41.2 41 53.1
2248 3268 8374 8393 51.2 45 5768 9101 9081 50.5 47.6 0.7 728 75.5 40.2 41 53.1
22493269 17840 17859 50.8 45 5769 18238 18219 50.3 45 0.5 399 75 40.9 41 52.7
2250 3270 24030 24047 50.7 50 5770 24526 24506 50.3 42.9 0.4 497 75.5 41.2 41 53
2251 3271 24030 24047 50.7 50 5771 24527 24507 51 42.9 0.3 498 75.4 41.2 41 53.1
2252 3272 17840 17859 50.8 45 5772 18239 18220 50 45 0.8 400 74.9 40.8 41 52.6
2253 3273 985 1008 56.1 50 5773 1626 1602 56.1 44 0 642 77.1 44.5 41 55.9
2254 3274 13039 13057 51.1 52.65774 13749 13727 50.5 43.5 0.6 711 76.7 43.2 41 53.9
22553275 29200 29223 53.7 41.7 5775 29358 29339 52.8 50 0.9 159 74.5 45.9 41 53.1
2256 3276 1046 1063 50.3 50 5776 1498 1481 51 50 0.7 453 76.4 43.9 41 53.7
2257 3277 24019 24039 50.1 42.95777 24527 24508 50.5 45 0.4 509 75.4 41.1 41 52.9
22583278 24014 24035 50.6 40.9 5778 24527 24508 50.5 45 0.1 514 75.5 41.2 41 53.1
2259 3279 1046 1063 50.3 50 5779 1497 1480 50.3 50 0.1 452 76.5 44 41 53.7
2260 3280 29201 29222 51 40.9 5780 29358 29339 52.8 50 1.9 158 74.3 45.6 41 52.4
2261 3281 18583 18603 54.8 47.65781 18696 18672 53.9 40 0.8 114 70.5 40.4 41 50.6
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22623282 12977 12996 50.2 405782 13326 13306 50.7 42.9 0.4 350 76 44 41 53.4
2263 3283 23843 23863 50.3 42.95783 24088 24070 50.5 52.6 0.2 246 75.7 45.1 41 53.2
2264 3284 29200 29221 52.6 45.55784 29358 29339 52.8 50 0.2 159 74.5 45.9 41 53
2265 3285 23843 23863 50.3 42.9 5785 24091 24073 50.9 52,6 0.5 249 75,8 45.A 41 53.a
22663286 17792 17813 51.6 40.9 5786 18231 18210 52.2 45.5 0.6 440 75 40.5 41 53.1
22673287 23843 23863 50.3 42.9 5787 24094 24076 50.9 52.6 0.5 252 75.9 45,6 41 53.4
2268 3288 8374 8393 51.2 45 5788 9109 9087 50.5 43.5 0.6 736 75.41 40.1 41 53.1
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23083328 1402 1425 52.8 41.75828 1501 1480 51.9 40.9 0.9 100 72 46 41 51.1
23093329 24941 24960 52 50 5829 25646 25627 50.5 45 1.5 706 75.4 40.2 41 53
23103330 17608 17628 50.9 42.95830 17769 17749 50 42.9 0.9 162 72.4 40.7 41 50.8
2311 3331 24941 24960 52 505831 25404 25386 52.7 52.6 0.7 464 75.3 41.2 41 53.4
23123332 24941 24960 52 505832 25401 25383 50,6 47.4 1.4 461 75.2 41 41 53
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2313133337 24941
231413334 17608

249601 521 5015833 1 25400 253821 51. 52. 0.16 460f75.3f 41.1f 41] 53.2
176281 50.91 42.95834I 18231

18232
182101 52.21 45.5
182121 50.61 47.6

6241 75.2f 40.1
1521 73.81 44.7

41 53.1
411 51.9231513335 18081 180991 51.21 5~7s 15835

231613336 1 77251 7742 50 50 5836 78iB53 7833 50.7 47.61 0.71129 71.2 40.3 41 49.9
231713337 8913 8931 55.5 52,6 5837 9252 9230 54.5 43.5 1 340 M 74.9 41.5 41 53.9
2318 3338 17608 17628 50.9 42.9 5838 18233 18215 51.3 52.6 0.41 626 75.3. 40.3 41 53.1

2319 3339 19715 19735 52.5 47,65839 19931 19912 50.9 55 1-.6 217 74 41.9 41 52.2
2320 3340 8913 8931 55.5 52.6 5840 92481 9226 54.71 47.8 0.7 336 74.9 41.41 41 53.9
2321 3341 18081 18099 51.2 52.615841 18642 18622 50.5 42.9 0.7 562 76.2 42.7 41 53.61
2322 3342 2823 2844 50.4 45.5 5842 3189 3168 51 45.51 0.5 367 75.6 42.8 41 53.21
2323 3343 19715 -19735 52.5 47.6 5843 19927 19908 52.1 55 0.31 213 73.9 41.8 41 52.41
2324 3344 2823 2844 50.4 45.5 5844 3190 3169 50.7 45.5F.2 368 75.6 42.7 41 53.1
2325 3345 28935 28956 55.2 52.415845 290 29287 5. 55 0.6 371 76.6 45.3 41 55.1'
2326 3346 28936 28956 55.2 52.415846 293061 29285 56.7 54.5 1.6 371 76.6 45.31 41 55.3
2327 3347 28523 28544 51.6 40.9 5847 29298 29280 51.41 52,6 0.2 776 78.4 47.31 41 55.4
232813348 24180 24199 50.3 40 5848 24933 24913 51.1 42.9 0.9 754 75.8 40.81 41 53.2
232913349 119715 19735 52.5, 47.6 5849 19925 19905 51.4 524 1.1, 211 73.8 41.71 41 52.2
233013350 1 4645 4665 50.2 42.95850 4836 4817 51.2 45 0.91 192 75 45.31 41 52.6

233213352 128522 28542 50.2 42.9 5852 29298 29280 51.4 52.6 1.2 7771 78.4 47.2 41 55.1
233313353 124179 24199 52.7 42.9 5853 24740 24717 52.51 41.7 0.2 5621 76 42.21 41 
233413354 119715 19735 52.5 47.65854 19909 19885 52.5 40 0 1951 73.3 ,411 41 52.1
2335 3355 1810 1830 51.2 42.9 5855 2103 2082 52 45.5 0.8 2941 75.5 '43.5 41 53.3

2363356 19716 19737 52.2. 45.515856 199 19885 52Z5 40 0.3 1941 73.1 40.7 41 51.9
2337 3357 197 19 19739 50.6 42.915857 199091 19885 52.5 40 1.9 191~ 72.9 40.3 41 51.3
2338 3358 12977 12996 50.2 40 5858 -13332 13312 50.9 47.6 0.6 3561 76.1 44.1 41 53.4
23Z39 359 19721, 19745 52.3 405 859 1-9909 -19885 52.5 40 0.2 1891 73 40.7 41 51.9
2340 3360 176081 176271 50.2 45 5860 17769 17749 50 42.9 0.2 1621 72.4 40.7 41] 50.8
2- 341 361 176081 176271 50. 2 45 5861 18231 18210 52.2 45.5 2 6241 75.2 40.1 41 52.8
2342 362 19794] 198131 50 50 586 09 20078 50.5 40.9 -0.51 3061 74.4 40.8 41 52.2
2-343 -363 46581 4677 l~50.51 50!5863 5306 -5289 50.8 50 0.3 6491 75.5 40.7 41 53.1
2344 3364 241791 242001 53.31 40.915864 245801 24560 51.3 52.4 2 4021 74.6 40 41 52.7
23453365 19794] 1981 501 5015865 19925 19906 50.1 50 0.1 1321 72.8 43.9 41 51.1
2346 3366 10461 1064 51.2 47.415866 1498 1481 51 50 0.2 453 76.4 43.9 41 53.9
234713367 1046 1064 51.2 47.415867 1497 1480 50.3 50 0.9 452 76.5 44 41 53.7
234813368 2133 2152 50.7 4515868 2675 2656 50.41 50 0.31 543 76.8 44.2 41 54
2349 3369 28985 28984 52.9 5515859 29298, 29279 52.6 55 0.3 334 76.4 45.2 41 54.4
2350 3370 24378, 24397 55 55 5870 24564 24542 55 47.8 0 187 73.6 42.2 41 53.1
2351 3371 25348 25366 51.2 47.4 5871 25651 25632 52.7 50 1.6 304 74,7 41.4 41 52.7
2352 -372 19794 19813 50, 50 5872 19923 19903 50.9 47.6 0.9 130 72.7 43.8 41 51
2353 3373 28967 28987 51.61 52.4.5873 29358 29339 52.8. 50 1.2 392 76.5 44.61 41 54.1
23Z54 3374 17608 17627 50.21 4515874 18233, 18215 51.3 52.6 1.1 626 75.3 40.3 41. 52.9
235513375 129186 29206 51.3 42.915875 29358 29339 52.8 50 1.5 173 74.5 45.1 41 52.6
235613376 124379 24398 55 55 5876 25093 25074 54.6 55 0.4 715 75.9 41.4 41 54.6

237 37 170 39 09 5557 3646 3625 52 40.9 1.1 477 75.7 41.9 41 

2358 3378 3170 3191 50.9 45.5 5878 3647 3628 50.6. 45 0.31 478 75.7 42,1 41 53.3
2359 3379 9140, 9159 50.1, 455879 9249 9230 51.5 45 1.4 110 71.3 42.7 41, 

236013380 12976 12995 51.1 45 5880 13 3268 13306 50.7 42.9 0.4 351 76.1 44.2 41 53.6

236 1 338 1 12976 12995 51.1 45 5 810 1332 8 1330 7 5 2 4 5 0. 1 35 3 76.1 44 .2 41 53. 7

2362 3382 3168 3189 51 45.55882 3494 3473 50.4 40.9 0.5 327 75.1 42.2 41 52.8
2363 3383 19794 19813 50 50 58 1991 199 50.9 455 09 147.34.71 
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139 72.7 43.21 41 522364 24379 243981 55 5515884 24517 244941 53.2 41.71 1,8
2365 3385 24380 24399 55 555885 25093 25074 54.6 55 0.4 714 76 41.51 41 54.6
236 3386 2823 2844 50.4 45.5 5886 3201 3183 50.6 52.6 02 379 75.8 43 41 53.3
2367 3387 3798 3819 54.2 505887 4318 4294 54.4 40 0.2 521 75,4 41.1 41 54.2
23683388 9139 9159 52.5 47.65888 9852 9829 53.1 45,8 0.6 714 75.4 40.1 41 53.6
2369 3389 9139 9159 52.5 47.65889 9852 9828 53.6 44 1.1 .714 75.4 40.1 41 53.6
2370 3390 19795 19814 50.4 455890 19927 19908 52.1 55 1.7 133 72.7 43.6 41 51.1
23713391 19795 19814 50.4 455891 19924 19905 50.1 50 0.3 130 72.4 43.1 41 50.8
2372 3392 12976 12995 51.1 45,5892 13329 13308 50.5 40.9 0.6 354 76.1 44.1 41 53.5
23733393 2133 2152 50.7 45 5893 2672 2654 50.9 52.6 0.2 540 76.8 44.3 41 54.1
2374 3394 4593 4613 51.5 47.6 5894 4836 4817 51.2 45 0.3 244 75.3 44.3 41 53.2
23753395 1810 1830 51.2 42.95895 2113 2094 50.1 45 1.1 304 75.5 43.4 41 53
23763396 17036 17058 53.5 47.85896 17483 17465 54.4 52.6 0.9 448 75.3 41.3 41 53.9
23773397 1046 1064 51.2 47.4 5897 1481 1463 50.5 47.4 0.6 436 76.2 43.6 41 53.6
2378 3398 9055 9079 52.8 405898 9255 9236 51,1 45 1.8 201 73,5 41.3 41 51.9
23793399 12976 12995 51.1 455899 13332 13312 50.9 47.6 0.2 357 76,2 44.3 41 53.7
23803400 8865 8884 50.4 455900 9311 9292 50.7 50 0.3 447 75.4 41.4 411 53
2381 3401 25363 25381 51.1 52.65901 25651 25632 52.7 50 1.6 289 74.3 40.8 411 52.5
2382 3402 3168 3189 51 45.515902 3504 3485 50.4 45 0.6 337 75.3 42.41 41{ 52.9
2383 3403 25363 25381 51.1 52.6 5903 25649 25629 51.5 42.9 0.3 287 74.1 40:4 41 52.3
2384 3404 29182 29202 51.2 42,95904 294141 2939550.5 50 0.7 233 75.5 45.1 4153.1
2385 3405 3031 3051 51.3 52.45905 3497 3478 51.3 50 0.1 467 76.3 43.5 41 53.9
2386 3406 29172 29192 51.5 42.95906 29412 29393 50.3 45 1.1 241 75.6 45.2 41 53.2
2387 3407 12040 12057 50.6 50,5907 12412 12392 50 42.9 0.6 373 75.9 43.4 41 53.2
2388 T408 11543 11562 50.4 405908 12110 12090 51.1 42.9 0.7 568 75.9 41.9 41 53.4
2389 3409 16909 16928 50,8 455909 17038 17021 50.7 50 0.1 130 72.7 43.8 4151.2
390 3410 16909 16928 50.8 455910 17039 17022 51.4 50 0.6 131 72.6 43.51 41 51.2

2391 3411 18077 18097 51.5 47.65911 182331 18214 52 50 0.5 157 73.9 44.5 41 52.3
2392 3412 18077 18097 51,5 47.6 5912 18233 18215 51.3 52.6 0.2 157 73.9 44. 41 52.2
2393 3413 9055 9079 52,8 4015913 9252 9234 51.41 52.6 1.4 198 73.7 41.9 41 52.1
23943414 25676 25697 51.9 40,915914 25832 25810 53.61 47.8 1.7 157 72.1 40:1 41 51.1
23953415 2223 2244 51.4 45.55915 2676 2657 50.7T 50 0.7 454 76.9, 45.2 41 54.2
2396 3416 619 640 50.4 45.55916 1171 1153 50.4 47.4 0 553 77.9 46.8 41 54.7
2397 3417 11541 11561 50.9 42.95917 12110 12090 51.1 42.9 0.3 570 75.9 41.9 41 53.5
2398 3418 3360 3379 50.7 455918 3497 3478 51.3 50 0.6 138 74 46.4 42 52.1
2399 3419 19725 19745 50. 42.9.5919 19921 19901 50.2 47.6 0.1 197 73.5 41.6 42 51.6
2400 3420 19720 19740 51.3 42.95920 19921 19901 50.2 47.6 1.1 2021 73.4 41.1 42 51.5
2401 3421 3360 3379 50.7 45 5921 3500 3481 51.2 50 0.5 141 74 46.1 42 52.1
2402 3422 19717 19738 50.8 40,95922 19921 19901 50.2 47.6 0.6 205 73.4 411 42 51.5
24033423 24562 24580 50.1 52.65923 25209 25190 50.6 50 0.5 548 76.1 42 4253.4
2404 3424 24559 24579 52 52.4.5924 24740 24717 52.5 41.7 0.5 182 76 48.4 42 53.9
2405 3425 3360 3379 50.7 4515925 3504 3485 50.4 45 0.3 145 74.2 46.2 42' 52.2
24063426 19716 19737 52.2 45.55926 19921 1990 51.8 45.5 0.4 206 73.5 41.3 42 52.1
2407 3427 3232 3251 50.3 505927 3494 3473 50.4 40.9 0.1 263 74.3 41.4 42 52.2
2408 3428 26039 26058 54 55 5928 26657 26636 52.6 45.5 1.5 619 75.4 40.5 42 53.7
2409 3429 3232 3251 50.3 50 5929 3504 3485 50.4 45 0.1 273 74.6 41.8 42 52.4
2410 3430 19715 19735 52.5, 47.6,5930 19921 19900 51.8 45.5 0,7 207 73.7 41.5 42 52.2
2411 3431 26039 26058 54 55 5931 26653 26631 53.2 43.5 0,9 615 75.3 40.3 42 53.8
2412 3432 3229 3248 50.6 505932 3494 3473 50.4 40.9 0.2 266 74.3 41.4 42 52.3
2413 3433 3229 3248 50.6 505933 3504 3485 50.4 45 0.3 276 74.5 41.7 42 52.4

2414 3434 3244 52.4 5515934 3495 34731 51.81 43.5 2711 74.7 42.1 421 52.9
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241i13435 3241 52 50 5935
245791 521 52.415936

36
251

31 53.1 501 1.1 z i_421 421 _sasI. 4-I
24559 2520D 90 50.6 76.1 42.1

'1.3 40.2241713437 61781 51.31 42.915937 62671 52.2 7
53.6
50.4
521 1± i-i- 

241813438 19709 19730 51.3 40.915938 19917 19896 50.9
2419 3439 3223 3241 50.2 52.65939 3497 3478 51.3 50 1.1 275 74.7 42.2 42 52.5
242013440 3223 3241 50.2 52.65940 3646 3625 52 40.9 1.8 424 75.4 41.7 42 53
24213441 3223 3241 50.2 52.6.5941 3647 3628 50.6 45 0.4 425 75.5 41.9 42 53
2422 3442 32171 3237 51.8 47.615942 3650 3631 53.1 50 1.3 434 75.5 41.9 42 53.5
2423 3443 93521 9372 51.3 42.95943 10014 9996 50.7 52.6 0.6 663 75.6 40.7 42 53.2
2424 3444 23733 23752 55.6 5515944 24022 24003 55.5 55 0.1 290 74.5 41.4 42 53.9
2425 3445 26040 26061 56.4 54.5 5945 26661 26639 55.3 47.8 1.2 622 75.5 40.7 42 54.5
2426 3446 9918 9938 51.4 47.6 5946 10608 10589 511 50 0.4 691 75.8 41.1 42 53.4
2427 3447 7724 7742 51.4 52.6 5947 7843 7825 52.8j 52.6 1.3 120 70.7 40 42 
2428,3448 26040 26061 56.4 54.5 5948 26655 26631 56.2 48 0.2 616 75.4 40.6 42 54.8
2429 3449 28117 28135 5. 52.6 5949 28506 28488 50.2 47,4 0.4 390 79.4 51.8 42 55.8
24303450 3217 3236 51.1 5015950 3497 3478 51.3 50 0.2 281 74.7! 42. 42 52.7
2431 3451 3217 3236 51.11 505951 3500 3481 51.2 50 0.1 284 74.7 41.9 42 52.7
24323452 3165 3187 51.61 43.515952 3650 3631 53.1 50 1.5 486 75.8 42.2 42 53.6
2433 3453 19709 19730 51.31 40.915953 19925 19906{ 50.1 50 1,2 217 74 41,9 42 51.9
24343454 9927 9945 50.8 52.6 5954 10199 10180 51.5 45 0.7 273 75.3 43.6 42 53.1
2435 3455 9929 9946 501 50 5955 106701 10649 51.3 40.9 1.3 742 75.7 40.8 42 53,1
24363456 19709 19730 51.3 40.95956 19927 19908 52.1 55 0.9 219 74 42 42 52.3
2437 3457 9934 9953 50.7 50 5957 10356 10336 52,4 47.6 1.7 423 75.6 42.1 42 53.2
24383458 19709 19730 51.3 40.9 5958 19930 19910 50,6 47.6 0.7 222 74 41.9 42 52.1
2439 3459 3164" 3186 51.6 43.5 5959 3650 3631 531 50 1.5 487 175.9 42.3 42 53.7
24403460 3089 3110 51.8 45.5 5960 3188 3166 51.6 43.5 0.2 100 72 46 42 51
2441 3461 18979 19000 51.6 45.5 5961 19215 19194 50,2 40.9 1.4 237 73.5 40.1 42 51.6
244213462 26421 26441 51.5 42.9 5962 26900 26882 51.5 52.6 0.1 480 77.5 46.2 42 54.8
24433463 26421 26441 51.5 42.915963 26828 26810 52.9 52.6 1.4 408 76.6 44.9 42 54.2
2444 3464 11540 11557 50.4 505964 11826 11802 51.3 40 0.8 287 74.4 41.1 42 52.3
2445 3465 26421 26441 51.5 42.9 5965 26695 26678 50.5 50 1 275 74.9 42.5 42 52.7
24463466 11540 11557 50.4 50 5966 11819 11798 50.3 40.9 0.1 280 74.3 41.1 42 52.2
24473467 11540 11557 50.4 505967 11817 11797 50.4 42.9 0.1 278 74.3 41 42 52.2
24483468 23841 23859 50.5 52.6 5968 24515 24494 50.4 40.9 0.1 675 76,1 41.9 42 53.5
2449 3469 3055 3077 52.8 43.55969 3495 3473 51.8 43.5 0.9 441 76 43.1 42 53.9
2450 3470 3795 3813 52.1 52,65970 4565 4542 53.9 41.7 1.8 771 75.6 40.3 42 53.6
24513471 11540 11560 53.2 47.615971 11984 11966 53 52.6 0.2 445 75.1 40.7 42 53.6
2452 3472 11541 11561 50.9 42.95972 12165 12147 51.2 47.4 0.4 625 75.7 41.3 42 53.4
2453 3473 3795 3815 54.6 52.45973 4318 4294 54.4 40 0.2 524 75.5 41.2 42 54.3
2454.3474 7723 7741 52.2 52.6 5974 7853 7833 50.7 47.6 1.5 131 71.3 40.5 42 50.2
2455 3475 3055 3075 51.8 47.65975 3504 3485 50.4 45 1.4 450 76.1 43.1. 42 53.5
2456 3476 3055 3074 51,1 50,5976 3494 3473 50.4 40.9 0.7 440 76 43 42 53.4
2457 3477 26421 26441 51.5 42.9 5977 26651 26631 50.2 42.9 1.3 231 73.8 41.1 42 51.8
2458 3478 28109 28130 50,2 40,9 5978 28672 28654 50.6 52.6 0.4 564 79.9 51.6 42 56.1
245913479 3055 3074 51,1 50 5979 3504 3485 50.4 45 0.7 450 76.1 43.1 42 53.5
246013480 12232 12250 51,9 52.6 5980 12412 12392 50 42.9 1.9 181 73.2 41.4 42 51.3
2461 3481 3034 3053 50,3 50 5981 3210 3190 50.5 47.6 0.2 177 74.9 45.3 42 52.6
2462 3482 3034 3053 50.3- 50 5982 3494 3473 50.4 40.9 0.1 461 76.1 43.2 42 53.5
2463 3483 3034 3053 50.3 50 5983 3504 3485 50.4 45 0.1 471 76.2 43.3 42 53.5
2464 3484 12236 12256 51.2 42.9i5984 12498 12480 50 47.4 1.1 263 74.6 42.2 42 52.4
2465 3485 12352 12375 52.9 41.7 5985 12724 12705 52.4 55 0.5 373 75.7 42.9 42 53.8
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2466 3486 26421 26441 51.5 42.9 5986 26585 26567 51 47.4 0.5 165 72.2 40 42 50.9
24673487 3031 3051 51.3 52.4 5987 3503 3484 51,5 50 0.1 473 76.3 43.6 42 53.9
2468 3488 18704 18724 50.8 47.6 5988 19480 19459 50.3 40.9 0.4 777 75.5 40.2 42 53.1
2469 3489 3016 3036 50.2 42.9 5989 3646 3625 52 40.9 1.8 631 76.4 42.8 42 53.6
2470 3490 2823 2844 50.4 45.5 5990 3053 3034 50.3 50 0.2 231 74 41.6 42 52
2471 3491 12366 12384 51.7 52.615991 12994 12976 50.3 47.4 1.3 629 76.4 42.9 42 53.7
2472 3492 12366 12384 51.7 52.6 5992 12992 12974 51.2 52.6 0.5 627 76.5 43.1 42 54
2473 3493 2823 2844 50.4 45.55993 3056 3037 52.1 55 1.6 234 74.2 41.9 42 52.2
2474 3494 2522 2541 51.4 45 5994 2672 2654 50.9 52.6 0.5 151 75.3 48.3 42 53
2475 3495 2522 2541 51.4 45 5995 2675 2656 50.4 50 1 154 75.2 48.1 42 52.9
2476 3496 2429 2447 50.2 47.45996 3056 3037 52,1 55 1.9 628 76.3 42.7 42 53.6
2477 3497 2429 2447 50.2 47.45997 3190 3169 50.7 45.5 0,5 762 76.6 42.9 42 53.8
2478 3498 27436 27455 52.7 45 5998 27541 27521 51.7 47.6 1 106 72.1 45.3 42 51.1
2479 3499 2429 2447 50.2 47.4 5999 3192 3171 51.9 50 1.7 764 76.7 43.1 42 53.8
2480 3500 2427 2445 52.1 52.6 6000 3056 3037 52.1 55 0 630 76.4 42.9 42 542
2481 3501 27389 27407 50.6 47.4 6001 27541 27521 51.7 47.6 1.1 153 73.2 43.1 42 51.5
2482 3502 2427 2445 52.1 52.6 6002 3190 3169 50.7 45.5 14 764 6.7 43.142 54
2483 3503 18616 18636 51.4 47.6 6003 19316 19295 50 40.9 1.4 701 75.4 40.242 52.9

-2484 3504 2377 2395 52.4 52.6 6004 2672 2653 51.6 50 0.8 296 77 47.3 42 54.5
2485 3505 18591 18611 51.7 42.9 6005 19216 19195 50.2 40.9 1.4 626 757 1.1 42 53.1
2486 3506 -12366 12384 51.7 52.6 6006 12739 12718 51 40.9 7 374 756 42.42 53.3
2487 3507 2377 2395 52.4 52.6 6007 2672 2654 50.9 52.6 1.5 296 77 47.3 42 4.3
2488 3508 16982 17001 51.2 556008 17111 17090 51.1 40.9 0.1 130 74.6 48.5 42 52.6
2489 3509 2377 2395 52.4 52.6 6009 2675 2656 50.4 50 2 299 77 47.2 42 54.1
2490 3510 18590 18608 50.6 42.1 6010 19216 19195 50.2 40.9 0.3 627 75:6 41 42 53.1
2491 3511 2377 2395 52.4 52.6 6011 2891 2873 50.8 47.4 1.6 515 76.8 44.5 42 5411
2492 3512 8220 8240 54 47.6 6012 8935 8917 54.5 52.6 0.4 71 75.4 40. 2 54.1
2493 3513 12370 12388 50.1 47,4 6013 12998 12979 50.1 45 0.1 629 76.4 42.9 42 53.6
2494 3514 2223 2244 51.4 455 6014 2675 2656 50.4 50 1 453 77 45.3 42 54.1
2495 3515 2220 2239 51.3 45 6015 2672 2654 509 52.6 0.4 453 7 45.3 42 54.2

2497 3517 18586 18603 50.4 44.4 6017 19216 19195 50.2 40.9 02 631 75.6 40.9 42 53.1
24983518 2220 2239 51.3 45 6018 2675 2656 50.4-50 0.8 456 76.9 45.2 42 54.1
2499 3519 1402 1422 50.2 42.9 6019 2153 2134 50.4 45 0.2 752 76.7 43.1 42 53.8
2500 3520[ 1356 1375 53.8j 556020 2153 2133 52.1 42.9 1.7 798 76.9 43.5 4 54.5

Table 5: Primers

Forward primer SEQ Reverse primer SEQ T Product
ID NO Co-ordinates ID NO Co-ordinates TM (FOR REV) length (bp)

6076 1-19 6171 199-183 50.1 50.3 199

6077 149-169 6172 334-315 51.5 52.4 186

6078 292-310 6173 560-541 50.8 51.1 269

6079 598-619 6174 749-731 52.6 50.6 152

6080 721-742 6175 930-912 50.4 50.3 210

6081 888-912 6176 1077-1058 52.8 51.2 190

6082 984-1003 6177 1149-1131 51.1 51.1 166
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6083 1157-1175 6178 1479-1460 50.9 51.6 323

6084 1420-1441 6179 1700-1680 51.2 50.7 281

6085 1685-1707 6180 1834-1811 53.8 53.7 150

6086 1740-1764 6181 1987-1963 53.4 52.2 248

6087 2007-2025 6182 2251-2232 50.3 50.1 245

6088 2226-2245 6183 2385-2366 50.4 50.1 160

6089 2428-2446 6184 2749-2728 50.1 50.3 322

6090 2742-2763 6185 2893-2875 50.6 51.4 152

6091 2823-2844 6186 3082-3058 50.4 52.3 260

6092 3007-3031 6187 3185-3164 51.9 51.0 179

6093 3234-3254 6188 3497-3478 51.1 51.3 264

6094 3453-3476 6189 3647-3627 51.8 52.1 195

6095 3601-3622 6190 3877-3853 52.5 53.6 277

6096 4007-4027 6191 4158-4135 51.1 51.4 152

6097 4141-4165 6192 4316-4295 51.3 50.8 176

6098 4366-4387 6193 4567-4544 54.6 55.4 202

6099 4488-4508 6194 4708-4690 50.7 50.3 221

6100 4658-4677 6195 4994-4974 50.5 51.2 337

6101 4902-4922 6196 5115-5092 50.5 51.4 214

6102 5239-5260 6197 5450-5430 50.8 50.9 212

6103 5366-5389 6198 5560-5542 50.5 51.8 195

6104 5593-5612 6199 5860-5836 50.8 51.6 268

6105 6042-6062 6200 6291-6271 50.4 51.1 250

6106 6271-6291 6201 6483-6463 51.1 50.2 213

6107 7017-7040 6202 7171-7153 52.4 52.8 155

6108 7253-7272 6203 7504-7486 50.3 50.3 252

6109 7415-7434 6204 7677-7654 54.5 53.6 263

6110 7615-7635 6205 7821-7798 51.1 52.8 207

6111 7728-7746 6206 7936-7915 51.7 50.1 209

6112 7845-7867 6207 7994-7970 52.7 53.4 150

6113 8011-8029 6208 8189-8170 51.4 50.6 179

6114 8143-8166 6209 8300-8281 52.2 50.8 158

6115 8221-8239 6210 8388-8369 51.0 51.1 168

6116 8553-8575 6211 8931-8915 51.8 50.3 379

6117 8867-8886 6212 9254-9236 50.7 50.6 388
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6118 9244-9267 6213 9597-9573 51.9 53.4 354

6119 9620-9640 6214 9990-9969 51.3 51.3 371

6120 10009-10027 6215 10188-10171 50.2 50.2 180

6121 10093-10113 6216 10244-10223 52.4 50.6 152

6122 10242-10265 6217 10608-10589 51.2 51.0 367

6123 10549-10571 6218 10783-10763 53.7 55.2 235

6124 10766-10785 6219 10930-10912 52.0 51.1 165

6125 11065-11085 6220 11305-11287 50.7 50.0 241

6126 11265-11287 6221 11429-11405 54.5 53.5 165

6127 11552-11571 6222 11730-11709 52.0 50.4 179

6128 11705-11726 6223 11869-11848 50.1 50.2 165

6129 11801-11824 6224 11984-11967 51.5 50.4 184

6130 12040-12058 6225 12254-12235 52.3 51.9 215

6131 12235-12253 6226 12406-12388 50.1 50.1 172

6132 12366-12384 6227 12730-12712 51.7 52.2 365

6133 12727-12748 6228 12994-12976 50.8 50.3 268

6134 12948-12966 6229 13224-13201 50.7 51.7 277

6135 13175-13196 6230 13324-13300 54.3 55.1 150

6136 13237-13258 6231 13545-13526 52.9 52.9 309

6137 13790-13810 6232 13963-13945 50.9 50.7 174

6138 14080-14098 6233 14280-14257 51.5 51.0 201

6139 14405-14427 6234 14561-14540 50.2 50.9 157

6140 14882-14906 6235 15046-15024 50.9 51.5 165

6141 14951-14976 6236 15145-15124 53.1 52.9 195

6142 15113-15134 6237 15275-15257 51.6 50.8 163

6143 15211-15230 6238 15383-15363 50.2 50.1 173

6144 15364-15387 6239 15528-15506 54.0 52.1 165

6145 15456-15477 6240 15605-15585 52.0 53.2 150

6146 15513-15532 6241 15897-15876 51.2 50.4 385

6147 15837-15856 6242 15999-15978 52.3 50.8 163

6148 16073-16096 6243 16301-16277 51.7 52.8 229

6149 16245-16266 6244 16404-16380 50.3 52.0 160

6150 16366-16385 6245 16515-16492 52.9 53.8 150

6151 16553-16571 6246 16777-16758 53.4 51.5 225

6152 16832-16852 6247 17026-17004 51.0 51.6 195
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6153 16982-17001 6248 17359-17340 51.2 50.2 378

6154 17354-17372 6249 17511-17490 51.3 50.4 158

6155 17422-17443 6250 17573-17552 50.2 51.1 152

6156 17603-17623 6251 17769-17748 50.7 51.5 167

6157 17728-17746 6252 17883-17862 50.9 51.2 156

6158 18011-18030 6253 18163-18140 52.9 51.9 153

6159 18076-18098 6254 18225-18205 54.4 55.0 150

6160 18270-18292 6255 18432-18413 51.9 51.4 163

6161 18352-18373 6256 18648-18629 51.3 50.8 297

6162 18550-18571 6257 18702-18684 50.4 51.9 153

6163 18720-18738 6258 19004-18983 50.6 51.0 285

6164 18960-18981 6259 19109-19085 54.7 54.3 150

6165 19065-19089 6260 19217-19195 52.8 51.7 153

6166 19310-19329 6261 19476-19454 50.2 52.1 167

6167 19569-19589 6262 19719-19701 50.5 51.8 151

6168 19707-19731 6263 19856-19833 55.7 55.9 150

6169 19771-19792 6264 19921-19901 50.1 50.2 151

6170 19833-19851 6265 19986-19966 50.9 50.7 154

Table 6: Primers

Forward primer SEQ Reverse primer SEQ T Product
ID NO Co-ordinates ID NO Co-ordinates M (FOR REV) length (bp)
6266 20110-20132 6305 20425-20404 51.9 50.9 316

6267 20468-20492 6306 20617-20596 53.2 53.5 150

6268 20557-20578 6307 20891-20871 50.4 50.6 335

6269 20838-20856 6308 21037-21015 52.5 52.0 200

6270 21096-21116 6309 21295-21272 50.1 51.7 200

6271 22173-22194 6310 22414-22395 52.4 51.0 242

6272 22320-22342 6311 22501-22479 54.8 54.3 182

6273 22532-22552 6312 22695-22675 50.6 50.0 164

6274 22712-22736 6313 22873-22852 56.7 55.5 162

6275 22842-22861 6314 23086-23067 51.0 52.8 245

6276 23151-23170 6315 23395-23376 51.4 50.3 245

6277 23307-23326 6316 23524-23501 51.1 51.1 218

6278 23615-23635 6317 23776-23758 50.7 50.2 162
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6279 23838-23857 6318 23996-23977 50.4 50.6 159

6280 24030-24051 6319 24407-24386 57.6 55.7 378

6281 24388-24407 6320 24581-24563 50.4 50.1 194

6282 24559-24579 6321 24938-24921 52.0 50.4 380

6283 24922-24941 6322 25184-25166 50.1 51.2 263

6284 25201-25220 6323 25400-25382 51.1 51.4 200

6285 25363-25381 6324 25646-25627 51.1 50.5 284

6286 25656-25681 6325 25839-25814 54.5 56.4 184

6287 25761-25782 6326 25982-25961 54.6 54.3 222

6288 26039-26058 6327 26189-26166 54.0 53.0 151

6289 26184-26205 6328 26333-26310 50.9 51.8 150

6290 26422-26442 6329 26660-26641 51.3 50.2 239

6291 26571-26589 6330 26739-26715 51.7 53.2 169

6292 26733-26752 6331 26960-26941 51.1 52.2 228

6293 26866-26885 6332 27139-27117 50.7 51.9 274

6294 27300-27321 6333 27458-27439 51.2 50.2 159

6295 27361-27380 6334 27579-27558 52.4 51.1 219

6296 27718-27740 6335 '27917-27901 50.7 50.0 200

6297 28041-28059 6336 28207-28189 50.8 50.8 167

6298 28166-28189 6337 28411-28393 52.2 52.9 246

6299 28395-28414 6338 28671-28653 51.5 50.2 277

6300 28654-28672 6339 28821-28800 50.6 52.3 168

6301 28867-28885 6340 29184-29166 51.5 51.6 318

6302 29183-29204 6341 29360-29342 50.4 50.4 178

6303 29262-29279 6342 29626-29606 50.1 50.2 365

6304 29538-29559 6343 29690-29670 50.0 50.4 153

Table 7: Primers

Name SEQ ID NO: Co-ordinates Name SEQ ID NO: Co-ordinates
AB4f 6344 19869-19888 CB1r 6367 28011-28030

6345 20238-20257 CB2r 6368 27671-27690
BClf 6346 20581-20600 CB3r 6369 27301-27320
BC2f 6347 20950-20969 CB4r 6370 26931-26950
BC3f 6348 21339-21358 CB5r 6371 26575-26594
BC4f 6349 21708-21727 CB6r 6372 26191-26210

6350 22041-22060 CB7r 6373 25841-25860
BC6f 6351 22410-22429 CB8r 6374 25476-25495
BC7f 6352 22759-22778 CB9r 6375 25126-25145
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BC8f 6353 23131-23150 CB1 Or 6376 24791-24810
BC9f 6354 23500-23519 CB11 r 6377 24422-24441

6355 23841-23860 CB12r 6378 24031-24050
BC11f 6356 24210-24229 CB13r 6379 23673-23692
BC12f 6357 24560-24579 CB14r 6380 23298-23317
BC13f 6358 24941-24960 CB1 5r 6381 22928-22947
BC14f 6359 25310-25329 CB16r 6382 22567-22586

6360 25675-25694 CB17r 6383 22196-22215
BC16f 6361 26044-26063 CB18r 6384 21831-21850
BC17f 6362 26413-26432 CB19r 6385 21431-21450
BC1 8f 6363 26763-26782 CB20r 6386 21073-21092
BC1 9f 6364 27132-27151 CB21 r 6387 20715-20734

6365 27491-27510 BAl r 6388 20345-20364
BC21 f 6366 27845-27864 BA2r 6389 19969-19988

BA3r 6390 19599-19618
BA4r 6391 19228-19247

6392 18852-18871

Table 8: Primers

Name SEQ ID NO
F1 6393
F2 6394
F3 6395
F4 6396

6397
F6 6398
F7 6399
F8 6400
F9 6401

6402
F1l 6403
F12 6404
F13 6405
F14 6406

6407
F16 6408
F17 6409
F18 6410
F19 6411

6412
F21 6413
F22 6414
F23 6415
F24 6416

6417
F26 6418
F27 6419
F28 6420
F29 6421

6422
F31 6423

Co-ordinates
1-19

292-310
721-742
984-1003
1420-1441
1740-1764
2226-2245
2742-2763
3007-3031
3453-3476
4007-4027
4366-4387
4658-4677
5239-5260
5593-5612
6271-6291
7253-7272
7615-7635
7845-7867
8143-8166
8553-8575
9244-9267

10009-10027
10242-10265
10766-10785
11265-11287
11705-11726
12040-12058
12366-12384
12948-12966
13237-13258

Name
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
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SEQ ID NO
6441
6442
6443
6444
6445
6446
6447
6448
6449
6450
6451
6452
6453
6454
6455
6456
6457
6458
6459
6460
6461
6462
6463
6464
6465
6466
6467
6468
6469
6470
6471

Co-ordinates
334-315
749-731
1077-1058
1479-1460
1834-1811
2251-2232
2749-2728
3082-3058
3497-3478
3877-3853
4316-4295
4708-4690
5115-5092
5560-5542
6291-6271
7171-7153
7677-7654
7936-7915
8189-8170
8388-8369
9254-9236
9990-9969

10244-10223
10783-10763
11305-11287
11730-11709
11984-11967
12406-12388
12994-12976
13324-13300
13963-13945
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6424
6425
6426
6427
6428
6429
6430
6431
6432
6433
6434
6435
6436
6437
6438
6439
6440

14080-14098
14882-14906
15113-15134
15364-15387
15513-15532
16073-16096
16366-16385
16832-16852
17354-17372
17603-17623
18011-1 8030
18270-18292
18550-18571
18960-18981
1931 0-1 9329
19707-19731
19833-19851

R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47

6472
6473
6474
6475
6476
6477
6478
6479
6480
6481
6482
6483
6484
6485
6486
6487

14561-14540
151 45-1 5124
15383-15363
15605-15585
15999-15978
16404-16380
16777-16758
17359-17340
17573-17552
17883-17862
18225-18205
18648-18629
19004-18983
1921 7-1 91 
19719-19701
19921-19901

Table 9: Primers

S Name SEQ ID NO:
1 CB1 2R 6488
2 R001l0 6489
3 ROOll1 6490
4 R001 2 6491

BNI-ED 6492
6 BNI-EU 6493
7 SARi S-U 6494
8 SARi As-D 6495
9 SARi S 6496

SARl As 6497
11 IN2-U 6498
12 1N4-D 6499
13 IN-2 6500
14 IN-4 6501

IN-6 6502
16 IN-7 6503
17 COR1-U 6504
18 COR2-D 6505
19 COR-1 6506

COR-2 6507
21 HKUF-U 6508
22 HKUR-D 6509
23 HKU-F 6510
24 HKU-R 6511

1451 -D 6512
26 1451 -U 6513
27 690-D 6514

28 690-U 6515
29 690-D2 6516

Name SEQ ID NO:'
37 EMC8-D2 6524
38 EMC8-U2 6525
39 EMC1 1-D 6526
40 EMC1 1--U 6527
41 ORRi B-D 6528
42 ORRi B-U 6529
43 ORFS-D 6530
44 ORES-U 6531
45 E7-717F 6532
46 E8-85R 6533
47 E8-307F 6534
48 El11-771 F 6535
49 Eli1-96R 6536
50 COWi-F 6537
51 CON1-U 6538
52 CON2-F 6539
53 00N2-R 6540
54 CON3-F 6541
55 CON3-R 6542
56 15-F 6543
57 15f 6544
58 15-F2 6545
59 15-R2 6546
60 13-F 6547
61 13-R 6548
62 13+F2 6549
63 1 3-R2 6550
64 CONTIG-F 6551
65 QT3-R 6552
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690-U2 6517
31 EMC7-D 6518
32 EMO7-U 6519
33 EMC7-D2 6520
34 EMC7-U2 6521

EMC8-D 6522
36 EMC8-U 6523

66 1 QT3-F 6553
67 QIN-R 6554d
68 QIN-F 6555
69 AB1 -F 6556
70 AB2-F 6557
71 AB3-F 6558
72 AB1 -R 6559
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Table 10: Features of the predicted proteins and open reading frames of the SARS virus
SARS ORF Length Role Cleavage Features Consd

(SEQ ID NO) (aa) site

P28 (9766) 179 Leader protein 179 

(9767) 639 Homologue of MHV p65 818 
cleavage product

Nspl 2422 Papain like protease, 3240 phosphoesterase domain 

(9768) cleaves the first two Zn bindingdomainproteins

S Nsp2 306 3C-like protease, cleaves 3546 (Q/G)
M (9769) proteins nspl-nspl2

Nsp3 (9770) 290 3836 5 TMDs 

Nsp4 (9771) 83 3919 1 TMD 

(9772) 198 4117(Q/N) 

Nsp6 (9773) 113 4230 

Nsp7 (9774) 139 4369 Putative growth factor-like motif 

Nsp9 (9775) 932 RNA polymerase 5298 

NsplO (9776) 601 Putative helicase 5899 Metal binding domain, 
Tanner ela. 2003) JBioChem278:39578-B2 ATP/GTP binding domai

o Nsp11(9777) 527 6426 (Q/S)

Nsp12 (9778) 346 6772 

Nspl3 (9779) 298 

Spike Major antigenic Leader peptide, 1 TMD, 17 N- 
(6042) determinant, contains the glycosylation sites

receptor-binding domain

Orf3 (6043) 274 2 TMDs, 1 N-glycosylation site, 
O-glycosylation sites

Orf4 (6044) 154 

Envelope 76 Associated with viral 1 TMD, 2 N-glycosylation sites 
(6045) envelope

.r Matrix 221 Associated with viral 3 TMDs, 1 N-glycosylalion site 
2 (6046) envelope, membrane

spanning protein

Orf7 63 1TMD

(6047)

Orf8 (6048) 122 1 TMD

Orf9 (6049) 44 Surface-associated

39 Surface-associated

Orfl 1(6050) 84 1 N-glycosylation site

Nucleocapsid 422 Associated with viral genomic RNA phosphoprotein 
(6052)

Orf13 98 1 0-glycosylation site

TMD: predicted transmembrane domain.
Consd indicates presence of corresponding protein at least in one of the other coronaviruses

Alternatively, cleaved after Gly-Gly at G/A) to give a 180mer
This 2422mer may be further cleaved after residue 1922 (Gly-2740 of SEQ ID NO: 6039) to

give a 1922mer PLpro containing the Zn-binding motif (SEQ ID NO: 7254) and a 500mer.
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Table 11: Protein homologies between SARS and other coronaviruses

Numbers indicate percentage of aminoacid identity between SARS proteins and corresponding
gene products of other coronaviruses. More conserved pairs are in bold; more variable pairs are
underlined.

group 1 group 2 group 3

Proteins 229E TGV PEDV MHV BCoV AIBV

REPLICASE REGION

leader protein p28 <20 <20 <20 27 <20 

homologue <20 23 23 <20 20 

nspl (PLP protease) 25.5 25.8 25.4 29 30 

nsp2 (3CL protease) 40.4 43.8 44.6 50 48.4 41

nsp3' 30 27 29.4 34.2 35.5 28.5

nsp4 38.6 42.2 39.8 47.5 46.1 37.3

48.2 42.9 43.9 46.8 47.3 38.7

nsp6 45.1 38.9 45.1 45.1 46.9 39.8

nsp7 53.8 54.5 56.1 56.2 55.4 58.3

nsp9 (polymerase) 59.8 59.6 60 67.3 66.9 62.4

(helicase) 60.7 62 62.3 67.2 68.6 58.9

nspll11 52.3 53.7 52.3 57.6 57.6 52

nspl2 43.1 43 45.4 45.9 45 40.2

nspl3 56.4 54.4 55.3 63 65 53.4

STRUCTURAL REGION

Spike 28.8 31.6* 30.3 31.1 31 32.7*

Envelope 33* 27.9 20 23 26.5 23.2

Matrix glycoprotein 30.6 32.5 34.8 40.8 41.9 32.5

Nucleocapsid 26.9 30.1 29.5 37.3 37.4 31.5

These three alignments were obtained only on a fragment of the whole protein.
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Table 12: Nucleotide and aminoacid differences between five SARS isolates
FIRM TOR2* Urbani* CUFIK* HKU*

position* base/aminoacid base/aminoacid base/aminoacid base/aminoacid base/aminoacid

2557 Nfrhr G/Aia G/Ala G/Ala GfAla
2601 T/VaI C
7746 G/Pro T
7919 C/Ala TNaI

OMa 7930 GfAsp Asn

8387 G/Ser CIThr
8416 G/Arg 

9404 T/al 

9479 TA/al 

T/Ile C C C C

13494 GTNaI AG/Ser
16622 C/Ala T
17564 T/Asp C/Glu

OR1b 17846 C/Arg T
18065 G/Lys A
18965 AIle T T T T
19064 A/Glu G G

19084 T/lle CiThr C/Thr CIThr C/Thr

21721 G/Gly A/Asp
22222 T/Ile C/Thr

spike 23220 TiSer 0/Ala

24872 T/Leu C
24933 T/Phe C/Leu C/Leu C/Leu C/Leu

ORF3 25298 GiGly A/Arg
25569 T/Met A/Lys

marx 26600 TWaI C/Ala C/Ala C/Ala
26857 T/Ser C/Pro

ORFIO 27827 T/Cys C/Arg 

nucleocapsid 28268 T/lle CTrC/Thr C/Thr C/Thr

*SARS coronavirus FRA (accession number AY3 10120)
SARS coronavirus TOR2 (accessionnumber AY2741 19)
SARS coronavirus Urbani (accession number AY278741)
SARS coronavirus CUHK-W1 (accession number AY278554)
SARS coronavirus HIKU-39849 (accession number AY278491)

'The position is based on the FRA sequence.
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TABLES 13-25: T-epitope predictions for SEQ 111 NOS: 6039-6050 6052

Epitope predictions were performed at http://Www.mpiib-berlin.mpg.de/MAPPP/bitiditig.htnl using a
minimum score of 0.5 and the BIAS matrix, with a maximum of 20 results being selected. The
analysis revealed 9mer and l0mer epitopes.

Table 13: Epitopes for SEQ ID NO: 6039

I HLA AIL 9 mers 

IHaximt4.m possible score using this molecule type 
[RnkIfstart position II eune 10/b of max. cr_ Score
[iIf 1867 SI SEQD NO: 7400 18% 0/ 450
1 2 If 4139 ILSEQ ID NO: 70 IL 5.55% 0/0 -1[312.5 1

E1 88' S SEQID NO: 74027F 4/ %122
1 I 249 ISEQ ID NO: 7403 I[ 3.55% I 0
1 5If 4059 IISEQ ID NO:70 2.22%00 I 125

6I__2027 -SEQ ID NO 745F 1.6 
1[7 If 3413' =L SEQiD No, 7406 IL- 1.11%/ 6.

F8 If 1823 II SEQID NO: 7407 11 0.880/ I 
1 f 2798 IISE9 ID NO: 7408 Lf 0.880/ T 507I

i If 220 ISEQ IDNO: 74097Ef 0.8 I451
11 If 3738 IISEQ ID NO: 7410g 0.8% I451

1 II 4182 IL SEQ ID NO: 7411 L 0.8% I_451
1 3 I 4174 ISEQ ID NO: 7412 IL 0.66%0a 37.5I

14 II 1940 I SEQ ID NO: 7413 IL 0.55%0a I312
1- 15I 38 7 SEQ ID NO: 7414 II 0.480/ T7277
1 -16 -I 1231 ILSEQ ID NO: 7415 IL 0.44%0a 

[7177I1 1613 L SEQ ID NO: 7416 IF' 0.44%0/ 
18 II 3645 7 SEQ ID NO: 7417 Ir 0.44%0a 

F-197[-- 4192 7I SEQ ID NO: 7418 II 0.44%0oI 251
378 IESEQ ID NO: 7419 0.4% 1 22.51

I HLA A-10 mers 

lMaximurn possible score using this molecule type II5625
Ran k lStart posito IF Sequence I 0/0 of max. score IIScoreI
I1 I 1867 II SEQ ID NO: 7420 IL 80/6 IF 4507
I2 I 1495 I1 SEQ ID NO: 7421 II4/ I% 225
I3 3921 ]1 SEQ ID NO: 7422 IL I 135=
I4 11 486 II SEQ ID NO: 7423 I1 2.22%/ I 1251

Is I 4139 r SEQ ID NO: 7424 r 2.22%121
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6 62 SEQ ID NO: 7425 1.6 
7 1190 SEQ ID NO: 7426 I1.6 
8 1284 SEQ ID NO: 7427 1.6 
9 3284 SEQ ID NO: 7428 1.6 

2921 [SEQ ID NO: 7429 1.2 67.5

11 349 SEQ ID NO: 7430 0.8 
12 789 SEQ ID NO: 7431 0.8 
13 1185 SEQ ID NO: 7432 0.8 
14 4184 SEQ ID NO: 7433 0.8% 

1313 SEQ ID NO: 7434 0.64 36
16 3948 SEQ ID NO: 7435 0.48% 27

17 149 SEQ ID NO: 7436 0.44% 
18 941 SE ID NO: 7437 0.44% 
19 1390 SEQ ID NO: 7438 0.44 

1613 !SEQ ID NO: 7439 0.44% 

HLA A3 9 mers

Maximum possible score using this molecule type 12150

Rank Start position Sequence %oo of max. score Score
1 1010 SEQ ID NO: 7440 1.48% 180
2 3155 SEQ ID NO: 7441 1.48 180
3 1229 SEQ ID NO: 7442 1.23 150
4 2405 SEQ ID NO: 7443 0.88 108

1 2 SEQ ID NO: 7444 0.74% 903
6 2304 SEQ ID NO: 7445 0.74 
7 2358 SEQ ID NO: 7446 0.74% 

S8 3160 SEQ ID NO: 7447 0.74% 
9 3771 SEQ ID NO: 7448 0.74% 

4007 SEQ ID NO: 7449 0.74 %3 
11 3079 SEQ ID NO: 7450 0.66% 81
12 4045 SEQ ID NO: 7451 0.66 81
13 1081 SEQ ID NO: 7452 0.49 
14 3268 ISEQ ID NO: 7453 0.49 

4144 SEQ ID NO: 7454 0.49 
16 614 ISEQ ID NO: 7455 0.37 
17 728 ISEQ ID NO: 7456 0.37% 
18 I 1537 ISEQ ID NO: 7457 0.37 
19 313 SEQ ID NO: 7458 0.32% 

1744 SEQ ID NO: 7459 0.32% 
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HLA A3 10 mers
Maximum possible score usin this molecule type 12150

Rank Start position Sequence of max. score Score
1 62 SE ID NO: 7460 4.44 540
2 2151 SEQ ID NO: 7461 2.46 300
3 633 SEQ ID NO: 7462 2.22% 270
4 1158 SE ID NO: 7463 2.22% 270

2565 SEQ ID NO: 7464 2.22 270
6 2298 i SEQ ID NO: 7465 1.77 216
7 3159 SEQ ID NO: 7466 1.11% 135
8 640 SEQ ID NO: 7467 0.98 120
9 I 2186 SEQIDNO: 7468 0.74% 

3869 SEQ ID NO: 7469 0.74 
11 2308 SEQ ID NO: 7470 0.66 81

12 786 SEQ ID NO: 7471 0.55 67.5
[13 749 SEQ ID NO: 7472 1 0.49% 
[14j 1080 SEQ IDNO: 7473 0.49 

2358 1 SEQ ID NO: 7474 0.49 
16 3955 SEQ ID NO: 7475 0.49 
17 714 SEQID NO: 7476 0.37% 
18 1081 SEQ ID NO: 7477 I 0.370/ 
19 I 1170 I SEQ ID NO: 7478 0.37% 

1228 SEQ ID NO: 7479 0.37% 

HLA A24 9 mers
Maximum possible score using this molecule type 1596.672
Rank Start position Sequence of max. score Score

1 3797 SE ID NO: 7480 37.57 600
2 4202 F SEQ ID NO: 7481 37.57 600
3 3189 SEQ ID NO: 7482 25.05 400
4 1864 SEQ ID NO: 7483 23.14 369.6

1066 SEQ ID NO: 7484 22.54 360
6 2143 SEQ ID NO: 7485 22.54 360
7 2693 SEQ ID NO: 7486 22.54 360
8 1426 F SEQ ID NO: 7487 18.78 300
9 1238 SEQ ID NO: 7488 18.03 288

3768 iSEQ ID NO: 7489 18.03 288
11 797 SEQ ID NO: 74907 15.03 240
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12 1882 SEQ ID NO: 7491 15.03 240
13 1490 SEQ ID NO: 7492 13.77 220
14 2237 SEQ ID NO: 7493 13.77 220

95 SEQ ID NO: 7494 12.52 i 200
16 1821 SEQ ID NO: 7495 12.52 200
17 2289 SEQ ID NO: 7496 12.52 200
18 3080 SEQ ID NO: 7497 12.52 200
19 3660 SEQ ID NO: 7498 12.52 200

4354 SEQ ID NO: 7499 12.52% 200

HLA A24 10 mers
Maximum possible score using this molecule type 1596.672
Rank Start position Sequence I/ of max. score Score,

1 i 2143 ISEQ ID NO: 7500 I 37.87% 604.8

S2 1159 ISEQ ID NO 7501 I 26.30 420
3 I 1650 SEQ ID NO: 7502 26.30 420
4 1150 SEQ ID NO: 7503 18.78 300

2763 SEQ ID NO: 7504 18.78 300
6 3165 ISEQ ID NO: 7505 18.78 300
7 3201 SEQ ID NO: 7506 15.03 240
8 3694 SEQ ID NO: 7507 15.03% 240

S9 I 4204 I SEQ ID NO: 7508 15.03 240
1692 SE ID NO: 7509 13.77% 220

h11 797 ISEQ ID NO: 7510 12.52% 200
S12 1610 ISEQ ID NO: 7511 12.52 200

13 I 1789 SEQ ID NO: 7512 12.52 200
4 1881 SEQ ID NO: 7513 12.52 200

3090 1 SEQ ID NO: 7514 12.52 200
16 3763 SEQ ID NO: 7515 12.52 200

S17 I 2569 ISEQ ID NO: 7516 11.27 180
18 194 SEQ ID NO: 7517 9.39 150
19 1771 SEQ ID NO: 7518 9.39 150

2488 SEQ ID NO: 7519 9.39 150

HLA A 0201 9 mers
Maximum possible score using this molecule type 3925227.1
Rank Start position Sequence of max. score Score

1 II 2308 I SEQ ID NO: 7520 0.20% 8144.13515256
I2 3729 SEQ ID NO: 7521 0.10% 4047.23088
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3 3574 SEQ ID NO: 7522 0.09 3547.4996634
4 3615 SEQ ID NO: 7523 0.06% 2722.682592

3159 SEQ ID NO: 75241 0.05% 1999.734264
6 2339 SEQ ID NO: 7525 0.03 1551.92907744
7 2201 ISEQ ID NO: 75261 0.03 1521.53694
8 3559 SEQ ID NO: 752711 0.02% 1174.38939504
9 3085 [SE ID NO: 7528 0.02 1146.296448

4070 SEQ ID NO: 7529 0.02% 970.4103696
l11 3708 SEQ ID NO: 75301 0.02 958.928881
12F 3098 1SEQ ID NO: 7531 0.02 942.678
13 1362 SEQ ID NO: 7532 0.02 900.6984
14 3563 SEQ ID NO: 7533 0.01% 735.860161

3774 SEQ ID NO: 75341 0.01% 687.655656
16 4242 SEQ ID NO: 7535 0.01% 685.78272
17 2340 1SEQ ID NO: 7536 0.01 668.37342936
18 650 SEQ ID NO: 7537 0.01 640.1983392
19 3862 SEQ ID NO: 75381 0.01 620.57772

2860 SEQ ID NO: 7539] 0.01 607.88448

HLA A 0201 10 mers
Maximum possible score using this molecu le type 3925227.1,
Rank Start position Seuence of max. score Score
1 2307 [SEQ ID NO: 7540 0.40 15915.66281448
2 2201 SEQ ID NO: 7541 0.12% 4772.09313
3 3558 ]SEQ ID NO: 75421 0.05 2295.04855632
4 1772 SEQ ID NO: 7543 0.04 1759.6656

3087 SEQ ID NO: 7544 0.03 1215.76896
6 2339 SEQ ID NO: 7545 0.02 1116.29986272
72308 SEQ ID NO: 7546 0.02 970.14776112
8 3061 SEQ ID NO: 7547 0.02 836.2525104
9 2748 SEQ ID NO: 75481 0.01 726.706344

3837 SEQ ID NO: 7549[ 0.01 720.8292
11 59 SEQ ID NO: 75501 0.01% l 650.3112
12 2877 SEQ ID NO: 7551 0.01 620.22996
13 4114 1SEQ ID NO: 75521 0.01 559.8936
14 805 SEQ ID NO: 75531 0.01% I 484.4565072

1655 SEQ ID NO: 7554 0.01 437.48208
16 611 ISEQ ID NO: 75551 0.00 319.9392
17 1961 SEQ ID NO: 7556 0.00 305.94186
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18 1223 SE ID NO: 7557 0.00 289.08792
19 852 SEQ ID NO: 7558 0.00 285.67242

2139 SEQ ID NO: 7559 0.00 284.845869

HLA A 1101 9 mers
Maximum possible score using this molecule type36

Rank Start position Sequence /of max. score Score
1 4200 SEQ ID NO: 7560 50 18
2 281 SE IDNO: 7561 I 25 9
3 3236 SEQ ID NO: 7562 25% 9
4 509 SE ID NO: 7563 I 16.66 6

848 SEQ ID NO: 7564 16.66 6
6 2193 SEQ ID NO: 7565 16.66 6
7 3542 SEQ ID NO: 7566 16.66 6
8 541 SEQ ID NO: 7567 15 5.4
9 1748 1SEQ ID NO: 7568 12.5 

829 SE ID NO: 7569 11.11 4
11 1149 SEQ ID NO: 7570 11.11 4

12 2027 SEQ ID NO: 7571I 11.11 4
13 2576 SEQ ID NO: 7572 11.11% 4
I14I 873 1SEQ ID NO: 7573 8.33 3

2725 SEQ ID NO: 7574 8.33 3
16 3541 7 SEQ ID NO: 7575 8.33 3
17 1837 SEQ ID NO: 7576I 7.5% 2.7
18 I 2475 ISE ID NO: 7577 7.5% 2.7
19 2703 SEQ ID NO: 7578 7.5 2.7

1823 SEQ ID NO: 7579 6.66 2.4

HLA A 1101 10 mers
Maximum possible score using this molecule type 36
Rank Start position Sequence %0/o of max. score Score

1 3541 SEQ ID NO: 7580 50 18
2 281 SEQID NO: 7581 25 9
3 1495 SEQ ID NO: 7582 25 9
4 2303 SEQ ID NO: 7583 25 9

2616 SEQ ID NO: 7584 25% 9
6 48 SEQ ID NO: 7585 16.66% 6
7 1394 ISEQ ID NO: 7586 16.66 61
8 1499 [SEQ ID NO: 7587 I 16.66% 6
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9t 1862 SEQ ID NO: 7588 16.66 6

1163 SEQ ID NO: 7589 11.11 4
S11 4006 SEQ ID NO: 7590 11.11 t 4

12 4344 SEQ ID NO: 7591 11.11 4
13 633 1SEQ ID NO: 7592 10% 3.6
14 119 1SEQ ID NO: 7593 8.33 3

1190 SEQ ID NO: 7594 8.33 3
16 1195 SEQ ID NO: 7595 8.33 3
17 1725 SE ID NO: 7596 8.33 3
18 2728 SEQ ID NO: 7597 8.33 3
19 2895 SEQ ID NO: 7598 8.33 3

3033 SEQ ID NO: 7599 8.33 3

HLA B7 9 mers
Maximum possible score using this molecule type 5400

Rank Start position Sequence of max. score Score
1 1335 SEQ ID NO: 7600 4.44 240

2 I 2580 ISEQ ID NO: 7601 4.44 240
3 1703 SEQ ID NO: 7602 3.70 200
4 I 113 SEQ ID NO: 7603 2.22 120

168 SEQ ID NO: 7604 I 2.22 120
6 2842 SEQ ID NO: 7605F 2.22 120
7 4027 SEQ ID NO: 7606 2.22 120
8 3680 SEQ ID NO: 7607 1.66 
9 I 2085 SEQ ID NO: 7608 1.48 

2492 SEQ ID NO: 7609 1.48 
11 2660 ISEQ ID NO: 7610 1.48 
12I 2906 [SEQ ID NO: 7611 1.48 
13 3346 SEQ ID NO: 7612 1.48 
14 4038 SEQ ID NO: 7613 I 1.48 

1163 SEQ ID NO: 7614 1.11 
16 1457 SEQ ID NO: 7615 1 1.11 601

S17 2351 SEQ ID NO: 7616 1.11 

18 2471 ISEQ ID NO: 76171 1.11 
19 3499 ISEQ ID NO: 7618 1.11% 

3635 tSEQ ID NO: 7619 1.11% 

HLA B7 10 mers
Maximum possible score using this molecule type 7-]5400
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Rank Start position Sequence of max. score Score
1 1703 SEQ ID NO: 7620 3.70 200

2 17 SEQ ID NO: 7621 2.22 120
3 3008 SEQ ID NO: 7622 2.22 120
4 4106 SEQ ID NO: 7623 2.22 120

3450 SEQ ID NO: 7624 1.66 
611 SEQ ID NO: 7625 1.48 
7 195 SEQ ID NO: 7626 1.48 
8 307 SEQ ID NO: 7627 1.48 
9 780 SEQ ID NO: 7628 1.48 

1000 S ID NO: 7629 I 1.48 
1 1072 SEQ ID NO: 7630 1.48 

12 1404 SEQ ID NO: 7631 1.48 
13 1980 SE ID NO: 7632 1.48 

14 262 SEQ ID NO: 7633 1.48% 
2543 I SEQ ID NO: 7634 1.48 

16 2906 SEQ ID NO: 7635[ 1.48% 
17 3077 SEQ ID NO: 7636I 1.48% 
18 3175 SE ID NO: 7637 1.48 
19 4195 SEQ ID NO: 7638 1.48 

4251 SEQ ID NO: 7639 1.48% 

Table 14: Epitopes for SEQ ID NO: 6040

HLA Al 9 mers

Maximum possible score using this molecule type 5625
Rank Start position I Sequence of max. score Score

1 20 SEQ ID NO: 7640 0.04 2.25
2 91 SEQ ID NO: 7641 0.01% 1
3 I 125 SEQ ID NO: 7642 0.01 0.75
4 56 SEQID NO: 7643 0.00 

145 SEQ ID NO: 7644 0.00 

HLA Al 10 mers

Maximum possible score using this molecule type5625
Rank Start position Sequence /oof max. score Score

1 20 SEQ ID NO: 7645 I 0.01 0.9
2 56 SEQ ID NO: 7646 0.00 
3 71 SEQ ID NO: 7647 0.00 
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LI] 144 SEQ ID NO: 7648 0.00% 

HIA A3 9 mers
tMaximum possible score using this molecule type If 12150 1
[Rank IfSatpsition IF sequence 0/b of max. score core[1 I 15 IFSEQ ID NO: 7649 II 0.240/% 
[2 If 87 [SEQIDNO: 7650 0.040/% 6
13 I 80 [SEQ ID NO: 7651 II 0.03%Ca40[4 ff 125 SEQ ID NO: 7652 II 0.01%O~ I 1.8

F 5 II39 ]I SEQ ID NO: 7653 Jf0.01%ooII [6 II 56 Jf Q ID1 NO: 7654 if 0.01 f 
[7 135 IFSEQID NO: 7655 ff 0.00% Ii1.2

I I 1 fSEQ ID NO: 7656 f1 0.00% I
I 9 II 119 I SEQ IDNO65 0f 0.00% If/1lo1 f 141 ff1SEQ ID NO: 76587f1 0.001% I I i II 150 f ID NO: 7659 f1 0.00% If0.6

L 121- 1377 S QNO: 7660 0.00%0~ f105
HLAA3 10 mers

IMaximum possible score using this molecule type 
I an 11Start position Sequence f/b %of max. score SI Score

136 ItSEQID NO: 7661 ff -2 
f1 IF 144 IISEQ ID NO: 7662 f1 0.06% 118
1 1017 1 SEQ[ -7663 ff1 0.030/ 14F 99 SEQ ID NO: 7664 11 0.02% I 3.6

E, I 80 ISEQ ID NO: 7665 0.02% I 71
6 If 125 ]fSEQ ID NO: 7666 0.01 %11.85

F 7 II 71 IISEQ ID NO: 7667 I 0.01 I 
f 118 IfSEQ ID NO: 7668 IF 0.01 11.5

F 9I 40I SEQ ID NO: 7669 0.01 II1.35 1
F 10ff1 5 ISQID NO: 7670 IF 0.00%10.1
I iiff1 56 11SEQ ID NO: 7671 It 0.00%10.
I 2 ii 107 IISE Q ID NO: 7672 II 0.00% 0.6
I 1 II 135 IISEQ ID NO: 7673 If 0.00 0/ 0.61
I 14III 141 IISEQ ID NO: 7674 II 0.00%0a- F 
115 JF 148 ISEQ ID NO: 7675 If 0.00 oi% J 0.6-

16 IF 116 1 SEQ ID NO: 7676 0.00%~a I 
HLA A24 9 mers
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Maximum possible score using this molecule type 1596.672
Rank Start position i Sequence of max. score Score

1 153 SEQ ID NO: 7677 1.05 %1 16.8
2 80 SEQ ID NO: 7678 0.75 12
3 123 SEQ ID NO: 7679 0.50 8
4 I 137 SEQ ID NO: 7680 0.50 8

9 SEQ ID NO: 7681 0.45% 7.2
6 77 SEQ ID NO: 7682 0.45% 7.2
7 112 J SEQ ID NO: 7683 0.45% 1 7.2
8 F 73 SEQ ID NO: 7684 0.41 6.6
9 I 32 SEQ ID NO: 7685 0.37% 6

110 S ID NO: 7686 0.37 6
11 140 7 SEQ ID NO: 7687 0.37% 6
12 143 SEQ ID NO: 7688 1 0.37% 6
13 18 SEQ ID NO: 76897 0.30 4.8
14 54 ISEQ ID NO: 7690 0.30 4.8

108 SEQ ID NO: 7691 0.30 4.8
16 141 SEQ ID NO: 7692 0.30 4.8
17 I 92 SEQ ID NO: 7693 0.27 4.4
18 33 SEQ ID NO: 7694 0.25 4
19 49 SEQ ID NO: 7695 0.25 11 4

111 SEQ ID NO: 769611 0.25 4

HLA A24 10 mers
Maximum possible score using this molecule type I 1596.672
Rank Start position I Sequence of max. score Score

1 142 SEQ ID NO: 7697 12.52 11 200
2 110 SEQ ID NO: 76981 0.75 0/ 12
3t 99 SEQ ID NO: 76991 0.50 8
4 I8 SEQ ID NO: 7700 0.45% 7.2

140 SEQ ID NO: 77017 0.45 7.2
6 32 SEQ ID NO: 7702 0.37% 6
7 17 SEQ ID NO: 7703 0.30% 4.8
8 53 ISEQ ID NO: 7704 0.30% 4.8
9 76 SEQ ID NO: 7705 0.30% 4.8

107 SEQ ID NO: 7706 0.30 4.8
I11 111 SEQ ID NO: 7707 0.30 4.8

12 72 SEQ ID NO: 7708 0.27 4.4 1
,13 91 SEQ ID NO: 7709 0.27 4.4
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1431 ISEID NO: 7710O~ 0.25%0/ 4
I 15127 ItSEQ ID NO: 7711 II 0.25%~
I 61 139 IiSEQ ID NO: 7712 0.25% 4 1
I 1 II 80 ItSEQ ID NO: 7713 I 0.22 i 3.6
I 838 ItSEQ ID NO: 77141 0.18%/ I 3 1

19 118 ItSEQ ID NO: 7715 0.18%~o I 3
49 I SEQIDNO: 7 716 0. 12 0/a I 2

HLA A 0201 9 mers_____
(Maximum possible score using this molecule type 3925227.1
(Rak I Sart position Squence !Foo of max. score sI core

I8 1I 80 [.SEQg ID NO: 771 0.00%~o J 171.96732
2 II 147 IISEQ ID NO: 778i 0.00%oo I 1.64
3 II 143 SEQ ID NO: 7719 it 0.00a 16461821
4 I 56 IISEQ ID NO: 7720 0.00 I 11.3046841

1 5 It 10 1SEQ ID NO: 72it 0.00% o/ [710.345861
6 t 6 IISQID NO 772 Ir 6.56830734

1 7 26 SEQ ID NO: 7723 1[ 0.00 0/0 I 6.7614-1
8 f 14 ItSE D NO: 7724 0.0 1/ I591472

9 148 ItSEQ'ID NO: 772 II 00 /.194044

110 It It SEQID NO: 726 0.00 0/0 .998

9 _iIt 1 7 SEQ ID NO: 772 0.00% 0/ F4.2991837
1 1 II 1307 t E ID NO: 7 7 287 0.00% 99 41383

1 384 0.0 SE 0DN: 772 9T1 00 3.42792
11 t 27 It SEQ ID NO: 7730 1 0.00%00 3.383484

2 FS-EQ ID NO: 77-3 1 0.00 0 h 3.381
116 1[ 6 tSQID NO: 7732 IF- 0.0%/o 3.251556 1

7 23 I SEQ I D NO0: 7733 11 0.00 i2.52005
18 It 9 It7 -SEQ ID NO: 773400 t192319IJ~ 33 ISEID NO: 7735 0.00%00 ]j .62

I1 iii ItSEQID NO: 7736 IF 0.00%00 i 1.76402985]I

1_ HLA A021 -10 mers 
tmaximum possible score using this molecule type 3925227.1

RnIl start position ii Sequence I[ /o of max. score FI Score
F-17I 5 71 SEQ ID NO: 7737 IF 0.00 1I 159.96967
F2I1 25 iiSQ ID NO: 7738 II- 0.00 IF 69.552

31I 80 1i SEQ ID NO: 7739 IF 0.00% 0/ 365148

4ETF 107 SEQ ID NO: 7740 IF 0.00 0/o IF 21.3624 I
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148 SEQ ID NO: 7-74-1 IF 0 17.73576
16 1 I EQ I D NO 774 2 F[ 0.00 F13.9104 1

171 147 11SEQ ID NO: 7743 IF 0.00 t1.348
7W7[ 53 ]SEQ ID NO: 7744 11 0.00 8.2045
1 17 IISEQ ID NO: 7745TJ 0.00 ItF 7.3086111
1 0 110 IISEQ- ID NO:- 774671 0.00 0/ It 6.1741044751

11][ 9 ILSEQ ID NO: 7747 II 0.00 O/o It6.0858
12 99 ItSEQ ID NO: 7748 0.00 It5.6823984
[1 2 ItSEQ ID NO: 774951 0.00 It3.188283
F1T[ 41 I SEQ ID NO: 77501 0.00 It 2.2064131

It 135 ItSE'Q ID NO: 7751 IF 0.00 It 2.0766241
11It 76 ItSQ ID NO: 7752 IF 0.00 It 2.0056921
FTTIt 23 ItSQID NO: 7753 0.00 It1782091
I1II 40 ItSQ ID NO: 7754 It1.689964561
1 9 f 39 ItSEQ ID NO: 7755 0.00 It-1-516-4821
I 20118 It SEQ ID NO: 7756[ 0.00 It1.2683304

HLA A 1101 -9 mers 

lKxi-mum possible score using this molecule type 1361
Rak Start positikon]j Sqee I1ooma.sreJSceI

I9l1 SEQ ID NO: 7757 2.77%0/ 1

A1101 -l10mers I
[Maximum possible score using this molecule type 13
t ak [Start position FI Seuneo /0 of max. score cr

1 1[ 101 r _SEQ ID NO: 778 I 33.33%aa 12 11
t 1 71I SEQ ID N07777597II 2.77% I1

I3 7F 90 =F SEQ ID NO: 7760 ]F-1.660/% 

HLAB7 9_mers___

[Maximum possible score using this molecule type 
Rn11Stairt osition]II Sequence of max. score]jSoe
1 If 49 I1 SEQ ID NO: 7712.22 aa I 2

F2 I9 IISEQ ID NO: 7762 1.11 0/6 I6
t3 I 73 II SEQ ID NO: 7763 0.660/% i 3
t4 I 33 I Q S ID NO: 7764 It- 0.370a 

137 II EID NO: 7 7 65 It 0.370a% 2
[6 I 141 II SEQQID NO: 7766 It 0.370% 2

t7 77 ISEQ ID NO: 7767 0.220/% 2
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f 8112 I SEQDN: 7768 It 0.22%/ 12

t 9if 143 EtSEQ ID NO: 7769 It 0.22% ]t12
1081-7--7 SE IDO77 t 0.14% It8
1 ii It 3 SEiD NO: 7771 It0.09% 
1If 69- -It SEQID NO: 7772 I-1 0.09% J[ 
3 118 It SEQID NO: -777-37]t0.07 %h 11 4 1
14 I 3 1SEQ ID NO: 7774 It 0.7% 1 41

54 Ii SEQIDbNO: 75 t 0.07% 1j 4
1 f 80 IISEQ ID NO: 7776 0.07 II4
17 92 SEQ ID NO: 777 -0.07% It4I
18 II 108 ItSEQ ID NO: 7778 II0.07% It 4 I

I 19 il1l 1 SEQ ID NO: 7779 II 0.07% I
1 0123 77[SEQ ID NO: 7780 0.07%4I

I____HLA B7 10mers I
[Max im-um possible score using this molecule type 5400I

I RnkIIStart posiinI Sequence II /0 of max. score I[scoreI
1 99 JSEQ IDNO: 7781 II 0.74% I 4

2 II-1 17 JI EQID NO: 7782 II0.37 2

I 3 8 =ISEQ IDNO: 78 I0. 2 20/a I 1

[472 ][SEQ ID NO: 7784 0.22% II121
II 5 II91 IS SQID NO: 7785 II022 0/a 1o

I 6 II 127 If7 SEQ ID NO: 778 0/./aI 6 1
7f: 31 I[ SEQ ID NO: 7787 It 0.07%/ I 41

f I 32 I[ SEQID NO: 7788 7[ 0.07 0/0 FI 41
t 9 It53 It SE Q ID NO: 7789 IF 0.07%~o] 4 I
1 10 It 76 It SEQ ID NO: 7790 It0.07%cai 41

1 -I 107 If SEQ ID NO: 7791 It0.070/%I 4 I
12 It 110 _It SEQ ID NO: 7792 If0.07%~oI 4 I

13 It111 ItSEQ ID NO: 7793 II0.07%0oI 4 1
14 I 140 ItSEQ ID NO: 7794 It0.07%0aI 4 I

t9i SEQ ID NO: 7795 It 0.050/ t
16 I1 19 IIESEQ ID NO: 7796 It0.05%/ I 3 1

17 It33 1 SEQ ID NO: 7797 it 0.030aI 2 1
1 It93 1[SEQ ID NO: 7798 IF' 0.03% It 2 1

19-1[ 102 -71 SEQ ID NO: 7799 f- 0.03%0~ I
20o7 129 IF SEQ ID NO: 7800 JE 0.020/a6 I 1.51
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Table 15: Epitopes for SEQ ID NO: 6041

HLA Al 9 mers
Maximum possible score using this molecule type 5625
Rank ]Start osition Sequence of max. score Score

1 1818 SE ID NO: 7801 1.6 
2 3737 SEQ ID NO: 7802 1.33% 
3 681 SEQIDNO: 7803 1.33 
4I 74 ]SEQ ID NO: 7804 0.88% 

786 SEQ ID NO: 7805 0.88 
6 1495 SEQ ID NO: 7806 0.88 
7 88 SE ID NO: 7807 0.8 
8 357 SEQ ID NO: 7808 0.8 
9 1271 SE ID NO: 7809 0.8 

1799 SEQ ID NO: 7810] 0.8 
11 1393 SEQ ID NO: 7811 0.48 27
12 I 386 ISEQ ID NO: 7812 0.44 
13 2304 SEQ ID NO: 7813 0.44 
14 198 SEQ ID NO: 7814 0.4 22.5

840 SEQ ID NO: 7815 0.4 22.5
16 2359 SEQ ID NO: 7816 0.4 22.5
17 1194 SEQ ID NO: 7817 0.32 18
18 1546 SEQ ID NO: 7818 0.32 18
19 2200 SEQ ID NO: 7819 I 0.22 12.5

996 SEQ ID NO: 7820 0.2 11.25

HLA Al 10 mers
Maximum possible score using this molecule type 5625
Rank Start position I Sequence 0 of max. score Score

1 995 SEQ ID NO: 7821 10% 562.5
2 1303 SEQ ID NO: 7822 2.22 125
3 1582 1SEQ ID NO: 7823 2 112.5
4 f 1456 SEQIDNO: 7824 1.6% 

772 fSEQ ID NO: 7825 1.11% 62.5
6 181 SEQ ID NO: 7826 0.88% 
7 632 SEQ ID NO: 7827 0.88 
8 2281 SEQ ID NO: 7828 0.88 
9 1586 SE ID NO: 7829 0.8 F 

1 2109 ISE ID NO: 7830 0.8% 
11 745 FSEQ ID NO: 7831_ 0.55 31.25
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12 ~1916 SEQ ID NO: 7832 II 0.53 113] 966 IiSEQ ID NO: 7833 1 044% j 114 J~1387 iiSEQ-ID NO: 7834 Ii 0.44 F257-1 15 J 2263 ItSEQ ID NO: 7835 if 0.44% 0/0 

1 16 J1 2457 1t SEQ. ID NO: 7836 0.26% 0/15J

F-17 tS-EQ ID NO: 7837 It 0.22%0a I 12.5I18 It 2562 It ,SEQ ID NO: 7838 I[ 0.22%~o 12.5
1 74 IISEQ ID NO: 7839 It 0.17%0~ Ii1
20- E 298 SEQ ID NO 7840.. 0.17%/ 11

HLA A3 9mers___
IMaximum possible score using this molecule typ,..q~le I 12150j
fRank Start position Sequence %of max. score S[coreti~t 536 fSEQ ID NO: 7841 I[ 3.33 It4051t2I 986- ISEQ ID NO: 7842 it 2.460a I 300

805 IISEQ ID NO: 7843 If 1.64% 0/ f200t4_It 2345 ItSEQ ID NO: 7844 ~f 1.48 II180If 2481 itSEQ ID NO: 7845 Jf 0.55%~ i 67.516 204 ItSEQ ID NO: 7846 t 0490aI%6
7 1 895 ItSEQ ID NO: 7847 If 0.44 I 541t~f 1512 ItSEQ ID NO: 7848 0.44-.I% 541t9 It 2491 IISEQ ID NO: 7849 JL 0.37 I 451

1 cI 436 IfSEQ ID NO: 7850 II 0.32 
1 917 ISiigI.iii It: 7851 0.32% 

12 1 176 I SE!Q ID NO: 7852 I 0.32 _I 401
13fI 1517 IISEQ ID NO: 7853 it 0.29 It36

14 11 466 ItSEQID NO: 7854 I 0.24% 
t1It 1784 ItSEQ ID NO: 7855 It 0.24 I t 6 f 2039 ItSEQ ID NO: 7856 I[ 0.24 

17 It 2124 IISEQ ID NO: 7857 Jf 0.24 I301
1049 IISEQ ID NO: 7858 ~f I 27I

19 2200 IfSEQ ID NO: 7859 If 0.22%o I 27I
2598 SEQ ID NO: 7860__ _-2-7

HLA A3 -l10mers-_ 
fMaximum pqsibesore using this molecule type 12150

[Rakf[Start position II Sequence I0/b of max. score IfScoreI
1 .f 392 IISEQ ID NO: 7861 If 2.46% If300

2 it 230 SEQ ID NO: 7862 II 1.48 
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3 590 SEQ ID NO: 7863 1.11% 135
4 697 SEQ ID NO: 7864 1.11% 135

919 SEQ ID NO: 7865 0.74 

6 1354 SEQ ID NO: 7866 0.74 

7 1430 SEQ ID NO: 7867 0.74 

8 2534 SEQ ID NO: 7868 0.74 

9 202 SEQ ID NO: 7869 0.49 

488 SEQ ID NO: 7870 0.49 

11 922 SEQ ID NO: 7871 0.49 

12 1735 SEQ ID NO: 7872 0.49 

13 2281 SE ID NO: 7873 0.49% 

14 1894 SEQ ID NO: 7874 0.44 54

2552 SEQ ID NO: 7875 0.44 54

16 555 SEQ ID NO: 7876 0.37 
17 1134 SEQ ID NO: 7877 0.37 I/ 451
18 1149 SEQ ID NO: 7878 0.29 36

19 283 SEQ ID NO: 7879 0.24 

917 SEQ ID NO: 7880 0.24 

HLA A24 9 mers

Maximum possible score using this molecule type 1596.672
Rank Start position Sequence of max. score Score
1 2375 SEQ ID NO: 7881 36.07% 576

2 I 1751 SEQ ID NO: 7882. 28.93 462
3 195 SEQ ID NO: 7883 25.05 400

4 2306 SEQ ID NO: 7884 21.04 336
806 SEQ ID NO: 7885 20.66 330

6 1252 SEQ ID NO: 7886 18.78 300
7 160 SEQ ID NO: 7887 15.03 II 240
8 517 SEQ ID NO: 7888 15.03 240
9 375 SEQ ID NO: 7889 12.52 200

1275 SEQ ID NO: 7890 12.52 200
11 2175 SEQ ID NO: 7891 12.52 I 200
12 2207 SEQ ID NO: 7892 12.52 200
13 2343 SEQ ID NO: 7893 12.52 I 200
14 443 SEQ ID NO: 7894 11.27 180

668 SEQ ID NO: 7895 7.51 120
16 1825 SEQ ID NO: 7896 6.88 110

S17 1690 SEQ ID NO: 7897 4.69 
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18 159 SEQ ID NO: 7898 3.75 
19 2550 SEQ ID NO: 7899 3.75 

1949 SEQ ID NO: 7900 3.38 54

HLA A24 10 mers
Maximum possible score using this molecule type 1596.6721
Rank Start position I Sequence 0 of max. score Score

1 641 ISEQ ID NO: 7901 45.09 720
2 809 SEQ ID NO: 7902 24.80 0/ 396
3 1209 SEQ ID NO: 7903 22.54 360
4 216 SEQ ID NO: 7904 18.03 288

159 ISEQ ID NO: 7905 15.03 240
6 528 I SEQ ID NO: 7906 15.03 240
7 799 SEQ ID NO: 7907 15.03 240
8 1436 SEQ ID NO: 7908 15.03 240
9 I 2219 SEQ ID NO: 7909 15.03 240

I 1065 ISE ID NO: 7910 13.77 220
11 1953 SEQ ID NO: 7911 13.15 I 210
12 1966 SEQ ID NO: 7912 12.52 200
13 I 2600 SEQ ID NO: 7913 12.52 200
14 71 SEQID NO: 7914 9.39 150

380 tSEQ ID NO: 7915 9.39 150
16 1989 SEQ ID NO: 7916 9.39 150
17 342 ISEQ ID NO: 7917 8.76 140
18 1071 SE ID NO: 7918 8.76 140
19 2570 SEQ ID NO: 7919 6.88 110

2550 SEQ ID NO: 7920 6.26 100

HLA A 0201 9 mers
Maximum possible score using this molecule type 13925227.1
Rankl Start position F Sequence II of max. score Score

1 1632 /SEQ ID NO: 7921, 0.09 I 3607.31448
2 1640 SEQ ID NO: 7922 II 0.04 1748.2560912 1
3 1776 FSEQ ID NO: 7923 I 0.03 1492.58592
4 1 2512 ISEQ ID NO: 792411 0.03 1434.16845

1073 SEQ ID NO: 7925 Ii 0.03 1338.876
6 230 ISEQ ID NO: 79261 0.01 685.78272
7 I 1001 ISEQ ID NO: 7927 E 0.01 559.8936
8 716= SEQ ID NO: 792811 0.01 558.27486
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9 2280 SE QID NO: 7929 0.01 511.19781048
590 IISE ID NO: 7930 0.01 469.6692

1 664 SEQ ID NO: 7931 0.01% 442.076389524
12 1094 SEQ IDNO: 7932 0.00% 382.536
13 1735 SEQ ID NO: 7933 0.00 382.536
14 1625 [SE ID NO: 7934 0.00 342.4606344

1974 ]SEQ ID NO: 7935 0.00 336.885048
16 2382 SEQ ID NO: 7936 0.00% 319.9392
17 2417 ISE IDNO: 7937 0.00% 319.9392
18 744 SEQ ID NO: 7938 0.00 1256.416670125
19 108 SE IDNO:7939 0.00 232.52724

390 SEQ ID NO: 7940 0.00 228.04110841

HLA A 0201 10 mers

Maximum possible score using this molecule type 3925227.1
IRanki Start position Sequence of max. score Score
1 2511 SE ID NO: 7941 0.38 15126.90795

2 1608 SEQ ID NO: 7942 0.05 2049.4656
3 2572 S ID NO: 7943 0.04 1[ 1879.5921264
4 255 SEQ ID NO: 7944 0.03 1566.6522795

895 SEQ ID NO: 7945 0.03 1338.876
6 1171 SEQ ID NO: 7946 0.02 1107.960876
7 1691 S ID NO: 7947 0.01 782.95521024
8 20 SEQ ID NO: 7948 0.01 549.9372312
9 16321 SE ID NO: 7949 0.01 %7 479.041993296

1 2280 SEQ ID NO: 7950 0.01 i472.418344576987
11 1963 SE ID NO: 7951 0.00 358.73928
12 1955 SEQ ID NO: 7952 0.00 331.093464
13 741 SE ID NO: 7953 0.00 318.652488
14 523 SEQ ID NO: 7954 0.00 278.7876

1073 SE ID NO: 7955 0.00 266.6988828
16 2489 SEQ ID NO: 7956 0.00 243.432

17 777 SE ID NO: 795-7 0.00 218.5730664
18 1737 SE ID NO: 7958 0.00 218.07855727
19 589 SE ID NO: 7959 0.00 210.538251

229 SEQ ID NO: 7960 0.00 205.230564

HLA A 1101 9 mers
Maximum possible score using this molecule type 36
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[Rank~ Strtpsltion 11- Seuec It 0/0 of max. score SE
1 2337 Ii SEQ_ ID NO: 7961 33.33%00 12
12 ]J 2156 1 SEQ ID NO: 7962 It25 19

3 II 492 1 SEQ.ID NO: 7963 It 20 T-7.2]
41 18-- 1- SEQ ID NO: 7964 ]t 16.66% 61

1 332 1 SEQ IDNO: 7965 It 16.66% 6

F611 415 1SEQ ID N: 79667F 16.66% II-77- 6
7E 2479 1 -SEQ I-DNO: 7967 II 666%16
1 8It 1495 S SQ ID NO: 7968 It 11.11 /b

9[ 2035 40SQ DN: 7969 I 11.11 %4
1It 1349 I EQ ID NO: 7970 it10 I3.61

1 1iI 1194 1SEQ ID NO: 7971 It 8.33%0/ 3
E=1-I 1648 III ESEQ ID NO: 7972 8.33 O/o

1 13 It 96 SI SQ ID NO: 7973 It 6.66%~a 
1 1 It 764 IISQ DN: 7974 6.66%~a 2.4
11It 986 I SEQ ID NO: 7975 It 6.66%o~ I 2.41

=-1-It 2345 ISEQ ID NO: 7976 IF 6.66%oo I 
17 698 ISEID NO:97 5.550aI2

18 1355 SE 4DN: 7978 5.55 o/ I
1 1 7I 1987 I SEQ ID NO: 7979 t 5.55 It2I

2It 2085 SEQ ID NO: 7980 F 5.55% 2

A1101 -l10mers 
[qaximum possible score using this molecule type 6

Rank Itstart position II sequenie It o/o of max. score IIsoe
1 1 I]1 SEQ ID NO: 7981 It 33.33%oaI 12 1
F- 2123 71 SEQ ID NO: 7982 II 25 I 9

I t 2147 I SEQ ID NO: 7983 1 16.66 0/a 

I4 It 331 I SEQ ID NO: 7984 12.5%oo 
lo~ 105 EQ ID NO: 7985 11.11 %a 1 4E

61I 1064 II SEQ ID NO: 7986 F- 11.11 II
I 7 Itl 2154 SEQ ID NO: 7987 11.11 II4

8 t 1048 SEQ ID NO: 7988 IF 7.5%0  I 
I t 202777r-SEQ ID NO: 7989 I' 6.66% 0/[I 2.4

0It 721 EQ ID NO: 7990 6.66%0/ 2.41
I 1 t 2109 I SEQ ID NO: 7991 j 6.66%0a I 2.4
FT~t 2230 11SEQ ID NO: 7992 II 6.66%0a I 2.4
I 13 It 1306 II -SEQ ID NO: 7993 5.55%0a I
14 1622 1[-SEQ ID NO: 7994 5.55% L/ 2_l
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1772 S IDNO: 7995 5.55% 2
16 1796 SEQ ID NO: 7996 5.55 2

[17 186 ISEQ ID NO: 7997 5 1.8
S18 414 \SEQIDNO: 7998 5% 1,8
19: 697 ISEQ ID NO: 7999 5 1.8

1175 SEQ ID NO: 8000 5 1.8

I HLA B7 9 mers
Maximum possible score using this molecule type 5400

Rank I Start position Sequence %01 of max. score Score
1 1447 SEQ ID NO: 8001 14.81% 800
2 642 SEQ ID NO: 8002 3.70 200
3 34 SEQ ID NO: 8003 2.22 %1 120
4 186 SEQ ID NO: 8004 1.48 

244 SEQ ID NO: 8005 1.48 
[6J 459 [SEQ ID NO: 8006 1.48% 

7 1475 SEQ ID NO: 8007 1.48 
8I 1867 1 SEQ ID NO: 8008 1.48% 
9 2032 SEQ ID NO: 8009 1.48% 

2047 ISEQ ID NO: 80101 1.48 
11 2335 SEQ ID NO: 8011 1.48 

12 622 7 SEQ ID NO: 8012 1.11% 60 1
13 1375 ]SEQ ID NO: 8013 1.11 
14 1617 ]SEQ ID NO: 8014 0.92 

1023 SEQ ID NO: 8015 0.83 
16 286 ISEQ ID NO: 8016 0.74% 
17 490 SEQ ID NO: 8017 0.74% 
18 810 SEQ ID NO: 8018 0.74 
19 1420 SEQ ID NO: 8019 I 0.74% 

1854 SEQ ID NO: 8020 0.74% 

HLA B7 10 mers
Maximum possible score using this molecule type 5400
Rank Start position Sequence %o/o of max. score IScore
1 1617 SEQ ID NO: 8021 3.70 200
2 752 SEQ ID NO: 8022 2.22% 120
3 1552 SEQ ID NO: 8023 2.22 120
4 154 SEQ ID NO: 8024 1.48% 

165 SEQ ID NO: 8025 1.48% 801
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I 6 ~383 SEQ ID NO: 8026 1.48% 18
I 7 II 1501 ISEQ ID NO: 8027 148% jj8
I 8 II 2093 IISEQ ID NO: 8028 II 1.48%008
I 9 II 2564 LISEQ ID NO809 14%0I 1 II 622 IISEQ ID NO:83[ 1.118 

1 1- It 1086 IISEQ ID NO: 8031 16
F127[ 1262 SI SEQIDNO0: 8032 11% 
1 137 15-56 IfSEQ ID NO: 8033 IF 1.11% 

I:=14 845 I SEQjDNO: 8034 7710/ II175TI
1 5286 ISEIDN:83 i 0.74%0a4

1 6I 490 Ft~ DN:83 0.740% [4
1 17 I 552 IISEQ ID NO: 8037 I 0.74%/ I4

18 II 858 IISEQ ID NO: 8038 It 
192107 It SQ ID NO: 8039 i! 0.74% 1 401
20 ~2582 EID NO: 8040 0.74%/ 4

Table 16: Epitopes for SEQ ID NO: 6042

HLA Al 9 mers
[M-aximum possible score usig this molecule type ~52

[RnkIIStart position I Sequence F0/0 -of max. score ISoe
1 II 846 ][SEQ ID NO: 8041 2.22%~I 2

798 SEQ ID NO: 8042 1F_ 1.6 0/ao I9
F 3 II 787 [S SQ ID NO: 8043 II 0.88 

r II 1178777][SEQ ID NO: 8044 II 0.88%~a 
I 637_ SEQ ID NO: 8045 L 0.80/%14

F 6 II 55-, I:FSEQ ID NO: 8046 II 0.44%0~ 112
F 7 II 1020 ]SEQ ID NO: 8047 11 0.44%0a II2

8 282 ]SEQ IDNO: 8048 ]f 0.32%/ 1r 9 1241 IF SE DO:804-97 0.24%0a I 1.
10 466 IfSEQ ID NO: 8050 II 0.22% It1.

I ii II 727 ISEQ ID NO: 8051 II 0.2 O/o I 12
12706 II SEQ ID NO: 8052 f 0. 17% It 

I 1 II 324 1 SEQ ID NO: 85It 0.16%/ t
I 1 II 752 I71 SEQ ID NO: 8054 It 0.16% It9I

F 54 II 7FSEQ ID NO: 8055 It 0.13% I 
[716 II 554 II 7FSEQ ID NO: 8056 It 0.13 a/a I 
,=17 590 IISEQ ID NO: 8057 ft 0.12%/ I 
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18 569 SEQ ID NO: 8058 0.08 
19E 613 SEQ ID NO: 8059 0.08% 

90 SEQ ID NO: 8060 0.08 

HLA Al 10 mers
Maximum possible score using this molecule type5625
Rank Start position Sequence of max. score Score

1 1241 SEQ ID NO: 8061 4.8 270
2 I 967 SEQ ID NO: 8062 0.8% 

1 3 1010 SEQ IDNO: 8063 0.48 27
S4 426 SEQ ID NO: 8064 0.44 

809 SEQ ID NO: 8065 0.44 
6 1178 SEQ ID NO: 8066 0.44 
7 f 787 SEQ ID NO: 8067 0.22 12.5
8 958 SEQ ID NO: 8068 0.22 12.5
9 f 727 SEQ ID NO: 8069 0.2 11.25

610 ISEQ ID NO: 8070 0.17 
11 I 12 SEQ ID NO: 8071 0.13 
12 1181 S ID NO: 8072 0.12 6.75
13 I 373 SEQ ID NO: 8073 0.11 6.25
14 602 SE ID NO: 8074 0.11 6.25

20 ISEQ ID NO: 8075 0.04 
16 32 SEQ ID NO: 8076 0.04 
17 I53 SEQ ID NO: 8077 0.04 
18 400 SE ID NO: 8078 0.04 
19 557 SEQ ID NO: 8079 0.04 

667 [SEQ ID NO: 8080 0.04 ]2.51

HLA A3 9 mers
Maximum possible score using this molecule type 12150
Rank Start psition Sequence of max. score Score

1 768 ISEQ ID NO: 8081 0.82 100
2 808 ISEQ ID NO: 8082 0.49% 
3 85 SEQ ID NO: 8083 0.24 
4 663 SEQ ID NO: 8084 0.24 

1245 SEQ ID NO: 8085 0.14 18
6 288 SEQ ID NO: 8086 0.09 12
7 50 ISEQ ID NO: 8087 0.08 
8 r 320 SEQ ID NO: 8088 0.07 9
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I 402 I SEQ IDNO' 8089 0.0Q7%/ 9
t 10 798 ]SEQ ID NO: 8090 II 0.07%~ 
[1 I 902--It SEQ ID NO: 8091 IE 0.06%o~ 

2 I 364 1t SEQ IDNO: 8092 II 0.05 0a 6.75
t 1 II 297 ItSEQ ID NO: 8093 0.04%a~ I

4992 It SEQ ID NO: 8094 0.04%0  I
38 It SEQ ID NO: 8095 II 0.03%0a I 

16 II 249 ISEQ ID NO: 8096 0.03 0/o I 
1 Ij 706 ItSQ 0DN: 8097 II 0.03% 0/ It 4.05

18 II 204 ItSQI4O 09 IF 0.03 7/a It 4.05
1 II 1178 ItSQ 0DN: 8099 1I 0.03% 0/ I1

207 343 It SEQ ID NO: 8100 F 0.02% I/F] 3.6

HLA A3 -l10mers- I
[Maximum possible score using this molecule type I 

[Ran IIstart Position IF sequence 01 /0 of max. scoe I cr
5 1 I 5 ILEj I DN NO: 810 1 II 1.48 0/a. I 180 1

2 II 180 ISEQ ID NO: 8102 II 0.55 0/o t6..
3II 768 ItSEJID NO: 8103 0.49%It61r ~II 1177 ItSEQ ID NO: 14I 0. 49 0/ t601

t 5 II- 380 It SEQ ID NO: 80 I0.240/It 3 1
6 II 00 I SEQ ID NO: 8106 II 0.18%0o I 22.51

t7 II 786 It- SEQ ID NO: 8107 0.6%o I 201
t 8 II 1217 It -SEQ ID NO: 8108 II0.16 O/oIt 2 1

9-I 207-- It S EQID N 0 .8-109 0.140/. t 1
II1 I 1183 ]tSEQ ID NO: 8110 II 0.14 0/a is8
t 1 I( 38 itSEQID NO: 8111 II 0.090/%t1
II 12 1 52 ItSEQ ID NO: 8112 II 0.090/%t1
1318 [IEQID NO: 8113 F 0.060/a I 8
F-14I 679 It JSEQ ID NO: 8114 ]j 0.06 0/a t
II 73 It SEQ ID NO: 8115 II 0.05%0a I 67

t 16 II 1204 ItSEQ ID NO: 8116 ]j 0.05 0a I .7
1711 50 It- E50DN0: 8117 0.040/%I 61
t 18774 It SEQ ID NO: 8118 II 0.040/%I
t1 I 845 ItSEQ ID NO: 8119 f- 0.040/a I
20214 III SEQ ID NO:.8120 11 0.040/%I 

Imaxmumpossblescor usng tis olecle ype1596.672772
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Rank Start osition Sequence of max. score Score
S 1118 SEQ ID NO: 8121 19.84 316.8

2 51 SEQ ID NO: 8122 18.78 300
3 161 SEQ ID NO: 8123 18.78 300
4 434 SEQ ID NO: 8124 18.78 300

365 SEQ ID NO: 8125 13.77 220
6 736 SEQ ID NO: 8126 12.52 200
7 620 SEQ ID NO: 8127 7.51 120
8 1068 SE ID NO: 8128 7.51 120-
9 817 SEQ ID NO: 8129 3.75 

336 SEQ ID NO: 8130 3.44% 
11 687 SEQ ID NO: 8131 3.13% 
12 254 SEQ ID NO: 8132 2.34 37.5
13 627 SEQ ID NO: 8133 1.87% 
14 950 I SEQ ID NO: 8134 1.75% 28

28 ISEQ ID NO: 8135 1.56 257
16 408 SE ID NO: 8136 1.56% 
17 I 159 }SEQ ID NO: 8137 1.31 21
18 1166 SEQ ID NO: 8138I 1.26 20.16
19 45 SEQ ID NO: 8139 1.25% I 

185 SEQ ID NO: 8140 1.25 

HLA A24 10 mers

Maximum possible score using this molecule type i 1596.672
Rankt Start position I Sequence of max. score I. Score

1 It 438 SEQ ID NO: 8141 27.55 440
2 I 489 SEQ ID NO: 8142 22.54 F 360 1

t3 254 SEQ ID NO: 8143 18.78 I 300
4 354 SEQ ID NO: 8144] 11.27% 180

406 SEQ ID NO: 8145 11.27 I 180
6 1047 SEQ ID NO: 8146 11.27 180
7 473 SEQ ID NO: 8147 7.51% 120
S81 350 SEQ ID NO: 8148 6.26% 100
S9 ]I 769 ISEQ ID NO: 8149 6.26 F 100 1

193 SEQ ID NO: 8150 5.63 
11 479 SEQ ID NO: 8151 3.13 
12 I0 SEQ ID NO: 8152I 2.70 43.2
13 I 813 SEQ ID NO: 8153 1.87 
14 739 SEQ ID NO: 8154 I 1.50 24 1
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782 SEQ ID NO: 8155 1.50% 24

16 1186 SEQ ID NO: 8156 1.31 21
17 910 SEQ ID NO: 8157 1.05 16.8
18 128 SEQ ID NO: 8158 0.93% 

S19 183 SEQ ID NO: 8159 0.93 
1069 SEQ ID NO: 8160 0.93% 

HLA A 0201 9 mers

Maximum possible score using this molecule type 3925227.1
Rank Start position Sequence of max. score Score

1 1041 ISEQ ID NO: 8161] 0.01 484.2379773
2 981 SEQ ID NO: 8162 0.00 382.536

31 957 SE ID NO: 8163 0.00 342.4606344
41 896 SE ID NO: 8164 0.00 232.6931712

1173 SEQ ID NO: 8165[ 0.00 I 201.447432
6 733 SEQ ID NO: 8166 0.00 171.86796
7 410 SE ID NO: 8167 0.00 135.45252

[8 786 SEQ ID NO: 8168 0.00 11 9.463012

9 150 1SE ID NO: 8169 0.00 11102.17550222
I 1 SEQ ID NO: 8170 11 0.00 I94.98737754

11 595 SEQ ID NO: 8171 0.00 93.239424

12 1095 1SEQ ID NO: 8172 0.00 89.41779
13 1166 SEQ ID NO: 8173 0.00 87.58584
14 845 SEQ ID NO: 8174 0.00 79.642008

734 SEQ ID NO: 8175 I 0.00 73.47672
16 802 SEQ ID NO: 8176 0.00 71.872056

17 1213 _SEQ ID NO: 81771 0.00 I 71.872056
18 105 SEQ ID NO: 81781 0.00 50.232

197 939 SEQ ID NO: 8179 0.00 49.13352
130 ISEQ ID NO: 8180 0.00 48.732354

HLA A 0201 10 mers
Maximum possible score using this molecule type 3925227.1
Rank] Start position I Sequence %1 of max. score Score
F1 372 SEQ ID NO: 8181 0.04 1896.33528
2 410 SEQ ID NO: 818211 0.02% 111134.00849744
3 162 SEQ ID NO: 8183 0.01% 685.3897512 1
4 1076 SEQ ID NO: 81841 0.01 640.90320525

1196 SEQ ID NO: 8185 0.01% 1623.742666372
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35 SEINO: 81861 0.01% 1[446.7384576
[71so 5[SEQ ID NO: 81871 0.00%0a 1 375.97824
f8II 733 [SEQID NO: 81881 0.00 0/a 117 271.8638964

9 130 [SEQ ID NO: 8189 1[ 0.00 11 235.6873848
11][ 415 ISEQ IDNO 819 0.00% 1 185.679 1
1111 297 j[SEQ ID NO:- 8191 1L 0.00 0/ 177.4967041
[111 JSEQ ID NO: 8192] 0.00%/ 1[ 152.42160582I

56 I-SEQ ID NO: 819311 0.00%/ IF- 110.0138761
4[ 732 1SEg ID N:871947][- 0.00%70-- 101.0988
[6s[:S6 IISQ ID NO: 8195 11 0.00% 0/c 98.26704I
11 1 261 ]SEQ ID NO: 8196If- 0.00% 11 91.60164 I
1 71040 IIEID NO: 8197111 0.00% 11 769537 I
11 I 928 S-EQ ID NO: 819811 0.00% 71.2908
11911 1188 ISEQ ID NO: 81991 0.00/0 I 69.81282 1
1 20109-4 SEQ ID NO: 82001 0.00%~o I 52,5987

HLA A 1101 9 mers___

IMaximum possible score using this molecule 31
Ran ~[Start position ]I Sequenc o/o of max. score Isoe

1402 71 SEQ ID NO: 8201 ]j25 119
S 902 II SEQ ID NO: 8202 ]j 22.5%ao 8.1

1 3288 Ll SQDO8231 111% 1
4 J 85 IISEQ ID NO: 8204 11 6. 60a% 2.41

I 5 I 706 0ISQDN: 8205 II 6.66%/ 2.41
6 11 456 II EQEgID NO: 8206 II 5.550/a
7 II 920 IF SEQ ID NO: 8207 II 5.55%/

F8J 535 If SEQ ID NO: 8208 IF 
F I 3647 IF SEQ ID NO: 8209 II 3.33%0a 1.2
F 1 II 438 [SEQ ID NO: 8210 I 3.33 12

F i I 798- IF7SEQ ID NO: 8211 IF 3.33 j1.

11 1 II 808 ISEQ ID NO: 8212 II 3.33 
1 13 II937 IFSQ 0DN: 8213 II3.33 0/o 1.2

11 14 I1 956 iFSEQ ID NO: 8214 II 3.33 1.2
F 15 Ii 557 IFSEQ ID NO: 821527%1

11 16121 1[ SEQ ID NO: 8216 IF 2.77%0]/1.
[7 7171 784 [SEQ ID NO: 8217 IF' 2.5% o ]I09

F 1 F 249 ISEQ ID NO: 8218 IF- 2.220/bI0.
19 iF 768 IFSEQ ID NO: 81 IF' 2.22 a/a I0.

11 20'iF 1178 IF SEQ ID NO: 8220 IF 2.22%0o I 0.83 1
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I HLA A 1101 -10 mers___
Imaximum possible score using this molectule type 

Rank start posito Se uec I0/b of max. scoreScr
F1 j 8SEQ ID NO: 8221 II 13.33%0/ 4.8
I2 T 807 [I SEQ ID NO: 8222 II 12.50/%I 
I3 JI 100 IISEQ ID NO: 8223 II 11.11 I
I4 380 IISEQ ID NO: 8224 II 11.11% o I/.

I 767 ISEQID NO: 8225 Ii 10% 0/b.6
6 I 53 1/ EQ ID NO: 8226 8.33 3 1

I7 J 967 II SEQ ID NO: 8227 11 6.66%00 i 2.4
8 j 919 IISEQ ID NO: 8228 11 5.55% 0/21

I9 I 305 IISEQID NO: 8229 5~ 0/6 

I 01 211 IISEQ ID NO: 8230 II 3.33% 11.2
I 1 511 1SEQ ID NO: 82 31 3.33%j1.1

12 1177 IISEQ ID NO: 8232-1 3.33 1.

13 J 429 IISEQ ID NO: 8233 II 2.77 %1
1-4 1 758 SEINO 8234 2.77% 1

I15-1- 797 IISEQ ID NO: 8235 2.5 0/b 09
6 1 255 II SEQ ID NO: 8236 11 2.22%/ 0.8 1

17 II 986 1/SEQ ID NO: 8237 F- 2.22%0.1
L_18 1 1157 II7 SEQ ID NO: 8238 ~j 2.22 0.1

I19 1 170 D SQ ID NO: 8239 11 1.66% 0/06b
I- 20 1- 893 40SQ DN: 8240 11 1.66 

HLA B7 0mers 

IMaximum possible score using this molecule 
Ran-k I Start posito I sequence _0/b of max. scorejfSoe

1I 200 It EQ ID NO: 8241 1.480%o 801
121 1243 ][SEQ ID NO: 8242 l. 1.48 0c II8

I -3F 123 Q[ SID NO: 8243[ 0.74%/ 4
F-47-F 248 7 SEQ ID NO: 8244 II 0.660% I 361

11 1036 SEQID NO: 8245 II 0.660/ 3

6 II 494 ][SEQ ID NO: 8246 1 0.370/ 2
I7 II 495 III SEQ ID NO: 8247 J]7 0.37 0/cb 12
I8 I 523 ][SEQ ID NO: 8248 IF- 0.37 0/b 12

I I 842 ][SEQ ID NO: 8249 1 0.37%/ II '201
II 932 ][SEQ ID NO: 8250 17 07% 201

I i 274 ][SEQ ID NO: 8251 0.33% L18 1
-424-



WO 2004/092360 WO 204/02360PCTIUS2004/01 1710

I 2588 ID NO: 8252 II 0.220/%1
[-13 I7656 [SEQ ID NO: 8253 II 0.22%bII1
14 657 J[SEQ ID NO: 8254 II 0.22%oo II1
1 II 767 ItSEQ ID NO: 8255 II 0.22%00 I 121
16 II 911 SEQ ID NO: 8256 II 0.22%~o II1
17939 SEQ ID NO: 8257 II 0.22%/ I1
181007 1[ SEQ ID NO: 8258 II 0.22%00 I 121
19 II 1170 ][:SEQ ID NO: 8259 II 0.22%00 II1

1206 ItSE 0DN: 8260 0.22%0~~ 2

HLAS7 -l10mers 
[Maximum possible score using this molecule typeIt501
[Rank ii Start posito I sequence I /of max. score I24coe0

1 505 It EQ ID NO:21~ 4.44%0~ I 4

2 i 3312 T77 SE I0N: 8262 3.710 /0 
1 3 It 141 ItSQIN: 82 63 It 1.110/ %[6

1 4 It 1006 ItS Q O: 8264 3 1
1 5 It 4-11 Ir SEQ ID NO: 8265 0.44%0a It2

6 It 122 ItSEg_ INO: 8266 IL 0.37%/ t2
7 It 134 I!SEQ ID NO: 8267 I[ 0.37%/ I 201
II 8 It184 It EQ ID NO: 8268 It0.37 t 2

19 It- 367 I1I SEQ ID NO: 8269 It 0.37% 2 It 
1 0cI 402 EIDN:87It 0.37 aa It2

ii It 494 IISEQ ID NO: 8271 It 0.37%~o I 
1 1 It 560 -]FSEQ ID NO: 822 I 0.37%oa It2

113 626 SEQ ID NO: 8273 11 0.37% 2/ I 0
1 1 It 931 1SEQ ID NO: 874 I 0.370a/. 
1 15 1 956 1SEQ ID NO: 8275 I1 0.370/a- V-20 
16 F 1117 1SEQ ID NO: 87It 0.370o/. 120

17I 1169 I SEQ ID NO: 8277 I 0.37%0~ 
11 1196 II -SEQ ID NO: 8278 It 0.37 0/a. 2

S1I[ 247 7[ SEQ ID NO: 8279 li 0.22 -12
I 0I~ 273 J[ SEQ ID NO: 8280 0.220/ 12

Table 17: Epitopes for SEQ ID NO: 6043

IMaximum possible score using this Aoele ty9es

-425-



WO 2004/092360 PCT/US2004/011710

I Ra nk ]FStart position Sequence O/b of max. score ~Soe
I I 168 IISQ ID NO: 8281 It 0.2 0/%I112

2 II 212 IL§F-Sg ID NO: 8282 It 0.08 I 
I3 II 223 It 7FSEQ ID NO: 82837 0.08% 
I4 II 104 It SEQ ID NO: 8284 It 0.04% 

170 ItSEQ ID NO: 8285 It 0.04%0]/2.
I 6: 99 ItSEQ ID NO: 8286 It 0.04%]I25
I 7 188 1SEQ ID NO: 8287It 0.02% I131
E:8= 180 I t SQ ID NO: 8288 It 0.02% I121
I 9 1 219 Q SEID NO: 8289 IF- 0.02% 
I 10 1 18 1[--SEQ ID NO: 820F 0.01 %0I 0~
I ll 1 226 I1 SEQ ID NO: 8291 11 0.010/ i
I 12 I 98 It7 SEQ ID NO: 8292 IF- 0.01 II0.625 1
113 J 151 It SEQ ID NO: 8293 It w 0.1~OlI .2

1 14 J 10 It S EQ ID NO: 8294 0.010% I 
I 51 13 ISEID NO: 8295 It7 0.00% 

1 16 1 32 ItSEQ ID NO: 8296 It 0.000/%I 
17 1 70 It SEQ ID NO: 8297 It 0.000c I0.
1 1 78 It71 SgID NO: 8298 It 0.00 1 

I19 1 82 ItSEQ ID NO: 8299 II 0.000/c 0.51
145 II 7 SEQ ID NO: 8300 It 0.00% II 

II HLA A-10 mers___
iMax-imum pos-sible score using this molecul-e type 52

-I Ran Str poto It sequence It a/a of max. score IISor
[1J 99 It1 SEQ ID NO: 8301 II 0.80/c 451

2: 2 223_ It rSEQ ID NO: 8302 II 0.8 0 h I 451
1 188 It SEQ ID NO: 8303 II 0.480/%I 271

[4 1 206 It SEQ ID NO: 8304 II 0.2%0~ 12
5 II 253 It SEQ ID NO: 8305 It 0.170/%I1

6 1 174 It SEQ ID NO: 8306 I .3cc 

1 97 ItSEQ ID NO: 8307 II 0.04%0]/25[08w 257 I SEQ ID NO: 8308 It 0.04% 
[9 It 179 It S EQ ID NO: 8309 II 0.04 ]I2.251

0I 162 IFTSEQ ID NO: 8310 II 0.020/ 

11 I 196 It SEQ ID NO: 8311 It 0.02 %]I12
[12 1 219 It SEQ ID NO: 8312 It 0.02%~ 1.251
[13 I 18 It SEQ ID NO: 8313 It 0.01 0/c0 I
[14 I 246 77] SEQ ID NO: 8314 0.010/c1.
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38 SEQ ID NO: 8315 0.01% 0.75
16 33 SEQ ID NO: 8316 0.00% 
17 69 7 SEQ ID NO: 8317 0.00 
18 81 SEQ ID NO: 8318 0.00% 
19 104 ISEQ ID NO: 8319 0.00 

116 SEQ ID NO: 8320 0.00% 

HLA A3 9 mers

Maximum possible score using this molecule type12150
I Rank I Start position Sequence of max. score Score
E1 104 SEQ ID NO: 8321 0.98 120

2 123 SEQIDNO: 8322 0.74 
3 82 SEQID NO: 8323 0.44 54
4 106 SEQ ID NO: 8324 0.11 13.5

99 SEQ ID NO: 8325 0.08 10.8
6 1 127 7SEQ ID NO: 8326 0.08 
7 j 71 ISE ID NO: 8327 0.07 9
8 11 SEQ ID NO: 8328 0.06 8.1
9 113 SEQ ID NO: 8329 0.04 6

I 84 ]SEQ ID NO: 8330 0.03 
11 109 SEQ ID NO: 8331 0.03 4.05

12 58 SEQ ID NO: 8332 0.02 3
13I 138 SEQ ID NO: 8333 0.02 3
14 44 SEQ ID NO: 8334 0.02 2.7

81 SEQ ID NO: 8335 0.02 2.7
16 226 ISEQ ID NO: 8336 0.02 2.7
17 184 SE ID NO: 8337 0.01 1.8
18 102 SEQ ID NO: 8338 0.01 1.215
19 39 SEQ ID NO: 8339 0.00 1.2

234 1SEQ ID NO: 8340 0.00 0.9

HLA A3 10 mers
Maximum possible score using this molecule type 12150
SRank Start position Sequence of max. score IScore I
S1 99 SEQ ID NO: 8341 I 1.33 162

2 81 SEQ ID NO: 8342 0.44 54
3 104 [SEQ ID NO: 8343 0.24 
4 51 SEQ ID NO: 8344 0.16 

122 SEQ ID NO: 8345 0.11 13.5
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I 6 71 SEQ ID NO: 8346 11 0.07 %9

F 69 IISEQ ID NO: 8347 I 0.04%/ L6 

I 1 223 Il SQ ID NO: 8348 0.04%'/a I 5.4
I I 8 TSEQ ID NO: 8349 II 0.03 9/ 

L 063 SEQ ID NO: 8350 11 0.02 71 3.6
1 i 138 I1 SEQ ID NO: 83.51 
I 12201 1 It SEQ ID NO: 8352 1 0.01 0/ 1t 1.8 1

13 44 40SQ DN: 8353 II 0.01% 
14 1 83 It SE_ I D NO0: 8354 II 0.01 0/0 t13

II 116 It SEQ ID NO: 8355 I .00~ I 
1 IL 46 IIS Q O: 8356 IL .oo0%I 0.9

17 It 183 li E DNO: 8357 It /o~o It 081
II18It.Z 5I SEQ ID NO: 8358 It 0.00 0a I 0.61

1 It 93 [SQ ID NO: 8359 It_ 0.00 0% 0.61

It 1137 7 SEQ ID NO: 83607i 0.000/% 0.61

HLA A24 9 mers-
[Maximum possible score using this molecule type 1596.6721

I akStart -osition II Sequence 1[ 0/o of max. score score
198 II SEQ ID NO: 8361 11 13.15 0/a j 210 1

105 ILSEQ ID NO: 8362 I1 9.39 0/a% 

3 210 ItSEQ ID NO: 83637 4.69 0/a o7

14 1 75 ItSEQ D NO: 8364 II 3.15 I 50.41
151 85 It SEQID No: 83657r1 2.63% 0 r] 42 1

6 11 205 ItSE ID NO: 836 7I 2.10 0/a I 33.61
I7 II 77 ItSEQ ID NO: 85367 1.870/ I 30 1

S 1 158 ItSEQ ID NO: 8368 II 0.65 0/a I 10.51
[9 lj 103 ItSEQID NO:_ 836911 0.560/a 9 I

22 i SEQ ID NO: 8370I 0.55% 0/ 887041

1--l 32 7F EQ ID NO: 8371 IL 0.54%0a I 8.641
12II 74 SI SEID NO: 8372 It 0.500/ I 8 1

13 11 131 SEQ ID NO: 83 73 .50/a I 8 1
14 II 5 [SEQ ID NO: 83-74 It 0.46% 0/ I 

99 SEQ ID NO: 8375 It 0.45 /a It7 7.2
t1II 44 }[SEQ ID NO: 837 It 0.37 0a I 6
7 i 62 IISEQ ID NO: 8377 It 0.37/o I 6
FTII87 tSQI O 38I 0.37 0/ 1I 6
[iII 89 SI SQID NO: 8379[I 0.370/a It7] 6

1[20 154 FSEQ ID NO: 8380 It 0.370/ I 6
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I ~HLA A24 10 mers____

IMaximum possible score using this molecule type 1596.6721
Rak1 Start position ISqec 0/b of max. score ISco re I

71F 105 ][SEQ ID NO: 8381 IF-22.54 It360 I-
I 211 204 ][SEQ ID NO: 8382 1[ 17.53 IF280 I
3 1 209 10SQIN: 83837I 3.13% 0/b 
I 1 75 1[E 8384] 1.87% 
I I 85 [EQ ID NO: 83851 1.87% _IF 30 1
I 6 77 Ir SEQ ID NO: 8386 -1.12% I 18 1
I 1 74 SEQ ID NO: 8387 1[ 0.84%~o I 13.44 I
8 1 210 ItSEQID NO: 8388 0.56%/ I

91 .226 _It SE ID NO: 8389 It 0.55 IF 887041
198 IEID NO: 83901[r 0.54%- IF7 8.641

[i 198 ItSEQ ID NO: 8391 It 0.46% IF 7.5 1
F 1 I 67 ItSEQ ID NO: 8392[I 0.45% IF7.2 1
F~ 1 I 12 iSEID NO: 8393 IFI 0.43% IF 7

14 43 SEQ ID NO: 8394 It7 0.37%-7 IF 6

63 IISEI DNO: 8395 It 0.37% IF 6
1]I 72 ItSEQ ID NO: 839 It 0.37 I7 6
1 1 89 ISEQ ID NO: 83 7 0.37 I1 6

[18] 101 I SEQ ID NO: 8398 It 0.37 6,
7T71 107 II EQ ID NO: 89It 030/ It 6
[2II ill II SEQ ID NO: 8400 I 0. 3 7% ItL= 6

HLA A0201 9mers_____

[Maximum possible score using this molecule'type r 3925227.1I
[Rn IStart positioiI Sequence [1 O/o of max. score L Score--
1 I 13 II7SEQ ID NO: 8401 It 0.21 8 85 32.082944

[21 106 II [SEQ ID NO: 8402 IF 0.10 0/ It13977.849-77921
3- 1 44 j[ SEQ ID NO: 84031 0.3 It 1243.078056

[41 71 II FSEQ I D NO: 84041It 0.00 /b 348.872832
234 II SEQ ID NO: 84051It 0.00 II 243.432

6 51 j~SQID NO: 8406F It 6.0 6 11 130260961
17 II 109 FISEQ ID NO: 84071It 0.00 9/ 11 91.182672 1
81 81 II SEQ ID NO: 8408 I[ 0.00 11 73.3425841
19 II 88 71 SEQ ID NO: 8409]I 0.00 11-7[ 70.3866241
110 II 1 IISE ID NO: 8410 I 0.0 11 632287-3-2

Iii71 38 7SE-Q ID NO: 8411 IF 0.00 LI 47.876409 1
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12 76 SE ID NO: 8412 0.00 36.8637882
13 46 SEQ ID NO: 8413 0.00 30.889782
14 211 SEQ ID NO: 8414 0.00 21.616753941

201 ]SEQ ID NO: 8415 0.00 19.657134
16 102 SEQ ID NO: 84161 0.00 18.4318941
17 199 SEQ ID NO: 84171 0.00 16.496865
18 74 SE ID NO: 8418 0.00 I15.783256167
19 62 SEQ ID NO: 8419I 0.00 IF13.9968225

99 [SEQ ID NO: 8420 0.00 10.31851392

HLA A 0201 10 mers

Maximum possible score using this molecule type 3925227.1
Rank1 Start position Sequence %11 of max. score Score
1 ]I 78 ISEQ ID NO: 8421 0.01 556.494246
2 138 ISEQ ID NO: 8422 0.01 395.245972224
3 84 SEQ ID NO: 8423 0.00 201.554244
4 71 SE ID NO: 8424 0.00 143.65707264

44 ISEQ ID NO: 84251 0.00 132.54624
6 76 SEQ ID NO: 84261 0.00 84.78671286
7 8 SEQIDNO:8427 0.00% 69.552
8 211 SEQID NO: 8428 0.00% 52.7237901
9 113 [SEQ ID NO: 8429 0.00 47.99088

61 SEQ ID NO: 8430 0.00 37.4509575
11 93 SEQ ID NO: 8431 0.00 31.24872
12 137 ISE ID NO: 8432 0.00% 31.1384304

-13 37 SEQ ID NO: 8433 0.00 27.531
14 55 SEQ ID NO: 84341 0.00 22.9153278

98 [SEQID NO: 8435 0.00% 22.1063618985
16 108 [SEQ ID NO: 8436F 0.00 21.55457052
17 63 SEQID NO: 8437 0.00 21.3624
18 45 ISEQ ID NO: 84381 0.00 19.657134
19 200 SEQ ID NO: 8439 0.00 19.657134

104 SEQ ID NO: 8440 0.00 I 13.87622016

HLA A 1101 9 mers
Maximum possible score using this molecule type I 36
Rank Start position Sequence %o of max. score Score

58 SEQ ID NO: 8441 5.55 2

2l 125 SEQ ID NO: 8442 I 1.66 0.6
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3 226 I[ SEQID NO:843I 0.6
4[ SEQ ID NO: 8444 It 1,66%06

A1101 

[Maximum possible score using this molecule type 3
[RnkJStairt position Sqence I 0/0 of max. score I cr

1II 122 ItSEQ ID NO: 8445 It 2.220/ 0.81
[2228 ItSEQ ID NO: 8446 It 2.220/ -I .8

HLA B7 9mers-_ 

[Mximum possible score using this molecule type 540
[RnLjSta rt -position sequence If /b of max. scoreIIcoe

1 1 97 ][E!gID NO: 8447 IF' 0.660/%3
2 II 86 SQ ID NO: 8448 IF' 0.370/%I2

3 37 Tf SEQ NO: 8449. IFI 030a I 18

4 It 62 IfSEQ ID NO: 8450 I 0.33%/ L1
t t 32 SEgID NO: 8451 If 0.22%00 I 12

6 102 ItSEQ ID NO: 8452 if 0.22 [1
t 227 ]tSEQ ID NO: 8453 IF 0.22%~o I 12.

8 I[ 53 J[SlEQ ID NO: 8454 [1 0.11 0a I
f 1 40EIDN: 8455 IF' 0.070/%I 4
II o I 4 fSQI O 8456 0 0.07%0~ 

F 1I 56 IfSQ ID NO: 8457 J7 0.07% 7~ F=74
1It 64 11-SEQ ID NO: 8458 IF" 0.070/a4--]

13 It 74 1 SEQ ID NO: 859 0.07% 4/ 1f
1 4 t 76 11 SEQ ID NO: 8460_]f 0.07%/ I 4
11It 87 FIfSE IDNO:- 8461 If- 0.070/,.

1it 106---7 SEQ ID NO: 8462 1 0.070/ I 4
IL 131 1 SEQ ID NO: 84630.7/a I

118 ii 23 IfSE ID NO: 84-64 T1 0.03%0a
1 -19 1 157 1 SEQ ID NO: 8465 0.03%/ I

166 If SEQ ID NO: 8466 0.03 0~ I
I -HLA B7 

jMaximum possible score using this molecule 
I- Ra-nk I Start positio I sequence II 0 o of max. score Itscore-

F11I 119 IISEQ ID NO: 8467 1 3.33%0a I 180 1
2 264 SEQ ID NO: 8468 II 1.48 0/a Ito8

I 3T71 98 SlEQID NO: 8469 0.66%It3
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t 2 -SEQ ID NO: 8470 It 0.37 0

86 17S SEQ I D NO: 8471 It 0.37%002
6E 6 31 1SEQ ID NO: 847271It 0.22%/ I1

[7]r 63 1SEQ ID NO: 8473 ]t 0.22 /I 1
96 1SEQ ID NO: 84747I 12

LF I 10 F- io SEQ ID NO: 8475 It 12
0i~ 226 IF SEQ ID NO: 8476 It 0.22%0a 12

i11 157 It SEQ ID NO: 84-771I 0.14%/ I
[12 F- 176 ItSE I D NOQ: 8478 0.14%Oo
F 13 IT238 SEQ ID NO: 8479 IF0.140/ 8

7141 36 ItSQ ID NO: 8480 I[ 011 I
[T~7j 53 ItSEQ ID NO: 8481 IF 0.11 II6I

F1 6 1 61 ItSQID NO: 8482 IF 0.11%~a I 6I
F 1=I 3 I SEQ ID NO: 8483 IF 0.07% [4

F 1 11 40 FSEID NO: 8484 II 0.07%0I/4
I[ SEQ ID NO: 8485 0. 0 70a41

74 IF EQID NO: 8486 IF7 0.07%

Table 18: Epitopes for SEQ ID NO: 6044

HLAA 9mers 
IMaximum possible score using this molecule type 

Iak I Start paionI Sequence I E 0-/0of max. score I cr
1ETA 69 IISE ID NO: 8487 0.04%a~ I 

2 89 II SEQ IDNO: 848 0.020/%.
I I 141 _11 SEQ ID NO: 8489 IF- 0.01~/ 1
14 113 :][SEQ ID NO: 8490 11 0.00%/ 

HLA A1- L0mers 
[Maximum possible score using this molecule type ~52
[RankI Start position ]f Sequence It /o of max. score Scr

IiI21iI1 SEQ ID NO: 8491 It 0.02%~o I 
2 It 88 SEQ ID NO: 8492 It 0.02%h1.

13 It 8 11 SEQ ID NO: 8493 It 0.02%/ I12
14 It 31 II SEQ ID NO: 844I 0.00% I [s~t 112 1[ SEQ ID NO: 8495 It 0.0 

HLA A3 9 mers
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~axi possible score using this molecule typeI 12150
Ran II Sar psition I sequence IL /I of max. score ItScorel

1 f 60 JF SEQ D NO: 8496 Ii 1.23% 0/ -[1506
1 2If 7T 1 SEQ IDNO847I 1.11 13-5
1 f 141 1SEQ ID NO: 8498 It 0.49%/ I 
1 f 95 SEQ ID NO: 8499 It 0.32%It4

128--- SEQI O 8500 I7 0.08% F/ It 
6 f 113 1SEQ-ID NO: 8501 It 0.040/% It

F 7 IF 69 1SEQ ID NO: 80It 0. 0 10% IF 2
8 If 22 1 SEQ ID NO: 8503 It001/0I 

17 9 42 1SEQ ID NO: 8504 It- 0.0 0  It1.
1 i0 If78 J E I O: 8505 It 0.00 O/a t 1.
1 i If 32 1SEQ ID NO: 8506 It 0.000/ I

1 12 If 54 1 EQ ID NO: 8507 It 0.00%00 I 
13 If 74 1 SEQ ID NO: 8508 It 0.00%00 F 

14It 28 1 EQ ID NO: 8509 It 0.00%0o I 0.6
157=f 36 1SEQ ID NO: 50I 0.00%~o I 0.6

16 If 48 fSEQ ID NO: 8511 It 0.00%0~ I 
1 7 If 118 SEQ ID NO: 8512 It 0.00% F/ t0.6I

18 4 SEQ ID NO: 8513 It 0.00%0a I 

HLA A3 
IMaximLum possible score using this molecule type I 

I RnkIfstart position 1 Sequence It /0 of max. score I cr
1 If94 1SEQ ID NO: 81 It0.49 0/o It- 60 I-

1 2If 48 IISEQ IDNO: 81It 016%/ t2
1 3If 128 ISEIDN: 8516 It 0. 16 0/a I 2
1 f 60 1 S7EQ ID NO: 8517 It 0.12% 0/ 1I 1 5 If 127 1[ SQ ID NO: 8518 I 01 0]It1

1 6If 25 1SEQ ID NO: 8519 It- 0.040a I6
1 f 95 1 SEQ ID NO: 8520 It- 0.040/%I
1 f 141 -1 SEQ ID NO: 83521 It 0.04% It61
1 f41 111 SEQ ID NO: 8522 It 0.04% L/I 5.4
1 i If77 1[ SEQ ID NO: 852 I 0.04% 0aIt

1 1 If 116 IISEQ ID NO: 8524 It 0.04 0/al 5.4I
1 12 If 91 SEQ ID NO: 8525 It 0.03%0a I
1 1 If 4 EQ ID NO: 8526 It 0.010/%I
1 14 If 112 IISEQ ID NO: 8527 It0.01%0aI 
1 15113 F SEQ ID NO: 8528 0.01%oo~ [13

-433-



WO 2004/092360 PCT/US2004/011710

F16 12 SEQ ID NO: 8529 0.00 1.2
F17 31 SEQ ID NO: 8530 0.00 1

18 32 SEQ ID NO: 8531 0.00 1
19 15 SEQ ID NO: 8532 0.00 0.9

f 27 SEQ ID NO: 8533I 0.00 0.9

HLA A24 9 mers

Maximum possible score using this molecule type 1596.672
Rank Start psition Sequence of max. score Score

1 I 61 SEQ ID NO: 8534 14.46% 231
2 16 SEQID NO:8535I 3.13 
3 120 SEQID NO: 85361 1.87% 
4 41 SE ID NO: 8537 0.60 9.6

71 SEQ ID NO: 8538 0.45 7.2
6 21 SEQ ID NO: 8539 0.37 6
7 53 SEQ ID NO: 8540 0.37% 6
8 65 SE ID NO: 8541 0.37% 6
9 121 ISEQ ID NO: 8542 0.37 6

74 SEQ ID NO: 8543 0.36 5.76
11 20 tSEQ ID NO: 8544 I 0.35 5.6

12 79 SEQ ID NO: 8545 0.35 5.6
13 105 fSEQ ID NO: 8546 0.33 5.28
14 48 SE ID NO: 8547 I 0.30 I 4.8

88 ISEQID NO: 8548 0.30% 4.8
16 106 SE ID NO: 8549 0.30 4.8
17 37 ISEQ ID NO: 8550 0.27 4.4
18 70 IFSEQ ID NO: 8551 I 0,27 I 4.4
19 18 SEQ ID NO: 8552 0.25 7 4

57 SEQ ID NO: 8553 0.22% 3.6

F HLA A24 10 mers

Maximum possible score using this molecule type 1596.672
Rank Start position If Sequence o of max. score iScore

1 120 SEQ ID NO: 8554 1.87 
2 73 SEQ ID NO: 8555 0.54% 8.64
3 19 SEQ ID NO: 8556 0.52 %I 8.4
411 78 ISEQ ID NO: 8557 0.52 8.4

104 SEQ ID NO: 8558 0.49 7.92
6 61 SEQID NO: 8559 0.46 
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7 47 SEQ ID NO: 8560 0.45 7.2
8 36 SEQ ID NO: 8561 0.41 6.6
9 52 SEQ ID NO: 8562 0.37 6

64 SEQ ID NO: 8563 0.30 4.8
11 70 SEQ ID NO: 8564 0.30 4.8

12 105 SEQ ID NO: 8565 0.30 4.8
13 123 SEQ ID NO: 8566 0.30 4.8

14 69 SEQ ID NO: 8567 0.27 4.4

20 SEQ ID NO: 8568 0.25% 4
16 I 66 SEQ ID NO: 8569 0.25 4

17 83 SEQ ID NO: 8570 0.25 4

18 86 SEQ ID NO: 8571 0.25 4

0191 SEQ ID NO: 8572 0.25 4
t 119 SEQ ID NO: 8573 0.25 4

HLA A 0201 9 mers

Maximum possible score using this molecule type 3925227.1

Rank Start position Sequence of max. score Score

1 62 SEQ ID NO: 8574 0.00 136.1646
S2 85 SEQ ID NO: 8575 0.00 I 69.6969

3 I 47 SEQ ID NO: 8576 0.00 60.153786

1-4 21 SEQ ID NO: 8577 0.00 52.5182736

74 SEQ ID NO: 8578 0.00 49.13352
6 23 SEQ ID NO: 8579 0.00 21.99582
7 78 SEQ ID NO: 8580 0.00 19.42488

8 114 ISEQ ID NO: 8581 0.00 14.6900655
-9 I 4 SEQ ID NO: 8582 0.00 11.304684

79 SEQ ID NO: 8583 0.00 8.4687081
11 122 _SEQ ID NO: 8584 0.00 %0 6.0996
12 100 SEQ ID NO: 8585 0.00 5.382
13 105 SEQ ID NO: 8586 0.00 4.981593

14 25 SEQ ID NO: 8587 0.00 4.968
115 ISEQ ID NO: 8588 0.00 4.966482

16 24 SEQ ID NO: 8589 0.00 4.4815221585
17 111 ISEQ ID NO: 8590 0.00 4.128201
18 94 SEQ ID NO: 8591 0.00 3.67632

19 34 SEQ ID NO: 8592 0.00 I 3.47553
12 SEQ ID NO: 8593 0.00 3.30993
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HLA A 0201 10 mers

Maximum possible score using this molecule type 3925227.1
Rank Start position Sequence of max. score Score

1 77 SEQ ID NO: 8594 0.00 I147.97188
2 62 SEQ ID NO: 8595 0.00 I 143.59176
3 113 SEQ ID NO: 8596I 0.00 I 106.83684 1
4 78 SEQ ID NO: 8597 I 0.00 83.526984

86 SEQ ID NO: 8598 0.00 83.526984
6 74 SEQ ID NO: 8599 0.00 I 69.552
7 121 SEQ ID NO: 8600] 0.00 61.06776
8 12 ISEQ ID NO: 8601 0.00 50.232
9 44 ISEQ ID NO: 8602 0.00 26.082

4 SEQ ID NO: 8603 0.00 18.3816
1 i0 SEQ ID NO: 8604 0.00 117.38386

12 72 [SEQ ID NO: 86051 0.00 17.1396
13 22 SEQ ID NO: 8606] 0.00 16.21914
14 122 SEQ ID NO: 8607 0.00% 14.02908

64 FSEQ ID NO: 8608 0.00 11.161854
16 46 SEQ ID NO: 8609 0.00 10.34586
17 54 ]SEQ ID NO: 8610] 0.00 8.846145
18 47 ISEQ ID NO: 8611 0.00 7.575080337
19 131 SEQ ID NO: 8612I 0.00 7.452

114- SEQ ID NO: 8613 I 0.00 6.735366

HLA A 1101 9 mers

Maximum possible score using this molecule type 36
Rank Start position Sequence of max. score I Score

1 69 1 SEQ ID NO: 8614 It 5.55 ii 2
2 22 SEQ ID NO: 8615 5% 1.8
3 I 77 ii SEQ ID NO: 8616 I5 1 1.8
4 141 1 SEQ ID NO: 8617 I 3.33 1[ 1.2

60 SEQ ID NO: 8618 2.22 0.8
6 95 F SEQ ID NO: 8619 2.22 1 0.8
7 36 SEQ ID NO: 8620 1.66 0.6

HLA A 1101 10 mers

Maximum possible score using this molecule type 36
Rank Start position IF sequence /o of max. score Score
11 41 fSEQ ID NO: 8621 3.33 1.2
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2 68 SEQ ID NO: 8622 3.33 1.2

3 94 SEQ ID NO: 8623 3.33 1.2

4 31 SEQ ID NO: 8624 2.77 1

127 SEQ ID NO: 8625 2.5 0.9

H LA B7 9 mers

Maximum possible score using this molecule type 5400

Rank Start position Sequence of max. score Score
1 II 48 SEQID NO: 8626 0.74 
2 20 SEQ ID NO: 8627 0.37 1 
3 I! 121 SEQ ID NO: 8628 I 0.33 %0 18

S4 18 SEQ ID NO: 8629 0.07 4

21 SEQ ID NO: 8630 f 0.07 I 41

6 F 37 SEQ ID NO: 8631 0.07 4
7 41 SEQ ID NO: 8632 0.07 4

8 I 53 SEQ ID NO: 8633 I 0.07 4

9 :65 SEQ ID NO: 8634 I 0.07 4

70 SEQ ID NO: 8635 I 0.07 t 4

11 71 SEQ ID NO: 8636 0.07 4

12 74 SEQ ID NO: 8637 0.07 4

13 I 79 SEQ ID NO: 8638 0.07 4

14 88 SEQ ID NO: 8639 0.07 4

105 SEQ ID NO: 8640 0.07 4
16 1~ 06 I SEQ ID NO: 8641 0.07 4

17 124 SEQ ID NO: 8642 0.07 4
18 1 SEQ ID NO: 8643 0.03 2

19 I 120 SEQ ID NO: 8644 0.03 1.8
11 SEQ ID NO: 8645 0.02 1.2

HLA B7 10 mers

Maximum possible score using this molecule type 5400

Rank Start position Sequence of max. score Score

1 I 66 SEQ ID NO: 8646 1.48 

2 123 SEQ ID NO: 8647 0.74 

3 20 SEQ ID NO: 8648 0.37 
4 I 64 SEQ ID NO: 8649 0.22 12

119 SEQ ID NO: 8650 0.11% 6

6 54 SEQ ID NO: 8651 0.09 
7 19 SEQ ID NO: 8652 0.07 4
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8 36 SEQID NO: 8653 0.07 4
9 47 SEQ ID NO: 8654 0.07 4

52 SE ID NO: 8655 0.07 4
1 69 SEQ ID NO: 8656 0.07 4

12 70 SEQ ID NO: 8657 0.07 4
13 73 SEQ ID NO: 8658 0.07 4
14 78 SEQ ID NO: 8659 0.07% 4

83 SEQ ID NO: 8660 0.07 4
16 86 SEQ ID NO: 8661 0.07 4

717 101 SEQ ID NO: 8662 0.07 4
118 104 SEQ ID NO: 8663 0.07 4

19 105 SEQ ID NO: 8664 0.07 4
15 SEQ ID NO: 8665 0.03 2

Table 19: Epitopes for SEQ ID NO: 6045

HLA Ai 9 mers
Maximum possible score using this molecule type 5625
Rank Start position Sequence %0/0 of max. score Score

1 4 SEQ ID NO: 8666 0.02 1.35
2I 66 SEQ ID NO: 8667 0.02 1.35
3I 33 SEQ ID NO: 8668 0.02 1.25
4 44 SEQ ID NO: 8669I 0.01 1

I50 SEQ ID NO: 8670 0.01 %1
6 I14 ISEQ ID NO: 8671 0.01 0.75
7 48 SEQ ID NO: 8672 0.01 0.75
8 11 SEQ ID NO: 8673 0.00 

HLA AIL 10 mers
Maximum possible score using this molecule type5625

Rank Start osition Sequence %o of max. score Score
1 4 ISEQ ID NO: 8674 0.12 6.75

2 I 66 ISEQ ID NO: 8675 0.12 6.75
3 10 SEQ ID NO: 8676 0.00 
4 28 ISEQ ID NO: 8677 0.00 

32 SEQ ID NO: 8678 0.00 
6 47 I SEQ ID NO: 8679 0.00 
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I HLA A3 9,mers
[Maximum possible score using this molecule type 12150]
Rank jjStart position Sequence It /0 of max. score ]j Score]

1 17 t. EID NO: 8680 It 0.24% 
2 44 7F SEQ ID NO: 8681 I 0.07% 1/ 9

3 II 19 ItSEQ ID NO: 8682 It 0.06%8.
F 4II 50 It SEQD NO0: 8683 IF 0.04% I 5.4I

L 29 It-- SEQ ID NO: 8684 II 0.03 0/0 41
F 6II 52 ItSEQI O 65 0.02 132
F I 54 IISEQ ID NO: 8686 I 0.02% i 3I
F 811 i 1 SEQ ID NO: 8687 II 0.01~/ 

S 37 TISQIDN 68 8I 0.01 
I w IIE 25 SL~ ID NO 689 0.01 o/I .3.

11 Ei o1 1 SEQ ID NO: 8690 I1 00 a/ I 
I12 J 16 777 SEQ ID NO: 8691 1F- 0.000/ 1 09 17

13 35 =1 SEQ ID NO: 8692 0.0 o/-o16]

HLA A3 

IMaximum possible-score using this molecule type 
Rank1[ tar postio _fSeqec 01o of max. score JScoreI

1 49 I[ SEQ ID NO: 8693 IF 0.44 54 1
2 j[ 17 ISEQ ID NO: 8694 F- 0.220/%2

[1-3 I[ 10 D1 SE NO: 8695 tr-O- 0140/a t1
1 4 6 ItSEQ ID NO: 8696 It 0.070/% I 9I

1 5 32,- 71SID NO:89It 04/a [6
1 6 19 IISEQ ID NO: 8698 It 0.01%0~ I 
1 7It 29 ItSEQ ID NO: 8699 It 0.00 0/ t1.2

18 I 23 1SEQ ID NO: 8700 It 0.00%0a I 0.9
19 26 r SEQ ID NO: 8701 0.00% I5T1.

IHLA A24 9 mers____
IMaximum possible score using this molecule type 1-]-596.672]

[Rn tStart positiion It Sequence771 t /o of max. score IIscore I
S 18_ ItSQ ID NO: 8702 It 1.87 II 30 I
t 24--t7 QQID NO: 8703 It 0.65% II10.5

t3 It 9 ItSEQ ID NO: 8704 It 0.52% II8.4I
[4t 12 It SEQ ID NO: 8705 I 0.52%0/a I1 8.4 1
[st 28 IISQ ID NO: 8706 t 0.520/% II 8.4
[6]t 42 j SEQ ID NO: 8707 It 0. 5 2% -7r8.4 1
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7 57 SEQ ID NO: 8708 0.52 8.4
87 66 SEQ ID NO: 8709 0.52 8.4
9 55 SEQ ID NO: 8710 0.51 8.25

0 1SEQ ID NO: 8711 0.48% 7.7
i1[1 1 22 SEQ ID NO: 8712 0.45 7.2
12 10 _SEQ ID NO: 8713 0.37 6
13 25 SEQ ID NO: 8714 0.37 6
14 30 SEQ ID NO: 8715 0.37% 6

19 SE ID NO: 8716 0.35% 5.6
16 40 SEQ ID NO: 8717 0.31 
17 3 SEQ ID NO: 8718 0.30 4.8
18 65 SEQ ID NO: 8719 0.30 4.8
19 14 SEQ ID NO: 8720 0.27 4.32

56 SEQ ID NO: 8721I 0.25% 4

HLA A24 10 mers

Maximum possible score using this molecule type 1596.672
Rank Start position Sequence of max. score IIScore

1 55 SEQ ID NO: 8722 18.78 300
2 18 SEQID NO: 8723 2.63 42
3 21 ISEQ ID NO: 8724 2.25% 36
4 2 SEQ ID NO: 8725 1.87% 

24 SEQ ID NO: 8726 1 1.87 
6 11 SEQ ID NO: 8727 0.52% 8.4
7 40 SE ID NO: 8728 0.52 8.4
8 65 SEQ ID NO: 8729 0.42% 6.72
9 9 SE ID NO: 8730 0.37 6

8 SEQ ID NO: 8731 0.35 5.6
1 27 SEQ ID NO: 8732 0.35 5.6

12 41 SEQ ID NO: 8733 0.35 5.6
13 57 SEQ ID NO: 8734[ 0.31% 
14 I 17 SEQID NO: 8735 0.25 4

29 SEQ ID NO: 8736 0.25 4
16 64 SEQ ID NO: 8737 0.25 4
17- 16 ISEQ ID NO: 8738 0.22 3.6
18 10 1 SEQ ID NO: 8739 0.18 3
19 13 ISEQ ID NO: 8740t 0.18 2.88

23 SEQ ID NO: 8741 0.08 1.4
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lILA A 0201 -9 mers 
IMaximum possible score using this molecule type 3925227.1

RakStart position I Sequence 1110 f maxscr Score
19 ISEQID NO: 874211 0.03% 111310.882316

EZIis1 IIsQDNO 8743][ 0.020/ I -1082.4143022
i~ 6 ISEQ ID NO: 8744[ 0.02 ]j 1040.33238624

141 49 11SEQ ID NO: 87451[ 0.00 II 382.536
1 sII 25 IISQID NO: 87461[ IF342.863529264 1
1656 1 ISEQ ID NO: 87471[ 0 0% ]l 63.2 83 973761
1712 [ISEQ ID NO: 8748 0.00% 01b 40.197361051

8 I 1SEQI D NO0: 87491[ 0.00 21324 1
1 9 11 22 11 SEQ ID NO:( 5] 0.00 11119.77624181
1 1 26 ISE IDDNO: 8751 0.00% 12.6684

1111 20 IIEI O 721 0.00 11.544666 1
1237 ]SE ID NO: 87531 0.00 10.4328

133 1S) DN: 87541 0.00 _F 8.4456

F-14 23 [S IDO87551 0.00% 6.2888049
1547 ][EID NO: 875611F 0.000/ I 6058

S1 I 3 ISEQ ID NO: 87571E 0.00 0/67171 4.58292 9078 1
[1711 18 111 SEQ ID NO: 87 5 811 00 0/%b I 4.4855150505S

F1][ 28- ]sEQ ID NO: 875911- 0.00 I 423589 1
9 62 SEQ ID NO: 876011F 0.000/6 1 2.88098391 1
I201 27 IIISEQ ID NO: 876111 0.000/ 1[71.69967-7--- 11

A021 -10 mers1
[Maximum possible score using this molecule type [39527.11
[iii]Start FoiinIISequence II 0/a of max. score 11 Scr

1 17 SEQ ID NO: 876211 0.16%/ [16459.141672721

112111 19 1[SEQ ID NO: 876311- 0.01 0/ab 607.8844-8-]
13111 25 11SEQ ID NO: 87641 0.00% JFt 126.83304 I

[4][11 11 SEQ ID NO: 8765F 0.00 0/ I631781651
15 lSEQ ID NO: 8766][ 0.000/a6 I 53.546519881

1 I 37 IISEQ ID NO: 8767 IF 0.00 0/a IF 28.51632 1
1 7II 14 )ISQ DN: 8768i 0.0 ~2.27414 1
1 8II 29 IEQDNO: 876911 0.000a 2.624 1
1 I 26 ISEQID NO: 8770 F 0.000/6 1 194488

11 I 3 EISEQ ID NO: 87711F- 0.0 09/ab 1 17.216728
1 i I 48 II SEQ ID NO: 877211 0.00 0/ab 1 15.70681
1 212 ISEQ ID NO: 8773 IF- 0.00% 0/ [9-.858126
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27 [SEQ ID NO: 877-4]F 0.00 1 .061

1439 [SEQ ID NO: 8775 0.00 I 7.10976 
23 ]1 SEQ ID NO: 8776 0.00 F-5.7419523]
22 [SEQ ID NO: 8777 0.007/% F4.599126 7

][EQ ID NO: 8771 0.00 2.5495155-]
831 [SEQ IDNO: 877911 0.00 2.52747 

52 ]I[SEQ ID NO: 87801 0.60% 2.383605 
S 20 [SQDN:88 000 0/a 2.332847151]

Ff HLA A 1101 -9 mers
I-Maximum possible score usinq this molecule type3
[an Start position Se uec 0/0 of max. score Scr

[7~j44 1SEQ ID NO: 8782 3.33 1.2 I
HIA A 1101 -10 mers

[Maximum possible score using this molecule type3
Rak Start position Se uenqe7[ 0/o of max. scopr-e [S-core

I ~HLA B7 9 mers-_ 
I-Maximum possible score using this molecule 
[Rank Start position ]j Seguence 0/b of max. score I crII 1 I 3 II SEQ ID NO: 8783037 [2
1-2 1 12 1SEID NO: 8784 0.37%It2 1
F-3- 1- 22 IISEQ ID NO: 8-78-57 0.37%/ t2
t 47 56 SE DN:88 0.37% 

5 J 30 I EQ ID NO: 8787 0.22%It1 1
t I9 IISEQ ID NO: 8788 0.07% I

t 7 1 10 S7FEQ ID NO: 8789 Jj 0.07% It41
[8 I19 ISiQ§ID NO: 8790 II 0.07% I

25 IISEQ ID NO: 8791 II 0.07% I
I 28 IISEQ ID NO: 8792 II 0.07% It41

IiI 42 IISEQ ID NO: 8793 F- 0.070/a I
I12 II 65 IISEQ ID NO: 8794 II 0.070/%I

II 1 II 35 if SEQ ID NO: 8795 II 0.050/a I
t1-4 II 66 IISQ ID NO: 8796 II 0.02%0a I 

II 15 I Q SEID NO: 8797 jIF 0.010/a 1
II1 I 47 I EQ ID NO: 8798 IF' 0.010/ ]I 1 I
170I 20 ]j SEQ ID NO: 8799 0.01 ]I0.

I18J 23 J SEQ ID NO: 8800 f- 0.00%/a 0.51
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19 27 SEQ ID NO: 8801 0.00% i 

HLA B7 10 mers

Maximum possible score using this molecule type 5400

Rank Start position Sequence of max. score Score
1 27 SEQ ID NO: 8802 0.37 

2 8 SEQ ID NO: 8803 0.07 4

3 9 SEQ ID NO: 8804 0.07 4

4 11 SEQ ID NO: 8805 0.07 4

17 SEQ ID NO: 8806 0.07 7. 4
S6 29 SEQ ID NO: 8807 0.07 4
7f 41 SEQ ID NO: 8808 0.07 4

18 1 52 SEQ ID NO: 8809 0.07 4
9 64 SEQ ID NO: 8810 0.07 4

65 SEQ ID NO: 8811 0.07 4
11 3 SEQ ID NO: 8812 0.03 2
12 I 23 SEQ ID NO: 8813 F 0.03 2
13 21 SEQ ID NO: 8814 0.02 1.2
14 15 SEQ ID NO: 8815 0.01% 1

35 SEQ ID NO: 8816 0.01% 0.6
16 I 39 SEQ ID NO: 8817 0.01 0.6
17 I 12 SEQ ID NO: 8818 0.00 
18 22 SEQ ID NO: 8819 I 0.00 
19 45 SEQ ID NO: 8820 0.00 

Table 20: Epitopes for SEQ ID NO: 6046

SHLA Al 9 mers

Maximum possible score using this molecule type 5625

Rank Start position Sequence of max. score Score
1 I 186 I SEQ ID NO: 8821 I 2.22 125
2 156 ISEQ ID NO: 8822 0.88 
3 14 SEQ ID NO: 8823 0.08 
4 0 SEQ ID NO: 8824 0.04 

29 SEQ ID NO: 8825 0.04 
6 85 SEQ ID NO: 8826 0.04 
7 168 ISEQ ID NO: 8827 0.04 
8 133 SEQ ID NO: 8828 0.02 1.35
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I 9 11 ItSEQ ID NO: -8829 I 0,02%/ 1.1251
F1067 61 ItSEQ ID NO: 8830-]l 0.01%0/ 1

-11 7 It SEQ ID.NO: 8831 II 0.01%/ 0.9
2I 131 I[SEQ ID NO: 883-2-I 0.01%0a I 

1 II 211 ItSEQ ID NO: 8833 0.01%0o 0.625
F1 J 4 ItSEQ ID NO: 8834 0.00%/ 
F 543 ItSEQ ID,,NO: 8835 It 0.000/ I 0.51
F1]I 95 ISEQ ID NO: 8836 IF 0.00%0/ 
F 17136 EI NO: 8837 It 0.00 0/ 

HLA Al-10 mers__I
[Maximum possible score using this molecule type 52
IIRkIF Start posto I Sequence It00o ax. score IScor

f F 133 IISEQ ID NO: 8838 0.040/ 2.7
2 IF 84 It SEQ ID NO: 8839 It 0.040/%t 

1 3 IF 167 ItSEQ ID NO: 8840 I10.4%oo 
F F 18 1SE ID NO: 8841 II 0.040/. 

1 F 131 [SEQ ID NO: 8842 IF- 0.04%0a22

6= IF 4 1 7 SEQ ID NO: 8843 i[ 0.03 0/a 

17 111 205 jSEQ ID NO: 8844 0.02% o/ 11.25
8 It- Ill SEQ ID NO: 884-57I[ 0.020%o 11.2

1 9 III 60 1 ~~SEQ ID NO: 86t 00 

It 188 II SEQ ID NO: 8847 0.01 J0.751
1 1I 211 IISQ ID NO: 8848 Jr- 0.01 0.21

12II 26 1~iDN:84 0.00% F=1 051
1 I 94 I SEQ ID NO: 8850 IF' 0.00%/ J 0.51

I1 I 135 11SEQ ID NO: 8851 11 0.00 __iO 
I 5168 777 SEQ ID NO: 8852 JE 0.57

I HLA A3 9mers-
Imaximu!m possible score using this molecule type i 

Ran IIStart posto II Seqence 1 /0 of max. score I cr
[1 I 43 II SEQ ID NO: 8853 0.24%0/. 301
I2 I 90 IISEQ ID NO: 8854 r- 0.14%/ I-18 1

F I 148 II [SEQ ID NO: 8855 0.09%hI 1

F4 4 ]SEQ ID NO: 885 F- 0.05% 6.751
5 II 24 S SEQIDNO 885 F- 0.04%0/ 6

6 II 19 IISEQ ID NO: 8858 II 0.04% 
7136 IFSEQ ID NO: 8859 0.04%/ 5.41
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8 54 SEQ ID NO: 8860 0.03 
9 32 SEQ ID NO: 8861 0.03 4

i 14 SEQ ID NO: 8862 0.02 3.6

11 59 SEQ ID NO: 8863 0.02 3.6
12 88 SEQ ID NO: 8864 0.02 3

13 87 SEQ ID NO: 8865 0.02 2.7

14 29 SEQ ID NO: 8866 0.01% 1.8

48 SEQ ID NO: 8867 0.01% 1.8

S16 115 SEQ ID NO: 8868 0.01% 1.8

S17 186 SEQ ID NO: 8869 0.01% 1.8

S18 106 SEQ ID NO: 8870 0.01 

S19 53 SEQ ID NO: 8871 0.01 1.35

173 SEQ ID NO: 8872 0.00 1.2

HLA A3 10 mers

Maximum possible score using this molecule type12150

Rank Start position Sequence of max. score 1 Score

1 24 SEQ ID NO: 8873 0.22 27
-2 54 SE ID NO: 8874 0.18 22.5

3 135 SEQ ID NO: 8875 0.08/ 10.8
4 51 SEQ ID NO: 8876 1 0.07 9

13 SEQ ID NO: 8877 0.06 8.1
6 26 SEQ ID NO: 8878 1 0.04 6

7 31 1 SEQ ID NO: 8879 I[ 0.04 6

8 90 SEQ ID NO: 8880 0.04 6
S9 43 SEQ ID NO: 8881 0.03 

19 SEQ ID NO: 8882 0.03 4.05
11 169 SEQ ID NO: 8883 0.02% 3
12 87 SEQ ID NO: 8884 0.02 2.7
13 84 SEQ ID NO: 8885 I[ 0.01% 1.8
14 88 SEQ ID NO: 8886 0.01% 1.8

94 SEQ ID NO: 8887 0.01 1.8
16 64 SEQ ID NO: 8888 0.00 1.2
17 131 SEQ ID NO: 8889 0.00 1.2
18 99 SEQ ID NO: 8890 0.00 1
19 53 SEQ ID NO: 8891 0.00 I0.9

85 ISEQ ID NO: 8892 0.00 0.9

HLA A24 9 mers
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[Maximum possible score using this molecule type 1596.672
Rank Start position Sequence %I of max. score Score

1 196 SEQ ID NO: 8893 27.55 440
2 44 SEQ ID NO: 8894 18.78 300
3 36 SEQ ID NO: 8895 12.52 200
4 92 SEQ ID NO: 8896 12.52 200

109 SEQ ID NO: 8897 2.70 43.2
6 25 SEQ ID NO: 8898 I 1.87 I 
7 93 SEQ ID NO: 8899 1 1.12 18

-8 12 SEQ ID NO: 8900 0.75 12
9 123 SEQ ID NO: 8901 t 0.70 1 11.2

7 SEQ ID NO: 8902 0.64 10.368
11 17 SEQ ID NO: 8903 0.52 8.4

12 139 SEQ ID NO: 8904 0.52 8.4
13 193 f SEQ ID NO: 8905 0.46 

S14 6 I SEQ ID NO: 8906 0.45 7.2
19 SEQ ID NO: 8907 0.45 7.2

16 110SEQ ID NO: 8908 0.45 %0 7.2

17 114 If SEQ ID NO: 8909 0.45 7.2
18 210 SEQ ID NO: 8910 0.45 7.2

19 46 SEQ ID NO: 8911 0.42 %0 71 6.72
52 SEQ ID NO: 8912 0.37 6

HLA A24 10 mers
Maximum possible score using this molecule type 1596.672
Rank Start position 11 Sequence of max. score I. Score

1 92 I SEQ ID NO: 8913 7.51% 120
2 42 SEQ ID NO: 8914 2.63 42
3 109 SEQ ID NO: 8915 2.25 36
4 23 If SEQ ID NO: 8916 1.87 

34 f SEQ ID NO: 8917 0.75 12
6 6 I SEQ ID NO: 8918 0.64 10.368
7 45 SEQ ID NO: 8919 0.63 10.08
8 196 SEQ ID NO: 8920 0.62 
9 44 SEQ ID NO: 8921 0.56 9

40 SEQ ID NO: 8922 0.55 8.8
11 62 SEQ ID NO: 8923 0.46 
12 193 SEQ ID NO: 8924 0.46 
13 18 SEQ ID NO: 8925 I 0.45 7.2
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14113 1 SEQ ID NO: 8926 .45% 7.2
[11156--7 SEQ ID NO: 8927 j 0.37%0/ I 6
16 II 76 It SEQ ID NO: 8928 II 0.37O/ I 6

17 16 -1 SEQ ID NO: 8929I 0.35 0/0 
II1 I 138 11-SEQ ID NO: 8930 F- 0.35%0o 5.6 3

9127 g E ID NO: 8931 0.33 5.2 S
20136 [SEQ ID NO: 8932-1[ 0.31 

HLA A 0201 9 

IMaximum possible score using this molecule type I[3925227.11
RakSar oition itSequence 11[/ o mx. scoe[ Score-jil 13 I[S-EQ ID NO: 893311 1793.6765281

[72 Jj s87-- ][s:EQID NO0: 8 93 4[ 0.03% 1415.38321
I I 24 SE-QINO: 893S1 00% '618.0996816 1
1 t 19 IIEID NO: 89361 0.00% 1[ 223.2370811 5 It 12 ]lSQID NO: 8937 11 0.00 ]j210.364008751

6 t 51 ISEQ ID NO: 89381I 0.00 1-198.30859992I
7 t 53 SEQ ID NO: 8939]_I 0.00 IIF 194.47732 1
FFIt 8 uEID NO: 8940 It 0.00 1 80.58536756

t9t 06 IISEQ ID NO: 8941 ii 0.00% 0/0 169.74828
t lt 54 II1SEQ ID NO: 8942I 0.00% IE 70.09848 1

til 5 ISE-Q ID NO: 89431It 0.00% It -43.4203
[1211 94 ItSQIDN:84411 0.00 I 41.792058
13 111 20 jSEQ ID NO: 8945][ 0.00 I74080

II 14 1[ 63 iiSEQ ID NO: 8-6946 0.00-% IF 35.735209021
22 JSEQID NO: 8947[ 0.00 120. 59164351091

16 7 ItSEQ ID NO: 8948 0 7It12.233222865 1II 1 ir 66 ItSEQ ID NO: 8949[ 0.000/. I 12.2199 3
[18]I 56 IEQDNO: 89501[ 0.000, It1.8706I
111 67 I[tsE-QID NO:8951][ 0.000/% I 6.416172I
[2 117 IISEQ ID NO: 89521 0.00%0.= 5.827464I

HLA A021 -10 
IMaximum possible score using this molecule tye 39527.11

IRnlStart position Seuec I o/o of maxscr Score
Ii[ 43 ]/sEQ ID NO: 89531t 0.10% II3977.84977921
F 24 ISEQ ID NO: 89954 It 0.02 7/o ]I7 836.252 51041
IYI1 51 IS Q ID NO: 89551 0.02% /b 15.664321

[711 49 11[S EQ I D NO0: 89-5 61 0.01 11 660.3245145I
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19 SE ID NO: 8957 0.00% 251.837856
6 59 SEQ ID NO: 8958 0.00% 159.9696
7 12 SEQ ID NO: 8959 0.00% 155.245377
8 45 SE ID NO: 8960 0.00% 141.1974531
9 21 SE ID NO: 8961 0.00% 117.22672269

53 SEQ ID NO: 8962 0.00 I 84.55536
1 i87 SEQ ID NO: 896311 0.00 I 65.5671672

12 13 SEQ ID NO: 8964 0.00 I 64.88888616
13 153 SEQ ID NO: 896511 0.00 49.13352
14 178 SEQ ID NO: 896611 0.00 26.082

18 SEQ ID NO: 89671 0.00 24.802259691
16 116 JSE ID NO: 89681 0.00 21.5616168
17 65 SEQ ID NO: 8969 0.00 i 20.77383
18 86 SEQ ID NO: 8970 0.00 15.7068219
19 27 SE ID NO: 89711 0.00% 12.3159135

46 SEQ ID NO: 8972 0.00 11.45624789925

HLA A 1101 9 mers
Maximum possible score using this molecule type 36

Rank Start position Sequence II of max. score Score
1 4 SEQ ID NO: 8973 11 12.5 

2 136 1SEQ ID NO: 8974 3.33 1.2
3 156 1SEQ ID NO: 8975 11 3.33 1.2
4 140 SEQ ID NO: 8976 1.66 0.6

HLA A 1101 10 mers
Maximum possible score using this molecule type 36

Rank Start position Sequence of max. score Score
1 169 I SEQ ID NO: 8977 5.55 2
2 94 SEQ ID NO: 8978 E 3.33 1.2

HLA B7 9 mers

Maximum possible score using this molecule type _5400

Rank Start position Sequence /o of max. score Score
1 146 SEQ ID NO: 8979 0.74 %I 

2 154 SEQ ID NO: 8980 0.74 
3 80 SEQ ID NO: 8981 0.66 36
4 139 ISEQ ID NO: 8982 0.33 18

83 1SEQ ID NO: 8983 0.22 12
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6209 ][SEQ.I.D NO: 8984[7: 0.22 1
I 7 7 I[SEQ ID NO: 8985 It 0.11% I
8 3 [SEQID NO: 8986 It 0.07% It41

I 96 ][SEQ ID NO: 8987 0.7%4
I 1 I[ 12 irSEQ ID NO: 88][ 0.07% I41
I 11 I[ 19 IISEQ ID NO: 8989 j~0.07% I
I 12 24 IISEQ ID NO: 8990 II 0.07% I
I 13 It 38 IISEQ ID NO: 899 I 0.07%0/ 4
I1 t46 II 11-SEQ ID NO: 8992 IF- 0. 07% It I

56 II -7SEQ ID NO: 8993 0.07%0I/4
I 1 It 110 IS EQI D N0: 8994 Ii 0.07% I

17 Ig14 I E ID NO: 8995 0.7 /o t
1 t 123 IJSEQ ID NO: 8996 IF 0.07% t41
19It 129 40SQIN: 8997 1 0.07% II41

12It 166 EID NO: 899 0.07% 0/0 ]i41
HLA B7 -l10mers 

IMaximum possible- score using this molecule type 5 54 0
1 akI Start po-sition I Sequence /oomax. score Scri

i II 556 1SEQ ID NO: 8999 i[ 1.48%/ I8
2 II 40( SEQ ID NO: 900f 0.74%0a 14

t 3 II 127 itSQ 0DN: 9001 It 0.74%004
4 II 170 It SEQ ID NO: 9002 It 0.74%004

t II -140 It SEQ ID NO: 9031 0.27%~It1
6 I 35 It SEQIDNO0: 9004 ]Ft 0.22%/ II 12 I

If II 79 It SEQ ID NO: 90It 0.22%~o I 12
If8 I 82 ItSEQ ID NO: 9006 It 0.22%0/ 12_
t I 208 ItSEQ ID NO: 9007 It 0.22% [1 12J

1 I 209 It SEQ ID NO: 9008 F' 0.220/% 121
If1 I 80 S EQ ID NO: 9009 j[ 0.160/a It 9 1
If1 I 129 ISiQ ID NO: 900I 0.14%/ IT7

1 II 138 ItSEQ ID NO: 9011 II 0.11 I
1 II 73 It SEQID NO0: 9012 II 0.09% 
1 I I SEQ ID NO: 91 I 0.07% I

If7 616 5 S I SEQ ID NO: 91 I 0.07% It41
If 1 Ii 6 ItSEQ ID NO: 9015 II 0.07%/ 
If 1 II 16 IISEQ ID NO: 9016 7 07% Ir 19 II 18 ISEQ ID NO: 907 I 0.07% II 4

I 20 24 40EQDN: 9018 0.0701.
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Table 21: Epitopes for SEQ liD NO: 6047

I HLA Al 9 mers 
Imaximum possible score using this molecule 5625

1 an Start position II! Sequence 0/b of max. score Score
1153 31SEQ DNO: 9019 1 2% 1 112.5

2 I[ 10' 1 SEQ ID NO: 90207I 0.08%aa II 
1 3 If 33 ][SEQ ID NO: 9021 0.02%~o 
Ii II 3 11SEQ ID NO: 9022 II 0.000/%I 

1 277 fS QO: 9623 j 0.000/ I 
I FSEQ ID NO: 9024 0.00/ 60.5%

I -HLA Al 
FMaximum possiblde score usinpg.this molecule 

Ran IIStart position Sequence 11 o__o of max. scoreJ coe
1 1 1 1SEQ ID NO: 90250.8% O/ 451
2 I 52IISEQ ID NO: 9026 %02 11.251

1 3 I 50 SEQID NO: 9027 11 0.04%00 
14 II 32 1SEQ ID NO: 9028 FI 0.02%0/ 

I~ 5I 481SQ ID NO: 9029 11 0.02%0a 113
161 27 1SEQ ID NO: 9 030 0.000/ ii 0. 

I -HLA A3 9mers-
[Maximum possible score, using this molecule type IE121501

Ran~k fStart position II sequence of max. score ISoe
1 II 38 71 SEQ ID NO: 01 1.85%/ 225 I

i 17 F7 SEQ I D NO: 9032 II 0.02%0/ 3.6
3If2---7 SEQ ID NO: 9033 IF 0.020/%.

4 11 37 1[ SEQ ID NO: 04I 0.01 0/ 1.8
1 I 27 11 SEQ ID NO: 9035 ii 0.01%0a] 1.3
6 II 13 ]SEQ ID NO: 9036 0.00%1065

[714 I1 SEQ ID NO: 9037 0.00 II0.6
HLA A3 

[maximum possible score using this molecule type 1 12150]
[Rank]I Start posito F- sequence 11 Oio of max. score I cr

1 II 13 IISEQ ID NO: 9038 II 0.04% I
IF 2 1i 37 I] SEQ ID NO: 9039 0.01 [12.0251

0-



WO 2004/092360 PCT/US2004/011710

3 2 SEQ ID NO: 9040 0.00 0.9
4 19 SEQ ID NO: 9041 0.00% 0.675

16 SEQ ID NO: 9042 0.00 0.54

HLA A24 9 mers
Maximum possible score using this molecule type 1596.672
Rank Start position Sequence 0 of max. score Score

1 20 SEQ ID NO: 9043 1.25 i 
2 6 1 SE ID NO: 9044 0.52 8.4
3 5 SEQ ID NO: 9045 0.51 8.25
4T 35 SEQ ID NO: 9046 0.36 5.76

31 11 SEQ ID NO: 9047 0.35 II 5.6
6 43 SEQ ID NO: 9048 0.27 4.4
7 13 ]SEQ ID NO: 9049 0.26 4.2

8 32 ]SEQ ID NO: 9050 0.21 3.36

9 2 SEQ ID NO: 9051 0.11 II .8
9 SEQ ID NO: 9052 0.10 1.68

i 8 SEQ ID NO: 9053 0.09 
12I 15 I SEQ ID NO: 9054 0.09 0/ 
13 1 23 II SEQ ID NO: 9055 0.09 
14 27 SEQ ID NO: 9056 II 0.08 1.4

I 24 SE ID NO: 9057] 0.07 1.2
16 7 SEQ ID NO: 9058 0.06% 1

17 17 SEQ ID NO: 90591 0.06 %I 1

-18 o10 SEQ ID NO: 9060 0.05 0.9
19 39 SEQ ID NO: 9061 0.04 %0 0.792

47 SEQ ID NO: 9062 0.04 0.792

HLA A24 10 mers

Maximum possible score using this molecule type 1596.672
Rank Start position Sequence of max. score I Score
i 1 5 SEQ ID NO: 9063 2.63 42

2 I 34 SEQ ID NO: 9064 0.54 8.64

3 30 SEQ ID NO: 9065 0.52 8.4
4 19 SEQ ID NO: 9066 0.50 8

50 SEQ ID NO: 9067 0.33 5.28
6 12 SEQ ID NO: 9068 0.26 4.2
7 31 SEQ ID NO: 9069 0.21 3.36

S8 26 II SEQ ID NO: 9070 0.15 2.52

-451-



WO 2004/092360 WO 204/02360PCTIUS2004/01 1710

98 ItSEQ ID NO: 9071 0.13%/ I 2.1 1
1 II 22 It FSEQ ID NO: 9072 11 0.12%00 I 2
11 23 I SEQ _IDNO: 9073 11 0.11 I 1.8

121 6 SEQ ID NO: 9074 11 0.09%~o I 
[13[ 14 ][SEQ ID NO: 9075 IF- 0.09 [71.5 1

4 16--[7SEQ ID NO: 9076 11 0.09% 0/o 1-1.5 1
F 15 7 II SEQ ID NO: 9077 0.06%1

I16 J[ 48777- EI SQ I D NO0: 90 7-811 040/ I .7

I 17II! 0 ISEQ ID NO: 9079 ]1 0.04% 0/ I 0.72_
I 8II 9 ]I FSEQ ID NO: 90 80 0.04 10.721

Fi 19 47 II FSEQ ID NO: 9081__I[: 0.04% 110.66
j[ 39 SEQ ID NO: 9082 F 0.03%/ I 0.6

possibleHLA A0201-9 
IMaximum posbescore using this molecule type 39 25 227.1

[akjStart posio [::Sequence, It o/ of max. score Score
11 15 1 E D NO: 9 10 18-3][j 0.00 0% 1114.144268
2 II 27 1 SEQ ID NO: 90841 t 000 j9.8176J

13J1 22 IISEID NO: 90851t 0.00%0/ 1 -9.5634
S 9 I SEQ ID NO: 9086 0.00 5.546246013I

IsII 2 11 _jSEQ ID NO: 9087][ 0.00% 115.526462816I
f61[ 24 I SEQ ID NO: 9088 II 00% 14.8637S3I

S 17 ISEID 9089.I 0.00 113.6992854081
8 Ii 31 7II SEQ IDNO0: 90901 0.00% .26920
7~t 6 SE I DN 0: 909111 0.00% 112.016040674]

lb 10 _Z [7S SEQ I D NO0: 9092 11 00% 0.9127-
[11 49 IISQID NO: 90931 0.00 10.71805678

II12It 16 It SEQ ID NO: 909,4 ]j 0.00 fI069270421
F1t 12 It SEQ I D NO: 90951 IF 0.00 I10.6539828625

F HLA A 0201 -10_mers 
IMaximumn possible score using this molecule type 3925227.171

1RI Start position ISequence lob 0/of max. score II Score
S 16 11SEQ ID NO: 90961 0.00 0%~I 34.287658021

19 IIEIN:90971 0.00 0/a II1.38775I
3 1 14 ISEQ IDNO: 90981 0.5600/a 14.1442686

I 1 27 IISQID NO: 90991I 0.00%0/ II1-1.4065-28
I51 26 rI SE ID NO: 9100F_ 0.00 0/a -]10.9304361558

I6T7F 34 SEQ ID NO: 9101[jr 0.0D0 a/a I 5.5809-277,
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1 I 6 ISEQ ID NO: 91021 0.00% 4.865742
1 I 9 ISEQ ID NO: 9103][ 0.00% II 2,641069531

so 11 JSEQ ID NO: 9104[ 0.00% II 276275752 1
1030 1 SEQ ID NO: 9105][ 0.00% 2.296992061

1 17 7 1 ISEQ ID NO: 91061 0.000% I 0.860836411
1242 7FESEQ ID NO: 9107 0.00% II0.70495921
13 22 I SEQ ID NO: 910811 0.00 ]FC06628440357

14 7]F 2 J_7SEQID NO: 910911 0.00%0/ 0.65-30644656

1HLA A 1101 -9 mers 
IMaximum possible score using this molecule type 3

I Rnk Start position I Sequence 1 /0 of max. scoreTScore
1 37 [SEQ ID NO: 9110 [L 15 [5.41
2 38 SEQ ID NO: 9111 2.220/08

A1101 -10 mers 
IMaximum possible score using this molecule type 36 7

[RnkIfstart posito eunc /o of max. score 1scoreI
137 SEQ ID NO: 9112 [i 7.5 IF2.7

HLA B7 9 mers___
[Maximuim possible score using this molecule type 

I an][Start position IF Sequence It /0 of max. score] Score-I
1 f 35 EI SQI D NO: -9-1-137 I 3.70% F/ 200
t 2 If 17 ItSEQ ID NO: 9114 It 0.11%/ f
1 3 I__6 It SEQ ID NO: 9115 I 0.07%0~

E 4 If 20 It SEQID NO: 9116 0.070/%] 4
f 31 It SEQ ID NO: 9117 It 0.07%oa I

6 If 43 It SEQ ID NO: 9118 It 0.070/%I
1 7 If7 ISEID NO: 9119 I 0.030/%
t 8 If 23 ItSEQ ID NO: 9120 It 0.020/%f 
t 9 If 24 ItSEQ ID NO: 9121 It 0.02%0a I 

If 10 It SEQ ID NO: 9122 It 0.01%0a I 

IL 7-IOm r

tmaxim'um possible score using this molecule type 54001
IIRak fStart posto It sequence It 01 of max. score I cr

1 If 35 It 7 SEQ ID NO: 9123 It 0.090/%I
t 2 If 19 It FSEQ ID NO: 9124 It 0.070/%
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3 30. =SEQ I NO: 9125 it 0.07%0~ I
4F7I 34 I[SEQ ID NO: 9126it 0.07% jj4

F7 i7 SEQ ID NO: 9127 it 0.03%~ J 2
6 16 SQ ID NO: 9128 0.03% 0/01,8

1 it 23 11SEQ ID NO: 9129 I 0.02%/ 
8 50 1SEINO: 9130 1 0.02% 1. 2
1911 9 ]I SEQ ID NO: 9131 IF 0.01%1

Table 22: Epitopes for SEQ ID NO: 6048

I HLA Al 9 mers 
Imaximum possible score using this molecule type 

F Rak 1Start os-itin Sequence Jj6/o of max. score Soe
166 Q SID NO: 9132 0.44%/ I 

[2I 80 II -7 SEQ ID NO: 9133 FI 0.080/ 51
F f 93 SEQ ID NO: 9134 F- 0.04% It/.7b

F4 1 iiIISEQ ID NO: 9135 F7 0.04% I 
F 5 1 89 I[ ~SEQ ID NO: 9136 I .4 t22

6 II 48 ItSQ ID NO: 91737 II 0.01% I/1b
F I 3 ItSEQ ID NO: 9138 II 0.000/1a 

I 9 ItSEQ ID NO: 9139 IF' 0.00%0/ It 0. 5 1
F 9 II 56 ItSEQ ID NO: 9140 II 0.00% I 

1 10 tSEQ ID -NO: 9141 II 0.00 %0.I

F 11 II 106 ItSEQ IDNO: 9142 F7 0.00% IF 0.51I
12110 ItSEQ ID NO: 9143 0. 0 0% It0.5 I

F HLA Al 

IMaximum possible score using this molecule type It5657
[Rank 11 Start position [t Sequence It /0 of max. score ItSor
[1 30 It SEQ ID NO: 9144 It 0.4%h 7[ 22.5
[2 it 88 If SEQ ID NO: 9145 It 0.12/ I% 6.75

3 It 48 11 SEQ ID NO: 9146 It 0.040/%t 
4 It 55 It EQ ID NO: 9147 It 0.02 t12

It 13 iSEQ ID NO: 9148 I 0.01 I 
6 It 79 It SEQ ID NO: 9149 0.01 It0.75I

1 7 t 93It EQ ID NO: 9150 It0.01 9/3 IF- 0.7
8 2t 2 It SEQ ID NO: 9151 It- 0.00 II 

1 i q_ ]t 8 SEQ ID NO: 9152 It 0.00 II .51
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1 1065 SEQ ID NO: 9153 0.010% 
1iIF 66 IISEQ ID NO: 9154 1 0.00 

F1 12 80 IISEQID NO: 9155 1 0.00% I 
13 IF 105 II SE ID. NO: 9156 1 0.00 IIT057

14 09 EQ D N:157 0.00% 0.5 1

~HLA A3 9mers 12150____ 

IMaximum possible score using this molecule 1 
IRank IFStart Position ]E-Sequence 10100 of -max. score [IScore

1 11 109 7I SEQ ID NO: 9158 II 0.74%00 I 901
2 3 JtSQDO: 9159 II 0.24% I31

I 3 IIill IFSEQ ID NO: 9160 II0.12%]I 1 1
1 1106 IF SEQ ID NO: 9161 11 0.07 91
I I 95 IFSEQ ID NO: 9162 11 0.05% 1/b6.0751

6 II101 IJSQI O: 9163 0.04%/
t7 110 -71 SEQ ID NO: 916 1 0. 0 2%.

E-8 I 84= I QID NO: 9165 6 062% I
1 9 j80 EQ ID NO: 9166 II0. 0 2% 

F 10 37 IF7SEQ ID NO: 9167 F 0.0 2.2

1 SEQ ID NO: 9168 II0.01% 117 2=
F12 ]~54 IFSEQ ID NO: 9169 II 0.01 0/o 2

F 1199 IFSE I O: _9170 II0.01 0/ ]El 13 
14 II IFSEQ ID NO: 9171 110.01 I .1

F i~ 1111 It SEQ ID NO: 9172 FI 0.00%ooI 
F 16 II15 NO: 9173 II0.00 I 0.9

F 1 II69 itSQID NO: 9174 II0.00 I 
F 18 II5 IFSEQ ID NO: 9175 II0.00 %IF05 I

19 I 103 IF SEQ ID NO: 9176 ii0.00 %It05 I

F~axijm sore singHLA A3 -l10mers- I
Maiu possible soeuigthis molecule type I 

an FStart posto IF sequence IF/a of max. score7I cr
i. f 75 S EQ ID NO: 9177 I 0.49%It61

2 It 109 IISEQ ID NO: 9178 IF7 0.29%It31
F 3 IF22 SI EQID NO: 9179 IF' 0.140/%t 1

1 4 It15 J SEQ ID NO: 9180-It 0.04 0/a6 6 I
1 5 It110 11 S7EQ ID NO: 9181 IF0.01 o/ I .2

6 It 95 11 7 SEQ ID NO: 9182 IF 0.01 %1.I
1 7 I 101-71 SEQ ID NO: 9183 I 0.01 %I[13I
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[843 IfSEQ ID NO: 9184 ]f 0.00%/ 1-7T
9 II 2 ItSEQ ID NO: 9185 It 0.00%/ 0.9
1 I~ S 5 SEQ ID NO:- 9186I 0.00%~ 
11 7 ItSEQID NO: 9187 It 0.00%/ 

1 I 107 I SEQ ID NO: 9188 ]t 0.00%0/ 0. 9
13F 102 ItSEQ ID NO: 9189 I1 0.00%0~ 0.81

14 I 3 It- SEQ ID NO: 9190 It 0.00%0o 0.75
1 I 8 I SEQ ID NO: 9191 It 0000/a 1 0.61
1 I103 ItSEQ ID NO: 9192 IF- 0.0060/ 1---0.54

HLA A24 9mers 
[Maximum possible score using this molecule type :]1'1596.672 1

1RnkI Start posi-tion 1 Seunc /0 of max. score IF-score I
1EI 88 SEQ ID NO: 9193f75- 1.66 0/o f2.61

2 If77 11-SEQID NO: 9194 Ir 0.77%/ J 12.32 1
f 3 If18 J[ SEQ ID NO: 9195 0.560/ -q 9

f f 108 iiSEQ ID NO: 9196 1 0.56%/ I 9 1
f sIf 92- 7[SEQ ID NO: 917[ 0.540/a I 8.641
f f96 1SEQ ID NO: 918 f 0.540/.7 If 8.6 1

f 7 -SEQ ID NO: 9199 1 0.46 If 7.5 1
f 8 If 40 Q SEID NO: 9200 t 0.45% If7.2 1

f 9 f 107][ EQID NO: 9201 f 0.42% If6.721
f 0 f 8 SEQ ID No: 9202f 0.41% If6.6 1

If 21 11SEQ ID NO: 9203 t 0.37%0a I 6
12 f 02 11SEID NO:90f 0.37% If 6 1

f 1 If 22 11SEQ ID NO: 9205 1 0.25% If 4 1
f 1 If 68 1SEQ IDNO: 926t 0.25% If 4

f 15It 06 SQ ID NO: 9207 t 0.22 If3.6 1
[16[ I SEQ ID NO: 9280.18% 0/ E 3 1
1171 79 ][SEQ ID NO: 929t 0.18% 3 1

1If 93 11 SEQID NO: 9210 t 0.18%77If- 3 1
19I 101 ]FSEQ ID NO: 921 0. 18/a I-f- 3 1
2It 37 777 SEQ ID NO: 9212 1 0.15% If 2.4 I

HLA A24 -1J0 mers 
tmaximu!m possible score using this molecule type If1596.6721

R 1kI Start poion] Sequene [O/o of max. score If score I
1It 100 ][SEQ ID NO: 923r 0.930/ If 15 1

2=It 18 1[ SEQ ID NO: 92141 0.78% If 12.6
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3 98 11 SEQ ID NO: 9215 0.52 11 8.4

4 73 1 SEQ ID NO: 9216 0.46 %1 7.5 1
91 SEQ ID NO: 9217 0.45 7.2

6 103 SEQ ID NO: 9218 0.42 6.72
7 7 SEQ ID NO: 9219 0.41 6.6
8 21 SEQ ID NO: 9220 0.37 %1 6
9 46 SEQ ID NO: 9221 0.37 6

93 jSEQ ID NO: 9222 0.37 6
11 96 SEQ ID NO: 9223 0.37 6
12 101 SEQ ID NO: 9224 0.37 6
13 77 ISEQ ID NO: 9225 0.25 4
14 92 SEQ ID NO: 9226 0.22 1 3.6

105 SEQ ID NO: 9227 0.22 3.6
16 2 SEQ ID NO: 9228 0.18 3
17 53 SE ID NO: 92291 0.18 3
18 36 SEQ ID NO: 9230 0.12 2
19 55 7 SEQ ID NO: 9231 0.12 2

102 SEQ ID NO: 9232 0.11 1.8

HLA A 0201 9 mers
Maximum possible score using this molecule type 3925227.1
Rank Start position I Sequence %o of max. score I Score

1 84 ]SEQ ID NO: 9233 1 0.01 441.342216
2 102 7 SEQ ID NO: 9234 0.00 63.16728165
3 107 7 SE ID NO: 9235 0.00 51.882640425
4F 1 [SEQ ID NO: 923611 0.00 43.8816609 1

95 ISEQ ID NO: 9237 0.00 If33.40165248
6 2 SEQ ID NO: 9238 0.00 24.66305226
7 92 SEQ ID NO: 9239 0.00 1 22.64458905
8 103 SE ID NO: 9240 1 0.00 1 20.70206586
9 47 SE ID NO: 9241 0.00 11.175953184

94 SEQ ID NO: 9242 0.00 8.452983 1
11 15 SEQ ID NO: 92431 0.00 8.1793152
12 8 SEQ ID NO: 92441 0.00 14.993461
13 5 FSEQ ID NO: 9245 1 0.00 F4.57284528
14 99 SEQ ID NO: 92461 0.00 3.999468528 1

105 SEQ ID NO: 9247 0.00 2.231322
16 20 SEQ ID NO: 9248 0.00 1.3524

I17[ 62 FSEQ ID NO: 9249 0.00 0.8631693
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18 F- 6 IISEQ ID NO: 9250 0.00 0.824619 1
19g] 57 ISEQ ID NO: 9251 0.00 .710

2 I 5 ISEQ ID NO: 92521 0.00 0./057

HLA A021-10 mers_____

FM-aimumn possible score using this molecule type 3925227.1
Rn][Start position I[ Sequence II 0/b of max. score Score
1101 F SEQ ID NO: 9253 F-'0.03 0/b 1 1243.078056 1
23IF 3 I SEQ ID NO: 92-54 ]j 0.01 592.9444621

3 106 IFSEQ ID NO: 9255 II .00 o I 94.2678 3
1 4IF 5 F EQID NO: 9256 IF 0.00 43.42032

1 F 107 IFSEQ ID NO: 9257 ]~0.00 1[-33.30332334]1
1 6IF 102 IFSEQID NO:958I 0.00 0% I32.53181778 1
1 F 54 I[ SE D NO: 9259--- 0.00 0% 11--27.324 1
[8[7 IF1 SEQ ID NO: 9260 11 0.00%0/ 21.3624 1
1I I IF SEQ ID NO: 9261 1/ 1.723479

1tIF 95 IF7 SEQJD NO: 9262 11 0.009%/ 13.00344192]
11IF 94 IFSEQ ID NO: 9263 0.00 10.01276388]

12 F 9 I SQ I N: 9264 ]j 0.00%0/ 5.6615328
1 13IF 3 IFSEQ ID NO: 9265 ii 0.00%00 3.6304212

14IF 111l IF SEQ ID NO: 9266 ]I 0.00 0/0 125368 1
IF 103 IFSQID NO: 9267_I 0.00 24594803]

16IF 1477 IFSQI N:96 I 0.00 II2419012
1 1 IF 19 IF-7 SEQ ID NO: 9269 E 0.006% 1 .704992
1 1 IF 29- IFSE ID NO: 927 [I 0.00 IFI 1.8179154

1 9I 5 FSEQ ID NO: 9271 ]If 0.00 1 1.52076
=0 F- 47 IF[ SE IDN: 22 0.000/o77 1 1.277123761

HIA A 1101 9 mers 
IMaximumn possible score using this molecule type 736

I R Sta!rt position ]I Sequjence 1oo of max. score Sco r e
1 1 80 1[7SEQ ID NO: 9273 11 3.33% ]I1.2

1 I 69 1[I SQ ID NO: 9274 IF 1.66%/ 
109 II FSEQ ID NO: 9275 r- 1.66%/ 0E. 6

A 1101 10 mers___

IMaximum possible score using this molecule type 36
IRank j[Start position sequence 11 0/0 of max. score coe
E=1~ 22 11 SEQ ID NO: 9276 11.11 4
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HLA B7 9- mers
IMaximum possible score usijng this molecule type 
SRank]j Start position II Sequece 0/ of max. score score]

122 II [SEQ ID NO: 97 I 3. 7 0% 0/ 200
2 77 SEQI NO: 9278 IF 2.22% 1120

F 3F 104 40SQ DN: 9279 0.22%0 1

F -4-40 SEQID NO: 9280 1 0.110/%i 6
8 [SEQ ID NO: 9281 I 0. 0 70/a 1 41

6 21 1! SEQ ID NO: 28 0.070/ 1-41
17 t 68 1t SEQ ID NO: 9283 1 0.070/%

8 92 it SEQ ID NO: 9284 0. 070/a II 41
9 f 102 II S EQ ID NO: 9285 0.070a%
1If 46 I SEQ ID NO: 9286 1I 0. 030a%

1i f 98 It SEQ ID NG: 9287 IF 0.030/a 
12 ]f 103 ItSEQ ID NO: 9288 II 0.030/% I

II13 If88 ItSEQ ID NO: 9289 II00 I1.2
f 4 f 105 ItSEQ ID NO 9290 it 0.0 0/a T 0.9

1If 4T7-I7 SEQ ID NO: 9291 1I 0.01%/ JL 0.6
f 6 II79 It SEQ ID NO: 9292 It 0.01 0.6

17I 9 L! -ID NO: 9 29 3 It 0.01% 0/0 06
18 If- 10 7 It SEQ ID NO: 9294 0.00%o~ I 

HLA B7 -l10mers 

[Maxi-,mum possible score using this molecule type 
[Ran IIstart position Itiqence IF 0 /aof max. score I cr

II 1 II 46 ItSEQ ID NO: 9295 1[ 1.48%h I 8
I2 I 98 f SEQ ID NO: 9296 IF 1.48 0/a6 i 8

II 103 S EQ ID NO: 9297][- 0.370/a6 I 2

5 I~ 7 ISEQ ID NO: 9299 II 0.070/6 F
II~ 6I 21 I EQ IDNO: 9300 II 0.070/%i
II7 I 101 10SQIN: 90I 0.070/%I
t 8 II 107 I[ SEQ ID NO: 9302 II 0.030/%I

Ii67 II SEQ ID NO: 9303 II0.02%a I 
1093 IISEQ ID NO: 9304 II 0.02% j 1. 21r ii69 IISEQ ID NO: 90 1 0.01% II11

I12 Li 39 IISEQ ID NO: 9306 ]j 0.01 J 
[=13 77 1 EIN: 9307 IF 0.01 .6
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14 22 SQID NO: 9308 00 

Table 23: Epitopes for SEQ ID NO: 6049

HLA Al -g9 mers 

[Maximum possible score using this molecule type ][5625
[Rank F S tartposito itence II 0 o-f max. score IIS-core I
[7T 1o It SEQ ID NO: 9309 II 0.2 /o111.25 1
E-2- 35 SEQID NO: 9310 II 0.01 r I 0.9 1

3 1 4 ItSEQ ID NO: 9311 II 0.00%I0.
4 IT 5 I SEQ ID NO: 9312 If 0.00% I00.o1

f 10 iSEQ ID NO: 9313 II 0.00% It0.51
6 19 -1 -SEQ ID NO: 9314 ~f 0.00% 

[7 21 j[ SEQ ID NO: 0.00% 0/0.51

HIA Al- 10 mers___
[IMaximum possible score using this molecule type 56251

[RnkIIStart position It Sequence If /o of max. score I cr
o If 0 tSEQ ID NO: 9316 If 0.2%It125

2 If 5 ItSEQ ID NO: 9317 II 0.04% I 
t 3 11 33 ItSEQ ID NO: 9318 If 0. 0 2% 
t I 3 ItSEQ ID NO:939 f- 0.02% [1.2 
t 5II 9 ItSEQ ID NO: 9320 IF- 0.00% 0/o osi
F 618 ISEQ ID NO: 9321 II 0.00% 0.i

7 f 20 SE 4I0N: 9322 Ef 0.00 0/0 0.

I HLA A3 9mers-_ 
IMaximumn possible score using this molecule type 

RakStart positfion II Sequence Ft /o of max. score ScrI
I F- 4 ]I SEQ ID NO: 9323 IF- 0.14%/ 1

1 I 16 ]I SEQ ID NO: 9324 IF- 0.11% 0/ 1.
1 I 23 ]jSEQ ID NO: 9325 IF- 0.06% 7/F 8. 1-

I 8IF SEQ ID NO: 9326 IF 0.03% 0/T4.57

21 II ~SEQ ID NO: 9327 If .1~a I .2
6 9 II SEQ ID NO: 9328 It- 0.01%0  I 1.8

I 7 15 IfSEQ ID NO: 32 [I 0.01%~0 I 
I 8 If 25 IISEQ ID NO: 9330 It- 0.01 0/o I 
I 9 If 12 II SEQ ID NO: 9331 It- 0.00%/ f 
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10I 1 I[SEQ)ID NO: 9332 0.00%/ 
1 II 20 ItSEQIEDNO: 9333 II 0.00% I 
F-2 2 ]SE ID NO: 9334 II 0.00% II0.8

1322 ]tSEQ ID NO: 9335 II 0.00 II0.81 I
14 j 10 ]SEQID NO0: 9 3 36 I 0.00%0.

HLA A3 
[MaxKimum possible score using this molecl 

[RnkIIStart poiinI Sequence IIO/o of max. score 
I 20 ItSEQ ID NO: 9337 II 0.16 20.25
2]j 9 ISEQ ID NO: 9338 IF 0.09% I11
316 IL SEIN: 9339 1[ 0.07% I
4 II 18 ItSEQ ID NO: 9340 I 0.07% I
II 22 IF SEQ ID NO: 9341 II 0.0 6% T1 8. s1

II II 4 It SEQ ID NO:,34 0.03% I401
7 II 15 ltSEQ ID NO:7933 I 0.03% 0/4.5
812 It SEQ ID NO 934 0.02% II3.6 1

t 9 II 3 ISQID NO: 9345 1I 0.00% 
II 33 ItSEQ ID NO: 9346 I 0.00% I 

t 11 2 ltSEQ ID NO: 9347 0.00 I 
[1 24 S EQ ID NO: 93487 0.00 0.4

HLA A24 9mers 
[M-aximum possible score using this molecule type j[1596.67 21

Ran It Sa rt posi tion j[sequence__I] 0/0 of max. score7FItcreI
t I 8IISEQ ID NO: 93491 18.78% 0 1I 300

t1 2- I iiL E I O 9350 It 1.870/a It 30 1
II II 28 EID NO: 9351 It 1.500/a It 47K~I 7 IISEQ ID NO::95 i .5 h I 12 1
t sII 17 IfSEQ ID NO: 9353 j[ 0. 560/a t
II II14I SEQ ID NO: 9354 it0. 46 0/o I 7.5 1
t i 23 IfSEQ ID NO: 93.55 It 0.370/% I 6

8 II 13 II SEQ ID NO: 9356It03 0/It 57 1
t 9II 2 IF SEQ ID NO: 9357 It 0.350/% I 5.6 1
1 I 16 7F SEQ ID NO: 9358 It 0.35% 0/a It5.6 1
F~iTII 9 ISEQ ID NO: 939I 0.30 0/a. I 4.8 1

1 II21 IISQ ID NO: 9360 It 0.26 0/a It 4.2 1
13 II 5 =I SEQ ID NO: 9361 It 0.250/ It 4 1

E 4 F SEQ ID NO: 9362 0.22% _a 3.6 1
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1 0 SEQ ID NO: 9363 11 0.18% 3
1 19 IISEQ ID NO: 9364 11 0.18 1

[17 IF 10 ItSEQ ID.NO: 936511 0. 15% IF 2.4
1 18 SEQ ID NO: 9366 IF- 0.13 2[ 2.1

19 IF 25 IfSEQIDNO: 9367 1[ 0.06% 1.1
[2 15 SEQ ID NO: 93681 0.05 0/o J[0.9

F HLAA24 10 mers-_ 
[Maximum possible score using this molecule type IF1596.672I
Rank~] [start positinI Seqiuence: 11 0/0 of max. score IF score1

F 1 8 If SEQ ID NO: 93691 E 22.54% IF 360

F2117 IfSEQ ID NO: 9370 11 1.25 IF 20 
S 17 II E DN:9371 11 0.65 IF- 10. 5 1

415 IfSEQ ID NO: 93:7211F 0.52% IF 8.4 I
F I 4IfSE IDO97 1 0.45% IF 7.2 1

F 1 22 SIf SEQ IDNO0: 937411 0.370/ IF-7 6 1
F 7 12 If SEQ.ID NO: 9375 IF 0.36 It5.761
F 1 I 27 IfSEQ ID NO 9361 0.300 I 4.8 1
F 9II 14 IFSE IjDNo:-9 377 IF 0.28 I 

F 10 20 IFSEQ ID NO: 9378 IF 0.26%00 I 4.2 1
Fi I 10 IFSEQ ID NO: 9379TIF 0.25% 4 I

F 123 IFSEQ ID NO: 9380 IF 0.18% I 3 1
F 1 II 18 IFSEQID NO: 9381 IF 0.18% Ii 3 1

F19IFSEQ ID NO: 9382 IF 0.15% 2.4
ii 24 IF _SEQ ID NO: 9383 IF 0.10% II1.651

F 16 II 16 IFECEQID NO: 9-)384 I .7

F1 I 13 I EQ IDNO: 9-38-57IF 0.06%/ 1 1l
F 18 1 1~ I SEQ ID NO: 98IF 0.05%0/0 71 0.9 1
F19 1 SEQ ID NO: 9387 IF 0.05% 0.841

F ~~HIA A 0201- 9_mers_____I
[-Maximum possible score using this molecule type Fj 392522711

Fanklstart poition I Sequence 1F/0o of max. score] Scre I[112 IFSEQ ID NO: 938811- 0.10%/ IF 4267.988928
F 2 II 23 IFSE-Q I D NO: 938911 0.03 0/0 ]11360.69088544]
1 31 9 -FSEQ ID NO: 939011- 0.01%/ IF 5948832 I
[41 16 I SrEQ ID NO: 9391 II- 0.00% 00 I39.484081

15 IF SEQ ID NO: 9392 1 0.00 0/0 IF79.735704481
62 ISEQ ID NO: 93931 0.000/% IF 51.109542 1
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17 i s 18 If SE ID NO: 9394 11 0.00 0/a 1I45.255399841
8 25 IfSEQ IDN: 939511 0.00% 1- I 34.28765802I

[911 22 ]SEQID N: 936]j 0.00 II26.532116325I
5 ]SEQ ID NO: 9397 0.00% 125.266912661

11rl 21 [SEQ ID NO: 93981I 0.00% IF 4.72873208445J
12Y 11 [SEQ ID NO: 939911 00% If2.6385382651

1131 8 IISEQ ID NO: 9400 If 0.00 II2.427455203811141 4 ]jSEQ ID NO: 9401J 0.00 ]_I[1.74153241
~j 20 11SEQ ID NO: 9402 If 0.00 [1.0255261

116 f 13 SEQ ID NO: 9403[ 0.00 IL 1.4538032971
117 if -35 LLQ ID NO: 9404 II 0.00 ]~1.36878336

II3SEQ ID NO: 94051[ 0.00% ]j 0.824619 I
J[,SEQ ID NO: 9406[ 0=.00%1053 4

[Maimu posibe sore HLA A 0201 10 mers 3227
posbes----e-using this moeuetype 

=Rankf Start -po-sition II S -eq uence 10/b of max. scoreli Score I-
1 22 ]SEQ ID NO:901 0.09%0~ 3636.068421L648]
2]4SEQ ID NO: 9408 II 0.02%0~ i 1107.9608761

is SEQ ID NO: 9409 Ii 0.02 If 836.25251041
F-7- 16 11SEQ ID NO: 941061 0.00% ]t150.93131761

1 IfSQ ID NO: 9411[ 0.00 ][76.55002416
1 -SE Ils ID NO: 9412 0.00 It49.0273014IIf1SEQ ID NO: 9413 0.00,% It42.1638414747I

1 20 [SEQ ID NO:- 9414-It 0.00 II .29480508J
fl~7l 24 [SEQ ID NO: 9415[ 0.00 I 9.2669346 1[iu13 [SEQ ID NO: 9416[ 0.00 117.965819-54
TFI 21 IISEQ ID NO: 941711[ 0.00 If5.0513067618751

1 1 s [SEQ ID NO:94181 0.00%o I 2.6941464
1 11 ISEQ ID NO: 9419 0.00% If2.3839914A

VTF1 34 FISEQID NO: 942011 0.00% It 1.465422 1
i~ If 2 iiSEQ ID NO: 94211 0 0% I 0779

I 1 If 9 ]jSEQ ID NO: 9421 0.00% II0.65130481
l1 19 [SEQ ID NO: 9423~ 11 0.00% O/ 0.518826404251

HLA A 1101 9 mers 1
ji~aimumossible score using this molecule type 36 I

Rank Stat oition j Sequence 0/ fa. score j
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fj HIA A 1101 -10 mers___
If__ximrnm possible score using this molecu-le type 

Rank It Start position 11 Sequence 0/0 of max. score Scr
1 33 SEQ ID NO: 9424 1.66%0.1

~~HLA B7 
[Maximum possible score using this molecule type 

[Rnk[Start poitn I sequence 0A ofaxscr SceI
1- 13 1 SEQ ID NO: 9425 o sco12

2 2 itSEQ ID NO: 9426 0.07%00
3 t 9 IISEQ ID NO: 9427 [007%/ I

[4 It 16 ][SEQ ID NO: 9428 It 0.07%~ I
t 51It 23 ItSEQ ID NO: 9429 0.07%/

5 1S EQ ID N: 0 9743 0 I 0.02%/ f 
I 7 15 ItSEQ ID NO: 9431 0.01 0/ao t

HLA B7-l10 mers__I
[maximum possible score using this molecule type540I

I RnkIIStart positfion It Sequence IIauo ax. score I ScoreI
1 4 J[SEQ ID NO: 9432 jf 0.070/ 9 41

210 Q~ S ID NO: 9433 II 0.070/ 4
II 12 ISEIDNO: 9434 If 0.07% -4

4 15 ISQDNO: 9435 If 0.07%14 1
1 1 22 SEQ ID NO: 943 6 II 0.07% II4

6 13 II 7SEQ ID NO: 9437 0.02% I 

Table 24: Epitopes for SEQ ID NO: 6050

FM-aximum possible score using this molecule type____
IRnkItstart position I! sequence It /o of max. score I cr
[1 If 47 ItSEQ ID NO: 9438 It 0.01%0~ I 0.75
I2 It 21 =1 SEQ ID NO: 49I 0.00% I1 
S3I 53 -7[SEQ ID NO: 9440 F7.5 I

HLA 
I~axmumpossblescore using this molecule type ~52

Ran Start oqsito Seunc of max. scqor-e Sor
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1 1 F 16 D 0EIN: 9441 0.04%2.
F21 SEQ ID NO:, 9442 0.04 I 
13[ 477 II SEQ ID NO: 9443 j 0.02% 1.

14 62 11SEQ ID NO: 9444 0.01%~ I 0.9
20 IISEQ ID NO: 9445 1 0.000/%1 

6 I 3 ~SEQ ID NO: 9446 1 0.00% 

HLA A3 9 mers
[Maximum possible score using this molecule type 7FH50

[Rak~jStart position iSqece of max. score 1[Score]
154 1 SEQ ID NO: 9447 II 0.020/%f 

II 11 17 10SQIN: 944 8 I 0.010/ I
33 SEQ ID NO: 9449 I[ 0.01%/ I1.8

HLA A3 -l10mers I
[Maximum possible score using this molecule type125

[RnkIIStart psionf Sequence I Ofo of max. score jt scoreI
1 22 IfSEQ ID NO:945071 0.090/%II1

II 27 I 6 i SEQ ID NO: 9451 11 0.01 0/0 
3 54 IF SEQ ID NO: 9452 IF 0.000/%[ 

~HIA A24 9 mers 
[Maximum possible score using this molecule type 1596.672J

1Rn ]~start pos~ition7 i sequence a~ of max. scor Iscore.I
70 1SE ID NO: 94-53 2.10% II 33.6F 2rI 7 iSQID NO: 94541 1.12% II 18 1I 3 I 60 LfSEQDO 9455 0.46 

I 411 54 ifSEQ ID NO: 94 56 F- 0.37% I 6
IsII 14 SE IN94]I 0.310/ 
I 1 19 1SEQ ID NO: 9458 I 0.30 =F 4.8I

I 747 [S ID NO: 94591 0.30% II4.8 1
I8 II 12 itSEQ ID NO: 96 i 0.25 0/a--7 TI 4

I I 15--It SEQ ID NO:96 4 1
1If 67 ISEID NO: 9462 F 0.25% 11 4 1

11~ f 21 I EID NO: 9463 1j 0.18% 171 3 1
112 L 37 It SEQ ID NO: 9464 IF 0.06%/ -7F 1
13 F 27 It SEQ ID NO: 9465 rI 0.03% 

HLA A24 10 mers
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IMaximum possible score using this molecule type I 15667I
iRankl Start position II Sequence I 0/0 of max. score IIScore
Ii1 14 E ID NO: 94 6 671 12.52 200
121 7 IISEQ ID NO: 94677I 0.93 0/0 

T~1 11 II .SEQ ID NO: 9468 1f 0.75%00 I 12 1
1F4111 60 SEQ ID NO: 9469 1 0.56 0/0 JI7[ 9-

18 ]ISEQ ID NO: 947 07 E 0.450/. 11 7.2
161 46 IISEQ ID NO: 94717If 7.2
t7[53 SEQ ID NO: 942j 0.37%O/ 6

69 II SEQ ID NO: 9473 f 0.35 I 5.6
Ii9ii 66 11 SEQ ID NO: 9T74 1 0.25% it777 4 I

20 1_ SEID NO: 9475J[ 0.12% it 2147 11SQID NO: 9476 IF 0.07 0/ 1.

f 3 t 26 ItSEQf I D NO: 9478 I 0.4 it0.75 I
[1 t 70 It ]SEQ ID NO: 9479 it 0.04% it 0.72

HLA A0201 9mers 
~Maximum possible score using this molecule type 13925227.1

Rnktstart pos.iti-on II Sequence 7I[0/o of max. score score
1 it 54 IISEQ ID NO: 9480 0.02%00 I 881.199.i
2 t 26 1 SEQ ID NO: 9481 0.0 0 /o 95.013 
3 fl 61 IISE IDN: 42 E. 0.00 /6 Ir 93.69648
F i 19 11S-EQ ID NO: 9483T i[ 0 0 14-0.2894864I

74 1 SEQ ID NO: 9484F 0.00 II 16684
S 35 1[SQID NO: 9485 F[ 0.00 0h I 10.345861

t 7II 69 It)QI O 486 I-0.00 0/h I3.747061
8 I 13 0fSQ DN: 94871 oit 0.0 /0 f 1.56

t9115 0tSQ DN: 9488 F[ 0.00 0% I1 1.47537042
[1 I 68 IISQID NO: 9489 01.00 1F 0.966
1i I 22 IISEQ ID NO: 9490 ir 0.00 1 0.942678----
fi1 I 12 1f SEQ ID NO: 9491 it 0.00 It 0.7 669695-l
1 I 36 S qIDN: 9492 I- 0.00% IF0.5 26 6 1835]

HLA A0201 
lImaximum possible score using this molecule type 3925227.1
IRank 11 Start posto i[III uenceIII7i 0 of max. scoreI Score

1 IL 61 fL SEQ ID NO: 9493 1 0.00 rI 93.696481
I 25 It SEQ ID NO: 9494 1E 0.00 F63.330356251
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3 34 ]fSEQ ID NO: 9495 0.00 If50.23141 53 ]jSEQ ID NO: 9496 11 0.00 45.28383751Jf 26 II EQID NO: 9497 I! 0.00 If14.35752
6 1f 27 11 SEQ ID NO: 9498 ii 0.00 If2.8557858
7 If 17 11 SEQ ID NO: 9499 /f 0.00 11 2.39732227J

81f 36 SEQ ID NO: 9500] 0.00 Jf1.798209191 69 1f SEg ID NO: 9501 0.00%00 1.035215971
67 SEQ ID NO: 9502 If 0.00%0a 0.966I i i 68 IfSEQDN: 53J 0.00%0a I 0.9109381 2~ 1 I SEQ ID NO: 9504f[ 0.00 0.7669695

lLA A 110 1-9 mers __j
~[Maximum possible score usig this moleculetye 3

Rank if start position If Sequence of max. score iScorel
L f 17 IfSEQ ID NO: 95051 2.22% 

Ma posmsible score using this molecule type 50/ Jf36IRank f!Start position II _:Sequence if /0 of max. score I crFE 16 =1 SEQ ID NO: 9506 5.5 

HLA B7 9 mers_ 
[Maximum posbescr sn this molecule typeI 5400f RnkIIStart position .If Sequence If0/b-of max. score ifScore

1 Jf 27 1/SEQ ID NO: 9507 II 0.37% .120
2T7 54 1SEQ ID NO: 9508 fI 0.22 I121 311 70 1SEQ ID NO: 9509 ii 0.22 lt121 f 67 1SEQ ID NO: 9510 if 0.11 6J1 5 If 12 Jf SEQID NO: 9511 If 0.070/% I 4]1 6 If 15 IiSEQ ID NO: 9512 If 0.070/ 43f7 ]f 19 ]f SEQ ID NO: 9513 If 0.07% 41Tf8 If 49 J[SEQ ID NO: 9514 .030 2
9 69 II ,SEQ ID NO: 9515 ]f 0.03%~I 1.8If 47 IfSEQ ID NO: 9516 II 0.02%a___

I i11 5 11SEQ ID NO: 9517 ii 0.01% if1
12 If 9 ifSEQ ID NO: 9518 if 0.01%/ J 11
13 f 35 ff SEQID NO: 9519 if 0.01/ f

14if 37 ifSEQ ID NO: 9520 if 0.01 I 0.6
68 IfSEQ ID NO: 95 2 1 i 0.01 0.6 I
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HLA B7 10 mers
Maximum possible score using this molecule typ 540
Ran kj Start position -5 equence II 0/b of max. score _ScoreJ

-1 II 69 II~ DN: 9522 0 I 36}
2 II 53 IISEQ ID NO: 9523 II 0.22%b II 12

S 5 SEQ ID NO: 9.524 I 0.30/6 
14J 66 I!SEQ ID NO: 9525 II 0.11 I 6Jf 11 ifSEQ ID NO: 9526 it 0.07% i
61 27 111SEQ ID NO: 9527 0 007% 
7 Jj 46 SQINO9580.07% I 4[8111 18 IfSEQ ID NO: 9529 If 0.02 If1.2f9-1 9 IISEQ ID NO: 9530 ~f 0.01 IIf 26 fjSEQ ID NO: 9531 0.01 I~1 1] 25 ifSEQ ID NO: 9532 if 0.01 if0.75J
L111 17 ][SEQ ID NO: 9533 0.01 0.6_
[13if 36 ISEQ ID NO: 9534 0.01 0.6__

14 68 IfSEQ ID NO: 9535 It 0.01 If0.6
35 11SEQ IDNO: 9536 l[ 0.00 116j 42 IISEQ ID NO: 9537 11 0.00 I[0.51

17L 73 SEQ ID NO: 9538 II 0.00 

Table 25: Epitopes for SEQ ID NO: 6052

HLA Al 9 mers
IMaximum ossible score using this molecule tpe2
Rank JStart position 5 Sequence c/b of max. score ScoreI

1 365 ifSEQID NO: 9539 [2 if 397 ][SEQ ID NO: 9540 II 0.44 
f3[ 229 IfSEQ ID NO: 9541 II 0.32%0 I 18C]I 4103 IISEQID NO: 952I 0.17 II 338 1 EID NO: 4 I 0.17% 
6 II 251 ~fSEID NO: 9544 Jj 0.16%0 i 917 II 79 IfSEQ ID NO: 9545 lt 0.11 t6.25]
8 If 119 [SEID NO: 9546 If 0.10 If6
9 If 361 IfSEQ ID NO: 9547 If 0.08 II 60 IfSEQ ID NO: 9548 II 0.04 2.25~

11i If 101 11 EQ ID NO: 9549 If 0.04%0 I 2.251121I1 278 SEQ ID NO: 9550 0.04 f22
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13 23 SEQ ID NO:_.9551 0.02%0/1.5b
114 II 164 1 SEQ ID NO: 9552 11 0.02 1.2

rsI 165---7 SEQ ID NO: 9553 1[ -0.02%11.21
11611--I 295 Jj SEQ ID NO: 9554 0.020a/b .2
117 j[ 172 IISEQ ID NO: 955I 0.010/ 0.1
[187~ SEQ ID NO: 9556 1 0.01%O~ 107

19 II 311 1SEQ ID NO: 9557 1 0.01% 07
I 7819 SEQ ID NO: 9558 0.01 0/a0.2

HLA A-10 mers 

[Maximum possible score using this molecule type 
[RnkIfStartposition Sequence If0/0- of max. scoreJScr

1 i it 114 IfSEQ ID NO: 99][ 1.11 6.
ii IL 134 ISEDN: 9560 If 0.8%I 4 I

I3 IL 365 I40QIN: 9561 li 0.8%][4
4 i 77 IfSQID NO; 9562 If 0.660/ 

L 103 77][ SEQ ID NO: 9563 I 0.44% 2 251
6 If 23=- IfSEQ ID NO: 9564 If 0.22 0/%L1.

f f 338 IfSEQ ID NO: 9565 It 0.17% 
8 361 ][SEQ ID NO: 95 66 %01 R1
9324 ][SEQ ID NO: 9567 IL 0.11% 0/.25I

II 1 Ii 375 ILSEQ ID NO: 9568 IL 0.11 0/o b62
II i 51 79 I7FSEQ ID NO: 9569 ]f 0.04 00 

12 295 IF SEQ ID NO: 9570 ]~0.04%00 'f 
I 13 11 346 IISEQ ID NO:.9571 IF 0.04 0/6 12.
I 14-- 378 IF_ EID NO: 9572 ]l 0.03 %2
I 5 I 251 Egf ID NO: 9573 JF 0.03 I 

16F 214 11SQID NO: 9574 II 0.02 /a 11.2
r 1-7 I 10 SI SE QID N 0 9-575 FI 0. 0 1% 11 1

I 1 II 172 S EQ ID NO: 957-6 11 0.01 110.95E 9I 229 I SEQ ID NO: 9577-]1--- 0.01 II 0.9
20376 II ][SEQ ID NO: 9578 ll. 0.01 I 0.9

I -HLA A3 9mers-
IMaximutm possible score using this molecule type 

Rank 1 Start position sequence II /o of max. score I crlilt 229 If SQ ID NO: 9579 Ef 0.49 0/ 

2 I2 361 If SEQ ID NO: 9580 IF- 0.27% 1/ I 33.751
13330 77]SEQ ID NO: -95817I 0.16% If-20-71
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14 218 [SEQ ID NO: 9582 6 .09%001
II 338 Jj EQ ID NO: 9583~j 0.04 161

6 352 EQ ID NO: 9.584 11 0.04 Oo I
7 II 13 I E DN: 9585 II 0.04%oo It54

18 291 1][SEQI O 9586 1 0.01% o/ 2
191[ 241-- SEQ ID NO: 9587 1 0.01%0o I 

[ioj[ 290 1 SEQ ID NO: 9588 1 0.01%00 
111 316 1SEQ ID NO: '-95-897 0.010/ J 18
1 1 J 222 tSEQ ID NO: 9590 II 0.01 0 1.35
13[ 266 [SEQ ID NO: 9591 it 0.01%0o13

11 t 53 i EQDO 9592 0 0.00%h 1T
1 t 100 IISEQ ID NO: 9 5937 r 0.000/% 7-7 0.

I167I 138-I7 SEQ ID NO: 95947I 0.00 %a0.
17 240 tSEQ ID NO: 955 %t 0.06/.9

1 18 119 itSEQ ID, NO: 9596 I 0.00%0a I .7
1944 ItSEQ ID NO: 9597 [7-0.00 1 0.6-

161 ItSEQ ID NO: 9598 It 0.000/%I 

HLA A3 -l10mers-_ 
Maximum possible score using this molecule typeIf150
t RnkIIStart posiinI Sequence 0l/0 of max. score I cr

38 rSEQ ID NO: 9599 I1 0.490/% I 601
2 I 160 ISEDN:90 t 0.3%4I

t 3 IF7 352 IISEQ ID NO: 9601 II 0.24% 3
4 II 361 II SEQ ID NO: 9602 II 0.18%0a I 2.

II 103 IISEQ ID NO: 9603 II 0.13 1.
F I 290 ISEQ IDNO: 9604 II 0.07% I I
I 351 If SEQ ID NO: 9605 IF- 0.07% II 91

I 8 Ii 44 II SEQ ID NO:_9606 II 0.04 I
I 9 II 228 II SEQ ID NO: 9607 0.03 
I 1 Jj 394 11 SEQ ID NO: 9608 0.02% f
I ii II 240-7 40SE I N:960-9 0.02%0a I 
I 1 Ii 100 E1 SQ I D NO 60 I 0.01 0/ I 1.8

13 II 114 II 7rSEQ ID NO: 9611 f .10o i 
I14 fI 93 7 SEQ ID NO: 9612 F- 0.01 t1.

I 5 i 134 IISEQ ID NO: 9613 F- 0.01 0/6 
1IF 221 -7 SE 0 N: 9614 It- 0.01%0~ 1 1.351

1Jj 330 It ESEQ ID NO: 9615 F 0.00% 0Ft1.27

I 8 12~ SEQ ID NO: 9616 F 0.000/ t 
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11 i 218 SE ID NO: 961 0.00 0.9
112011 55 SEQ ID NO: 9618 0.00%0.

HIA A24 9 mers 
IMaximum possible score sigthis molecule t pe 1596.672_
fRanki Start position I~Sequence ijo of max.scoei ScoreI1 If 345 IfSEQ ID NO: 9619] 1.50% ]f24

2~1 306 ifSEQ ID NO: 9620I 0.75 I 12f 3 I 22 IfSEQ ID NO: 9621 II 0.54 8.64~~I4 If ill SEQ ID NO: 9622 II 0.51 8.25
5159 SEO ID NO: 9623 Ii 0.45%00 172

6 If 219 IfSEQ ID NO: 9624 If 0.45% Ii7.217 If 283 ]jSEQ ID NO: 96251 0.45% if7.2J
8f 266 IfSEQ ID NO: 9626 If 0.42%0 I 6.72
9 56 ifSEQ ID NO: -9627 If 0.41% 0 h I 6.6I

jf 131 IfSEQ ID NO: 9628 If 0.37%- o/ I[ 61
11 214 I~LID NO: 9629 If 0.37% .6 FT7JI 297 IfSEQ ID NO: 9630 0.Q37%/ I

13 If 86 IfSEQ ID NO: 9631 If 0.31 0/ 151
14~ 12~ E ID NO: 9632 if 0.31 Jf 5 1

S 48 1)SEQ ID NO: 9633 If 0.30%h I 4.8f 1 If 105 IfSEQ ID NO: 9634 If 0.30 f17 213 IfSEQ ID NO: 9635 If 0.30 Jf4.8f18 323 ifSEQ ID NO: 9636 If 0.30 A1 .81 1 If 338 I SEQ ID NO: 9637 J 030 4.8~1 0~ 399 SEQ ID NO: 9638.~ 0.30% 4.8

[Maximum possible score using this molecule tpe If1596.672]
RankZ~ Start position if Sequence If0/b of max. score IfScoreI

fiTJI 65 IfSEQ ID NO: 9639 If 0.93 f2 ~f 306 IfSEQ ID NO: 9640 II 0.75 f1 1I 3 II 95 If EQID NO: 9641 II 0.66 II10.56I
4-I 36 IfSEQ ID NO: 9642 II 0.60% If9.6Iif 385 IISEQ ID NO:9643 ii 0.50% if 8
6 If ill SEQ ID NO: 9644 f 0.46% 

7 104 IISEQ ID NO: 9645 0.45-%-I 7.2-
8~I 214 _I1 SEQ ID NO: 9646 i 0.45 If7.2[9 221 7]FSEQ ID NO: 9647 Jf 045% IL7.2
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277 SEQ ID NO: 9648 0.45 7.2
11 150 SEQ ID NO: 9649 0.37 6
12 152 SEQ ID NO: 9650 0.37 6
13 158 SEQ ID NO: 9651 0.37 6
14] 171 ISEQ ID NO: 9652[ 0.37 6

343 SEQ ID NO: 9653 0.37 6
16 110 SEQ ID NO: 9654 1 0.34 
17 85 SEQ ID NO: 9655 0.31 
18- 47 SEQ ID NO: 9656 0.30 4.8
19 213 SEQ ID NO: 9657 0.30 4.8

218 SEQ ID NO: 9658 0.30 4.8

HLA A 0201 9 mers
Maximum possible score using this molecule type 3925227.1
Rank[ Start position Sequence of max. score Score
1 222 SEQ ID NO: 9659 0.03 1267.10434728
2 226 [SEID NO:9660 0.00 69.552
3 316 SEQ IDNO: 9661 0.00% 50.232
4 351 SEQ ID NO: 9662 0.00 31.24872

159 SEQ ID NO: 96631 0.00 13.6235739
6 406 SEQ ID NO: 96641 0.00 11.4264

S7 165 SEQ ID NO: 9665 0.00 0 8.14407
8 238 SE ID NO: 9666 0.00 7.0518
9 138 [SEQ ID NO: 9667 0.00 5.112072

130 SE ID NO: 9668 0.00 3.00547233
11 303 SEQ ID NO: 9669 0.00 2.59578
12 157 SEQ ID NO: 9670 0.00 2.412585
13 219 SEQ ID NO: 96711 0.00 2.103255861
14 305 ISEQ ID NO: 9672 0.00 1.86369

158 ISEQ ID NO: 96731 0.00 IF 1.646892 1
161 331 [SEQ ID NO: 9674 1 0.00 I 1.614048
17 399 SEQ ID NO: 9675 0.00 1.442246832 1
18 324 SEQID NO: 967611 0.00 1.319625 1
19I 312 SEQ ID NO: 9677 0.00 I 1.233099

262 ESEQ ID NO: 9678 0.00 f 0.966

HLA A 0201 10 mers
Maximum possible score using this molecule type 3925227.1
Rank1 Start position IISequence of max. score Score
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1il 221 ISEQ ID NO: 9679~ 0.00% 1[305549408
112 jSE ID NO: 9680 II 0.00 It98.26704j

17 330 IISEQ ID NO: 9681 It 0.00%00 I 98.26704
158 II -SEQ ID NO: 9682 f[ 0.00 It36.3160
21 jSQID NO: 9683 I[ 0.000% It24.0754248

6 I 124 SEQ ID NO: 9684 I[ 0. 0 0' 12.219
FT~t 55 r7 SE ID NO: 9685 1 0.00 I10.467576

t8t 315 ]IFSEQ ID NO: 9686 LI 0.00 I7.7274204_
1 t 350- 11 SEQ ID NO0: 9687 1 -0.00 It 4.296699
tot 405--- SE ID NO: 9688 0.00 I1 4.286487
1 i t 388--7 SEQ ID NO: 968 0.00 It 4.05478.5-
11It 322 I SEQ ID NO: 9690 0.000% It3.8838031
FT~It 130 11SQID NO: 9691 I[ 0.00%~o I 3.428691903
11It 45 ]jSEQ ID NO: 9692 ft 0.00% 13.411230625
1 5 t 132 SEQ ID NO: 9693 ft 0.00%~I 2.99943
1~ 16 It 410 SEQDNO964f 0.00%00 I 2.63718

3117 It 316 SE ID NO: 9695_11 0.00%0~ I 2.48686074
18 It 104 ]SEQ ID NO:9696 1 0.00%/ 1t.73114851

1 19 I 164--]7 SE IDl NO: 9697 1 0.006 F/ I 2.2011
2It 282 SEQ ID NO: 9698 0.00 0/0 I 2.16591

I HIA A 1101 -9 mers___
[Maximum possible score using this molecule type 3

RakIt Start positin It Sequence t0/ofmax. score[ScrI
i It 361 ItSEQ ID NO: 9699 It06%6/ 61
2 t 53 ItSEQ ID NO 700 It- 2.77%/ 11

1 3 It 240 ItSEQ ID NO: 97017It 1.66%o~ I 
4241 SEQ ID NO: 9702]It 1.66% 0/70.6 1

A1101 -10 mers__I
IMaximum possible score using this molecule type 3

I RnkIfStrtposition I Sequence It 0/o of max. score ScrI
F -It 361 It SEQ ID NO: 9703 It 16.66% I
2 It 93 It SEQ ID NO: 9704 It 8.330/%I

1 3t 338 ItSEQ ID NO: 9705 It 3.33%0~ I 1.21

I It 134 It7 SEQ ID NO: 976I 2.77%0a I
I 228 I SEQ ID NO: 97 07 It 2.5% II0.91

6 It 160 It7 SEQ ID NO: 9708 It 2.22%oo I 0.81
SEQ ID NO: 9709 1.66%I 0.61

17 



WO 2004/092360 WO 204/02360PCTIUS2004/01 1710

Fr 8 240 SEQ ID NO: 9710 1.660/ 061
9 257 II EINO: 9711 II 1.66%/ 

379 S SE 0N: 9712 1.66%00 06I

HLA B7 9mers-_ 
[Maxmumpossible score using this molecule type 
[Rnk]jStart position II Sequence of max. score I cr
[1j 105 [SEQ ID NO: 9713 14.81% 7/ 800

2 66 IISEQ ID NO: 9714 It 1.48%/ f8
3 93 1SEQ ID NO: 9715 I[ 0.92%0a5
4 257 ILE§ ID NO: 9716 It 0.55%00 ii3

1 5IL 323 1-SEQ ID NO: 9717 IF- 0.37%0~ 12
II 2 6I 211 I SEQ iD NO: 9718 It 0.22%oo 11
1 7 It219- II SEQ ID NO: 9719 it0.220/b. 1 1
1 8 I!403 II SEQ ID NO:- 9720 It0.18% 
1 9It 34 3 IfSEQ ID NO: 9721 It 0.140/

1 1 1t 12 If EQINO9722 II 0.110/a J
1 It 113 11 SEQ ID NO: 9722 .1/

1 12 It 48 11SEQ ID NO: 9724 IF 0.11%/ 6
13 4t 56 11SEQ ID NO: 97254 0.07%0a

14If 150 II SEQ ID NO:726IF- 0.07%0o i 4
1II 153 ISEQ ID NO: 9727 IF 0.07% 0/---41

I 16 I 159 IISEQ ID NO: 9728 II0.07%0o]
17 jf 213 SEQ ID NO: 9729 ~1 0.070/%I

[718 If 7216 IISEQ ID NO: 9730 11 0.07% 41
II1222 IISEQ ID NO: 9731 II 0. 07 II4

F-2-071-- 283 1LSEQ ID NO: 9732 IF 0.07% 4 1-E7=

I HB7 LA 7 m1 ers 
[M-axmum possible score using this molecule type 

SRank I1 Start positiion sequence II of max. scoreScr
S1 I 36 1t SEQ ID NO: 93 I 1.48% 
2 II 150 It SEQ ID NO: 9734 II 1.480/ Ft 807

t3 ]I 343 It SEQ ID NO: 75I 1.48% 801
t4 ]I 12 ItSEQ ID NO: 9736 II 1.11~/ 601

II 308 ISEQID NO: 9737 IF 1.11% t6
6 II 130 ItSEQ ID NO: 9738 i 7/ t2

F71 55 It SEQ ID NO: 9739 0.22%~ It1
1210 It SE ID NO: 9740 0.22%I1
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j9 218 tSEQ ID NO: 9741 II 0.22%oo I 12
II 201 ItSEQ ID NO: 9742 II 0.18 L1

I i1I 121 IISEQ ID NO: 9743 0.140/ I
I 1 II 391 ][SEQ ID NO: 9744 01 

13 II 112 tSEQ ID NO: _9745 II 0.11%/ i
I 4 l 385 ItSEQ ID NO: 9746 0.11 0/0

1 5 II 47 ItSEQ ID NO: 9747 II 0.07%0a I 4
I 1 Jj 66 ItSEQ ID NO: 9748 II 0.070/%L
[1 I 95 ItSEQ ID NO: 9749 0.07%o/ IF 4
1 II 104 It SEQ IDNO: 9750 II 0.070/%I 41

L 9 I 152 ItSQIFO 71I 0.07 a/a L
I2 158 It S EQ ID N: 09-7-527f 0.070/ 4I
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TABLE 26: Cloned sequences for E.coli expression

ORE DNA length Cloning
bp pET pGEX

P28 537 NdeI XhoI
1917 NhelI IhindIll
2495 Nhel./XhoI

Ns1B2153 NdeI XhoI

N2A 431 Nde XhoI BamH[I/XhoI
Nsp2B 426 NdeI /XhoI BamMl/ XhoI

Nspj 29 NdeII/XhoI Banlil/ XhoI

140 39 NdeI XhoI BaM/Xo

Nspli 1581 NdeI /XhoI

S P (i 1946 NdeI XhoI

0.0 n li 11525 Ndel XhoI

Spike ()146 NdeI XhoI
Enveloe 219 NdeI XhoI aiil/Xo

Matixe (M)ALOO 3665 Ndel XhoI BmrIIXo
ORI1 137 NdeI XhoI BanIHI /XhoI

ORF9 135 NdeI/Xo all~o

525 Ndel XhoI aH /Xo
NulOcaps 4N 169 NdeI EcoRI

ORF12I 297 NdeI EcoRI BamHL EcoRI
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TABLE 27: Primers

ORF Forward primer Reverse primer
P28 9803 9818

9804 9819
NsplA 9805 9820
NsplB 9806 9821
NsplC 9807 9822

Nsp2 +Nsp3 9808 9823
Nsp4 to Nsp7 9809 9824

Nsp9A 9810 9825
Nsp9B 9811 9826

9812 9827
Nspll 9813 9828

Nspl2-Nspl3 9814 9829
ORF3-ORF4 9815 9830
En-v-ORF1O 9816 9831

ORF11-ORF12 9817 9832

TABLE 28: Primers

ORF Forward primer Reverse primer
Nsp2A SEQ ED NO: 9833 SEQ ID NO: 9858
Nsp2B SEQ ED NO: 9834 SEQ ID NO: 9859
Nsp3 SEQ ID NO: 9835 SEQ ED NO: 9860
Nsp4 SEQED NO: 9836 SEQ IDNO: 9861

SEQ ED NO: 9837 SEQ ID NO: 9862
Nsp6 SEQ iDD NO: 9838 SEQ ID NO: 9863
Nsp7 SEQ BD NO: 9839 SEQ DD NO: 9864
Nsp12 SEQ ID NO: 9840 SEQ ED NO: 9865
Nsp13 SEQ ED NO: 9841 SEQ ID NO: 9866

Spike S I SEQ EiD NO: 9842 SEQ ID NO: 9867
Spike S2 SEQ ED NO: 9843 SEQ ID NO: 9868

Spike S 1-S2 SEQ ID NO: 9844 SEQ ED NO: 9869
HRI SEQ H) NO: 9845 SEQ ED NO: 9870
HR2 SEQ ID NO: 9846 SEQ ID NO: 9871

Orf3AlOO SEQ E) NO: 9847 SEQ ID NO: 9872
Orf4 SEQ D) NO: 9848 SEQ ED NO: 9873

Env E SEQID)NO: 9849 SEQID NO: 9874
Matrix MA100 SEQ ED NO: 9850 SEQ ID NO: 9875

Orf7Al8 SEQ ID NO: 9851 SEQ ID NO: 9876
Orf8 SEQ ID NO: 9852 SEQ ID NO: 9877
Orf9 SEQ ID NO: 9853 SEQED NO: 9878
OrfiG SEQ ID NO: 9854 SEQ ID NO: 9879
Olil SEQ ID NO: 9855 SEQ ID NO: 9880

Nucleocapsid N SEQ ID NO: 9856 SEQ EID NO: 9881
Orfl2 SEQ ID NO: 9857 SEQ ID NO: 9882
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TABLE 29: Cloning, purification and expression in E.coli

SARS CoV ORFs M.W cloning Expr. purification as
Kd__ 

P28 19,7 his sol
70,3 his sal

NaD1AIN-terml 1. his____ins_

Ns~1B(oe 808 
_NsD1C -termn -953+- 
Nsrp2A (N-term) 15.8 his____ins_

NsD213 (C-term) -15.5- +hi o
Ns 3 31.9__ 

NspNtem 21,8 o

NsD Crm) 12.6 

NSPT his ins

11PAI -eri I 

516 his ism

NuoAP13jlfj 36,- +his ins

ORF1 11__ his ins
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TABLE 30: E.coli expression, purity and yield

Protein Tg Purity Yield (mg/I)
Nsp2A (N-term) is 95 1.7
Nsp2B (C-tenn) His 95 4.1

Nsp4 His 95 12.6
is 95 5.88

Nsp6 is 95 8.1
P28 HES 95 1

His 80 0.553
HR2 His 95 11.9
HR1 His s0 2.64

Ns IA is 95 0.267
Spike S 1-82 His so 0.38 1

Matrix M His 85 12.4
ORF7 GST 85 4.9

TABLE 31: Primers

SEQ ID NO: LRank Model Local (Position)
10235 Fl 1 1 (106)
10236 F2 2 1 (728)
10237 F3 3 1 (112)
10238 F4 5 2 (1331)
10239 F5 6 1 (12)
10240 F6 6 1 (346)
10241 F7 8 1 (904)
10242 FS 9 1 (1016)
10243 F9 9 1 (1015)
10244 FIO 9 1 (719)
10245 Fli 9 1 (720)
10246 F12 10 1 (724)
10247 Ri 2 1 (1283)
10248 R2 4 1 (756)
10249 -R3 4 1 (758)
10250 R4 5 2 (259)
10251 R5 6 1 (54)
10252 R6 7 1 (648)
10253 R7 8 1 (948)
10254 R8 8 1 (260)
10255 R9 9 1 (1282)
10256 RIO 9 1 (950)
10257 R11 9 1 (756)
10258 R12 10 1 (132)

-479-



WO 2004/092360 PCTIUS2004/01 1710

TABLE 32: Primers
Primers List: (forward)

Scores
Rank
Fl
F2
F3
F.4

F6
F7
F8
99

Fl 1
F.12
F13
F14
F1 5
Fl16
F17
FI18
9.19

F.21
F.22
F23
F.24

Model
7
7
7
7
7
9
9
10
11
11
12
12
14
14
16
17
17
17
17
20
20
28
28
29
29

Local
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Sequence
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID -NO:
ID NO:
ID NO:
TD NO:
ID NO:
ID NO:

10352
10353
10354
10355
10356
10357
10358
10359
10360
10361
10362
10363
10364
10365
10366
10367
10368
10369
10370
10371
10372
10373
10374
10375
10375

(Position)
(290)
(291)
(294)
(292)
(293)
(198)
(199)
(33)
(200)
(299)
(298)
(297)

(34)
(300)
(295)
(296)
(175)
(36)
(202)
(201)
(204)
(203)
(269)
(268)

Primers List (reverse)
Rank
RI
R2
R3
R4

R6
R7
R8
R9
RiO
Ri11
R12
R13
R14

Ri16
R17
Ri18
Ri19
R2 0
R2 1
R2 2
R2 3
R2 4

model
7
9
11
11
12
12
13
14
14
15
16
17
17
17
17
18
20
20
21
22
28
29
32
35

Local
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
-I

Sequence

ID NO:
ID NO:
ID NO:
ID NO:
ID NO:-
ID NO:
ID NO:
ID 'NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:-
ID NO:
ID NO:
ID NO:
ID NO:
ID NO:-
ID NO:
ID NO:
ID NO:
ID NO:-

10377
1037B
10379
10380
10381
10382
10383
10384
10385-
103 86
10387
10388
10389
10390
10391
10392
10393
10394
10395
10396
10397
10398
10399
10400

(Position)
(337)
(229)
(230)
(338)
(207)
(338)
(231)

(232)
(82)
(340)
(83)
(206)
(82)
(337)
(341)
(340)
(233)
(79)
(213)
(236)
(317)
(391)
(57)

Rmer Lis (lef part) SE1040100-143 PrmrsLs (23gt7a): E NS 03-06

Primers List (lforward): SEQ ID NOS: 10465-10484 Primers List (reve SEQ ID NOS: 1045-1046
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TABLE 33: Primers

Primers List (forward)
Scores

Rank Model Local Sequence (Position)
F1 1 1 SEQ ID NO: 10580 (637)
F2 2 1 SEQ ID NO: 10581 (439)
F3 2 1 SEQ ID NO: 10582 (44D)
F4 3 1 SEQ ID NO: 10583 (729)

4 1 SEQ ID NO: 10584 (696)
F6 4 1 SEQ ID NO: 10585 (697)
F7 4 1 SEQ ID NO: 10586 (111)
F8 5 1 SEQ ID NO: 10587 (867)
F9 5 1 SEQ ID NO: 10588 (868)

5 1 SEQ ID NO: 10589 (869)
F11 5 1 SEQ ID NO: 10590 (640)
F12 6 1 SEQ ID NO: 10591 (438)
F13 6 1 SEQ ID NO:' 10592 (437)
F14 6 1 SEQ ID NO: 10593 (436)

6 1 SEQ ID NO: 10594 (732)
F16 6 1 SEQ ID NO: 10595 (635)
F17 6 1 SEQ ID NO: 10596 (457)
F18 6 1 SEQ ID NO: 10597 (458)
F19 6 1 SEQ ID NO: 10598 (636)

7 1 SEQ ID NO: 10599 (854)
F21 7 1 SEQ ID NO: 10600 (855)
F22 7 1 SEQ ID NO: 10601 (581)
F23 7 1 SEQ ID NO: 10602 (853)
F24 7 1 SEQ ID NO: 10603 (342)

7 1 SEQ ID NO: 10604 (343)

F26 7 1 SEQ ID NO: 10605 (112)
F27 7 1 SEQ ID NO: 10606 (94)
F28 7 1 SEQ ID NO: 10607 (642)

F29 8 1 SEQ ID NO: 10608 (638)
8 1 SEQ ID NO: 10609 (639)

F31 8 1 SEQ ID NO: 10610 (730)
F32 8 1 SEQ ID NO: 10611 (641)
F33 8 1 SEQ ID NO: 10612 (731)
F34 8 1 SEQ ID NO: 10613 (326)

8 1 SEQ ID NO: 10614 (325)
F36 9 1 SEQ ID.NO: 10615 (517)
F37 9 1 SEQ ID NO: 10616 (701)
F38 9 1 SEQ ID NO: 10617 (208)
F39 9 1 SEQ ID NO: 10618 (209)

9 1 SEQ ID NO: 10619 (702)
F41 9 1 SEQ ID NO: 10620 (210)
F42 10 1 SEQ ID NO: 10621 (634)
F43 10 1 SEQ ID NO: 10622 (694)
F44 10 1 SEQ ID NO: 10623 (693)

10 1 SEQ ID NO: 10624 (728)
F46 10 1 SEQ ID NO: 10625 (695)
F47 10 1 SEQ ID NO: 10626 
F48 11 1 SEQ ID NO: 10627 (455)
F49 11 1 SEQ ID NO: 10628 (456)

11 1 SEQ ID NO: 10629 (454)
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Primers List (reverse)
Scores

Rank Model Local Sequence (Position)
R1 1 1 SEQ ID NO: 10630 (367)
R2 1 1 SEQ ID NO: 10631 (666)
R3 2 1 SEQ ID NO: 10632 (464)
R4 3 1 SEQ ID NO: 10633 (669)

3 1 SEQ ID NO: 10634 (750)
R6 4 1 SEQ ID NO: 10635 (720)
R7 4 1 SEQ ID NO: 10636 (465)
R8 4 1 SEQ ID NO: 10637 (370)
R9 4 1 SEQ ID NO: 10638 (668)
R0O 4 1 SEQ ID NO: 10639 (135)
R11 5 1 SEQ ID NO: 10640 (901)
R12 5 1 SEQ ID NO: 10641 (667)
R13 6 1 SEQ ID NO: 10642 (609)
R14 6 1 SEQ ID NO: 10643 (464)

6 1 SEQ ID NO: 10644 (665)
R16 6 1 SEQ ID NO: 10645 (486)
R17 6 1 SEQ ID NO: 10646 (356)
R18 6 1 SEQ ID NO; 10647 (758)
R19 7 1 SEQ ID NO: 10648 (366)

7 1 SEQ ID NO: 10649 (368)
R21 7 1 SEQ ID NO: 10650 (136)
R22 7 1 SEQ ID NO: 10651 (675)
R23 7 1 SEQ ID NO: 10652 (366)
R24 7 1 SEQ ID NO: 10653 (608)

7 1 SEQ ID NO: 10654 (884)
R26 7 1 SEQ ID NO: 10655 (120)
R27 8 1 SEQ ID NO: 10656 (355)
R28 8 1 SEQ ID NO: 10657 (671)
R29 8 1 SEQ ID NO: 10658 (756)

8 1 SEQ ID NO: 10659 (751)
R31 8 1 SEQ ID NO: 10660 (666)
R32 9 1 SEQ ID NO: 10661 (242)
R33 9 1 SEQ ID NO: 10662 (543)
R34 9 1 SEQ ID NO: 10663 (724)

9 1 SEQ ID NO: 10664 (482)
R36 10 1 SEQ ID NO: 10665 (121)
R37 10 1 SEQ ID NO: 10665 (662)
R38 10 1 SEQ ID NO: 10667 (750)
R39 10 1 SEQ ID NO: 10668 (719)

10 1 SEQ ID NO: 10669 (242)
R41 11 1 SEQ ID NO: 10670 (484)
R42 11 1 SEQ ID NO: 10671 (375)
R43 11 1 SEQ ID NO: 10672 (728)
R44 11 1 SEQ ID NO: 10673 (373)

11 1 SEQ ID NO: 10674 (998)
R46 11 1 SEQ ID NO: 10675 (486)
R47 12 1 SEQ ID NO: 10676 (881)
R48 12 1 SEQ ID NO: 10677 (882)
R49 12 1 SEQ ID NO: 10678 (244)

12 1 SEQ ID NO: 10679 (1003)

Primers List (left part): SEQ ID NOS: 10680-10974 Primers List (right part): SEQ ID NOS: 10975-11282

Primers List (forward): SEQ ID NOS: 11283-11302 Primers List (reverse): SEQ ID NOS: 11303-11322
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TABLE 34

Compound 
H

#Structure NameMH

H,O-P 3 N, N-methyl-4-[(2-[[2-(1- 402.5
CH, HrN methylethyl)phenyliamino--1 H-

1 2-carboxamide
OH3

H.COSi-OH
3

OH, N-methyl-4-{[1 -methyl-2-({3- 470.6
H [(lrimethylsilyi)ethynyljphenyl}am

H ino)-1 
2 OH, yI]oxylpyridine-2-carboxamide

H' N-methyl-4-[1 -methyl-2-{[2- 478.5
I (phenylcarbonyl)phenyl]amino)-

CH 1 
3 VI)oxylpyridine-2-carboxamide

_N

0 OH, 360.4
to "4-(methyloxy)-N-[6-(methyloxy)-

0 1 ,3-benzothiazol-2-yJ-3-
4 nitrobenzamide 

0

1 &,IN H, 433.5
CH, s -({2-[(4-butylphenyl)amino]-1 ,3-

methylpyridine-2-carboxamide

0 0,N-methyl-4-({1 -methyl-2-[(6- 444.5
N pyrrolidin-1 -yipyridin-3-yI)amino]-,

H N H~

H,O 1 
6 VI~oxy)pyridine-2-carboxam ide

0

,N -y)N'OH, 4~I. NH l -bi(cyclohexyl)-2- 46.ylaminoj-1 -methyl-i H-46.
HO 

7 mothylIyridine-2-carboxamide

100

0< Nr s -({2-[(4-chlorophenyl)amino]-1 477.9
H- methyl-1 

H,O yIloxy)-N-1 ,3-thiazol-2-
8 Iprdn--arboxamide
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0 -mothyl-2-{[2-

CH(methytoxy)phenyljamino)-1 H- 462.5Q4  c benzimidazol-5-y)oxy]-N-[3-
p (rnethyioxy)propyl]pyridine-2-

9 H.C carboxamide

0

H-"e 49{2d[(4-ethylphenyl)arho13
N benzoxazol-5-y~oxy)-N-38.

(trifluoromethyl)phenyl]methyllpi
11 F erazine

CH 401.5S

IN OH3 1 -[2-(ethyloxy)phenyl]-4-{[3,4,5- 

12 0,CH, ris(methyloxy)phenyllcarbonyl}p

TIN, 1 -(3-chlorophenyl)-4-{[2-34.
(0 (ethyloxy)phenyl]carbonyllpipera

13 CH, zine

3-({4-[(2E)-3-phenylprop-2- 371.4
enyl]piperazin-1 -yIlcarbonyl)-7-

0 oxabicyclo[2.2. I ]heptane-2-
14 carboxylic acid

H H

2 J) ON. 0.CH, 1 -t2-(mflthyloxy)phenyl]-4- 387.4
1N 

CH, tris(methyloxy)phenyl]carbonyl~p
ioerazine

CN) 3-[(4-pyridin-2-yipiperazin-1 332.4
0 yI)carbonylj-7-

16 0 OHoxabicyclo[2.2. 1 ]heptane-2-
16 acid 
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SANN NN-[4-henlppeazn- 437.6
o VI)carbonyll-2-thioxo-2,3-

17 dihydroguinazolin-4(l H)-one

Y1 374.5
N, dimethylphenyl)methyijpiperazin

18 -1 -yIjimin)methyl]naphthaien-2-
F0

F

Cja r340.7
N, 5-ohio ro-1 

(trifluoromethyl)phenyl]methyl)-
19 01 H-indoie-2,3-dione

-a OH 3

297.3

1 1 
0 0nitro-1 H-indole-2,3-dione

CO CH, 0

a CHI I 342.4
0 1 -methyl-6,7-bis(methyoxy)-2-
CO {[3-(methyloxy)phenyi]carbonyly-

21 1,,3________isgunoin

0 OH3  CH13

I 362.4
0 1 -methyi-6,7-bis(methyloxy)-2-
CH, (naphthalen-2-ylcarbonyl)-

22 1 ,2,3,4-tetrahydroisoguinoline

C J H2 [2-(trif luorom ethyl) phenyljmethyl

Iz00 3-[4-(amijnocarbonyl)phenyl]-2- 565.6
cycioheptyl-1 -oxo-1,2,3,4-

0 tetrahydroisoquinoline-4-
23 carboxylate

o N-S,
',N

C anthra[1 ,2,5]thiadiazole- 26.

24 6,111-dione____
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0 265.2

0

benzo[bjoxanthrene-6,1 1 -dione

0C3 ethyl 6,11 -dioxo-6,11 
0 0 dihydrobenzo[b]phenazine-2-

26 carboxylate
N3C, N'CHa

O=s=o 0

316.3
I N, N-dimethyl-9,1 0-dioxo-9,1O0-

dihydroanthracene-1 
27 0sulfonamide

i-IC 0 0461.4

I F 2-(trif luoromethyi)-3-{ [3,4,5-
o F tris(methyloxy)phenyl]carbonylln

28 0 aphtho[2,3-b]f uran-4,9-dione

2C H,279.3

N' OH30 o 2-(2-oxopropyl)-2-phenyl-1 H-
29 0indene-1 ,3(2 )-dione 

O 0

0 N,07 ethyl 445.4
H3C 0n itroph en yl) carbon yl]- 1,3-d ioxo-

1 ,3-dihydro-2H-isoindol-2-
1 benzoate 

FF

Cl X N IF 5,6-dichloro-2-[2-chloro-5-39.

Cl Cl(trifluoromethyl)phenyl-l H-
31 isoindole-1 ,3(2H)-dione 

HC,

s 0 N 3-bromo-4-{[(2- 413.3
H2N N. Nt B F 

H2 N NB (methyloxy)benzaidehyde
32 ______________hiosemicarbazone 
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N'H0 H 419.9
y NH-[4-(3-chlorophenyl)piperazin-1 

33 thiosemicarbazone

cI 0

0. _N N NH2

I N' 4-[[-(3-378.9
H chlorophenyl)ethyl]aminol-3-

H nitrobenzaldehyde
34 thiosemicarbazone

H3C

Nw 287.4
OH3 N-~N<I-f-NH2 (1 E)-6,9-dimethyl-2,3,4,9-

H s 2 etrahydro-1 H-carbazol-1 -one
thiosem icarbazone

HN N252.4

(2E)-1 ,1 -bi(cyclohexan)-1 -en-2-
36 one thlosemicarbazone

0H

0 N Y NK, 378.9
chlorophenyl)ethyl]am ino}-3-

H nitrobenzaldehyde
37 thiosemnicarbazone 

H3C~XI~(s O -(diethylamino)-2-(L(4- 486.7
H ,C'd o fIuorophanyl)methyl]oxy~benzald

H30 ehyde N-(2-piperidin-1 
38 ylethyl)thiosemicarbazone

CH,

H30* N -H3 
360.4

N 3,4-bis(methyloxy)benzaldehyde
I .10 (1,1 -dioxido-1 ,2-benzisothiazol-

39 3-Dmtyhdrazone
H2N yNH

HN, N 2)2[4c
,hioroth[en-2lorophenyl)(5- 314.2

N. I)methylidene]hydrazinecarboxi
CI idamide 
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-Nl~ 344.4N -(4-am ino-2-oxo-1 -propyl-1 ,2-
S dihydroquinolin-3-y)-1 H-

41 CH, benzimidazole-6-carbonitrije 
,CH

.H (methyloxy)phenyl]methyl}amino 528.6
)-3-[5-(4-methylpiperazin-1 -yi)-

o~ 1H-benzimidazol-2-yljquinolin-
42 201 

cl I 6-chloro-3-(5-chloro-1 H- 417.3
CI N benzimidazol-2-y)-4-{[2-

N 0 H(dim ethylam ino)ethyi]am inolquin
43 H olin-2(l H)-one

N 

N )-~22B1.3
H IN N 4-mno-5-(l H-benzimidazol-2-

0 l)-l -methyl-1,7-dihydro-6H-
44 pyrazolo[3,4-b]pyridin-6-one 

"N J OH3 339.2
0. H 5,5-dimethyl-4-methylidene-3-

N A LI 3.
11 (2,4-,6-trinitropIhenyl)-1,30 0 oxazolidin-2-one

H ,C 4 N C H 3 5 -m e th y l-2 -2 7 
0 (methyloxy)phenyl]hexahydro-

46 1 H-isoindole-1 ,3(2H)-dione

0

H 3 C C 4 N C H 3 5 m e t h y l 2 4 -2 5 

0 methylphenyl)hexahydro-1 H-
47 isoin dole-1, ,3(2H)-dione

N),NH252.7
NHN.-2--(4-chlorophenyl)-6,6-

dimethyl-1 ,6-dihydro-1 
48 triazine-2,4-diamine 
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o0~~hI

-1 (7Z)-7-(furan-2-ylmethylidene)-3- 312.4
0 SLN' phenyl-3,4-dihydro-2H-

J [1 ,3]thiazolo[3,2-a][1 
49 6(7H)-ona

H3

0 1 0 CH (3aR,9R,9aR)-6,7-dihydroxy-9-

HO H H [3,4,5-tris(methyloxy)phenyll- 387.4
I 3a,4,9,9a-

HO)I -etrahydronaphtho[2,3-c]furan-

H 1 (3H)-one

Cj~ N N

O H, 6-chloro-2-(ethyloxy)-4-methYl-3- 387.8
(4-nitrophenyl)-3a,4,9,9a-

.NtO- tetrahydro-3H-pyrrolo[2,3-
51 0b]quinoxaline

12:I-CH 3  ethyl 2-(thyloxy)-4-methyl- 304.4
OH30  0 3a,4,9,9a-tetrahydro-3H-

pyrrolo[2,3-b]quinoxaline-3-
52 HCcarhoxylate

H3q

HOC HA 0 9 ethyl 333.4

H bis(methyloxy)phenyljaminolmot
o N H hyl)-3,5-dimethy-1 H-pyrrole-2-

53 0 H C carboxylate

1 -{3-[(6-amino-5-nitropyridin-2-
b I)amino]propyl}-4-(2- 473.9

chlorophenyl)-N-[(2S)-2-
hydroxypropyl]-1 H-pyrrole-3-

54 64 arboxamide
0

0 H, (4-methylphenyi)(5-nitro-2- 32.

i eridin-1- ylhenyl)methanone

0N (2S,5R)-N-1 (4-methylphenyl)- 429.5

QN t 5-phenyl-N-2.--(2-pyridin-2-
HC7 0 Iethyl)pyrrolidine-1 ,2-

1 56 1 3 Idicarboxamide 

-489-



WO 2004/092360 WO 204/02360PCTIUS2004/01 1710

('N 5 ~H)(322.4
H c"3  2-I(3S)-3-(acetylamino)-2-

oxopyrrolidin-1 
57 Iuorophenyl)ethyllacotam ide

Qr-f N-12- (2,4-dichlorophenyl)ethyj-
ClNCH 553.5

ON diflIuorocyclohexyl) imino][(3S)-3-
K~NH methylpiperazin-1 

58 ______________I]methyllamino)benzamide

252.3

O-CH, 
59 ______________henylisoxazole

F 
0

mothyl -methylethyl)-2,3- 421.4
dioxo-7-(trif luoromethyl)-3,4-
dihydroquinoxalin-1 (2H)-

H3C OH3  Il]methyllbenzoate

jHO 

Ohiral

0  HC O 403.5

0 (3beta, 1 6beta)-3,14,1 6-
61 trihydroxybuf -20,22-dienolide 

N 281.3

N 2-(aminomethyl)-1 -(2-pyridin-2-
62 0 yiethyl)guinazolin-4(l H)-ono

cCH
N3 0 01CH., ethyl 

N-N bis(methyloxy)phenyl]-7-50.
I'N (trifluoromethyl)pyrazolo[1 

F F a]pyrimidin-3-
F yI]carbonyl)piperazine-1 

63 
H3C 0

H, 0 0 N

N -5-[3,4-bis(methyIoxy)phenyl]-3- 435.4
(piperidin-1 -ylcarbonyl)-7-

F F (trif luorom ethyl) pyrazolo[1 
64 IF ailpyrimidine 
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Hq5-j3,4-bis(methyloxy)phenyl]-N- 486.5

F (trifluoromethyl)pyrazolo[1 
F _a]pyrimidine-2-carboxamide 

HGC Ns
N N/ 260.3

OH 5-propyi-2-thien-2-
66 pyrazoo[1 ,5-alpyrimidin-7-o

-491-



WO 2004/092360 PCTIUS2004/01 1710

Table 

Compound Structure Source Literature Reference Patent Number

rCH3  
HO

Na'S N H A2 1) Lang, J.-M.;Touraine,

Y J.-L.;Trepa, C. et al.

SH 20 Lancet 1988.,2(8613):
1Aventis Pasteur 702-5. 

H

N

H2NY"N N Dong, M. K. ata21.

OH Pharmacologist 1988,
2 Pfizer 30(3): Abst 87.8. ES 8602792

S

s~Mizuno, 0. at al. 4th tnt

S Conf Immunopharmacal
(May 15-19, Osaka)

3 Mitsui Chemicals 1988, Abst WS6-3. EP 236929

HC OH CH~ OH
H3 CCCbI

4HC OH 3  Roche EP 407788

HO0

HO No

HO IN 1) Iwami, M. at 21. J
OHH Antibiot 1987, 40(5): 612

OH Fujisawa 22. JP 87161796

ChTrd

6 Novartis FIR 2604177

0 -CH
3

OH

7 OH3  Roche Bioscience 4725622

'T H0

1 0 H 0

8 CH, Roche Boscianca US 4727069

N. 1) Nishikaku, F. and
OHKoga, Y. 4th mnt Cont

F' N N' CH Immunopharmacol (May

OH, H 15-19, Osaka) 1988,
9 Sumitomo 'Abst WS6-8. .EP 248399
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46 ~...'Ortho-McNeil EP 300741

0 0 Cia

JH H0la 1) Flzames, C. et al.
1~jOH OH15th Int Cong

0 Chemnother (July 19-24,
0 Istanbul) 1987, Abst 605

47 Aventis Pharma GIB 2053231

HCCH3 H 0 0 NH2  Chiral
H3C N OH

HO OH H3C 'OH 0
0 1) WHO Drug Inform

48 OH Roche Bioscience 1988, 227. 1) EP 135376

H& I S1) Sharma, B.S. et al.
H N N N >=03rd Intersci World Conf
H 2 N N nflamm, Antirheum

HO Anaig Immunomodul
Y (March 15-18, Monte-

49 HO 'OH ION Carlo) 1989. 9. EP 348446

Chiral

o 1) Satoru, 1. et al. Antivir
Toho Yakuhin Res 1988, 37-46. EP 188697

chiral

51 0 Gifu University A.7etal.,

r0, ,P 0 U

52 Gifu University 
Ohiral

53 HINHGifu University

CF,

54 N0 12If Mitsubishi Pharma EP 351435
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O~ OH H
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Harbor Branch

H Oceanographic
91 H0  C ~Institution EP 331320

0

H N 'kJS* N 1) Herrmann, D.B.J.
17th mnt Cong

HN Chemother (June 23-28,
Roche -Berlin) 1991,Abst 838. EP352652

H3C OH 3  OH

H
93 Roche AU 8931653

H C H3

N

N (D 0
H

94 Roche AU 8931653

HC OH 3  N

N 0
H 

Roche 8931653

H C CH 3  N

N 0 
HI

96 Roche AU 8931653

HO H 3

N 0 C
H

97 Roche AU 8931653

0 N 0 
H
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100

101

102

_103

104

CH 3

H C 
NN 

H 0

qChiral Rce

CH, Scharper

F 
H3Z

N, I CO H
CH,

0 HOC
Mitsubishi Pharma

~cl

-0

o CH 3  Abbott GmbH

ccC
N-N< Cr

I CH3
S Abbott GmbH

01 10

HN N-OH(
N~ 'N N'CH3

H 3C~ CH,

HO O OH

HO a M lerck Co.

N-N<:C

o0:~ O'CH, Abbott GmbH

oi
AbNt-Gb

~AU 8931653

1) Migliorati, G. et al. 7th
mnt Cong lInmunol (July
30-Aug 5, Berlin) 1989,
Abst 106-62,

IEP 351435

I EP 354693

EP 354694
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109 0o 1 0 CH, Abbott GmbH 354693
F F

N-Ne

Abbott GmbH 354694

N-N c

ill Abbott GmbH EP 354694

H3C N'CH 01.~ I.H3CN CH 3

H zC"'.N~c N' N N H

112 Wyeth EP 354303

0H a- 'o H C

N N-

113 Wyeth EP 354303

H 3 CN CH Is,

H3c""N F
114 Wyeth EP 354303

H3 C .NCH Is

115 H NFWyeth EP 354303

0-S
CH3

SN N N F

116 Wyeth EP 354303

~0

N AN
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H3,C C H Is5- H3CNC H 3

H3C N NNCH3
118N'' N Wyeth EP 3W4303

H3 C N *-IN CH 3

HC N C 9a N C H

119 Wyeth EP 354303

H 30 N CH,-

FF

120 Wyeth EP3W4303
F F

121 F-l- N r~ Wyeth EP 354303
C11 3  CH,

H C 1-1 j N N CH3

N C' N -~N

122 Wyeth 354303

CH3  CH3

H G N N CH,

N

123 Wyeth EP 354303

CH3  ol 10 CH3

H3 C N NCH

H 3CIXN N

124 Wyeth EP 354303

N-4-KJ '13-
H36 N x N CH.

125 Wyeth EP 354303

H30' C2~h3 F FD H H3C' CH3
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HC a0 N N H

H oCb

136

137

138

13-9-

140

141
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143

Chiral

HC z0 1j NJ~~ N

0

Chiral

HCC

CH,

H O O jH-

HP 0 u- VCH
N N NH

i N
H C ChP1

OLK>H
H B,-

N Iii

I-T

Tanabe

~Tanabe

Tanabe

Tanabe

~ristol-Myers Squibb

akedal

harmacia

erck Cc.
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fEP 372818

IEP 372818
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Hu

NHH
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HO 0

14OH American Biotechnology WO____102733___

155 06?o c Novartis EP 417803

S HCN 
r

1586 Palifarma EP 423077

0- W.

0 OHH

157 10 1 N2 SCRAS GB 2228937
SH Chmi

HS j 0 H
H C 0 HCI

158 H2 Santen EP 455833

H O 0 0 C H
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19OH American Biotechnology W 123
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N 0 OH,
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m
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0 Chirot
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HO, CH OH
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O2 OH O
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BRIEF DESCRIPTION OF SEQUENCE LISTING

SEQ ID NO: Description
1 Draft genome assembly from The Genome Science Center in British Colombia,

Canada of sequence from TOR2 isolate. TOR2_draft_genome_assebly_120403 Release 1
2 CDC SARS-CoV strain sequence. Entire nucleotide sequence (Urbani strain)

3-20 Group-specific coronavirus gene products
Feline infectious peritonitis virus (FIPV)
3/4 ORF 3b; 5/6 ORF 3X; 7/8 ORF 3A
Canine coronavirus
9/10 ORF 7b; 11/12 ORF 7a
Avian infectious bronchitis virus
13/14 ORF 5b; 15/16 ORF 5a; 17/18 ORF 3a; 19/20 ORF 3b

21-520 500 primers for left part
521-1020 500 primers for right part
1021-3520 Forward primers from Table 4
3521-6020 Reverse primers from Table 4
6021-6026 Figure 9 primers
6027-6033 Figure 11 primers
6034-6038 Five primers from http:7/content.nejm.org/cgi/reprint/NEJMoa03078v2.pdf
6039-6051 PEP1 to PEP13

6052 Extended PEP 13
6053-6056 229E human coronavirus sequences
6057-6060 TGV sequences
6061-6064 PEDV sequences
6065-6068 Bovine coronavirus sequences
6069-6071 Murine hepatitis virus sequences
6072-6075 AIBV sequences
6076-6170 Primer sequences (forward)
6171-6265 Primer sequences (reverse)
6266-6304 Primer sequences (forward)
6305-6343 Primer sequences (reverse)
6344-6366 Primer sequences (forward)
6367-6392 Primer sequences (reverse)
6393-6440 Primer sequences (forward) F1-F48
6441-6487 Primer sequences (reverse) R1-R47
6488-6559 Primer sequences
6560-6568 Primer sequences

6569 The nsp2 proteinase (3CL-PRO) sequence in SARS coronavirus
6570-72 The nsp2 proteinases (3CLp) of avian IBV, MHV, and BCoV

6573 Consensus nsp2 proteinases sequence
6574-6577 IG sequences from Figure 18

6578 Expression construct of nSh in pCMVIII
6579 Expression construct of nS in pCMVIII
6580 Expression construct of nSh ATC in pCMVIII
6581 Expression construct of nS ATC in pCMVIII
6582 Expression construct of nSlh in pCMVIII
6583 Expression construct of nS1 in pCMVIII

6584-6585 Primers for cDNA amplification
6585-6587 Primers for RT-PCR
6588-6809 Component sequences of Figure 23 amino acids)
6810-7179 Component sequences of Figure 24 amino acids)
7180-7187 N-glycosylation sites within SEQ ID NO: 6039
7188-7189 Component sequences of Figure 

7190 Fragment of SEQ ID NO: 7188
7191 Polynucleotide encoding SEQ ID NO: 7190
7192 Amino acids 879-1005 of SEQ ID NO: 6042
7193 Amino acids 879-980 of SEQ ID NO: 6042
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7195
Amino acids 901-1005 of SEQ ID NO: 6042

7196 Amino acids 1144-1196 of SEQ ID NO:- 6042
7197-7 199 Membrane fusion peptide -regions
7200-7206 NadA-based polypeptides
7207-7223 N-glycosylation sites within SEQ ID NO: 6042
7224-723 1 Slippage region

7232 Orfiab polyprotein
7233-7244 Orf lab polyproteins
7245-7247 X2 sequences for SEQ ED NOS 7233-7244
7248-7253 Orfiab polyproteins

7254 Zinc binding region 2 site
7255-727 1 N-glyeosylation sites in SEQ ID NOS: 6040-41,6043,6045-46,6050-51
7272-729 1 Polypeptides and polynucleotides
7292-7293 Intergenic sequences
7294-7301 Nucleotides from 5' end of SARSV genome followed by intergenic sequence
7302-7306 NadA constructs
7 307-7308 Fra ens TofSEQ TD NO: 6042

7309 NadA sequence
7310-7311 NadA leader sequences
7312-7315 Amino acid sequencess from NadA
7316-7324 PCR primers
7325-7330 Primers

7331 CCACC sequence
7332-733 6 3'UTR forward primers
7337-7341 3TUTR- reverse primers
7342-7 352 3'UTR probes
7353-7362 5' UTR forward primers
7363-7373 5' UTR reverse primers
7374-7385 5' UTR probes

7386 Conserved octanucleotide
7387 Reverse complement of SEQ ID NO: 7293
7388 Intergenic: sequence

7;3-90 S-t-em-loop sequence
7391-7392 Poly-glycine linkers

7393 Poly-histidine tag
7394 Nucleocapsid epitope site
7395 Antisense primer

7396-7397 Probes
7398-7399 Antigenic fragments of SEQ ID NO: 6042
7400-7639 T-epitope analysis of SEQ ID NO: 6039
7640-7800 T-epitope analysis of SEQ ID NO: 6040
7801-8040 T-epitope analysis of SEQ ID NO: 6041
8041-8280 T-epitope analysis of SEQ ID NO: 6042
8281-8486 T-epitope analysis of SEQ ID NO: 6043
8487-8665 -T--epitope analysis of SEQ ID NO: 6044
9666-8820 T-epitope analysis of SEQ ID NO: 6045
882 1-9018 T-epitope, analysis of SEQ ID NO: 6046

919931 T-epitope analysis of SEQ ID NO: 6047
9132-9308 T-epitope analysis of SEQ ID NO: 6048
9309-9437 T-epitope analysis of SEQ ID NO: 6049
9438-9538 T-epitope analysis of SEQ ID NO: 6050
9539-9752 T-epitope analysis of SEQ DD NO: 6052

y f UJ

07AA 074q -1 k-nuers or spike protein amplifiation, particularly fragments of spike
TIT I
L4gycosytion sites within SEQk ID INO: 6039

9766-9779 jCleavage products for ORFiab (Table 
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9780-9782 Forward primer, reverse primer, probe
9783-9784 Lysine-rich region
9785-9798 Oligonucleotides used for S-cerevisiae expression
9799-9 802 Sequences from Figures 65 66
9803-9882 Primers for E.coli cloning
9883-9885 ]3CV nucleotide sequences for Figures 3A, 3B, 3C
9886-9891 BCV amino acid sequences for Figures 4A, 4B, 4C, 4D, 4E, 4F

9892 BCV 
9 893 BCV 3'UTR

9894-9896 MIV nucleotide sequences for Figures 3A, 3B, 3C
9897-9902 MHY amino acid sequences for Figues 4A, 4B, 4C, 4D, 4E, 4F
9903-9904 AMBV nucleotide sequences for Figures 3A, 3B
9905-9909 AEBy amino acid sequences for Figures 4A, 4B, 4D, 4E, 4F

9910 AIBV TUTR
9911 AYBV 3' UTR

9912-9913 HOBMPRO, ITOBBEGA nucleotide sequences for Figures 3B, 3C
9914-9918 Human CoY amino acid sequences for Figures 4A, 4B, 4C, 4E, 4F

9919 HCoV-0C43 5' UTR
9920 HCoV-0C43 3'UTR

9921-9923 pCMVKm2 vectors
9924-9926 Codon-optimised N, M and E sequences

9927 BNJ-l
9928-9959 Constituent amino acid sequences 4aa inferred from SEQ ID NO: 9927

9960 ORFiab variant
9961 -ORFia variant
9962 Spike variant
9963 Membrane variant
9964 Nucleocapsid variant

9965-9966 Short ORFs
997 FRA complete genome
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00

0 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated polypeptide of the severe acute respiratory syndrome (SARS)

C) virus, wherein the polypeptide comprises a SARS virus Spike polypeptide
00 or a functional fragment thereof.

2. The polypeptide of claim 1, wherein the fragment comprises the S1 domain

t (SEQ ID NO: 7307), S2 domain (SEQ ID NO: 7308), the receptor binding
0000 region of the S domain, the oligomerization domain regions of the S2

Sdomain, the leucine zipper region of the S2 domain, the cytoplasmic tail

Ci region of the S2 domain and/or any of the polypeptide sequences given in SEQ

ID NOs: 7193-7194, 7196-7199, 7207-7223, 7398, 7399 and 8041-8240.

0
C, 3. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid

sequence selected from SEQ ID NOs 6042 and 9962.

4. The polypeptide of claim 1, wherein the polypeptide is in oligomeric form.

The polypeptide of claim 4, wherein the oligomer is a trimer.

6, The polypeptide of claim 1, wherein the polypeptide is a fusion.

7. The polypeptide of claim 6, wherein the fusion peptide comprises the Spike

protein (SEQ ID NO: 6042) or functional fragment thereof.

8. The polypeptide of claim 7, wherein the fusion peptide comprises a tag

sequence, a second SARS virus protein, a non-SARS virus protein, a bacterial

protein and/or an adjuvant.

9. An isolated or purified or recombinant nucleic acid encoding the polypeptide

of any one of claims 1 to 8.

The nucleic acid according to claim 9, comprising a nucleotide sequence

selected from the group consisting of SEQ ID NOs 6578, 6579, 6580, 6581,

6582 and 6583.

11. A polynucleotide comprising a nucleotide sequence having 80% sequence

identity to the nucleic acid of claim 9 or claim 

12. A polynucleotide comprising a fragment of at least 10 consecutive nucleotides

of the nucleic acid of claim 9 or claim 

13. An isolated or purified or recombinant antibody that recognizes the

polypeptide of any one of claim 1 to 8.
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14. The antibody of claim 13, wherein said antibody recognizes the polypeptide
O

comprising the amino acid sequence of SEQ ID NO 6042 or a functional
fragment thereof.

U
The antibody of claim 14, wherein said antibody recognizes the polypeptide
comprising the amino acid sequence of SEQ ID NO: 6042 or a functional

fragment thereof in trimeric form.

16. The antibody of claim 13, wherein the antibody is a monoclonal antibody.

00
17. The antibody of claim 13, wherein the antibody is a human antibody.

18. An immunoassay for detecting a SARS virus antigen in a sample, comprising

the step of contacting the sample with the antibody of any one of claims 13 to
S17.

19. An immunoassay for detecting an antibody against a SARS virus antigen in a
sample, comprising the step of contacting the sample with the polypeptide of
any one of claims 1 to 8.

20. A method of detecting an antibody against a SARS virus antigen in a sample

comprising contacting said sample with the polypeptide of any one of claims 1
to 8, under conditions suitable for binding said polypeptide to said antibody, if
present, and detecting the binding of said polypeptide to said antibody.

21. A method for detecting a SARS virus antigen in a sample comprising
contacting said sample with the antibody of any one of claims 13 to 17, under
conditions suitable for binding said antibody to said antigen, if present, and
detecting the binding of said antibody to said antigen.

22. A vaccine for the treatment or prevention of severe acute respiratory syndrome
(SARS), comprising an isolated or purified polypeptide comprising the SARS
virus Spike protein or a functional fragment thereof.

23. The vaccine of claim 22, comprising an isolated polypeptide according to any

one of claims 2 to 8.

24. The vaccine of any claim 22, further comprising an adjuvant.

The vaccine of claim 24, wherein the adjuvant is an aluminium salt or is
MF59.

26. The vaccine of claim 22, comprising more than one SARS virus antigen.

27. The vaccine of claim 26, wherein the antigens are selected from S, E, N and

M.
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O 28. A viral vector or particle comprising a nucleic acid of claim 9.

S29. The viral vector of claim 28, wherein the vector is an adenovirus vector, a

poxvirus vector or an alphavirus vector.

00
An alphavirus replicon particle comprising a SARS virus Spike polypeptide or

a functional fragment thereof.

31. The replicon particle of claim 30, wherein the polypeptide comprises an amino

acid sequence selected from SEQ ID NOs: 6042 and 9962.

Ce¢
C 32. The replicon particle of claim 30, wherein said particle comprises a replicon

derived from Venezuelan Equine Encephalitis (VEE) and further comprises an

0 10 envelope derived from Sindbis virus (SIN) or Semliki Forest Virus (SFV).

33. A vaccine comprising a SARS virus Spike polypeptide or a functional

fragment thereof and one or more respiratory virus antigens.

34. The vaccine of claim 33, wherein said respiratory virus antigens are selected

from the group consisting of influenza virus, human rhinovirus (HRV),

parainfluenza virus (PIV), respiratory syncytial virus (RSV), adenovirus,

metapneumovirus, and rhinovirus.

The vaccine of claim 34, wherein said respiratory virus antigen is from

influenza virus.

36. The vaccine of claim 33, wherein said respiratory virus antigen is from a

coronavirus other than the SARS virus.

37. A polypeptide comprising an immunogenic, surface exposed fragment of the

amino acid sequence SEQ ID NO: 6042.

38. The polypeptide of claim 37, wherein said fragment does not include the last

amino acids of the C-terminus of SEQ ID NO: 6042.

39. The polypeptide of claim 37, wherein said fragment does not include a

transdomain region of SEQ ID NO: 6042.

The polypeptide of claim 37, wherein said fragment does not include a C-

terminus cytoplasmic domain of SEQ ID NO: 6042.

41. The polypeptide of claim 37, wherein said fragment does not include a N-

terminus signal sequence.
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o 42. An expression construct for recombinant expression of a SARS virus spike
1 protein wherein said construct comprises a nucleic acid sequence selected
Sfrom the group consisting of SEQ ID NOS: 6578-6583.

00 43. A mammalian cell line stably expressing a SARS virus Spike polypeptide or a
functional fragment thereof.

44. The cell line of claim 43, wherein said cell line is a Chinese Hamster Ovary
00 (CHO) cell.

0 45. The cell line of claim 43, wherein the polypeptide comprises an amino acid
sequence selected from SEQ ID NO: 6042 or 9962.

O 10 46. The cell line of claim 43, wherein the spike polypeptide is truncated to remove
the transmembrane sequence.

47. A vaccine according to claim 22 further comprising an adjuvant.

48. The vaccine of claim 47 wherein the adjuvant is a detoxified bacterial ADP-
ribosylating toxin, a non-toxic double mutant form ofBordatella pertussis
toxoids, chitosan, MF59, aluminium and aluminium salt or a SMIP.

49. The vaccine according to any one of claims 22, 23, 25-28 or, and 33 to 36 for
use in the treatment of SARS infection.

The polypeptide according to claim 8, wherein the second SARS virus protein
comprises ORFla (SEQ ID NO: 6039), ORFlb (SEQ ID NOs: 7188 and
7189), ORF ab polyprotein (SEQ ID NO: 6041), Matrix protein (SEQ ID NO:
6046), Nucleocapsid protein (SEQ ID NOs: 6051 and 6052), 3CLp protease
(SEQ ID NOs: 6569 and 9769), small membrane protein (SEQ ID NO: 6045),
any of the hypothetical proteins given in SEQ ID NOs: 6050, 6049, 6048,
6047, 6044, 6043 and 6040, or a functional fragment thereof.

51. The polypeptide according to claim 50, wherein the fragment of the second
SARS virus protein comprises any of the polypeptides given in SEQ ID NOs:
2206-2224, 3020-3042, 7180-7817, 7257-7264, 9764-9765, or any of the T-
cell epitopes given in SEQ ID NOs: 7400-8040, 8281-9752.

52. The polypeptide according to claim 8, wherein the non-SARS virus protein is
derived from a coronavirus, influenza virus, rhinovirus, parainfluenza virus,
respiratory syncytial virus, adenovirus and/or metapneuemovirus.

53. The polypeptide according to claim 8, wherein the bacterial protein is a
bacterial adhesion protein or functional fragment thereof.
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54. The polypeptide according to claim 53, wherein the bacterial adhesion protein
00
0 is NadA, YadA, USpA2 or a NadA-like protein.

The polypeptide according to claim 53, wherein the fusion protein comprises

San amino acid sequence given in any of SEQ ID NOs: 7197-7206 or SEQ ID

NOs: 7302-7306.

56. The vaccine according to any one of claims 22-27 and 33-36 for use as a

medicament for the treatment of SARS infection.

00
S57. The polypeptide according to any one of claims 1-8, 37-41 or 50-55 or

functional fragment for use as a medicament.

58. The vaccine according to any one of claims 22-27 and 33-36 for use as a

Smedicament.

59. A method of identifying at least one target for an anti-SARS agent, comprising

contacting a compound with the polypeptide according to any one of claims 1-

8, 37-41 or 50-55, determining whether said polypeptide binds to said

compound, identifying any said compound bound by said polypeptide,

wherein binding of said polypeptide is indicative that said compound is a said

target, and recovering and isolating said compound.

The polypeptide according to any one of claims 1-8, 37-41 or 50-55, or the

nucleic acid according to any one of claims 9 or 10, or the polynucleotide

according to claim 11 or 12, or the antibody according to any one of claims

13-16 or the immunoassay according to claim 19 or the method according to

claim 20 or 21, or the vaccine according to any one of claims 22-27 or 33-36

or 47-49 and 56, or the replicon according to any one of claims 30-32, or the

expression construct according to claim 42, or the cell line according to any

one of claims 43-46 substantially as herein described with reference to any

example and/or drawing hereof.

DATED this TWENTY THIRD day of DECEMBER 2008

Novartis Vaccines and Diagnostics, Inc.

Patent Attorneys for the Applicant:

F.B. RICE CO.
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FIGURE 3A

00
0

BCV N
MHW N
Avian infectious bronchitis N
Consensus

1 10 20 30 43
ATGTCW1TTACTCC LGOT-AAGCAAT--CCATAGTAGAOCOT
ATGTCTTTTGTTCCTG CAAA CCOTACAGJCT

ATGTCTTTT TOCTGG AAQ AA CC OT G AGA T

-SECTIlON 2
(44) 44 50 60 70 86
(41) CCTTTOGAAATCOTTCTGOTAATGOCATCCTTAAO 

(44) CCTCTmOAAACCGCGCTOOTAATOOAATCCTCAAGAAOACCAC

ECV N
MWi N

Avian infectious bronchitis N
Consensus

(1)
(ftACCT TO AAA CO CTGOTAATOO ATCCT AAG

SECTION 3

BCV x

MWl N
Avian infectious bronchitis N
Consensus

(87) 87 100 110 129
(76) -TOOWCCOATCAGTCCGACCAATCTAOAAATVTPCAAACCAGO
(87) flGOOCTOACCAAACCGAGCOTGGACCAAAT~AATCA).AATAA

ATGCGACOGTAAOACAACTGGfOAACAOA
(87) TGOC GA CA CCGACO T? AAOAA TCAAA CAGA

BCV N
Hl N
Avian infectious bronchitis N
Consensus

(130)
(118)
(130)
(33)

(130)

-SECTION 4
130 140 150 160 172
GGTAGAAGAGCTCAAXCCACAMACTCTACTTCTCACTAC

OGAAGAATCAOCCAAAOCAOACTOCAACTACTCAAC C
CTCCCCCOCGCCAATC--- ATCAAACTAGGGAC~ICAJAtA--C
OOCAGAAO OCTCA CC AAOCAAACTGC ACTACTCAAC--C

SECTION 
173 180 190 20D 215
CATCAGGAGGGAAGTOTTTACCCTACTAT-TCn'GnICTCTO
CAACTCC-OOO.AGOTTOTTCCCCATTAC-TCCTOGTrI'TCTG

CACA-OAGTACOGATCTTG~lCA

CA CA GGOAGTGr GT CCC A TAC TCTTGTTTCTG

BCV N

14HV N
Avian infectious bronchitis N
Consensus

(173)
(161)
(171)

(71)
(173)

BCV N

MSV N
Avian infectious bronchitis w4
consensus

(216)

(203)

(212)

(113)
(216)

SECTION 6
216 230 240 258
OAATTA- CTCAOTTTCAAAAAOO3AAAOOAOTrrGAATTTOC

OCATrTA- CCCATTCCAAAAGOAAAOCAOT1TCAOTTTGC

CCATAAAGOCCAAOAAACTAAATGCACCTGCACCTAAGTTTG-

OCATTA CCCA~rTr CAAAA OOAAGAOATT AGTTTOC

SECTION 7
(259) 259 280 290 301

BCV NT
MWl N
Avian infectious bronchitis N
Consensus

(243)

(252)
(155)
(259)

AGAGGGACAAGTTCCTATTCACCAOAGTCCCAC.CTACT

AAGOACAGAGGOCCTATTCCAATGAATCCCCOCTTCA
-AAG3GTAOTOO Y3?ICCTOATAATGAAAATCTTAAAAArAOC

AOAAOOACAAGGTGWGCCTATTOC AAOOA TCCCAOCTAC
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flTnzzR 3A (contd.)

SETON a
(302) 302 310 320 330 344ECV N (302) GAACTAAGGGGTACTGGT AGAC-CTCTTTTA

D4HV N (295) GACCAAAAGGGATATTGTATAACAcAACCOCC aTTTA
Avian infectious bronchitis N (196) CACCAGrATGA;CCAGCG--GTTTA
Consensus (302) GASCA AALOCGTACTGGTA AGACACAACAG CGTTCTTTTA

on 9

BCV N

MWV N
Avian infectious bronchitis
Consensus

(345)

(329)

(338)
N (233)

(345)

345 350 3160 370 387
AACAGCCGATCCAACCACCGTCATCTCCACGATGGT

AGCCAGTAAAGOACGAAACAGTTACCTGGT

AAACAGCTGATGGC A CAGAA CAArfl CTGCC COATOOT

SECTION 
388 400 410 420 430
ATTTTPACTATCTGGCAGGACCrJCTGACCACATA

ATTTTTACTATCnCCGGCCATGGGCCGTT.A

ATTCTATTACACTGGAACAGGACCAWCCGt.TGACCTVJAATTG
ATTTTTACTATCThYJ;ACAGGACC CATGCTGAAG CAATTA

BCV N

MliV N

Avian infectious bronchitis N
Consensus

(388)

(371)

(380)

(275)

(388)

SECTION 1±
(431) 431 440 45D 460 473BCV N (414) TCGCACCGATATGACGAGTCrCTGGGCTAGTCA

MWV N (423) TIGGc~~mAGGc~TGTcAAACA
Avian infectious bronchitis N (318) GGTATTAGTGAAGGGGTCGTA 

GConsensus (4311 TGG GAC TATTGA GGTCTTCTGGGTTGCTA TAACCA

SECTION 12
(474) 474 480 490 500 516BCV N (457) GCTGATTCAATACCCGGC CA VCTGATCGGGACCCAA

P4EV N (466) GOGACACCAATAGCOCGACTAnTGOAAGACCCAA
Avian infectious bronchitis N (361) GCGTTAAcAACACAOTCAAACT
Cons ens us (474) GCTGATGTCAATAcCCG TCTGACATTGCCGATAGGACCA

(517)
BCV N (500)
MEWv N (509)
Avian infectious bronchitis N (404)
Consensus (517)

SECTION 13
517 530 540 559
GTACCGATAGCTACCACTAGXCCGCG1ACGG

OCAOTCATGAGGCTAT'TCCTACTAGGTrTTGCG3CCCGCACC(J

ATAAGTT-ATCTJCCACTGTOAGAGG--

OTAG ATGAGOCTATTCC ACTA GG'TTT CGCCTGGCACGG

SECTION 14
(560) 560 570 580 590 602301/ (542) TAC2VCCTCAGGGTTACTATATTGAAGGCTnAAGWTG

1481 N (551) TATTOCCTCAGGCTrIWAGTGAQCTCTGGAAOTCT
3 C

Avian infectious bronchitis N (441) -AGGACCTCATGArD------------ TCCGTTGGGACTTCConsensus (560) TA TP CCTCAGGGTTATTAP TTGAAGGCTC GGAAGOTCTGC
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C)
Co

BCV N

MliV N

Avian infectious bronchitis N

Consensus

(603)

(585)

(594)

(472)

(603)

BCV N

Mliv N

Avian infectious bronchitis

Consensus

(646)

(625)

(636)

N {514)

(646)

SECTION 
603 610 620 630 645

TOCTAATrCCACATCTACTTCACGCGCA TCCAOTAGAGC

ACCTGCTAGCCGATCTGGTTCGCGGTCACAATCCCGTGG-GcC

AT-TCCTCTAGTCGTGGAGAGTGGAAOATCAAOCAGCA

ACCT CT CAGATCTGGTTCOCG OCA ATCCAGTOGAGCC!

SECTION 16
646 6'60 670 688

TCTAGCAGGATCOCGTAG2AAGCCAMTCTGGCAACAGAA

AAATA ATCGOG- -CTAGAAGCAGTTCCAACCAGCGCC
TCATCAGCGGCATCTAG- -TAGACTACCATCCCGTGAGGGTT

TOAT O 0 ATCGCG TAGAG CA TTCC GC AG G

SECTION 17
689 700 710 720 731

CCCCTACCTCTGGTGTAACACC GATATGGCTGATCAhAtTh2C
AGCCTGCTCTACTGTAAAACCI'OATATGGCCGAAGAAATTGC

CACGIY2GTCGTAGGAGTGOAGCTOA- -AGATGATCTGATTGC

C CCTGCCTCTAGTGTAA ACCTCATATGGCTGATCAAATTGC

BCV N

MWi N

Avian infectious bronchitis

Consensus

(689)

(668)

(671)
N (554)

(689)

Bev N
WiT N

Avian infectious bronchitis

Consensus

(732)

(711)

(714)

N (594)

(732)

BOV N4

MIIV N
Avian infectious bronchitis

Consensus

(775)

(754)

(757)
N (634)

(775)

~~SECTIN 18
732 740 750 760 774

TAGTCrmTTCTGGAAAACTTGGCAAnGOAGCOACTAAGCCA

TGCTOTTGTTTTGGCTAAGCTTGGTAAAnATGCCGGCCAGOC

CCGFDX!AGCAAAGATRARRCAFFACCAFCAFP -AGGAAGGGT

T G C TGTT TGGCTAA CT GOAAGGATGCCAG AAGC

SEICTION 19

775 780 790 800 817

OAGOAAGTAAOTAAGCAGACTGOCA.AAGAAATCAGACA--GAA

AAGAAGAACAAGAAATGCAAAAAGCAGGCA- -GAA

ACGCGCATTACTAAGCAAAAGGCAGAAGAQATGOCTCATOCC

AAGCAAGTAACTAAGCAAA TG.CCAAN3AAATOAG CA GAA

SECTION 

818 830 840 850 860
AATTTTGAATAAGCOCCGOCAO-AAGAGGAGOCAATAAACAA

AATTTTAAACAAGCCTOGCCAAAAGAGGACTOOAAAOAAGCAG

GATTC'IGTAAGOCGTAOGTIGCCACCAGGTTATAGAGTAGATOA

AArITGAA AAGCCCOGCCA AAGAGGA CC AATAAAOAA

SECTION 21.

861 870 880 890 903

TOCACTGTTCAOCAGCGTTTTGGGAAGAGAGGCCCCAATOAGA

TGCCCAG.TGCAGCAGTGTTTTGGAAAGAGAGGCCCCAATCAGA

AGTTTTTGGCCCTCGOTACTAAAGGTAAAGAGGGT--------- A
TGC CTGTGCAGOAGTG.TTTTGGGAAGAGAGG.CCCCAATOAGA

B3CV N
MHV N

Avian infectious bronchitis N

Consensus

(818)
(795)
(798.)

(677)

(818)

BOV N

MEWl N

Avian infectious bronchitis N

Consensus

(861)

(838)
(841)
(720)

(851)
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FIGURE 3A (contd.)

00
0

BCV N

14HV N

Avian infectious bronchitis N
Consensus

(904)
(881)
(884)

(755)

(904)

13CV N
MWE N
Avian infectious bronchitis
Consensus

(947)
(924)

(927)

N J798)
(947)

DCV N
14EV N
Avian infectious bronchitis
Consensus

(990)
(966)
(969)

N (840)
(990)

DCV N
1wI N

Avian infectious bronchitis
Consensus

(1033)

(1009)
(1009)

N (871)
(1033)

SECTION 22

904 910 920 930 946
ATTTTOTCGTOOAQAAATCT-TAAAACTTOGAACTAGTOACCC
ATTTTGGAGGCTCTGAAA'rGTTAAAACTTGGAACTAGI'OATCC

ATTTTGGTGATGACAAOGATAATCACCAACCTATTAAGGATGG

ATTTTCCTCCTC CAAATGrPAAAACTTCGAALCTAGrGATCC

SECTION 23

947 960 970 989
ACAGTrCCCCA FQCTTGCAGAAC-TCGCACCCACAGCTGGTGC

ACAG ETCCCCATTCTTGCAGAGT-TGGCTCCAACACTTGOTGC

GC-GTGTTACAI7CAA'ICCTCAACCflACACCAAGCCCACATGC

ACAGTTCCCCATTCTTOCAGAAC T GCACCAACA0JCTA3CGC

SECTION 24

990 1000 1010 1020 1032

GrrITrcTTTGGATcAAATTAGAGTTGCCAAAGTGCA3AAT

cTITT~cTTOOATCTAAATTAGAATTGCTCAAALA -AGAAT

rTCTCTTTTTOGAAGTASAST-GAC- OCCCAAG 
TTTTTCTT rGGATCTAOATTAflA TTGGCCAAAG AGAAT

SECTION 

1033 1040 1050 1060 1075

TT1GTCTOGGAATCTTCACGAGCCCCAGAAGGATOTTTATGAAT

-CTOCTCCTCTGATCAACCCACCAAAGATGTGTATOAC

CT--TCAACCAGATCOGCC'TC ACCTTAGATTCAAT

T CTGGT ATCCTCATGAt3CCCC AA OATGT TATGAAT

__-SECTION 26

1076 1090 1100 1118

TGCOCTATAATGGTGCAATTACATTTGACASTACACT 7CAGO

TC-CAATArrCAXGTGCAATTAGAITTTGATAGTACTCTACCTCG
TT-ACTACTGTOGTCCC--TAGAGATGACCCGCAGTfl'GATAA

TGCACTA rT 'GOTGCA TTAGATTTIGACAGTAC CTT CTCO

SECTION 27

1119 1130 1140 1150 1161

TTTACA0ACATA VAGGTGTTAATGAGAATTGAA
T'ITTGAOACTATC--- -ATCOAAAGTGTTOAATCACAATTTCAA

TTATOTAAATTTGTGATGAOTGTOTTGATGGPTGTAC--OAA

TS'TTGAGAC AT AVGAA GTGTTGAATCAGAATTTGAA

SECTION 29

1162 1170 1180 1190 1204

TGCATATCAACAACAACATGTAT-GATOAATATGA-GTVCAA
TGCCTACCAOAArGAT'1N2TGTCAGATGTCG-TGA-GCCCAA

CACGTCYCAAACO.ACOAATTOTAA-GACCAAAG-TCACGCCCAA

TOC TACCAA AACAAGGTGGTA OATGAA TGA OCCCAA

BCV N
M"E N'

Avian infectious bronchitis
Consensus

(1076)

(1052)

(1049)

N (905)
(10?76)

BCV N

14kV x

Avian infectious bronchitis
Consensus

(1119)
(1095)
(1092)

N (945)

(1119)

(1162)
BCV N (1134)
[4EV N (1131)
Avian infectious bronchitis N (986)
Consensus (1162)
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FIGURE .A (contd.)

00
0

BCV N

MW N

Avian infectious bronchitis N
Consensus

(1205)
(1175)

(1172)
(1028)

(1205)

SECTION 29
1205 1210 1220 1230 1247
AACCACAnCGTCA-- -CGTGTCA -AAQAATGCACAAG

AGCCCCAAAGAAAAGGGCGTAGACAGCTCAGGGJGA-

ATTCAAACCTC--TACAAGAACCAG-TCTCCA(GCCAG

A CCACAACGT A GCGTGGACAGG T A OAA GACAAG

SEToIO 

1248 1260 1270 1280 1290
GAOAAAATGATAATATAAGTGTTGCAGCGCCTAAAAGCCGTGT

ATGAA A TGGATTAAOCGOCAAACCCCAAAAGCTCTQ

ACAACACGTCAAAAGAAGGAGAAGAGTCAAAGAAGCAG

BCV N

MHV N

Avian infectious bronchitis N
Consensus

(1248)

(1211)

(1214)

(1068)

(1248) A OAAA GATAATATAAG GTTOCAA CCC AAAAGC GTGT

BCV N

MHV N

Avian infectious bronchitis
Consensus

(1291)

(1254)

(1257)

N (1111)
(12 91)

SECTION 31
1291 1300 1310 1320 1333
GCAGCAAAATAAGAGTAGAGAGTTACTGCAGA GGACATC
GCAGCGAAATGTAAGTAGACAATTAACCCCAGA GOATAGA
GATGAACTAGATAAG--- -GCATTGACCTCAOATOAGGACG

GCAGCAAAATATAAGTAGAGAATIOACC CAGA GGA AG

SECTON 32
1334 1350 1360 1370 1376
AGCTTCT---TAAGAAGATGGATGA----------CCOTATA

AoTTTGCTCAOATCcTTGATATGGCGTAGTGCGAGATG

AACAATWCACACTGAATTTGATATGAACCCAIhCGTATT

AGCT T TCAGAA TTGATGATG GCC ATA

BCV N

MiV N

Avian infectious bronchitis

Consensus

(1334)
(1294)
(1297)

N (1150)

(1334)

SECTION 33

BCV N

MHV N

Avian infectious
Consensus

BCV N

MWV N

Avian infectious

(1377)

(1325)

(1340)

(1193)

(1377)

1377 1390 1400 1414
AAACACCTCAGAAATATAA 

GOTTAGAAGATGACTCTAATGTGTAA------------

ACTIGGGGGATTCAG-ACTTGGAGAAJ\TGAGGPAA

T GAAGAT CCTCA ATGTATAA

bronchitis N

bronchitis N

SEQ ID NO: 9683
SEQ ID NO: 9894

SEQ ID NO: 9903
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FIGURE 3B

00
0 WHV 14(1

Avian infectious bronchitis m (1)
Consensus (11

SCTXON

1 10 20 30 41

GATGTGGATGACGTTTAGOTAATCCAAACATTMTGAGTAGT

-ATGAOGTAGT

-ATO&GA.C T

ATGACTAGT

(42)
HOBMPRO (42)
BC'! M (10)
NH! M4 (10)
Avian infectious bronchitis m4 (1)
Consensus (42)

HOIBMPRO,

BC! x4
MW' 14

Avian infectious bronchitis 1x
Consensus

(83)

(80)

(48)

(51)
(36)

(83)

HOEN4PRO
BC'! 1

DMBV 14
Avian infectious bronchitis M
Consensus

(124)
(121)

(89)
(92)

(77)
(124)

SECTION 2

42 so 60 70 82

AAAACTA- CTCCAOCACCACTTTATATCTGGACTGCTOA

C'PAACTA CACCAGCACCAGTIACACCTGGACTGCTIGA

ACCACTCAGG;CTCCACAGCCTGT1'TATCAGTGGACCCCTGA

-ATGTC- CAACGCGGCAAATTCCACTCT1'GACTG-TGA

A AACTV CTCCAGCGCCASTTTATCTCTGGACTGCTOA

-SECTION 3

83 90 100 110 123

TCAGCTATAATTCCTAAAGGAATGGAATVTTTTCTTTC-G

TGAAGCTATTrAAATTrCCTAAAGGAATGGAACTTrrCTTTGG
TGAOQCAATrCGATTCCTTAAGOAATCOAATTTCTCTCTCG

ACAGTCAC'1"GAGCTTTTTAAAGAATATAATTTATFI'ATAA
C\3AGGCTATTAAATI'CCTTAAGGAATGGAATTP1'TCTFTGC

SECTION 4

124 130 140 150 164

GTATTATACTAOTTTF1TATTACAATCATATTIGCAATT1'GGA

CaTTTCrZTTTTAATAATGCAATTrCGA

CCATTATACTACTTTPIGTTACTATCATACTAC-AGTI'CGCT

ccGC-ATTCCTATTG.TTTCTTACTATACTACTI'CAGTATGGA

GTATTATACThCTTTTTATTACTATCATATTGCAG TTTGGA

S_-BFCTIONq 

165 170 180 190 205

TATACAAGTCGCAaTATGTrCTTTATGTTATTAAGATGAT

TAPACAAGTCGCAGTATGrVJYGTTTATGPTATTAAGATlAT

TACACG-AGCCGTAGCATGT1T1'TATGTTGTGAAAATGAT

TATOCAAcAACOASTCGGTTTATTVACATAATGAAAATGAT

TATACAAGTCCCAj3TATGTTTGTFPATGTTATTAACATGAT

SECTION 6

.206 220 230 246

TATDTTTQTGCTTATOTGGCCCCTTACTATAATCTTAACTA

cATTTTTGGefl'ATOTGCCCC19%CTATC-ATCTTAA'rA

ACTTT-TGTGGCTTATGTOGCCACTAACTATTGTTTTTTA

AGTGTTATCGTGC 'PTTGGCCCCTTAACATTCCAGTAG'

AATTTGTGGCTTATGGCCCCTACTLTT1GTCTIAAOTA

HOBNPRO
BC' H
MN'! M

Avian infectious bronchitis
Consensus

(165)
(162)
(130)
(133)

14 (118)

(165)

R0B14PR0
WCV K

MXV H

Avian infectious bronchitis Nt
Consensus

(206)
(203)

(171)
(174)

(159)
(206)
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FIGURE 3B (contd.)

00
0

-ssaxoq 7

HOBMPRO
BCV M
14EV K

Avian infectious bronchitis m

Consensus

HO05142O

DCV M

MliV M

Avian infectious bronchitis m

Consensus

HOBMPRO

DCV M
MWE H4

Avian infectious bronchitis H

Consensus

(247)

(244)
(212)

(215)
(200)
(247)

(288)
(285)

(253)
(256)

(241)
(288)

(329)
(326)
(294)

(297)

(282)

(329)

247 260 270 287

TTTFCAATTGCGTATACOCATTGAArAATCWTATCTTGGC

TTrrrCAATTGCGTTAT:COTTO.AATAATGTGTATCTTGGC

TTTTAACTGCGTCflTGCGCTAAATAATGTTATCTTGCA

TAATTTCATTATATACCCACCAAACACAGCAGGTCQ'TGTC

TTTTTAATTGCGTATATGCOTqGAATAATGTGTATCTTGC

-SECTION a

288 300 310 328

CTTTCTATAGTTVITrACCATAGTGGCCATTATTATGTGOAP

TTCTCTATAGTTTTTACTATAGTNnCCATTATCATGTGGAT

TTTTCTATAGTGT PTACTATAGTGTCCAT'rATAATGTCGA 

OCACATAATACTrACTGTGTTOCGTG CTTTCTTTTGA

?TTCTATAG'TACTATAOTGGCCATTAT ATGTGOAT

SECTION 9
329 340 350 369

TGTOGTATTTTGTGAATACTATCAGGTIYGTTTATTAOAACTG

TGTGTATTTTGTGAATACTATCAGG'TOGTTATTAGAACTG

TATGTATTrrMTrAATAGCATCAGGPTTATCAGGACTG
AGGATATTOOATCCAGAGTATCAGACTC'N'TAAOCGOGOTO

T=rTATTT'TATGACAGrnTOATG

__SECTON 

370 380 390 400 410

GAAGTTTTTGOAGTTTCAACCC!AOAAACAAACAACTTOATO

OAAGTTGGTGGAGq'TTCAACCCAGAAACAAACAACTTGATG

GC'AOCTGGTGGAGCT1'CAACCCCQAAAOTAACAACCTAATG

GGCAATGGTGGGCATVI'AACCCTGAGTCTAA--- TOCCO

GAAQTTGGTGOAGTT'CAACCCAGAAACAAACAACTTGATG

11
411 420 430 440 451
TGTATAGATATGAAAGGAACAATGTATGTTAGGCCGA6TAAT

TOTATAGATATGAAGOAAOO3ATGTALTGTTAGGCCGATAAT

TGTATAOATATGAAAGGTACTOTGTATOrPTAC-ACCCATTAT

ACGT-TCAATACTCCTATCTA- ATGCTCAACAAT

TOTATAGATATGAAACGGCTGTGTATGTTAGOCCOATAAT

_SECTION 12

452 460 470 480 492

ITGAGOACTATCATACTC~iNACGGTCACAA'rAATACOCGGCC

TGAGGAXCTACCATACCCTTACGGTCACAATAATACGTGGTC

AGAGGATTACCATACACTAACAGCCACTATCAITCGTCCTC

GTAATTITTGCTATAGA- -GAGTGTGCCGAT---GGTG

TGAGGATTACCATACACTOACOGTCACAATAATACOTOOT'C

HOBMPRO

DCV M

MHV M
Avian infectious bronchitis x

Consensus

(370)
(367)
(335)
(338)
(323)
(370)

HOENPRO

BCv x

14EV H4

Avian infectious bronchitis

Consensus

(411)
(408)
(376)
(379)

M (359)
(411)

DCV N
MIIV M

Avian infectious bronchitis

(452)
(449)

(417)
(420)

M (392)
(452)
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FIXGURE 3B (contd.)

00
0

HOBMPRO
BCV N
MliV N

Avian infectious bronchitis M
Consensus

HOBMPRO
ECY x

MWV M

Avian infectious bronchitis M
Consensus.

(493)

(490)

(458)

(461),

(424)

(493)

SECTION 13

493 500 510 520 533
ATC'PTTACATCAAGTATAAAACPAGGACTGGCTATTC?

ATCTTTACATGCAAGGTATAAAACTACOGTACTCGTTATTCT

ACCTCTATATGCAAGOTGTrAAGCTAGGCACTGGCTTCT

CTTTCT--CCTATTATAAAOAATGOTGTTCI2TATTGT

ATCTTTACATGCAAGGTATAAAGCTACCTACTGG;CTATTCT

_SECTION 14

(534) 534 540 550 560 574
(531) TGOCAGAT OCCAGCTTATATACTGTTGCTAAGGTTAC
(499) nX2ICAGACrLGCCAGCT'ATGTGACTGTTGCTAACOTCTC
(502) rrGTCTGATnGCCTGCTTATGTACAGTTGCTAAGGTGTiC

(460) GAGGGTCACTOOCTTCC--TAAATGTGAACCAOACCA&C

(534) TGTCTATTGCCIYCTTATGTGACTOTTGCTAAGCTCTC

_SECTION 

HOEVPRO

BCV X

NHV M
Avian infectious bronchitis
Consensus

(575)

(572)

(540)

(543)
M4 (495)

(575)

575 580 50 600 615
ACACCTGTGCACATATAAGCCTGGTTTTCTOGACAGGATAA

ACACCTGC VACGTATAAGCGTOCWTTTTGACAAGATAG

TCACCTTTCC-ACTTATAACCGCOCATrCTTAOACAAGGTAG

TTOCCTAAAGACATATrTG TTTOCCCACCACATAG
TCACCTGTrGCACATCTCCGCGr-GTTTCTGACAAATAG

HOEMPRO

BCV 14

MWi M
Avian infectious bronchitis xr
Consensus

(616)

(613)

(581)

(584)

(531)

(616)

HOBMPRO

BCV x

MHV N

Avian infectious bronchitis
Consensus

(657)

(654)

(622)

(625)

K (562)

(657)

SEwCTION 16
616 630 640 656

GCGATACTAGTGGTTT1'GCYGTTTATGTTAAGTCCAAAGTDC

CATACTAG IUGTTTTEGCTGrPTATGTTAAGTCCAAAGTC

ACGTGTTAGCGGTTT'CCTGGTTATTGAAGTCCAAG.GTC

ACG-TAATA--TCTAWCGTATG-CTCCAC- AATAC
CCGATACTAGTOCS'TTGCTTTTATTAAGICCAAAG1C

SQECTION 17
657 670 680 697
CGTAATTACCGACTGCCATCAACCCAAAAGGTTCTCGCAT

GG'PAAT1YACCcGACTGCCATCAACCCAAAAOGqThTOOGCAT

CCAAATTACCGACTGCCCTCAAATAAACCGAGT- -OCCAT

ACTOCTGACC-AACGATAAAGTFTC-

GOTAATTACCCACTGCCCMCAACCCAAAAGGGTTCTO;GCAT

SECTION 18
698 710 720 738
GGACACCCC-ATTGTMAGAAATAATATCTAAArrAAGGA

OOACACCCCATTGPIGAGAAATAATATCTAA 
GGACACCGCATTOTR3AGA 

GOACACCGCATTGTTGAGAAATAATATCTAA

_SECTION 19.

HOBMPRO
BCV M

MliV M

Avian infectious bronchitis m
Consensus

(698)

(695)

(663)

(663)

(601)

(698)

HOBMPRO

BECy N

NMV N

Avian infectious bronchitis M
Consensus

(739)

(736)

(694)

(688)

(601)

(739)

ID NO:
ID NO:
ID NO:
ID NO:

9912

.9884

9895

9904

GOMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08



08/09 2008 MON 18.'15 FAX +612 82311099 Ij2/60025/16B

00 10/193

eN] FIGURE 3C

CC(1) 1 10 20 30 40 53

00HOEHEGA CTAAACTCAGTGAAAATGTTTDGCTTCCTAGArrTA'ITCTAO'LTAQCTGCAT
00BCV HE CTAAACTCAGr(AAAATGTTTrTGCTTCATASArF1'GTTCTATTUSCTGCAT

0 P4EV HE 

Consensus CTAAACTCAGTGAAAATGTTTrTOCTUC TAGATTP TrCTAGTTAGCTOGCAT

1C) SECTION 2
00 (54) 54 60 70 80 90 106

HOSHECA (54) AATTOOTAGCTTAOOTTTTTACAACCCTCCTACCAATCTIG'IT CGCATGTAA

OBCV HE (54) AATTGOThGCCTmCTTTTGACAACCCTCCTACCAATGTTTTCGCATDTiAA

en P4V HE 

Consensus (54) AATTCJGTAOC TACGTTTT ACAA CCTCCTACCAATGTTGTTTCOCAT TAA

o _SECTION 3
0(107) 107 120 130 140 159

HOBHEGA (107) ATGGAOATTOGTTTTTATTTGG'rACAGTCGTCAGArTGTAATCATATTGTT

HCV HE (107) ATGGAGATnGT'TTTAVITTGGTGACAGTCGTDCAGA 'TGTAATCATGTTGTT

MHW HE 

Consensus (107) ATGGAGATTGGTF??TAN'TGGTGACAGTCGTTCAGArTGTAATCAT TTGI'

SECTION 4
(160) 160 170 180 190 200 212

HOBHEGA (160) AATATCAACCCCCATAATTATTCTTATATGGACCTTAATCCYGTTCTGTGTGA

ECV HE (160) ACTACCAACCCCCGTAAPTATXC TTATATGOACCTTAATCCTG;CCfl'TGTTG

HE 

Consensus (160) A TA CAACCCCC TAATTATTCTTATATGGACCTrAATCCT1 TGTGTG

_SECTIONI 

(213) 213 220 230 240 250 265

HOBURGA (213) TTCTGGTA14AAATCATCTAAAGCTGCACTCCATTTTAGAGTTCACT

ECT HE (213) TTCTGGTAAAATATCATCTAAACTGGCAACCCATTAGAGTTAaT

M liV HE 

Consensus (213) TTCTGGTAAAATATCATCTAAAGCTGGCAACTCCATTFPTACGAGTTflCACT

SECTION 6

(266) 266 280 290 300 318

HOEHEGA (266) TTACCGATThTTAATTACACAGGCGAAGGTCAACAAATTATTTTT'rATG

BOX? HE (266) TTACTGATTTTDATAATTACACAGGCGAAGGTCAACAAATTATTTTCTATOAG
NHV HE 

Consensus (266) TTACCGATrnPATAATACACAGGCGAAGGTCAACAAATTATTTT TATOAG

SCN 7

(319) 319 330 340 350 360 371
HOBHEGA (319) GGTGTTAATTTTACGCCTTATCATGCCTTTAAATGCAAkCCGTTCTGGTAGTMA

BCV HiE (319) GGTCTTAATTTTACG.CCTTATCATGCCTTAATCACCACTCTGTAOTAX

M liV HE 

Consensus (319) GGTGTTAATTTTACGCCTTATCA EYXCTflAAATGCA C TTCTGGTAOTAA
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(N FIGURE 3C (contd.)

CA-SECTION 8

00(372) 372 380 390 400- 410 424
00 HCA (372) TGATATTTGGATCCAGAATAAAGOCTTGTTrPATACTCAGCTTTATAAGAATA

0C HE M (372) TGATATrrGGATGCA2AATAAAGGC'TGTT'ITACACTCAGO-TTTATAAGTA

MHV HE (1)------------ATGOCCAATAAAGCTCCATTTTATGCCCGAGTGTATGAGAACA

Consensus (372) rATATTTGGATGCACAATAAAGGCTTGTTVI'ATACTC-ACCTTTATAAOAATA

00 ECIN9

(425) 425 430 440 450 460 477

oHOBEEGA (425) TCGCTGgR4TATCGCAGCCTTACTTTTGTTAATGTALCCATATGTTTATAATGGC

ClBCV HE (425) TGGCTGIG.TATCGCACCCTTACTTTTOTATGTACCATATGTTTATAATGGC

141W HE (44) TGGCCCAATATAG-CAGCCTATCTGTTAATGTGTCJYATGCCTATGGGToConsensus (425) TGC1GTGTATCGCACCrACnTflFFTAATGTACAATGTTTAAATGGC

Cl S-ECTION 
(478) 478 490 500 510 520 530

HOBHEGA (478) TCTGCACAATCTACbQCTCTnTTAAATCTGTAGTTTAGTCCflAATAAOCCc

BCV HE (478) TCTGCACAATCTACAGCCCTIIGTAAATCTlGTAQTTTAGTTCTTAATAACCC

MWE HE (97) AATCAAAGCCCGCCTCCATTGCAAAGACAATACTTTAACACTVAATAACCC

Consensus (478) TCTOCACAATCTACAGCCCTTXATAAATCTGGTAGTTTAGT C'FPAATAACCC

SECTION 11

(531) 531 540 550 560 570 583

HOBEEGA (531) TGCATATATAGCTCCTCAAGCDAACTCTGGGADAT1TATTATAAQGTTGAAG

ECH HE (531) CCATATATAGCTCGTGAAGCTAATT GGGATATTA fAGT~G

MWE HE (150) CACCiTCATATCGAAGG-ATCTAATTATGITGATrAGTACCGCTCTCTGGAG

Consensus (531) TGCATATATAGOTO TOAAOCTAATT TGGGGATTATTA'TATAAOGTTGAAG

-SECTION 12

(584) 584 590 600 610 620 636

HOBHEGA (584) CTGATTrTATTTGTCAGGTGTACGAGTATATCGTACCACTOTATTT1r

HCV HE (584) CTGATTTTATT1YflCAGGTTTACGATATA[CGTACCACGTArTT

HMW HE (203) CTATCCCAAGTGGTATTTGACCCGOTr

Consensus (584) CTGATTTrTATTTGTCAGGTTGTGACGAGTATATCGTACCACI TOTAflTTTT

-SECTION 13

(637) 637 650 660 670 689

HOSHEGA (637) AACGGCAAA3Trl'G TCGAATACA AAGTATTATGATGA

BCV HE (6371 AACG0CAAGTTTTIFG---------TCGAATACA AAGTATTATGATGA

MHV HE (256) AATGGCCATeCAAGGGCAGCTC1T~CGGATGCTGCCAATAAATATTATACTOA

Consensus (637) AACGGCAAGTTI2TG TCGAATACA ATATFATGATGA

SECTION 14

(690) 690 700 710 720 730 742

ROBHEGA (675) TAGTCAATATTTTTAATAAAACACTGTGTATTATGGTCTCATTTA

BCV HE (675) TAGTCALATATTAITTTAATAAAGACACTGGTGTTATnATGTCTCAAl'CTA

MWV HE (309) CTCTCAGAGTTMCTATAATATGGATMTTGG LTCnTAVATGGGTCAATGA

Consensus (690) TAGTCAATATrATTTTAATAAAGACACTGTTTATTTATGGTCCAATTA
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SECTION 
(743) 743 750 760 770 780 79500 HOEHEGA (728) C AGAAACCATTACCA CTGGQYTTTGATC-TTAATTOTTATo CV HE (728) C TGAMlCCATTACCA CTGTTTTGATTTTAATT3TCAT

14EV HE (362) CCTG~-WCACCGTAGTCGTTGTTATGA3

Consensus (743) C SAAACCATTACCA CTGGTTTTO;ATCPTAATTGT AT

(796) 796 810 820 83084

MH wv HE (415) TACTCTM4TC~-AT;LACGTTTCTGAAMT
Consensus (796) TASPTTACTTTTACCCTCTGGTAArATTPACCCATrrTCIAATGAGCTMrG(TT

0 SETION 17
CI(849) 849 860 870 880 890 901

HOBREGA, (819)*AAC'XTTCCTACG AAG{CATTGTCTTAAnJAXGCGTAXAr3ATTACO3CE
BCV HE (819) AATTcTCAACATTTTAT~
MHV HE (4658) AACTCCcArCTAG~TAG

Consensus (849) AACTTCCTAC AAGATT'CTAAG AGATTCCT

SECTION 18
(902) 902 910 920 930 940 954

HOBMEGA (8372) TAAOTTIATG~-IAC!AGcGCGCGTAAGC

BCV HE (872) TAAGT;TATGGTGAAAGCGCOCOTAAGC

14EV HE (521) T~-GTGT~~AcGGA;ACTCC~

Consensus (902)CATAGAC

SE1CTION 19
(955) 955 960 970 980 990 1007

HOBHEGA (925) GCaGG~TTGTc QT2rAcrCTCTA CACTA
BCV HE (925) GCGTCTTACCCTCGTTU,,.ATCATC~LT
14EV HE (574) GCCCGCrTACGCTTTTTW =A~ACGGAT
Consensus (955) C-C GTTGCTTGTCAACC CCGTAcTGTTATT7DCTAATTCTACTACCAATTA

SECTION 
(1008) 1008 1020 1030 1040 1050 1060

HOEHEGA (978) TGTGTT--AGTTATAGAAOTO ATGAA
BCV H-E 978) TGTTG3GTG'TTI- ATGATATCAMcATGG(GATGCTGTTTACTAGcATAC
I=E HE (627) TAGTOGWCGCACACATGAGCGCACCATGATTCATTAGCAGTTAT

Consensus (100)8) TGTTG-GTGT'n' ATOATAT AATCATGO GATGCTGGTTTTACTAGCATAC

SECTION 21
(1061) 1061 1070 1080 1090 1100 1113

HOBHEGA (1028) TTGr-TTTAAATCCTTTPTGACA;GTMG

BCV HE (1028) TCGGTTTAArCCCTUMCCCAcTTTTG
MWE HE (680) TOTC-TTGGTTATATATCTAPCCAGCGCATTTXFT
Consensus (1061) T AGCGTrrGTTATATAATTCATGTACCAGCAGGTOWTTAC
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ci FIGURE 3C (contd.)

SFCTZON 22
(1114) 1114 1120 1130 1140 1150 1166

00 HOBREGA (1081) TAGTAGTCATTTGCCCACCAGCGTTCAo CV HE (1081) TAGTA~TcAT~~~cc~TccT~~AACCCA
REV HE (733) TATAATAATGTTAGCTCTGGCCAGCCTATTAGGTJATGTCAXC
Consensus (1114) TATCAPAAX TA AGGCGCCCC~C TATOOCAGArTC AC

00 hECTION 23
(1167) 1167 1180 1190 1200 1219oHOBHE-A, (1134) TGCTGCTGATATTAATAACCCTGATACCATQGT TATG1.QcCGCTACDCV HE (1134) TCTCGTTATCCTAGACATGG=AGTCCA

M- RV HE (78,6) GGCAGCTAACATTGO TTATATCJ -CACCTGTPI'GTATCTATGACCCTCTCC
Consensus (1157) TGCTGATATTAATA~cccTGt~TACCTATTITGTGrTATIA~QcJTAc

0 SECT10OR 24CN1(1220) 1220 1230 1240 1250 1260 1272
HOBHEOA (1187) CAGTrATTTCCT(GCATCTTOGGO5.V CCGQATAATTAW1.TAGfl
BCV HE (1187) CATATTCTGATTTGGGT;CWTATTGAT
HHV HE (836) CO~A~TcAGG~TTGGTTrTmTATT~c
Consensus (1220) CAGTTATTTGCTTGGCATTCTTTGTGTGOGATAXTTATTGTAGTT

BE..pZON 
(1273) 1273 1280 1290 1300 1310 1325

HOBHEGA (1240) TTTGTTTTAGTGTAGTcAGTCTAOTAA
BCV HE (1240) TTTGTTA~T~GGAATGTCAa~c~A~TAA
MHW HE (889) TTAGTTTTAMCCTGGTTAATCTAGAA-
Consensus (1273) TTTGTTTrACTGTAuGICAG~mT~rTAA

SECTION 26
(1326) 1326 1337

HOBHEGA (1293) CATAATCTA2AC SEQ ID NO: 9913
BOv HE (1293) CATAATOYMAA SEQ ID NO: 9885
MliV HE ID NO: 9896
Consensus (1326) CATAA'TCTAAC
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FIGURE 4

C)
Co

FIGURE 4A1

1

SECT.IOl 1

10 20 30 39
Avian infectious bronchitis pol lab
bovine coronavirus pal lab
Human corona 229E po. lab
Murine hepatitis pol lab
Consensus

HSKINKYGLBLHWAPEPPWIOEDAEEKLDNPSSSEVDIV

MAONRVTLAVASDSEISANG

MAKMGKYCLOFKWAPEFPWMLPNASEKLGNPBRSRBDGF

MAKI KYGi. WAPEFPWM NA EHL NPDSSE D

Avian infectious bronchitis pal. Lab
bovine coronavirus pa1 lab
Human corona 229E pal lab
Murine hepatitis pa1 lab
Consensus

(40)
(40)
(40)

50 60
NOTION 2

78

CST1TAQKLETGGICPBNHVMVDCRRLLKOECCVQSSE.IR

CSTIAQAVRRYSEAASNGFR&CRFVSLDLQDCIVGIADD

CPSAAQEPKVKGKTLVNHVRVNCSRJPALECCVQSAIIK

CST AO JIC Q NHVRV C StE. LEICCVQSAIIR

IETON 3

(79) 79 90 100
Avian infectious bronchitis poi lab
bovine coronavirus pal lab
Human corona 229E po1 lab
Murine hepatitis pal lab
Consensus

(L 

(79) EIVkMRPYDLHVLLQDALQSKEAVLVTPPLGNSLEACY
(60) TYVHGLHGNQTLFCNIMKFSDRPFNIMC---- WIVFS
(79) DIFVDEDPQKVBASTNMAI.QFSAVLVKPSXRLSIQAWT

(79) DEWX PH LE IMA 4O R AVLV P 1.61 APS

SECTION 4

Avian infectious bronchitis pol lab
bovine coranavirus pal lab
Human corona 229E po]l lab
Murine hepatitis pal lab
Consensus

(93)

(118)
(118)

Avian infectious bronchitis pol lab
bovine coranavirus pal lab
Human corona 2296 pci lab
lMurine hepatitis pol lab
Consensus

(157)
(24)

(157)
(126)
(157)

(157)

118 130 140 156
MASSLQGVSPK PRDVILVSKDI

VRGCNPNGWXTdGLFRRRSVCNTGRCAVNKHVAYQLYMID
NSNYhLLEFDVVFG]KR GGGNVTYTIDOYLCGADO

NLGVLPKTAMLFKRVCLCNTRECSCDAHVAPHJPTVQ
N G LP SF MOLFKR LCWTGl CAV HVAYLLF D

CU 8

157 170 180 195
PBQLCOALFFYTSHNPKDYAlAFAVRQKFDRSLQTGKOF
PAGVCFGAGOFVGWVIPI.AFMPVQSRXFIVPWVMYLRXC
KPVMSBDLWOPVDHFGENEEIIINGHTYVCAWLTKRXPL
PDG;VCLGNGRPIGWFrVPVTAIPEYAQWLQP WSILLRKG

PDGVCDGLGQFVGWFIPL AIPINAROFI PWLI 1.1(

SECTION 6

196 210 220 234
VC--GLFLLK =DKITPVPMCV

OEKG-AYNKDHKRGGFEHVYNFKVB7DAYDLVHDEPKGKF

-NNLAIEBIYVHGDALH4TLR

GNKGSVTSGHFRRAVTMPVYDFNVEDACEEVLNPRGKY

GFIG KRA KI VYNE. VEDA DLIVHDAPKGRP

Avian infectious bronchitis pal lab
bovine coronavirus pol lab

Human corona 229E pal lab

lMtrine hepatitis pol leb
Consensus

(196)
(24)

(157)
(126)

(157)
(157)

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08



08/09 2008 MON 18-1S FAX 4-612 82311099 O3/60030/16B

151193

FIGURE 4A (contd.)

00
0

SECTION '7

Avian infectious bronchitis pol lab

bovine coronavirus pal. lab

Human corona. 229E pal lab

Murine hepatitis pal lab

-Consensus

(235)

(88)

(234]

(190)

(235)

(235)

Avian infectious bronchitis pol lab

bovine coroflavirus pal lab
Human corona 229E pal lab

Murine hepatitis pal lab

Consensus

(274)

(127)

(273)

(229)

(274)

(274)

Avian infectious bronchitis pal lab

bovine coronavirus pal lab

Human corona. 229K pal lab

Murine hepatitis pal. lab

Consensus

(313)

(166]
(312)

(268)

(313)

(313)

235 240 250 260 273

LKATSICLADLEDIFGVSPLARXXRELLKTACQWS.TVEA

SKKAYALIRGYRGVCPLLYVOQYGCDYTGGLAflLHAYA

NCSVLEMAKEVXTSSXVVLSDALDKLYKVFGSPVNTNGs

SCXAYALLKGYRGVXPIE.FVDOYGCDYTGCLAKGLEDYG

SKKAYALAXGYRGVKPlhIJVDQYOOYTGAIA OLT YA

SECTI 8
274 280 290 300 312

LDVRAQTLDEIFDPTEILWLQVAAXIVSSMAMRRLVGE

DKTLQEI4KALFPIWSQEIJPFDVTVAWHTVVRDPRYVMRLO

NILEAFTKPVFISALVQCTCGKSWSVGDWITCFKSSCCN

DLThSEMKELFPWDSLDSEVLVAWHVDRflPAAMHIJQ

DITLASTKDIIFPIWSD L DV VANHVDPflPRKAMRLQ

SECTION 9

313 320 330 300 351

VTAICVICALOSILSALFQIVKQQIARIFQKALAIFHNVN

SASTIRSVAYVANPTEDL.CDOSVVKEPVHVYAJ3DSIII,

VISNKLoCVVPGWKGDAVITQQAGAGIXYFCGNTLK

TLATVRCIDYVGQPTEDWDDVVVRMPAHLLAANAIVK

VIArTRCVLYVNQPrEDLVDOSVVAREPIKL 1 AA SIV

SECTION 

352 360 370 380 390

ELPQRIAALKMAPASCARSITVVVVERTLVVKEFAGTCL

VAN IEGVSVWRVIAL0SVDCFVASSTFVE

RLP- -RLVETILYTDSSVTEFCYKTKLCECGFITQPGY

RLPN I IL FIEAASVI VIYL KL, DCCFISQPGY

___SECTION 11

391 400 410 429

ASINOAVAKFFEEJPNGFMGSKI FTLAFFKEAAVRVVE

IDCEQDEjCDFKGWVPGMIDCFACTTCGHVYETGDLLAO

EEHVNRMDTFCFNVRNSVTDECRLAMLGAEMTSNVRRQV

VDCCGDTCDFRGWAGNNMDGFPCPGCTKNYMPWELSAQ

100 GDLCDFKCWVPNMMGF CTTLG Y-ESAVHLAQ

SECTION 1.2
430 440 450 468

NIPNAPRGTGFEVVI4AXGTOVVVRGMRNDLTLLDOKA

SSGVLPMbPVLHTKSAAXIYGGFGCKDSFTLYOQTVVYFG
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.FIGuRE 4A (contd.)
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FIGURE 4A (contd.)
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FIGURE 4A (conitd.)

00
0

Avian infectious bronchitis pal
bovine caronavirus pa1 lab
Human corona 229E pal lab
Murine hepatitis pal lab
Consensus

(1171)
lab (84)

(1101)
(972)

(1148)
(1171)

SECTION 31
1171 1180 1190 1209
IJODWGEAVDAQEQLCQQEPLQHTFEBPVENSTGSSKTMT
LYKQQYSQLFVfl=LVNKIPAIIVVPQOOYVADFAYWPLT

YDEECOGNDSLPVNlBWPLSVQQAQQEATLPDIAEDVV

SYTCAYPCFVDKVKSVPKSIILPQGGYVADFAYFFLS

IYK GYAOLFVD LVNi IPLSI;ILPCCWADFAYFFLT

-SECTON 32

Avian infectious bronchitis
bovine caronavirus pal. lab
Human corona 229B pal lab
Marine hepatitis pol. lab
Consensus

(1210)

pal lab (923)

(1140)
(1011)
(1187)
(1210)

Avian infectious bronchitis
bovine caronavirus pal. lab
Human corona 229E pal lab
Murine hepatitis pal. lab
Consensus

(1249)

pa1 lab (962)
(1179)
(1050)
(1226)
(1249)

1210 1220 1230 1248
EQVWEDQELPVVQDQDVVVTPTDLEVAXETAEEVDE
LCDWOCVAYWKCIKCDLALXLXGLDAMFFYGDWSHcVCK

DQVV89qSIFDITVDVKHDYVSPFEMPflELNG-LKILKQ

QCSF(AYANWRCLECDMELKLQGLDAMFFYGDVVSHMCK

DQVF A WKCIECDLDLKL GLDAMFFYGDVVWCI

-SECTION 33

1249 1260 1270 1287

FILl FAVPKEEVVSQKDGAQ IKQEPIQVVXPQRE-KK- 

CC.ESMVLIOVDVPFTAIFAL-KDKLFCAFITKRSVYAAC

LDNNCWVN8VKELIQLTGILDGDYAMOFFKtM 

CGNSM4TLLSADIPYTLHFGVRDDKFCAFYTPRXVFRAAC

CONS)! LISVDVPFIIHGALKDD FCQFVTPRXVFKAAC

SECTION 34

1288 1300 1310 1326

VVDVNflSHSMAVVDGQIDDRVTSITSDKFD)FI 10110)

AVDVNDCHSMAVVEGKOIDGICVVTKFIGDKFDFMVGYGN

VDVND HS;MVVDOIQID VT DKFDPI lONG)

SECTION 

1327 1340 1350 1365

KFKVKPATCSMKFLEYKTCVGDLTVVIAKALDEFKEFC
SFSMTTFEIAOLYGSCITPNVCFVXGDIIKVSKRVXAEV

RVAEMIERCYTAEQCIRGAMGDVGLCXYRLLC

TFSMSPFELAQLYGSCITPNVCFVXDVIKVVRLVNAEV

SFSMSPPEIAQLYGSCYT1PNVCFVKGDIIKVLKLVCAEV

Avian infectious bronchitis pal lab
bovine coranavirus pal lab
Human corona 229E pal lab
Murine hepatitis pal. lab
Consensus

(1288)
(998)

(1218)

(1082)
(1265)

(12 88)

Avian infectious bronchitis pal lab
bovine caronavirus pal lab
Human corona 2295 pal. lab
Murine hepatitis pa1 lab
Consensus

(1327)
(1000)

(1257)

(1082)
(1304)

(1327)

Avian infectious bronchitis
bovine caronavirns pal lab
Human corona. 229H pal lab
Murine hepatitis pa1 lab
Consensus

SECTION 36

(1366) 1366 1380 1390 1404

pal lab (1039) IVNAANHEWT~HGSGVAXAIADFOGLDFVHYCEDYVI~cHG
(1296) VVNPANGHMAHGGGVACAIAVAAGQFVCETTDMVCSKG

(1114) DLHTGFMVMDYICSCTSGELEESGAVLFCTPTKKAFPYG

(1343) IVNPANGHMAMOAGVAGAIAflCAGSAFIXETSDMVXAOG

(1366) IVNPANGHMMIGAGVAKXAA AGA FVKETTDNVKAHO

COMS ID Na:ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08



0~035116B
08/09 2008 MON 18!21 FAX +612 82311099

193

FIGURE 4A (contd.)

00
0

Avian infectious bronchitis pal lab

bovine caronavirus pal lab

Human corona 229E pal lab

Murine hepatitis pal lab

consensus

(1405)
(1078)
(1335J
(1153)
(1382)
(1405)

Avian infectious bronchitis pa1 lab

bovine coranavirus po1 lab

Human corona 2292 pal lab
Marine hepatitis pol lab

Consensus

(1444)
(1082)
(1374)
(1185)
(1421)
(1444)

ECTXON 37
1405 1410 1420 1430 1443

PQQR 

VCMAGDCYVST0OKLKTVEVPDATQGQSYAM L

1OLN~CAPECTIRQLQGTI IFVOQXPEP---VNP

VCQ GOCY S GGKLCK vLNIVCPD)AR GKQ YALLE

SEC-TION 38

1444 1450 1460 1470 1482
LVTPSFVGICVNWGRGDNIH

RVyyHLNXyCVWTLISAOIFSVPSDVSLTMII
35 rAEK

VSFVXKPVCSSIFROAVSCGIYQIYS0NL1VDFG'N
RA~yOUINIKCDNvvTTLisAGIFsvpTDVSLTYLLGVfl

RAY HINKCD VVTWLISAGIPSVPSDVSLTYLLG L K

-SECTION 39

1483 1490 1500 1510 1521

KLVAAYKNV&~vDGVVNYVVPGFVSLGIMVID'

QVVLVSNNQEDFD)LISKCOITAVEGTKKLAEISNGR
XIQpWT DALNTICIKDAUYNAKVEISWEPIK

NVILVSNNQDDFDVI SKCOVTSVAGTKALSLQLAKNLCR

KVVLVSNNQDFDVIA XQITLVDTAALLINILIR

Avian infectious bronchitis pa1 lab

bovine caronavirus pal lab
Human corona 229B pot lab
Mrine hepatitis pol lab
Consensus

(1483)
(1110)
(1413)
(1224)
1460)

(1483)

Avian infectious bronchitis pol lab

bovine caronavirus pol lab
Human corona. 2295 pal lab
Mrine hepatitis pal lab
Consensus

(1522)

(1149)
(1452)
(1256)
(1499)

(1522)

SECTION 

1522 1530 1540 1550 1560

E.AFEGCTIRYLLES-------------

SIYTAKISVFSFVQVSRDAL
k~VTPEFVELALHMFQDDVN
DKRFVNACSSLS-BSCFVSSYDVLQEVEIJMDIQLD
DIVE' T A LLE'S DL PVSSHDVLODV ALRHDI LI)

SECTION 41
1599

Avian infectious bronchitis pa1 lab

bovine coranavirus pal lab

Human corona 2295 pol lab

Murine hepatitis pa1 lab
consensus

(1561)
(1163)

(1491)

(1295)
(1537)
(1561)

1561 1570 1580

DDARTFVQSNVDVVPEGWRVvNKFYQINOVRTVKl'PECP
VDED)FIVAANELAHGGLALDKIQRSKM~
DDARVFVOANDCLPTDWRLVNKFDSVI3OVRTIHYFEB!P
DDAR FVQANMD LP GWRLVNKFD T OVRTIH<YECP

Avian infectious bronchitis

bovine caranavirus pal lab
Human corona, 2295 pa1 lab

Murine hepatitis pa1 lab

Consensus

(1,600)
pal lab (1163)

(1530)
(1334)
(1576)
(1600)

SECTION 42

1600 1610 1620 1638

LSQEHID YFD--VTCKQKTIY

CCIDICSQDKFOYVQQSFNKATVAIKMLDVIL
KVKVGTGVIVECDSLRIFNVV

GGFSQKFYQGFFSSIALNVV

GO IAI SQDK FOYVQNGSFK ATVAOIKALSLCKVDIL

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08



08/09 2008 MON 18! 22 FAX ±612 82311099
0J036/168

21/193

FIGURE 4A (contd.)
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FIGURE 4A (contd.)
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FIGURE 4A (contd.)
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FOLVQYDFTDFKLELFTKYFRHWSMTYHPNTCECEDD)RC
PDLLQYDPFTDHKLELFNKYFKHWSQPYMPNIVflC DDRe

SECT=O 126

4876 4890 4900 4914

!AIHCANFNLFSTLI PQTSFMCNCRKVFVDCVPFIATCG

IIHCMNILFSMVJPNTCFGPLVRQIFVOOVPFVVSIG

IUICSNFNThFAITIPNTAFPWRKVFIOVPVVATAG

THCANFNIEFSMVLPICTCFGPLVRQIFVDGVPFWVSIG

IIHCANFNILFSTVZPITFGPLVRQIFVDGVPFVVSIC

Avian infectious bronchitis pal lab
bovine coronavirus pal lab
Human corona. 229E pal lab
Murine, hepatitis pal lab

Conse-nsusi

(4876)
(4244)

(4672)

(4370)
(4759)
(4876)
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FXGURE AA (contd.)
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Avian infectious bronchitis

bovine coronavirus pot lab

Human corona 229E pol lab

Murine hepatitis po1 lab

-Consensus

(4915)

po1 lab (42133)

(4111)

(4409)

(4798)

(4915)

Avian infectious bronchitis pot lab

bovine coronevirus pol lab

Human corona 229E pot lab

PNurine hepatitis pot. lab

consensus

(4954)

(4322)

(4750)

(4448)

(4837)

(4954)

SECTION 127

4915 4920 4930 4940 4953

YHsKELCVIHNODNTMSPSKMOLSQLsMOFVDPATLVGT

YHYXELGIVZ4NNDVDTHRYRLSLKDLLLYAADPALHVAS

YHFKQLGLVWNRDVNTHSTRLTITSLLQFV'1'DPTLIVAS

YHYKELGVVNNDVDTHRYRJSLXDILLYAADPALHVAS

TYKEtG3VV1NMdVDTHRYRLiSLXOLLQFVADPALHVAS

_SECTION 128

4954 49-60 4970 4980 4992

SNNLVDLRTSCFSVCALTSGITHQTVKPGHPNK3FYDFA

ASALYDI.RTCCFSVAAITSGMKFQTVKPGNFNQDFYDFI

SPALVDKRTVCESVAALSTOLTSQTVKPGHFNKEFYDFL

ASALrADLRTCCFSVAAITSGVKFQTVICPGNFQDFYEFI

ASALVDLRTCCFSVAAITSGVTFQTVKPGNPHODFYDFI

_SECTION 129

4993 5000 5010 5020 5031
EKAGM4FKEGSSIPLHHFFYPQTGNAINDYDYYRYNRPT

LsKGILKEGsSVDLHPEFPTODCNAAITDYNrtI{YNLPT

RSQGFFDECSELTKHFFTQKGDAAIKDFDYYRYNHPT

LSICGEDKBGSSVDLKHFFFTDGNAAIT9DYNYYKYNLPT

LSKGLLKRGSSVDLKHFFFTQDGNAAITUYNYYhYNRPT

Avian infections bronchitis

bovine coronavirus pal lab
Human corona 229E po1 lab

Xurine hepatitis pot lab

Consensus

(4993)
pot lab (43651)

(4789)
(4487)

(4876)

(4993)

Avian infectious bronchitis

bovine coronavirus pal lab

Human corona 2295 pot lab

Murine hepatitis pot. lab

Consensus

(5032)
pot lab (4400)

(4828)

(4526)

(4915)

(5032)

Avian infectious bronchitis

bovine coronavirus pol lab

Human corona 229E po1 lab
Murine hepatitis pot lab

Consensus

(5071)

pot lab (4439)

(4867)

(4565)

(4954)
(5071)

SECTION 130

5032 5040 5050 5060 5070

MFDICQLLFCLEVTSKYFECYEGGCIPASOVNNWKS

MVDIKQLLFVLHVVYICYFEIYDGGCIPASQVIVNNYP>KS

HLDIGQARVAYQVAARYFDCYS WC ITSREVVVTNLNXS

MVDIKQLLFVLBVVtH(YFEIYEOGCIPATQVIVNNYDKS

NVDIKOLLFVLEWAYFEIYEGCIPASOVVNNY)9C

SECTION 131

5071 5080 5090 5109
AGYPFNKFGJCARLfYEMS-LEHQDOLFEITKXNVLPTIT

ACYPFNXFGKARLYYEALSFEEQDEIYAYTKRNVLPTLT

AGWPINKEGKAGLnYES ISYEQDATFSLTKRNILPTMT

AGYPFNKFGKARLYYHALSFEQDEIYAYTKRNVLPrLT

AGYPFNXFGKARLYYEALSFEEQDET:PAYTKRHVLP-T

S3CTION 132
5110 5120 5130 5148

OM4NLKYAISAKNRARTVACVSILSTHTN4RQFIIQKILKSI

QMULKYAtSAxNRARTVAGVSILSnTMFHQKCU(SI

QLNLKYAISGKERARTVCVSLIAWI'TRQHQKLCSI

QMNLKYAISAKNRARTVAVSILSTTGRFHICIKSI

OMNUCYAISAXNRARTVAGVSILSTMTGROFHQKCIMSI

Avian infectious bronchitis pot lab

bovine coronavirus pot lab

Human corona 229E pol lab

Murine hepatitis pot lab

consensus

(5110)

(4477)

(4906)

(4604)

4993)

(5110)
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Avian infectious bronchitis pal
bovine coronavirus pal lab
Human corona 2298 pal lab
Idurine hepatitis pal lab
Consensus

(5149)
lab (4516)

(4945)
(4643)
(5032)
(5149)

Avian infectious bronchitis
bovine coronavirus pal lab
Human corona. 229E pal lab
lMurine hepatitis pal lab
Consensus

(5188)
pa1 lab (4555)

(4984)

(4682)
(5071)

(5188)

Avian infectious bronchitis
bovine coronavirus pal lab
Human corona 2298 pal lab
Murine hepatitis pa1 lab
Consensus

(5227)
pal lab (4594)

(5023)
(4721)
(5110)
(5227)

SECTION 133

5149 5160 5170 5187
VNTHHASVVICTTKFYGGWDNMISHNLTOGVEDPILHGWD

AAT1RJVPWIGTTFYGGWDDMtRRLIKDVtWPVU4GWD

VATRNATVVIGTTKFYGCWDN 2 XWNL4ADVDDPXLMWD

AATRGVPWVITTKFYGGWDDHfRRLIWVDSPVLM.WD

VATRNVPVVIGTTKFYGGWDNMaA8RLIKDVDDPVLMWD

-SECTION 134
5188 5200 5210 52216
YPKCDRAMPNLLRTAASLVLARXHTNCCSWSERIYRJXN

YPXCDRAMPNILRIVSSLVLARKH$ACCSQSDRFYRLIAq

YPKCDRAI4PSMIHMLSAiMILGSKHVTCCTASDKPYRLSN

YPKCORPl4NILRIVSSLVLARK~lSCCSHTDRPYRLAN
YPKCDRII PNILRIVSSLVLAEKHDSCCS SDRFYHLAN

SECTION 135

5227 5240 5250 5265
SCAQVLETVLATGGIYVKPGGTSSGDATTAYANSVFNI

ECAO0VLSEIVMCGGCYYVKPGGTSSGDATTAPAHSVFNI
ELAQVLTEVVYSbIGGFY-FIPGOTTSGDATTAYANSVFNI

ECAQVt.SHIVMCGGCYYVKPC-GTSSGDATTAFANSVFNI

RCAQVSEIVMCGGGYYVKPC-GTSSGDATTAFANSVFNI

SECTIONF 13 6
5266 5280 5290 5304

IOATSMJVAELLSVITRDVYDNIKSLYELYQQVYRRV

CQAVSANVCAIIVSCNGNKIEDLSIRALQKIsYSHVYRSD

FQAVSSNINCVLSVNSSNCNYNFNVKKLQRQLYDNCYRNS

CQAVSANVCSLMACNOHKIEDLSIRLQXRLSNTYRAD

CQAVSANVCALLSVNG KXEDLSIKAJOKRLYSNVYRAD

-SECTION 137
5305 5310 5320 5330 5343

NFD)PAFVEKFYSYLCIWFSLMI 2 SDDGWCYNNTLAKQG

MVDSTFVTEYYEFLNKHFSHMIhSDDGWCYNSDYASXG

NVDBSPVDDFYOYLQKUPSSQIILSDDSWCHTYADLC

HVDPAFVSEYYEFLNKHFSMMILSDDGVVC'A4SEPASKG

NVDPAFVSEFYHPEMKHFPSbIHLSDDOVVCYNSTYASKG

138
5344 5350 5360 5370 5380

LVAPISGFEVLYYQNNVFASKCWVPDLEXGPHEFC

YIANISAOQVLYYQNNVFI4SESKCWVENDINNGPHEFC

YIADISAPKATLYYQNCVFMTAXCWTEEDLS I0PHEFC
YIANISAFQQVJYYQNNVFNSEAXCWVBTDIEXOGPHEFC

YIANISAPQVLYYQNNVFMSEACWVH DIEKGPHEFC

Avian infectious bronchitis
bovine coronavirus pal lab
Human corona 229E pol lab

lMurine hepatitis pol lab
Consensus

(5266)
pal lab 14633)

(5062)
(4760)
(5149)
(5266)

Avian infectious bronchitis pal
bovine caronavirus pal lab
Human corona 229E pal lab
Murine hepatitis poi lab
Consensus

(5305)
lab (4672)

(5101)
(4799)
(5188)
(S305)

Avian infectious bronchitis
bovine coronavirus pal lab
Human corona. 229E pal lab
lMurine "hepatitis pal lab
Consensus

(5344)
pal lab (4711)

(5140)
(4838)
(5227)
(5344)
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FIGURE 4A (contd.)
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Avian infectious bronchitis
bovine coronayirus pci lab
Human corona 229E pal lab
Marine hepatitis pol. lab
Consensus

(5383)
pol lab (4750)

(5179)
(48771
(5266]
(5383)

Avian infectious bronchitis poi lab
bovine coronavirus pol lab
Human corona 229E poi lab
Murine hepatitis po1 lab
Consensus

(5422)
(4789)

(5218)
(4916)

(530OS)
(5461)

-SECTION 139

5383 5390 5400 5410 5421

SQHTMEVEVDGEPXYLPYPDPSRILCACVFVDDVDKTEP
sQHTmLIvXmDGDDvYLPYPPSRILGAGCFVDDLLKTDS

soHTMOIEVtDNGKYYLPYPDPSRIISAGVFVIDDITKTDA
SQHTMLVXMIYDEVYLPYPDPSRILGAGCFVDDLLKPDS
SQHTfLsvxMIDDVYrPYPDPSRILGAGVFVflDLLKTflS

SECTION 140
5422 5430 5440 5450 5460
VAVMERYIALAIDAYPLVHHENEEYXKVFFVLIJAYIRKL

VILLIERFVSLAIDAYPLVYHENEEYQKVFRVYLEYIKKL

VIJLERYVSLAIDAYLSKHPKPYRKVFYALLDWVKHL

VLLIERFVSLAIDAYPLVYHENPFYNVFRVYLYCTCX

VLLIERFVSLAIDAY'LVYHHHPEYQKVFRVYLEYIflCL

SZECTION 141

5461 5470 5480 5499
YQEISQNMDYSFVI4DIDKGSKFWEQEFYENMYRAPTT

YNDLGNOILflSYSVILSTCDOQKFTDESYKNWLRSAV

NKTLNEGVLESFSVTLLDEHESXFWDESFYASMEKSTV

YNDLGNQILDSYSVILSTCDOOKFT)LrrFYKNMrIJRSAV

YNDLGNQILDSYSVILSTCDCSKFWDESFYKHHYLRSTV

Avian infectious bronchitis
bovine coronevirus pci lab
Human corona, 229E poi lab
Muring hepatitis poi lab
Consensus

(5461)
pol lab (4828)

(5257)

(4955)
(5344)
(5461)

SECTION 142

Avian infectious bronchitis
bovine coronavirus pci. lab-
Human corona 229E pal lab
Murina hepatitis pci lab
Consensus

(5500)
pal lab (4867)

(5296)

(4994)
(5383)

(5500)

Avian infectious bronchitis poli lab
bovine coronavirus pol lab
Human corona. 229E poi lab
Murine, hepatitis pol, lab
Consensus

(5539)
(4906)
(5335)
(5033)
(5422)
(5539)

5500 5510 5520 5538
LQSOGVCVVCNSQTILRCGNCIEXPFLCCKCCYDHV4HT
MQSVOACWCSSQTSLRCGSCIEXPLLCCKCCYDHVMA.T
LQAAGLCVVCGSQTVLRCGDCLRRPiLoCTKCAYDHVFGT
IJQSVGACVVCSSQTSLRCOSCIRKPLLCCKCAYDHVMST

LQSVGACWVCSSQTSLRCOSCIRKPLLCCKCCYDHVMAT

S--.ECTION 143
5539 5550 5560 5577
DHKNVLSIENPYICSLGCEAlTCLYLGONSYFCflNU

DHKYVLSVSPYVCNAPOCDVNDVTKLYLGGHSYCBEDHX

DHEPILAITpyvcNTSGCNvNPvTKLYLOOLMNYYCVDHX

DHKYVLSVSPYVCHSP00DVNDVTKLYLGONSYYCEDHK
DHKYVILSI SPVCNS00DVNDVTKLYLONSYYCHDHX

_SECTION 144
5578 5590 5600 5616
PKI1SI PLVSNG LVFGIYRANCAGSENVflDFNQLATTNWS

PQYSPKVMNGMVFLYKQSCTGSPYIDDFNRIASCKWT
PHLSFPLCSAONFGLYKSSALGSMDZDVFNELSTSDWS

PQYSFKLVbOTOMFGLYKSCTOSPYIEDF IXIASCKWT

PQYSFPLVSNCMVFOLYXQSCTGSPYIDDFNXIASCKWS

Avian infectious bronchitis pci lab
bovine coronavirus pol lab
Human corona 229E pci lab
Murine hepatitis pal lab
Consensu:

(5578)
(4945)

(5374J
(5072)
(5461)
(5578)
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FIGURE 4A (contd.)
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Avian infectious bronchitis pot lab
bovine coronavirus pot lab
Human Corona 229E pot lab
Murine hepatitis pot lab
Consensus

(5617)
(4984)

(5413)

(5111)
(5500)
(5617)

Avian infectious bronchitis
bovine coronavirus pot lab'

Human corona 229E pot lab
Murine hepatitis pot lab
Consensus

(5656)

pot lab (5023)
(5452)

(5150)

(5539)
(7565-6)

_SECTION 145

5617 5630 5640 5655

IVPYIEhANRCSDSLRRPAAETVKATEELHKOQFASAEV

PVDDtYILAMECTERjLLAABTQKATEEAFXQSYASATI

DIRDYKLANDAXEsLRLFAAXTvKAKEESVKSSYAYATL

EVDDYVLANECTERTSKLFAAETQKATEEAPXQCYASATI

DVD)DYILANECTESDKLFAAETVXATEEAPXQSYASATI

SECTION 146

75656 5670 5680 5694
RI3VSDRHLILSWEPGKPRPPLNRNYVFTCYHFPRTSKV

QEivSEREL iLSWEIGKVPPLNKNYVFTGYHFTKNGKT

181 VGPKFLLLLWESGKAXPPLNFNSVFTCFQITKDSKF

REIVSDRELILSWEIKVRPPLNNYVFTYHE 'NNOKT

RSIVSDR1LILI'JEGKVPPNKNYVFTGYHFPKNSK

S 3TIN.47

5695 5700 5710 5720 5733

QLGDFTFEKGEGKDv-vYYRATSTAXLSVCDIFVLTSHN

Vt.GEYVFDKSELTNG-VYYRATTTYKLSVGDVFVLTSHS
QVGEPVFSVDYGSDTVTYKSTATTKLVPGIJFILTSHN

VLGEYVFDKELTNG-VYYRATTTYICLSVCDYVFILTSHA

VLGEFVFDKSELTHG VYYKATTTYKLSVGD)VFILTSHN

Avian infectious bronchitis
bovine coronavirus pot lab

Human corona. 2298 pot. tab

Hurine hepatitis pot lab

Consensus

(5695)
pot lab (5062)

(5491)

(5189)

(5578)

(5695)

Avian infectious bronchitis
bovine coronavirus pot lab

Human Corona 229E pot tab

Murine hepatitis pot tab

Consensus

(5734)
pol tab (5100)

(5529)

(5228)

(5616)

(5734)

Avian infectious bronchitis pot lab
bovine coronavirus pot tab

Human Corona 2298 pot lab

Murine hepatitis pot lab
Consensus

(5773)
(5139)
(5567)
(5267)
(5654)
(5773)

_SECTION 148

5734 5740 5750 5760 5772
VVSLVAPTLCPOO-TFSRFVNI.HPNVMVPECFVNNIPLYH

VANLSAPTLVP0ENYSSIR-FASVYVEsTONNVVNYQ

vAPLRAPTXANQEKYSTIYKLHPSFNVSDAYANLVPYYQ

VSSLSAPTIVPQH-NY'IHIRFASVYSVPETFNNVPNYQ
VASEJSAPThVPQH NYTSIRLASVYSVPETFQNNVPNYQ

SECTION 149

5773 5780 5790 5800 5811
DVGKQKRTVQGPPGSGHSHFAIGLAVYFSSARVVFTAC

HIGNK<RYCTVQGPPOTOKSHLAIGLAVYYCTARVVYTZA

LIXQRITTIQGPPGSGKSHCSIGIGVYVPO-ARIVFTAC

HiGMKRYCTVQGPPGTGICSHLMOGLAVYYCTARVVYTAA

Lx0MQRrrrvQGPpCSKSHAIGLAVYYCTARVVFTAC

SECTION 150

5812 5820 5830 5840 5850
,HAAVlAfLCBxAFKFLKVDDCTRIVPQRrvnFsKFKA

SADAVDALCHKYKFLNINDCTRIVPAXVRVBCYDHPFKI

SHAAVDSLCAXAVTAYSVDKCTRIIPARARV8CYSQFKP
SHAAVDALCEKAHKFIMINDCTRIVPACVRVDCYDKFKV

SHAAVDALCEKAIIKFIMINDCTRIVPAKVRVDCYSKFII

Avian infectious bronchitis
bovine coronavirus pot tab

Human corona 229E pol lab

Hurine hepatitis pot tab

Consensus

(5812)
pot lab (5178)

(5606)

(5306)
(5693)

(5812)
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FIGURE 4A (contd.)
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Avian infectious bronchitis pol lab
bovine coronavirus pol lab
Human corona. 229E pol lab
Murine hepatitis pol lab
Consensus

(5851)

(5217)
(5645)
(5345)
(5732)

(5851)

Avian infectious bronchitis
bovine coronavirus pci lab
Human corona 229E pol lab
Murine hepatitis poi lab
Consensus

(5890)
po1 lab (52565)

(51584)
(5384)
(5711)

(5890)

SECTION 151
5851 5860 5870 5889
ND'IOKKYIFSTINALPEvSCD)ILLVDEVSW.TNYSLSFX
NDIYTREYVFTTINALPSMV'IVVVDEVSM4LTNYRLSVI

NNNSAQYrVFSTVNAIJPEVNAIJIVVVDEVSMCTNYDLSVI

NDT'DRXYVFTTINALPELVTDIIVVEVS2fL1TNYELSVI
NDTTRXYSTFSTINALPEVVTI)IVVVDEWSNLTNYELSVI

SECTION 152

5890 5900 5910 5928
NGKINYQYVVYVGPPAQDPAPRTLLN-OSLSPKDYNVVT
NARIRAXHYVYIGDPAQFJPAPRVLLSKGTLEPKYPNTVT

NQRISYICEIVYVGflPQQLPAPRVLISKGVMEPIDYNVVT

NSRVSAICHYYIGDPAQLPAPRVLLNKGTLSPRYFNSVT

NARISYKHYVYIGDPAQLPAPRVLLSXGTLEPCYFNVVT

SECTION 153
5929 5940 3950 5967
NLMVCVXPDIFLAECYRCPKEIVDTVSTLjVYDCXFPIANN

KLMCCLGPDIFLOTCYECPKEIVDTVSALVYENRLKAX(N

QRMCAIOPDVFLHRCYRCPAEIVNTVSELVYENKFVPVK

KLMCCLGPDIFLO'LCYRZPKEIVDrVSALVYNXKLKAX.N

KUMCCLOPDIFLGICYRCPKEIVTVSAJVYENXLKAXN

SECTION 154
5968 5980 5990 6006

PESRIECFKVIVNNGNSDVGHESCSAYNTTQLEFVKDFVC

ESSSLCFCKVKG- -VTTHESSSAVNMQQIVLINXFLX

EASKOCFKIFERG -SVQVDNOSS114RQLDVVKRFIH{

DNSSMCFKVYflCC--- -QTTHSSSAVNNQQIHLISKFLK

EASSLCFKVYYKG VTHESSSAVNMQQEHLXKKFLE

Avian infectious bronchitis pci lab
bovine coronavirus po1 lab
Human corona. 2298 pol lab
Murine hepatitis po1 lab
Consensus

(5929)

(5294)

(5723)
(5423)

(5810)

(5929)

Avian infectious bronchitis pol
bovine coronavirus pci. lab
Human corona 229E pol lab
Murine hepatitis pol lab
Consensus

(5968s)

lab (5333)

(5762)

(5462)
(5849)
(5968)

Avian infectious bronchitis
bovine coronavirus pol lab

Human corona 229E po1 lab

M~urine hepatitis pol lab
Consensus

(6007)
pol lab (5372)

(5798)
(5498)

(5885)
(6007)

-SECTION 155

6007 6020 6030 6045

RNXQWREAIFISPYNANQRAYPhMLGLNW2TrVDSSQC$E

A24PLWUKAVFISPYNSQNPAAXRVLGLOTOTVDSAQGO

KNSTWSKAVFISPYNSONYVAARLLGWQTOTVSAOOSE

ANPSWSMAVFISPYNSONYWAlRVLGLQTOTVDSAQGSE

ANPSWSKAVFISPlTSQNWAXRVLGL#QTQTVDSAQOSE

SECTION 156

6046 6060 6070 6084

YDVFCVTAflSQHAIMINRFNVALTRAKRGILVVMRQR
YDYVIYSQTAETAIISVNVNRFNVAITRAKKGILCVMSNM

YDYVIFAOTSDTAHACNANRTNVAITRAKXGIFCIMSDR

YDFVIYSQTANTARSVTVFNVAITRAkKKGILCVMSSM

YD)YVIFSQTAlTAAVNVNRFDIAITRAKKXGILCVMSNR

Avian infectious bronchitis pol lab
bovine coronavirus po1 lab

Human corona 229K po1 lab
Murine hepatitis pci lab
Consensus

(6046)

(5411)

(5837)
(5537)

(5924)
(6046)
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FIGURE 4A (contd.)
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Avian infectious bronchitis pci
bovine coronavirus pci lab
Human Corona 229E pal lab
Murine hepatitis pal lab
Consensus

(6085)
lab (5450)

(5876)
(5576G)
(5963)
(6085)

Avian infectious bronchitis
bovine coronavirus pal lab
Human Corona 229E pal lab
IMurine hepatitis pci lab
Consensus

(6124)

pal lab (5482)
(5915)

(5609)

(5999)
(6124)

SECTION 157
6085 6090 6100 6110 6123
DELYSALRFTELDSETS---LQGTGLFKICNKEwS

OIFEALOPTTLTLDKVPQAVETRVOCSTNLFRDCSHSYS
TLFDALKFFEIT14TDLQ SES- CCLFKOCARNPI
QLFESLNFTrTLTLDKIM- -NPRLOCTTNLFKDCSRSYV

OLFE.ALNF',I TLDKIN RLOCSmNLFKDCSKSYS

SECTION 158
6124 6130 6140 6150 6162
GVHPAYAVTTCAL.AATflCVNDEEALVNVEAGSEITYKH

CYHPAHAPSFLAVD)DKYKATGDLAVCIGIGDS-AXJTYSR

DLPPSHATrYLSLSVIU'KTSGDLAVQIGNNN--VCTYEH

GYHPA1{APSFLAVDDXYKCVGGDLAVCLNVADS-AVTYSR

GYHPAHAPSFIJALDDKYKVSGDISAVCLNVADS-AVTYSR

SECTION 159
6163 6170 6180 6190 65201
LISLLCFRVGOHNMFITRDAIRNVRnDQVGFJV

LISS.IFLDVTLDGYCKLPFITKEAVRVRAWV3FDAE

VISYMGFRD)VSMPCSHSLFCTRDPAERHVRGWLOM4DVE
LTSLMFKLDLTEJDGYCKLFITRDEAIKRVRAWVGFDAE

LI SLMGFKLDVTLDGYIUCIJITRDEAIKRVRAWVCFDVE

SUCTION 160
6202 6210 6220 6230 6240
ATHACTNrGrPPQVC3FSTADVVTpEGtVDTsIN

GAHIATRDS IGTNFPLOLGFSTGI1DVVEATGLFADRDGY

GARVTGD(IVGTNVPLOVGFSNGVDFVAOPEGCVLTNTGS

GAHAIRDSIGTNFPL0LC.FSTGIDFVVEATGNYAER~J-y

GAHATRDSITNFPL1JGFS'I'GIDFVVSPTGLVATRDGY

Avian infectious bronchitis
bovine coronavirnk poi lab
Human Corona 2295 pot, lab
Murine hepatitis pal lab
Consensus

(6163)
pal lab (5521)

(5953)
(5646)

(6037)

(6163)

Aian infectious bronchitis pal lab
bovine coronavirus poi lab
Human Corona 2295 pci lab
Murine hepatitis pci. lab
Consensus

(6202)
(5560)
(5992)

(5685)

(6076)
(6202)

Avian infectious bronchitis
bovine coronavirus pal lab
Human Corona 229E pal lab
Murine hepatitis pal lab
Consensus

(6240)
pal lab (5599)

(6031)
(5724)

(6115)
(6241)

"ECTION 161
6241 6250 6260 6279
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SECTXON 12
(430) 430 440 450 468-human coronavirus 0043 NP (409) ISVAvpKsRVQQIKSREL'nEDISLJJQQMEP YTBovine corona NP (409) ISAApKSRVQQNKSREILpAflISLLCJMAJP 

Yavian infectious bronchitis virus NP (373) VDKALTSE.RN..AQLEFDDEPKS:INMDS 
Amouse hepatitis virus Np (410) VSVARPESLVQRRVSREIJTPEDESLLAQILDWWVP)GL

Consensus (430) ISVALPKSRVQQNRSRELTAEDISLLFJOCDP YT

SECTION1,13
(469) 469

human coronavirus 0043 NP (443) EDTSEI SEQ ID NO: 9915Bovine corona. NP (443) EDTSSI SEQ ID NO: 9887avian infectious bronchitis virus NP (404) LOENEL SEQ In NO: 9906mouse hepatitis virus NP (449) EDDSNV SEQ ID NO: 9898
Consensus (469) ESOTE
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FIGURE 4C

C)
Co

human coronavirus 0C43 HE
Bovine coronavirus HE

mouse hepatitis virus HE

Consensus

(43)
human coronavirus 0043 HE (39)
Bovine coronavirus HE (39)
mouse hepatitis virus HE (43)
Consensus (43)

human coronavirus 0C43 HE (81)
Bovine coronavirus HE (81)
mouse hepatitis virus HE (85)
Consensus (85)

'FICTION 1
1 10 20 30 42

1 -MF1LPVRFILVSCIISLFYNPPTNVVSHVNGDWFLFG

-FLLPRFVLVSC IICSLCPlflPPTNVVSHLNGr)WPL
M ARTDAHAPRTLLLVLSLOYAFGFNEPLNVVSHLNDDWLFG

MFLLPRFILVSCIISLFNPP'NW$HNtqQWpFLFG

SECTION 2
43 50 60 70 84

DSRS0CH~VVNRNYYMMPAayy~L~CDsoyISSKGjNSIpR

D)SRSDCNH4INLSQONYNYHOTNPRLCXSGKTSAK(ACNSLK,

DSRSDCHHIVNINP NYSYMOLNP LCDSGKISSEAGNSIPR

SECTION 3
85 .90 100 110 126
SP fVWTEQIYEVFPI CRGNI
SPHFTDFYNYTCEOOQI IPYECVNPTPYHAFKCTTSQSSNDIW
SFHFTDYNYTGEGSQIIFY1FTPYVFnCLNCQpNR

SFHFTDFYNYTOCCQQIIFYDWNFTpYHAFXC SCSNDIW

SECTION 4
127 140 150 168
MONKGZJFYTQVYKNaMAVYRSLTFVNVPYVYNCSAOSTAIJCKS

MVNK0LFYT0LYWMt&VYRSLTYVNvPYVY1NCQSTAWCKs

MONKARFYTQLYn4AHYRSLSVINITYTYNGSAGPVSMCKH

MQNKCLFYTQVYKNAVYRSLTFVNgVPYVYNGSAQSTALCK3

SECTION 
169 180 190 200 210
GS- LVLNNPAYIAPQANSGDyYY1CTEADEYhSGCDEYIV

GS- LVLNNPAYIAREANFDYYYKVEA3PYLSCJCDEYIV

IANCVTIJTLNNPTS'IGXEVSKPDYYYESEAMFTLQGCDEFIV
CS LVLNNPAYIAxsJAq CDYYYKVEADFYLSGCDEYXV

SECTION 6
211 220 230 240 252
PLCIPNTGKFLSNTYYDDSQYYNmDGVIYGLNSTETITTrJ

PLINKLNKYDQYFKTVYLSEIT

PLCVENOQYIJSSKLYYDDSQYYYNVD'rGVLYQFNSTEMNITSG

PLINKLNKYDQYFKTVYLSEIT

human coronavirus 0043 HE
Bovine coronavirus HE

mouse hepatitis virus HIE
Consensus

(127)

(123)

(123)

(127)

(127)

human coronavirus 0043 HE
Bovine coronavirus HE

mouse hepatitis virus HE
Consensus

(169)

(165)

(165)

(169-)
(169)

human coronavirus 0043 HE
Bovine coronavirus HE
mouse hepatitis virus HE
Consensus

(211)

(203.)

(203)

(211)

(211)

human coronavirus 0043 HE
Bovine coronavirus HE
mouse hepatitis virus HE
Consensus

(253)

(245)

(245)
(253)
(253)

sierxomW 7
253 260 270 280 294
FDLNCYYhVLPSON4YLAIStTELLLTVPTKAICLNKRKpFTPV

FDFNOHYLVLPSGNYLAISNELLLTVPTKAECLNIIQFTPV

LDLTCIYLALTPGNYISISNELLLTVPSKUJCLRPK&TPV

FDLNCHYLVLPSGNYLAINELLLTVPTKAICLNKJ(DFTP
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FIGURE 4C (crontd.)

human coronavirus 0C43 HE

Bovine coronavirus HE
mouse hepatitis Virus HE
Consensus

(295)

(287)

(287)

(295)

(295)

SECTION a
295 300 310 320 336

OVVDSRWNNARQSDNMTAVACQPPYCYFRSTrrNYVGVYDIN

OVVDSRWNNAMQSDNMiTAVACPPYCYFRNSTTNYVGVYDIN

QVVDERWHSNRQSDNMTAIACQLPYCYFRNTTSDYNGVYDSH

QVVDSRWNNtRQSOMTAVACQPPYCYFRNSTTNYVGVYDiN

SECTXON 9

human coronavirus 0C43 HE

Bovine coronavirus HE
mouse hepatitis virus HE
Consensus

(337)

(329.)

(329)
(337)

(337)

337 350 360 378

HCDACFTSILSLLYNSPCFSQQGVFYDNVSSVWPLYPYGR

HCDACFTSILSOLLYDSPCPSOOGVFRYDNVSSVWPLYPIYCR

HODAOFTSILALI4NSICZJAQQGAFVYNNVSSSWPQYPYOH
HODAGETS LSGLLYNSPCFSQQGVFRYPNVSSVWiPLYPYOR

SECTION 
379 390 400 410 420
CPTAAflINNPDLPICVYDPLPVILLGIEJLGVAV3IIWIJLLY
CPTAADINPDVPICVYDPLPIILLGILLGVAVIIIVVLLY

CPTAANIVP-MAPVC14YDPLPVILLGVLLGIAVLIIrVFLNFY

CPTAAflIN PDLPICVYDPLPVILLGILLGVAVIIIVVLLLY

human coronavirus 0C43 HE
Bovine coronavirus HE
mouse hepatitis Virus HE
Consensus

(379)

(371)

(371)
(379)

(379)

SECTION 31

human coronavirus 0C43 HE
Bovine coronavirus HE
mouse hepatitis virus HE
Consensus

(421)

(413)

(413)

(420)

(421)

421 432
FI4VVNGTRLHDA

PEVONCXTRLHDA

FMTDSGVRLHEA

FMVDNGTRLHDA

SEQ ID NO: 9916

SEQ ID NO: 9888

SEQ ID NO: 9899

FIGURE 4D

SECTION 1

bovine coronavirus Sm

avian infectious bronchitis virus Sm

mouse hepatitis virus Sm

Consensus

1 10 20 39

NPBAflYFADTVWWOGQXXFIVAICtLLVII--WVAFLA
MNLLNKSLEEGSFLTALYIIVGFLALYLLGRALCAFVQ

MFNLFLTDTVWYVGQIIFIVAVCEMVTI- -IWAFA

M4 1 N FL DTVWYVCQIIFIVAICLLVII IWAFA

SECTION 2

bovine coronavirus Sm

avian infectious bronchitis virus sm

mouse hepatitis virus sm

Consensus

50 60 78
TFKLCIOLCGMCNTLVIJSPS IYVFNRGROFYRFYN-DV(

AAD)ACCLFWYTNVVI PGAIO2TAFVYKYTYGRKLNNPEEE

SIELCIQEJCCLCNTLVLSFSIYLYDRSKQLYKYYNEE4R

S ELCIQLCCLCNTLVLSPSIYLI' R EQ YKFYN ELK

SCTION 3

bovine coronavirus Sm

avian infectious bronchitis virus Sm

mouse hepatitis virus Sm

Consensus

79 90 108

SEQ ID NO: 9889
AVIVNEFPENCWNNKNPANFQDAQRDKJYS SEQ ID NO: 9907

SEQ ID NO: 9900

PILDVDDI
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FXGURE 4B

00
0

SECTION I
1 10 20 30 

human coronavirus 0043 M4 -NSSRTTPAPVYIWTAfEAIKYUEwFSWGIILLFITI I
bovine Qoronavirus N -MSTPPYWAEIKLENSGILII
avian infectious bronchitis virus M4 (1)--MSNAANCTLDCEQSVBLPXEYNLPITAFLIJPLTIL
mouse hepatitis virus X4 MTTQPPYWAEIRLENSGTLVI

Consensus 24SS TTPAPVYTWTADS1AXFlLKEFS~LCGILLFlTI I

ECTION 2
(41) 41. 50 60 70 

human coronavirus 004 m (40) LQGTRMFYIMIL PTILTIFNCVYALN
bovine coronavirus 14 (40) LQGTRMM IIWLLPTITFCYL
avian infectious bronchitis virus x4 (36) LQ4YTs~ymmvWCWLTVV:cYP
mouse hepatitis virus M (41) L.QGYTSRSMFVYVVKMILLWLMWpLTTVLCIFNQ1JyATJ
Consensus (41) LQGTRMVVXILWMPTITFCYL

human coronavirus 0C43 M
bovine coronavirus M
avian infectious bronchitis
mouse hepatitis vi-rus m
Consensus

(81)
(80)
(80)

Virus M (76)
(81)
(81)

SPcTION 3
81 90 100 110 120
NVYLGLSIVF'rIVAI IMwrVYFvSIpLrxnIRTqSFzqFP
NVYLFSIVPrIVAI IHWIWVN SIRLPIRTCSgWSFflP
WGLVAAXILTVVALSF3OYWIQIpTKRGOWWANp

NVLFIFISIWMYVSRFRCVSN

NVLPSIVrrIVAIINwIVYFVNSxRLIRTSqSqNPp

human corona-virus 0043 M
bovine coronavirus N
avian infectious bronchitis
mouse hepatitis virus M
Consensus

(121)
(120)

(120)
virus 14(11-6)

(121)

(121)

SECTION A
121 130 140 150 160
rTNLMID4KGflYVRPI IEDYI{TLTVTI IRGNEYIQCI
ETNNUMCIDMaxcRVPIIEnYHTLTVTIIRoHLYMxGI
ESAGILMQNAEVMLPINVYE

ETNNLMCThMKGTVYPIIEDnHrLTATI IRGHLYMQGV
ETNMIWOMVPIEYTTTIRGELYMOGI

human coronavirus 0043 14
bovine coronavirus K

avian infectious bronchitis
mouse hepatitis virus x

Consensus

(161)
(160)

(160)
virus 14(156)

(161)
(161)

SECTION 
161 170 180 190 200

XL-GTYSWADLPAYHTVAKVTNLCTYKRGPLDRI SDTSOP
<LGTGYSLSDLPAYVTVAKVS1ILLTYERGFLDKIGYTyGF

0WLAMCEPDHLPKDIPVCPPnkuIYxm-----------mv

KLGTGFSLSDLPAYVTVAICVSRLCTYKRAp~JpKJ1C)QWJ

KI*GTGYSLSDLPAYVTVAICVSHLCTYKRGnLDKI DTSCF

~1(201)
human coronevirus 0C43 14 (200)
bovine coronavirus M (200)
avian infectious bronchitis virus 24(185)
mouse hepatitis virus m (201)
Consensus (201)

201 210 220 231
AVYKSVGYRLPSTQKQSGM.DTALLRNNI

AVYVICSKVGNYRLPSTQRGSQIDTALLRNJI

QKYTCDQSGWKtRTT----------------

AVVVKSICVGNYRLPSN-KPSGMDTALLRIX--

AVYVRSqRVGNYLPSTQGSDTLLpJqI

3ECTION 6

ID ND: 9917
ME ID NO): 9890

SEQ ID ND3: 9908

SE0 210 NO: 9901
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FIGURE 4IF

C)
Co SECTION 1

1 10 20 30 
M~FLILLISLPTAFAVIGDLKCTsDN- INDKOTGPPPISVD

human coronavirus 0043 S (1)
avian infectious bronchitis: virus s (1)
bovine coronavirus S (1)
Mouse hepatitis virus S(1
Consensus(1

human coronavirus 0043 S (40)
avian infectious bronchitis virus S (1)
bovine coronavirus s (40)
mouse hepatitis virus s (41)
Consensus 441)

(81)
human coronavirus 0043 S (90)
avian infectious bronchitis virus S (23)
bovine coronavirus s (80)
mouse hepatitis virus s (81)
Consensus All

NFLILLISLPTAFAVIODXAC~nVS-INDVDroVPS 18TD

?iLFVFILFLPSCLCYIODnCIQLVNSNGANVSAPSISTE
1'IFLILLISLPTAFAVIGDLKCTSL INDl 1)7 PSISID

SECTION 2
41 50 60 70 
TVDVTNGLOTYYVLDRVYLNTTLFLNGYYPTSCSTYRN3I4

NLVTPLLLVTLLCALCSAVLYD

TVDVTN0LGTYYVLDRVYLNTTLLLNYYPTSGSTYRM
TVEVSOGLGTYYVLDRVYIJNAThTJLTGYYPVDGSKFRNLA

TVDVTNGLGTYYVLDRWLNTT'LLLNGYYPSSYNun

SECTION 3
81 90 100 110 120

LKOTILLSTLWFKPPFLSDETNGIFAXVKNTKVI00V(Y

LTC'rNSVSLSWFQPPYLSQFNDCIPMV'NLKTSTPSGAT
LKCTmLS SWPKPPFLSDFNNGIFAKWNTInDAVMY

SECTION 4
121 130 140 150 160
SEFPAITIOSTFVNTSYSVWOPRTINSTQDDNXJQOrL

SGCTVOIIHCORWVNASSIA4TAP S 
SEFPAITIGSTFVNTSVSVVVQPH--- -TrILGNKLQGFL
AYPPTIVIOSLFGrrSY'rvvIEp---'f1- VI
SEFPAITISTFVNTSYSVVVQP T ONKLQGLt,

human coronavirus 0043 s
avian infectious bronchitis
bovine coronavirus S
mouse hepatitis virus s
Consensus

(121)
(120)

virus S (63)

(120)
(121)
(121)

human coronavirus 0C43 S
avian infectious bronchitis virus s
bovine coronavirus s
mouse hepatitis virus s
Consensus

(161)
(1650)

(MB
(156)
(149)

(161)

SECTION 
161 170 180 190 200
EVSVCQflNCEYPQTICPNLG-NHKELWHLm'oVVSCL

-SGMAWSSSQFCTAHCNFSDTTVFVTHCYKMCCCPLTGN

EISVCQYTMCEPNTINP1L-NQRVLWWDT'QVVSCL

MASVCQYTICQLPYTD0KPNTNGNLIFWH~hXJRppICV
EISVCQYTMCEYPNTICNPNqLG N RIIMH DTGvVSCL

human coronavirus 0043 S
avian infectious bronchitis
bovine coronavirus s
mouse hepatitis virus s
Consensus

(201)
(199)

virus S (126)
(195)
(189)

(201)

201 210 220 230 240
YXKRNFIYDVNADYLYPHPYQEGGTFYAYTDTGWVTKFPF

L0QNLIRVSAMNG0LFlTVSVAKcYPTFRSPQCVNNqxT
YKRNFTYDVNADYLYFHFYOEOGTFYAYFTDTQVVTK3FLF
LKRNFTLNVNAD)APYFHFYOHGGTFYAYYAflKPSATTPLF

YXNRNr1'YDVNA~nhYFHfFYQEGGTFYAYFTDTCVVfl(FLF
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FIGURr 4P (coned.)

SECTXON 7

human coronavirus 0C43 s
avian infectious bronchitis

bovine coronavirus s

mouse hepatitis virus s
Consensus

(241)

(239)
virus S (166)

(235)

(229)

(241)

human coronavirus 0(C43 S
avian infectio;us bronchitis virus S
bovine coronavirus S
mouse hepatitis virus S

Consensus

1281)

f275)
(205)
(271)

(269)
(281)

241 250 260 270 280
NVYLGMALSHYYVMPLTCN SXLTIJSYWVTPLTSROY

NVYLTVLHYYVMhPJTCN-- SALTEYWVTPLTSXQy

SVYIGDILTOYY-VLPFICNPTAGSIFAPRYWVTPLVKRQY

SVW ILSMYYVMPLTCN A S LTLEYhVTPLTSRQY

ECT~I0N a
281 290 300 310 320
LLAWFlQGIIFNAEClSDFMEICKTQSIAPPTG]YEy

LLAFNODGVIFNAVDCKSDFM4SEIKCKTLSIAPSTGVYEL

LLAFNODGVIFNAVDC SSFNSEIXCKTQSIAPSTGWRL

szaTios 9
321. 330 340 350 360
NOYTVQPIADVYHRXPNLPNCNI EAWLNDKSgVPSPLNWER
TNS$LVKOKFIVYM---------- ENSVNTCTLHNFIFHN

NGYW0PIADVYRIPNLPlCNIEJWUDKSVPSPLNWER

SGYTVOPVOWVYRRVANLPACNIEEWLTARSVPSPLNWER

NGYTVQPIADVYRRIPNLP CNIEAWLNDKSVPSPLNWER

human coronavirus 0C43 S
avian infectious bronchitis
bovine coronavirus S
mouse hepatitis virus s
Consensus

(321)
(315)

virus S (246)

(311)
(309)
(321)

human coronavirus 0(C43 s
avian infectious bronchitis virus
bovine izoronavirus s

mouse hepatitis virus s

Consensus

(361)

(355)
S (277)

(351)
(349)

(361)

SECTION 
361 370 380 390 400
rFNNNSLSIASTNI)AIGFS

ETGARPNP SGVQNITYOTKTAQSGYYNFNFSFL
KTFSNCNFl8ESSLNFIQAYSCNqIDLJ1J(YM2p55

1
KTFQNCNNLSSLRYVQAgSLpCNIIIASKVYoRcEcSI
KTFSN(NFNNSLMSIQISFrNIDWKYMCFSS

human coronavirus 0(C43 S
avian infectious bronchitis

bovine coronavirus s

mouse hepatitis virus S
Consensus

(401)

(395)
Virus S (311)

(391)

(389)

(401)

SERCTION 13.
401 410 420 430 440
TIDKFAIPNGRXVDLQLGNLGYLOSFNYRIDTTATSCQLY

SSVKSFYSHSXFLTNGWNLVI

TIDKFAIPNGRIVDLQfLGNLYLQSFNYRIDTTATSCQLY

SVO)KFAVRSRVDJQGNSGPLQTAQYKIDTAATSCQLHI
SIDKFAIPNGRXVOCNLGYLQSFNYRTnDjATSCQLY

SETION 12
441 450 460 470 480

yaP LQC 
YNLPAAI4VSVSRPNPSnVNRRFGFTEQSVF(PQPAGVFTD

YTLPKNVTINpSSW~gN CFGVFKN 
YNLPAANVVSRFNPsIfTwRRFGp E SVFRPNPAGV TN

human coromavirus OC43 S
avian infectious bronchitis
bovine coronavirus; S
mouse hepatitis virus s
Consensus

(441)

(435)
virus S (351)

(431)
(429)

(441)
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FIGURE 4F (contd.)

SECTION 13
(481) 481 490 500 510 520human coronavirus 0043 S (475) HDVVYAHCXAPXFCPN-C:GSGP--GNN

avian infectious bronchitis virus s (357) CQVXRTCASGPLXVS3--
bovine coronavirus S (471) 1WVVYAOCFKASTbFCPCKLDGSJ'OGNGPGIDAGYTS
mouse hepatitis virus s (463) HDVVYAQQCPTVRSSYCPCAQPIVSPCITWTQT7---P
Consensus (481) NTJVVYAQHCPKARSNDCPC!KL G LSVGSCP K

SECTION 14
(521) 521 530 540 550 560human coronavirus 0043 S (509) GCTCPAGTNYLTCDN LCTPDPIT--nc'rYyccp

avian inffectious bronchitis virus S {3188) 
bovine coronavirus S (511) GITPCNTHAQDLTDISAGYC
mouse hepatitis virus s (497) 
Consensus (521) OICTCPAaflqyLTc N LCTPDPIT TG VIOP

SECTION (561) 561 570 580 590 600human coronavirus 0043 S (541) QThSLVGIG0(CSO1AVKSDYCO.--GNSCCPQYIW
avian infectious bronchitis virus s (388) ELDHNFECLLVYVTKSY3------------------bovine coronavirus S (551) QTKYLVGIECSGAISDHCG--- WCWCQPOAFLGmouse hepatitis virus S (497) -XSA-FflWODHCEGLOVhEDNCGNAJDPHRQCICMNNSFIG
Consensus (561) QTAVIECGAKDC GN C IC PQAFLC

SECTION 16
(601) 601 1610 620 630 640human coronavirus 0043 s (577) WSADSCLQODKCNFAQFILFD1JNSOLTCSTD1,Q1U~fDX

avian infectious bronchitis virus S SR-ITATEPPVITQNNMYI
bovine coronavirus S (587) WSVDSCI0GDRCNIFAFILHJVkSOMCSTDLQKSNTDI
mouse hepatitis virus S (536) WSITLNRQFNLNISTCTLLNE
Consensus (601) WS 

human coronavirus OCC3 S
avian infectious bronchitis
bovine coromavirus S
mouse hepatitis virus g
Consensus

human Coronavirus OC43 S
avian infectious bronchitis v
bovine coronavirus s
mouse hepatitis virus S
Consensus

SECTION 17
(641) 641 650 660 670 680
(617) IL5 CVYDEJYILGQGIFVEVNATYYNSWQNLLYDONJN

virus S (427) TLNTCVDYNIYORTGOGFITNJTDSAVS -yN ADACLA
(627) ILVvy)~IGGEVVAYKWMLISG

(576) VTOICVKYDLYGITQVFEVXADYYJSQTLYJVNGN

(641) ILGVCVNYDLYGITOQOIFVVNATYYNSWQJLLyDSMNN

SEWtIONq 18
(681) 681 690 700 710 720
(657) LYGFPDYIINRTFMRSCYSORV5AAFHA-q555pALLypR

'irus 8 (465) ILDTSCSIDIFVVOGEYGLNYK~DVJQQFS~JK
(667) LYOIFRfYIJNTEFIRSCYSGRVSJFRJSSEpA~LLRN
(616) 
(681) LYVJ)INTMRCSGVAFAS~ALR

COMS ID No: ARCS-205336 Received by IP Australia: Time (I-Pm) 20:43 Date 2008-09-8
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FXGTJRE 4F (contd.)

00
0

human coronavirus 0043 s
avian infectious bronchitis
bovine coronavirus, S
mouse hepatitis virus s
Consensus

(721)
(1697)

virus S (505)

(707)
(656)
(721)

SECTION 19
721 730 740 750 760
IICCNYVFNSLTRQLQPINYFSYLGCVVNqAYNSTAISVQ
LVGILTSRNETGSQLLENQFYIXINTPRRPYITENQ1A
IKCNYtVFNNTISRLPINDSYLV2NADNSTSVO
INCSYVFSNNI SREENPLNYFDSYLOCVVNADNRTALP
IONYVFNNSLSRQLQPINYFDSYEOCVVXnnNSTSBAVQ

Sf105o 
(761) 761 770 780 790 800

human coronavirus 0C43 S (737) TCDLTVGSGYCVDXSQNRRSRQArI'-J'YRFTNFEPY1NWS
avian infectious bronchitis virus S (545) NCPWSYOCVFCZKPDG SIATIVPKQL
bovine coronavirus s (747) TCDLTVCSCYCVDYSTKRXSRRSITGYRFTNFEEFFVNS
mouse hepatitis virus s (696) NCDLRMGAGLCvDYSKSRRAHRLvsTGyRLTTpzpy~pmg
Consensus (761) 'ICDLTVOSGYCVDYSK RRSRES1rTGnRrNBPFTvWS

human coronavirus 0C43 S
avian infectious bronchitis virus
bovine COronavirus S
mouse hepatitis virus S
Consensus

1801)
(777)

S (571)
(787)
(736)
(201)

SECTION 21
801 810 820 830 840
VNDSLEPVCGLYEIQIPSEFTIONMdVEFIQTSSPKVTID0

EOVAPLFIVTENvLNsmirrnEno'TRnlsnvoIwc
VNDSLEPVCOLYEIQIPSEPQ'IGNMEIQTSSPKJTIDC

VNDSLEgPVGGI.YEIOI:PSBFTIN4E$FTSSPKVTIDC

SECTION 22
841 850 860 870 880
AAFV0GDYAACKSQILVEYGSFCDNINAILrTEvanmrJTTQ
EQYVCSSLDCRXKLF0QY0PVCDbILSVVNSVGOK DL
SAFVCGDYAACKSQLVEYGSFCD)NINAMTEVMELDTTQ
AAPVCGDNTACRQQLVEYGSPCVNVNAILNqEVNNLLDNMQ
AAFVCGDYAACKSQLVEYCSFCDNINAILTEVURALDTT~jQ

human coronavirus 0043 S
avian infectious bronchitis virus
bovine coronavirus S
mouse hepatitis virus S
Consensus

(841)
(817)

S (611)
(827)
(776)
(841)

human 'coronavirus 0043 S
avian infectious bronchitis
bovine coronavirus s
mouse hepatitis virus s
Consensus

SECTION 23
(831) 881 890 900 910 920
(857) LQVANSLL'IGVTLSTKLK1GNVINVIFSpLCL9S

virus S (651) LIWYSSTKP LFNTPVLSN VSTGEFNISLLTNPS
(867) L0VMSLb2GVTLSTKLXDGVNFNVDDINFSPVLCCWSD
(816) LQVASALMQVTISSRPDGISOPIDDINqFSPLLGCIQST
(881) LQVASSLNNQVTIJSTKLXDGVNFNVDflINFSPVLGCIOSS

human coronavirus 0043 S
avian infectious bronchitis
bovine COronavirus S
mouse hepatitis virus s
Consensus

(921)
(897)

virus S (686)

(907)
(856)
(921)

SECTION 24
921 930 940 950 960
CSYASS---RSAEDLLFDXVYLSDVGFVFAnMCT
SRI(RS LIDLLFTSVSVGLPTNDAYQJCT
O)KVSS---RSAIEDLLFSVKLSDVGFVEAYWJCT
CAEDGNPSAIRGEAIEDLLFDKVKLSIYVcFEAYNNCT
CAK SS RSAIEDLLFDrVKLSDVGVAYWqCT

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08
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FIGURE 4P (contd.)

sscnozq 
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FIGuR.E 4F (coned.)
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FIGURE 7A
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YIJPSMNSSSWYCGTGIETASGVHGFLSYIDSGQGFEIGISQEP--FDPSGYQLYLH 

TDTVDVTNGLGTYYVLDRVYLNTTLLJNG-------------- YY 69
TETVEVSQGLGTYYVLDRVYLNATLLLTG YY 72.

YYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFG NP 79
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IAGCQTTN GLNTSYSVCNG 31
TTRNFNSAEGAIICICKGSPPTTTTESSLTCNWGSECRLNHKFPICPSNSEANCGNMLYG 18(
KATNGNTNAIARLRICQFPDNKTLGPTVNDVTTGRNCLFNKAI PAYNRDGKDIVVGITWD 16'
PTSGSTY1RN1ALKGTLLLSTLWFKPPFLSDFTNGIFAKVKNTKVII(DGVMYSEFPAITIG 12(
PVDGSKFRNTLALTGTNSVSLSWFQPPYLSQFNDGIFAKVQNLKTSTPSGATAYFPTIVIG 13:
VIPFKDGIYFAATEKSN~VVRGWFGSTMNNKSQSVIIX1NSTNVVIRACN7ELCDNPFFA 13!

GAYAVVNISSEFNNAGSSSGCTVGIIHGGRVVNASSIAHTAP 88

LQWFADEVVAYLHGASYRISFNQWSGTVTFGDM1RATTLEVAGTLVDLWWFNPVYDVSYY
NDRVTVFADKIYHFYLKNDWSRVATRCYNRRSCAMQYVYTPTYYMLN 

STFVNTSYSVVVQPHTTILGNKLQGFLEISVCYTMCEYPNT
SLFGYTSYTVVIEPYN GVINASVCQYTICLLPYT

VS KPNGTQTHTMIFDNAFN 

CVGYSENVFAVESGGYIPSDFAFN'WFLLTNTSSVVDGVVRSF
RVNNKNGTTVSNCTDQCASYVANVFTTQPGGFIPSDFSFNWFLLTNSSTLVSGKLVTK
VTSAGEDGIYYEPCTANCTGYAANVFATDSNGHIPEGFSFNNWFLLSNDSTLLHGKWVSN
ICNPN-LGNQRVELWHWDTGVVSCLYKRNFTYDVNADYLYFHFYQEGGTFYAYFTDTGVT
DCKPNTNGNKLIGFWHTDVKPPICVLKRNFTLNNADAFYFHFYQHG2QTFYAYYADKPSA
-CTFEYISDAFSLDVSEKSGNFKHLREFVFKNKDGFLYVYKGYQPIDVVRDLPSGFNTLK

SSGMAWSSSQFCTAHCNFSDTTTFVT7HCYKHGG--CPLTGMLQQN

QPLLLNCLWSVSGLRFTTGFVYFNGTGRGDCKGFSSDVLSDVIRYNLNFEENLRRG--- -T
QPLLVNCLWPVPSFEEAASTFCFEGAGFDQCNGAVLNNTVDVIRFNLNFTTNVQSG(GAT
QPLLVNCLLAIPKIYGLGQFFSFNHTMDVCNGAAVDBAPEALRFNINDTSVILAEG- -S
TKFLFNVYLGTVLSHYYVMPLTCN- SALTLEYWVTPLTSKQYLLAFNQDGVIFNAVD
TTFLFSVYIGDILTQYWLFINPTAGSTFARYVTPLVKRQYLFNFNOKGVITSAVD
PIFKLPLGINITNFRAILTAFSPAQDIWGTSAAYFVGYLKPTTFMKYDENGTIDAVD
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SEQ ID NO: 6072 LIRVSAMKNGQLFYNLTVSVAKYPTFRSFQCVNNLTSVYLNGDLVYTSNETIDVTSAGVY 192.

SEQ ID NO:6053 ILFKTSYG VWFYCTNNT-LVSGDAHIPFGTVLGNFYCFVNTTIGNETTSAFVGAL 186
SEQ ID NO:6057 VFSLNTTGGVTLEISCYTVSDS-SFFSYGEIPFGVTDGPR YCYVHY NGTALKYLGTL 416
SEQ ID NO: 6061 IVLHTALG TNLSFVCSNSSDPHLAIFAIPLGATEVPYYCFLKVDTYNSTVYKFLAVL 389
SEQ ID NO:6065 CKSDFNSEIKCKTLSIAPSTGVYELNGYTVQPIADVYRRIPNLPDCN-IEAWLNDKSVPS 345
SEQ ID NO: 6069 CASSYT2SEIKCKTQSMLPSTGVYELSGYTVQPVGVVYFRVANLPACN-IEEWLTARSVPS 344
SEQ ID NO: 6042 CSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVV-FPNITNLCPFGEVFNqATKFPS 336
SEQ ID NO:6072 FKAGGPITYKVMREVKALAYFVNGTAQDVILCDGSPRGLLACQYNTGNFSDGFYPFTNSS 2521

SEQ ID NO:6053 PKTVREFVISRTGHFYINGYRYFTLGNVEAVNFNVT TAETTDFCTVALASYADVLV 242
SEQ ID NO:6057 PPSVKEIAISKWGHFYINGYNFFSTFPIDCISFNLT TGDSDVFWTIAYTSYTEALV 472
SEQ ID NO:6061 PPTVREIVITKYGDVYVNOFGYLHLGLLDAVTINFTGHGTDDDVSGFWTIASTNFVDALI 449
SEQ ID NO: 6065 PLNWERKTFSNCNFNMSSLMSFIQAYSFTCNNTDAA----KTYGMCFSSITIDKFAIPNG 401
SEQ ID NO:6069 PLNWERKTFQNCNFNLSSLLRYVQAESLFCNNIDAS----KVYGRCFGSISVDKFAVPRS 400
SEQ ID NO:6 042 VYhIIBRKKISNCVADYSVLYNSTFFSTFKCYGVSAT- -LNDLCFSNVYADSFVVKGD 392
SEQ ID NO:6072 LVKQKFIVYRENSVNTTCTLNFIFHNETANPNPSG--VQNIQTYQTKTAQSGYYNFNF 309

SEQ ID NO: 5053 NVSQTSIANIIYCNSVINRLRCDQLSFD7VPDGFYSTSP--IQSVELPVSIVSLBVYHKHT 300
SEQ ID NO: 6057 QVENTAITKVTYCNSI-VNNIKCSQITANNGFYPVSS--SEVGLVNKSVVFLLPSFYTHT 530
SEQ ID NO:6061 EVQGTSTQRTLYCDDPVSQLKCSQVAFDLDDGFYPISSNLiLSHEQPISFVTLPSFNDHS 509
SEQ ID NO:6065 RKVDLQLGNLGYLQSFNYRIDTTATSCQLYYNLPAANVS--VSRFNPSTWTRRFGFTEQS 459
SEQ ID NO: 6069 RQVDLQLGNSGFLQTIANYKIDTAATSCQLHYTLPKNNVT--INNTHNPSSWNTRRYGFNDAC 458
SEQ ID NO:6042 DVRQIAPGQTGVIJADY1NYKLPDDFMGCVLAWNTRNIDAT STGNYMKYRYLRHG 446
SEQ ID NO:6072 SFLSSFVYKESNFMYGSYHPSCKFRLETINNGLWFNSLS VSIAYGPLQOGCKQS 363

SEQ ID NO:6053 FIVLYVDFKPQ-SGGGKCFNCYPAGVNITLANFNET KOPLCVDTSHFTTKYVAVYAN 356
SEQ ID NO:6057 IVNITIGLGMKRSGYGQPIASTLS--NITLPMQDHN TDVYCIRSDQFS-VYVHSTCK 584
SEQ ID NO:6061 FVNITVS--AAFGGLSSANLVASDTTINGFSS FCVDTRQFTITLFYN-VTN 557
SEQ ID NO:6065 VFKPQPAGVFTDH-DVVYAQECFKASTNFCPCKLIGSLCVGNGPGIDAGYKTSOTGTCPAG 519
SEQ ID NO:6069 VFGKN QHDVVYAQQCFTVRSSYCFC 483
SEQ ID NO:6042 KLRPFER 453
SEQ ID NO:6072 VFKGRAT 370

SEQ ID NO:6053 VGRWS ASINTGNCPFSFGKVNNFVKFGSVCFSJKDIPGGCANPTVA 402
SEQ ID NO:6057 SALWDNIFKRNCTDVLDATAVIKTGTCPFSFDKLNNYLTFNFCLSLSPVANCKFDVAA 644
SEQ ID NO:6061 SYGYVS KSQDSNCPFTLQSVNIDYLSFSKFCVSTSLLAGACTIDLFG 603
SEQ ID NO: 6065 TNYLTCHNAAQCDCLCTPDPITSKATGPYKCPQTKYLVGIGEHCSOLAIKSDHCG G 575
SEQ ID NO:6069----------------AQPDIVSPCTT QTKPKSAFVNVGDHCEGLGVLEDNCGNADPH 525
SEQ ID DISNVPFSPDGKPCTPPALNCYWPLND 480
SEQ ID NO:6072-------------------------------CCYAYSYGGPSLCKGVYSGELDHNFECGL 399

SEQ ID NO:6053 INWAYSKY---YTIG SLYVSWSDGDGITGVPQPVEGVSSFMNVTLDKc 446
SEQ ID NO:6057 -RTRTNE---QVVR SLTYVIYEEGDNIVVPSDNSGVHDLSVLHLDSC 687
SEQ ID NO:6061 YPAFGSG VKLT S~tYFQFTKGELITGTPKPLEGITDVSFMTLDVC 647
SEQ ID NO: 6065 NPCTCQP QAFLOWSVDSCLQQDRCNIFANFILHDVNSGTTCSTDLQKSNTDIIL3VC 632
SEQ ID NO: 6069 KGCICAN---NSFIGWSHDTCLVNDRCQIFANILLNGINSGTTCSTDLQLPNTEWVTGIC 582
SEQ ID NO:6042 YGFYTTTGIGY QPYRVVVLSFELLNAPATVCGPKLSTDLIKNQC 524
SEQ ID NO:6072 GSRIQTATEPPVITQNNYNNITLNTC 433
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TKYNIYDVSGVGVIRVSNDTFLN GITYTSTSGNLLGFKDVTKGTIYSITPC 497
TDYNIYGRTGVGIIRQTNRTLLS GLYYTSLSGDLLGFKNVSDGVIYSVTPC 738
TKYTIYGFKGEGI ITLTNSSILA GVYYTSDSGQLLAFKNVTSGAVYSVTPC 698
VNYDLYGITGQGIFVEVNATYYNS WQNLLYDSNGNLYGFRDYLTNRTFMIRSC 685
VKYDLYGITGQGVFKEVKADYYNS WQTLLYDVNGNLNGFRDLTTNKTYTIRSC 635
VNFNFNGLTGTGVLTPSSKRFQP FQQFGRDV8DFTDSVRDPKTSEILDISPC 576
VDYNIYGRTCQGFTTNVTDSAVSWYLADAGLAILDTSGSIDIFVVQGEYGLNYYKVNPC 493

NPPDQLVVYQQA--VVAMLSE4FTSYG'SNVVELPKFFYASNGTYN------------- 542
IVSAQAAVIDGT--IVGAITSINSELLGLTHWTTTPNFYYYSIYNYTNDRTRGTAIDSND 796
SFSEQAAYVDD--IVGVISSLSNS--rFNYNTRELPGFFYHSNDGSN------------- 741
YSGRVSAAFHAN- -SSEPALLFNIKCNYVFNNTLSRQLQPINYFDSYLGCVVNADNSTS 743
YSGRVSAAFHKD- -APEPALLYRNINCSY-VFSNNISREENPLNYFDSYLGCVVNADNRTD 693
AFGGVSVITPGTlqASSEVAVLYQDVNCTDYVSTAIADQLTPAWqRIYSTGqMvQTQAGCL 636
EDVNQQFVVSGGK-LVGTLTSRNETGSQLLENQFYIKITNGTRRFRRSITEN 544

-CTDAVLTYSSFGVCADGS IIAVQPRNVSYDSVSAIVTAN LSI 584
VDCEPVITYSNIGVCKNGA FVFINVTHSDGD-VQPISTGN VTI 838
-CTEPVLVYSNIGVCKSGS IGYVPSQYGQVK-IAPTVTGN ISI 782
SWVQTCDLTVQSGYCVDYSTKRRSRRS ITTGYRFTNFEPFTVNSVI4DSLEPVGGLYEIQI 803
EALPNCDLRYIGAGLCVDYSKSRRADRSVSTGYRLTTFEPYTP4LVNDSVQSVGLYEMQI 753
IGAEHVDTSYECDIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAI 696

VANCPYVSYGKFCIKPDGS IATIVPKQLEQFVAPLFNVTEN VLI 588

PSNWTTSVQVEYLQITSTPIVVDCSTYVCNGNVRCVELLKQYTSACKTIEDALRNSARLE 644
PTNFTISVQVEYIQVYTTPVSIDCSRYVCNGNPRCNKLLTQYVSACQTIEQALA4GARLE 898
PTNFSMSIRTEYLQLYNTPVSVDCATYVCNGNSRCKQLLTQYTAACKTIESAJQLSARLE 842
PSEFTIGNNEEFIQTSSPKVTIDCSAFVCGDYAACKSQLVTEYGSFCDNINAILTEVNELL 863
PTNFTIGHHEEFIQTRSPKVTIDCAAFVC0DNTACRQQL\VEYGSFCVNVNAILNEVNNLL 813
PTNFSISITTEVHPVSMAKTSVDCNMYICGDSTECANqILLQYGSFCTQLNRALSGIAAEQ 756
P14SFNLTVTDEYIQTP1MDKVQI14CLQYVCGSSLDCRKLFQQYGPVCDNILSVVNSVGQKE 648

SADVSEMLTFDKKAFTLANVSSFGDYN LSSVIPSLPTSGS 604
NIEVDSMLFVSENALKLASVEAFNSSETLiDPIYKEWPNIGGSWLEGLKYILPSHNS 954
SVEVNSMLTISEEALQLATISSFNGDG YNFTNVLGASVYEPASGR 887
DTTQLQVASLxllGVTLSTKLKDGV4FN VDDINFSPVLGCLGSDCN 909
DNMQLQVASALI4QGVTISSRLPDGISGP IDDINFSPLLGCIGSTCAEDGN 863
DRNTREVFAQVKQHYKTPTLKYFGGFN FSQILPDPLKPTK- 796
DMET1LNFYSSTKPAGFNTPVLSNVSTG EFNISLLLT14FSSRRK 691

RVAGRSAIEDILFSKLVTSGLGTVDADYKKCTKGLS- -IADLACAQYYNGIMVLPGV 739
-KRKYRSAIEDLLFDKWTSGLGTVDEJYKRCTGGYD- -IADLVCAQYYNGII4VLPGV 1009
-VVQKRSVIEDLLFNKVVTNGLGTVDEDYKRCS14GRS- -VADLVCAQYYSGVMVLPGV 942
KVSSRSAIEDLLSKVKLSDVG-FVEAYNNCTGGAE--IRDLICVQSYNGIKVLPL 963

GPSAIRGRSAIEDLLFDKVKLSDVG-FVEAYNNCTGGQE--VRDLLCVQSFNGIKVLPPV 920
RSFIEDLLFNKVTLADAG-FMQYGECLGDIN- -ARDLICAQKFNGLTVLPPL 846
RSLIEDLLFTSVESVGLaP-TNDAYK14CTAGPLGFFKDLACAREYNGLLVLPPI 743
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ADAERMAMYTGSLIGGIALGGLTS---- -AVSIPFSLAIQARLNYVALQTDVLQENQKILA
1ANADKMTMYTASLAGGITLGALGGG3 -AVAIPFAVAVQARLNYVALQTDVLNKNQQILA
VDAEKLHMYSASLIGGMALGGI'Th AAALPFSYAVQARLNYLALQTDVLQRNQQLLA
LSENQISGYTLAATSASLFPPWSA- -AAVPFYLNVQYRINGIGVTMDVLSQNQKLIA
LSESQISGYTTGATAAANFPPWSA AAGVPFSLSVQYRINGLGVTMiNVLSENQKMIA
LTDDMIAAYTAALVSGTATAGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKQIA
ITAEMQALYTSSLVASMAFGGITA--- -AGAIPFATQLQARTNI{LGITQSLLLKNQEKIA

ASFNKAMTNIVDAFTGVNDAITQTSQALQTVATALNKIQDVVNQQGNSLNI{LTSQLRQNF
SAFNQAIGNIQSFGKVNDAIHQTSRGLATVAKALAKVQDVVNIQQALSHLTVQLQNNF
ESFNSAIGNITSAFESVKEAISQTSKGLNTVAHALTKVQEVVNSQGSALNQLTVQLQHNF
NAFNNALGATQEGFDATN SALVKIQAVVNANAEALNNLLQQLSNRF
SAFNNALiGAIQDGFDATN SALGKIQSVVNANAEALNNLLNQLSNRF
NQFNKAISQIQESLTTTS TALGLQDVVNQNAQALNTLVKQLSSNF
ASFNKAIGHMQEGFRSTS LALQQIQDVVSKQSAILTETKASLNKNF

QAISSSIQAIYDRLDTIQADQQVDRLITGRLAANVFVSHTLTKYTEVASRQLAQQKVN
QAISSSISDIYNRLDELSADAQVDRLITGRLTALNAFVSQTLTRQAEVASRQLAK DVN
QAISSSIDDIYSRLDILSADVQVDRLITRLSALNAFVAQTLTKYTEVQASRKLAQQKVN
GAISSSLQEILSRLDALEAQAQIDRLINGRLTALNAYVSQQLSDSTLVKFSAAQAIEKVN
GAISASLQEILTRLEAVEAKAQIDRLINGRLTALNAYISKQLSDSTLIKVSAAQAIEKVN
GAISSVLNDILSRLDKEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAkTIK(S
GAISSVIQEIYQQFDAIQANAQVDRLITGRLSSLSVLASAKQAEYIRVSQQRELATQKIN

ECVKSQSKRYGFCG-NGTHIFS IVNAAPEGLVFLHTVLLPTQYKDVEAWSGLCVDG-- 
ECVRSQSQRFGFCG-NGTHLFSLANAAPNGMIFFHTVLLPTAYETVTAWPGICASDG-DR
ECVKSQSQRYGFCGGDGEIIIFSLVQAAPQGLLFLHTVLVPGDFVNVLAIAGLCVNO 
ECVKSQSSRINFCG-NGNHIISLVQNAPYGLYFIHFSYVPTKYVTAKVSPGLCIAG 
ECVKSQTTRINFCG-NGNHILSLVQNAPYGLYFIHFSYVPISFTTANVSPGLCTSG 
ECVLGQSKRVDFCG-KGYHLMSFPQkkPHGVVFLEVTYVPSQERNFTTAPAICHEG 
ECVKSQSIRYSFCG-NGRHVLTIPQNAPNGIVF IHFS-YTPDSFVNVTAIVGFCVKPANAS

TNGYVLRQPNLALYK EGNYYRITSRIMFEPRIPTMADFVQIENCI'VTFVNISRS
TFGTJVVKDVQLTLFRN--LDDKFYLTPRTMYQPRVATSSDFVQIEGCDVLFVNATVS
EIALTLREPGLVLFTHELQTYTATEYFVSSRR FEPRKPTVSDFVQIESCVVTYVNJTSD
DRGIAPKSGYFVNVNNN--------TVMFTGSGYYYPEPITGNNVVVMSTCAVNYTKAPDV
DRGLAPKAGYFVQDDG EWKFTGSSYYYPEPITDKNSVIMSSCAVNYTKAPEV
-KAYFPREGV MFNGT SFITQRFFSPQIITTDTFVSGNCDVVIGIINNJT
QYAIVPANGRGIFIQVN GSYYITARDMYMPRAITAGDVVTLTSCQANYVSVNKT

ELQTIVP-EYIDVNKTLQELSYKL-PNYTVPDLWEQYNQTILNLTSEISTLENKSAELN
DLPSI IP-DYJ:DINQTVQDILENFRPNWTVPELTFDIFNATYLNLTGEIDDLEFRSEKLH
QLPDVIP-IJYIDVNKTLDEILASL-PNRTGPSLPLDVFNATYLNLTGEIADLEQRSESLR
MLNISTP-NLPYFKEELDQWFKNQTSVAPDLSLDY--INVTFLDLQDEMN 
FLNTSTP-NPPDFKEELDKWFKNQTSIAPDLSLDFEKLNVTLLDLTYEMN 
VYDPLQP-ELDSFKEELDKYFKNHTSPDVDLGDISG-INASVVNIQKEID 
VITTFVDNDDFDFNDELSKWWNDTKHELPDFDKFN--YTVPILDIDSEID----------

795
1066
998
1019
976
906
799

855
1126
1058
1065
1022
952
845

915
1186
1118
1125
1082
1012
905

970
1244
1174
1180
1137
1067
964

1024
1299
1234
1232
1189
1118
1018

1082
1358
1292
1279
1238
1166
1066

NO: 6053
NO: 6057
NO: 6061
NO: 6065
NO: 6069
NO.-6 042
NO: 6072
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YTVQKLQTLIDNINSTLVDLKWLNRVETYIKWPW M VLCISVVLIFVVSMLLLCCCSTGC
NTTVELAILTDNINNTLVNLEWLNRIETYVKWPWYVWLLIGLVVIFCIPLLLFCCCSTGC
NTTEELRSLINNINNTLVDLEWLNRVETYIKWPWWVWLIIVIVLIFVVSLLVFCCISTGC

RLQEAIKVLNQSYINLKDIGTYEYYVKWPWYVWLLIGFAGVAMLVLLFFICCCTGC
RIQDAKKLNESYNLKEVGTYEMYVKWPWYMWLLTGLAGVAVCVLLFFICCCTGC

-1LEVAENLNqESLIDLQELGKYEQYIKWPWYVWLGFIAGLIAIvxdVTLLCCNTSC
RIQGVIQGLNDSLTDLEKLSILKTYIKWPWYMWLAIAFATITFILILGWVFFMTOC

1142
1418
1352
1335
1294
1222
1122

CGFFSCFA SSTRGCCESTKLPYYD-VEKTHTQ- 
CGCIGCLG SCCHSICSRRQFENYEPIEKVHVH---
CGCCGCCG ACFSGCCRGPRLQ?YEAFEKVHVQ- 
G--TSCFK KCGGCCDDYTGHQELVIKT- SHED-
G--SCCFK KCGNCCDEYGGHQDSIVIHNISSHED-
CSCLKGAC BCG-SCCKFDEDDSEPVLKGVKLHYT-
CGCCCGCFGIMPLMSKCGKKSSYYTTFDNDVVTEQYRPKKSV

1173
1450
1384
1364
1326
1255
1164

FIGURE 7B

SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

ID NO:6054
ID NO:6062
ID NO:6058
ID NO:6045
ID NO:6073
ID. NO: 6066

ID NO:6054
ID NO:6062
ID NO:6058
ID NO:6045
ID NO:6073
ID NO:6066

FLKLVDDHA-LVVNVLLWCVIVLIVILLVCITIIKLKLCFTCHMFCNRTVY
MLQLVNDNG-LVVNVILWLFVLFFLLTISITFVQLVNLCFTCHRLCNSAVY

MTFRALTVIDDNG-MXINIIFWFLLIIILILLSIALLNIIKLCMVCCNLGRTVII
4SFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLV

MLLNKSLEENG-SFLTALYI IVGFLALYLLGRALQAFVQAADACCLFWYTIPV
FMADAYFADTVWYVGQTFIVAICLJVIIVVVAFLATFKJCTQLCGMCNTLVL

GP IKNVYH-IY-QSYMH IDPF PKRVIDF 77
TP IGRLYR-VY-KSYMR IDPL PSTVIDV 
VP AQHAYD-AY-KNFMR IKAYN PDOALLA 86
KP TVXVYS-RV-KNLNS SEGV PDLLV 76
IPGAKGTAFVYKYTYGRKLNNPELEAVIVNEFPKNGNNINPANFQDAQREKLYS 112
SP SIYVFN-RG-RQFYEF YNDVKP PVLDVDDV 84

FIGURE 7C

ID NO:6055
ID NO:6063
ID NO:6059
ID NO:6067
ID NO:6070
ID NO:6046
ID NO:6074

ID NO: 6055
ID NO:6063
ID NO:6059
ID NO:6067
ID NO:6070
ID NO:6046

MSNDNC TGDIVTHLK~tqNF
MSNGSIP VDEViEHLRJYINF

-MKILLILACVIACACgERYCIAMKSDTDLSCRNSTASDCESCFNGGDLIWHLANWNF
MSSVT-TPAPVYTWT------- ADEAIKFLKEWqNF
MSSTTQAPEPVYQWT------- ADEAVQFLKEWqNF
4ADMGTIT VEELKQLLEQWNL

FEQSVQLFKEYNL

GWNVILTIFIVILQFGHYKYSRiFYGLI4LVLWLLWPLVLALSIFDTWANfWDSN-WAFVA
TWNI ILTILLVVLQYGHYKYSVFLYGVKI4ATLWILWPLVLALSLFDAWASFQVN-TNFFA
SWSI ILIVFITVLQYGRPQFSWFVYGIr4LIMWLLWPWLALTIFNAYSEYQVSRYVMFG
SLGIILLFITVILQFGYTSRSMFVYVIKI4VILWLMWPLTIILTIFN- -CVYALN-NVYLG
SLGIILLFITILQFGYTSRSMFIYVVK4IILWLNWPLTIVLCIFN- -CVYALN-NVYLG
VIGFLFLAWIHLLQFAYSRNRFLYIIKLVFLWLLWPVTLACFVLA- -AV'iRIN-WJVTGG
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FITAFLLFLTIILQYGYATRSKVIYTLKNIVLWCFWPLNIAVGVIS--CTYPPN-TGGLV 

FSFFNAVSTLVMWV14YFANSFRLFRRARTFWAWNPEVNAITVTTVL-GQTYYQPIQQAPT 13'
FSILMACITLMLWIMYFVNSIRLWRRTHSWWSFNPETDALLTTSVN-ORQVCIPVLGAPT 14:
FSIAGAIVTFVLWIMYFVRSIQLYRRTKSWWSFNPETKAILCVSAL-GRSY-VLPLEGVPT 17.
FSIVFTIVAIIMWIVYFVNSIRLFIRTGSWWSFNPETNNLNCIDMK-GRMYVPpjpIIEDYH 14:'
FSIVFTIVSIVIWIMYFVNSIRLFIRTSWWSFNPETNNLMCIDMK-GTVY-VRPIIEDYH 141
IAIANCIVGLWLSYFVASFRLFARTRSN8FNPETILLNVPLR-GTIVTRPIJESEL 13'
AAIILTVFACLSFVGYWIQSIRLFKRCRSWWSFNPESNAVGSILLTNGQQCNFAIESVPM 14.

GITVTLLSGVLYVDGHRLASGVQVHNLPEYMTVAVPSTTIIYSRVGRSVNSQNSTG--WV 19!
GVTLTLLSGTLLVEGYKVATVQVSQLPNFVTVAATTTIVYGRVGRSVNASSGTGWA 
GVTLTLLSGNLYAEGFKIAONIIJNLPKYVMVALPSRTIVYTLVGKKLKASSATG--WA 23'
TLTVTIIRGHLYI4QGIKLGTGYSLSDLPAYVTVAKVSHLLTYKRG-FLDKIGDTSG--FA 
TLTATIIRGHLYIQGVKLGTGFSLSDLPAYVTVAKVSHLCTYKRA-FLDKVDOVSG--FA 
VIGAVIIRGHLRMAGHSLGR-CDIKDLPKEITVATS-RTLSYYKLGASQRVGTDSG--FA 191
VLSPI IKNGVLYCEGQWLAK-CEPDHLPKDIFVCTPDRRNIYRAVQKYTGDQSGNXKRFA 

NO: 6055
NO: 60 63
NO: 6059
NO 60 67
NO: 6070
NO. 6046
NO: 6074

NO: 6055
NO: 6063
NO: 6059
NO: 5067
NO: 6070
NO: 6046
NO: 6074

FYVRVKHGDFSAVSSPMSNNTENERLLHFF
FYVRSKHGDYSAVSNPSAVLTDSEKVLHLV
YYVKSKAGDYSTEAR-TDNLSEQEKLLHMV
VYVKSKVGNYRLPSTQKGSGLDTALLP=N
VYVKSKVGNYRLPSN-KPSGADTALLR- -I

AYNRYRIGNYKLNTDHAGSNDNIALLVQ- 

TFVYAKQSVDTGELESVATGGSSLYT- 

FIGURE 7D

ID NO:6056
ID NO:6064
ID NO:6060
ID NO:606B
ID NO:6071
ID NO:6051

ID NO:6075

MATVKWADASE--PQRGRQG 
MASVSF--QDRGRK 

IQGQRVSWGDEST--KTRGRSNSRGRKN-------
NSFTPGKQSSS-RASSGNRSGNGILK--- -WADQSDQSRNVQTRGRR-AQPKQTATSQQPS
MSFVPGQENAGGRSSSVNRAGNGILKKTTWADQTERGPNNQNRGRR-NQPKQTATTQ-PN

MSDNGPQSNQRSAPRITFGGPTDSTDNNQNGGRNGARPKQRRPQGLPN
MASGKAAGKTDAPAPVIKLGGPKP KVGSS 

RIPYSLYSPLLVDSEQPW-IVIPNLVPINKK-DKIIJKLIGYWN--VQKRFRTRKGK
RVPLSLYAPLRVTNDKPLSKVLANNAVPTNKG-NKDQQIGYWN- -EQIRWRMRRGE

NNI PLSFFNPITLQQGSKFWNLCPRDFVPKGIG-NRDQQIGYWN--RQTRYRMKGQ
GGNVVPYYSWFSGITQFQKGKEFEFAEGQGVPIAPGVPATEAKGYWYRHNRRSFKTADGN
SGSVVPHYSWFSGITQFQKOKEFQFAEGQGVPIANGIPASEQKGYWYRHNRRSFKTPDGQ
NT--ASWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYIRRATRR-VRGGDGK

NASWFQAIKAKKLNTPPPKFEGSGVPDNENIKPSQQHGYWR--RQARFKPGKGG

NO: 6056
NO: 6064
NO: 6060
NO: 6068
NO: 6071
NO: 6051
NO- 6075

NO: 6056
NO: 6064
NO: 6060
NO: 6068

RVDLSPKLHFYYLGTGPHKDAKFRERVEGVVWVAVDGAKTETGYGVRRKNJSEPEIPHFN
RIEQPSN\WHFYYLGTGPHGDLRYRTRTEGVFNVAKEGAKTEPTNLGVJPJASEKPI IPKFS
RKELPERWFFYYLGTGPHADAKFKDKLDGVVVAKGANKPTTLSRONNESKALKFD
QRQLIJPRWYFYYLGTGPHAKDQYGTDIDGVYWVASNQADVNTPADIrJDRDPSSD- -EAIP
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QKQLLPRWYFYYLGTGPHAGASYGDSIEGVFWVANSQADTNTRSDIVERDPSSH- -EAIP 176
ELSPRWFYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNN- -AATV 159

RI(PVPDAWYFYYTGTGPAADLNWGDTQDGIVWVAAKGADTKSRSNQGTEDPDKF- -DQYP 146

QKLPNGVTVVEE PDSRAPSRSQSR SQSRGRGESK 164
QQLPSVVEIVEPNTPPASRANSRSRSRGNGNNRSRSPSNNRGNNQSRGNSQNRGNNQGRG 190
GK\JFGEFQLEVN QSRDNSRSRSQ SRSRSRNR 176
TRFFPGTVLPQGYYIEGS-GRSAPNSR STSMASSRASS 210
TRFAPGTXTLPQGFYVEGS-GRSAPASR SGSRSQSRGP 212
LQLPQGTTLPKGFYAEGSRGGSQASSR SSSRSRGNSR 196

LRFSDGGPDGNFRW]DFIPLNRGRSGRS TAASSAAASR 183

PQSRN~PSSDRNHN SQDDIM~kVAAALKSLGFDKPQEKDKKS 205
ASQNRGGN~fNNKSRNQSN\NRNQSNDRGGVTSRDDLVAAkVKDALKSLGTGENPDRHKQ- 249

SQSRGRQQFNNKK DDSVEQAkVLAALKKLGVDTEKQQQRS- 215
AGSRSRA1NSGNRT PTSGVTPDIADQIASLVLAKLGKDAAKP 251

NNRARSSSNQRQ PASTVKPD4AEETAALVJAKLGKDAGQP 252
NSTPGSSRGNS PARM&SGGGETALA.LLLLDRLNQLESKV 235
APSREGSRGRR SDSGDDIIIARAAKIIQDQ 212

AKTGTPKPSRNQSPASSQTSAKSLARSQSSETEQKHEMQKPRWKRQPNDDVTSNVTQCF 265
-QQIPKQEKSDNSGKNTPK--KNKSRATSKERDLKDIPEWRRIPKG- -ENSVAACF 300
RSKSKERSNSKTRDTTPK NENKHTWKRTAGK GDVTRFY 253

QQVTKQTAKEIRQKILN PRQKRSPNK--QCTVQQCF 286
KQVTKQSAKEVRQKHJN KPRQKRTPNK--QCPVQQCF 287

SGKGQQQQGQTVTKKSAAEASK KPRQKRTATK- -QYNQAF 275

QKKGSRITKAKADE4AH RRYCKRTIFP--NYRVEQVF 247

GPRDLDH NFGSAGVVANGVKAKGYPQFAELVPSTAAMLFDSHIVSKESG 314
GPRGGFK NFGDAEFVEKGVDASGYAQIASLAPNVAALLFGGNVAVRELA 349
GARSSSA NFGDTDLVANGSSAKHYPQLAECVPSVSSILFGSYWTSKEDG 302
GKRCPNQ---NFGGGEMLKLGTSDPQFPILAELAPTAGAFFFCSRLELAKVQNLSGNLDE 343
GKRGPNQ NFGGSEMLKLGTSDPQFPILAELAPTVGAFFFGSKLELVKKN- -SGGADE 342
GRRGPEQTQGNFGDQDLIRQGTDYKWPQIAQFAPSASAFFGMSRIGHEV T

GPRTKGK-EGNFGDDKMNEEGIKDGRVTA4LNLVPSSHACLFGSRVTPKLQL 298

NTVVLTFTTRVTVPKDHP HLGKFLEELNAFTR EMQ 349
DSYETTYNYKMVTVPKSDP---- -NVELLVSQVDAFKTGNAK-LQRKKEKKNKRETTLQ 401
DQIEVTFTHKYHLPKDDP KTGQFLQQINAYAR PSEVAKEQR 343

PQKDVYELRYNGAIRFDSTLSFETIMKVLNENLNAYQQQD GTM41MSPKPQRQ--R 397
PTKDVYELQYSGAVRFDSTLPGFETfl4KVLNENLNAYQKDG-- OADVVSPKPQ RKGRR 398

SGTWLTYHGAIKLDDKDPQFKDNVILLNKHIDAYKTFP PTE 368
DGLHLRFEFTTWPCDDPQFDNYVKICDQCVDGVOTRPKDDEPKPKSRSSSRPATRG 355

QHPLLNPSALEFNPSQTSP--ATAEPVRDEVSIETDIIDEVN-------------- 389
QHEEAIYDDVGAPSDVTHANLEWDTAVDGGDTAVEIINEIFDTGN-------------- 446
KRKSRSKSAERSEQDVVPDALIENYTDVFDDTQVEIIDEVTN 385
GQKNGQGENTJNISVAAPKSRVQQNKIRELTAEDISLLKKMDEP--FTEDTSEI- 448
QAQEKKDEVD-]VSVAKPKSSVQRNVSRELTPEDRSLLAQILDDGVVPDGLEDDSNV--- 454

NO: 6056
NO: 6 064
NO: 6060
NO: 6068
NO: 6071
NO. 6051
NO: 6075S

ID NO:6056
ID NO:6064
ID NO:6060
ID NO:6068
ID NO:6071
ID NO:6051
ID NO:6075

NO: 6056
NO 60654
NO: 6060
NO: 6068
NO: 6071
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SEQ ID NO:6051 -PKKDr=KTDEAQPLPQRQKKQPTVTLLPAA 399
SEQ ID NO: 6075 NSPAPRQQRPKKEKKLKKQDDEADKALTSDEERNNAQLEFYDEPKVTNWGDAALGENEL 414
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(1)
avian 1EV partial S'UTR 161- (1)
HCoV-0C43 5'UTR(1

bovine CV S'5 l(1
Consensus I

SECTION I
1 10 20 30 42
TATAAAATCPrATTGTTGCLGGPATCACTGCTTGTTTTG~c

-SECTION 2

(43) 43 s0 60 70 94
avian 1EV partial S 'UT 161- (43) GTGV.CTCACTTTATACATCTGT'IGCTTGGGCTACCTAGTGTC
HCOV-0C43 511Th

bovine CV 

Consensus

SECTION 3
85 90 100 110 .126

avian 1Ev partial s UR 161- t85) CAGCGTCCTACOGGCGTCOTGGCTOCTTCGACTGCGAkGGAAC

HCoV-0C43 S'UTR 
bovine CV 5'UTR 
Consensus 

avian IBV

HCoV-0C43

bovine Cv
Consensus

partial
5 'tTR
5 lyRE

(127)
5'UTR 161- (127)

(127)

SECTION 4
127 140 150 168
CTCTGOTTCATCTAGCGGTAGGCGGGTGTTGAAOTACCAC

GATTCTCAOCGATTn2CGTCCTOCA--TCCCGC

CATTlGCGAGCGATTTGCOTOCGTGCA--TCCCGC
GATTG CAGCGAT7TGCCTGCGTOCA TCCC

_SECTION 
169 180 190 200 210
TTICAGACGTACCOGTTCTCTTGOTOAAATA---COCOGTCAC

TTCA---CTOATCTCTTGTAGATCTTTTTGTAATCTA

TWA CTATCTCTTGTTAGATCTI'flCATAATCTA

TTCA CTGATCTCTTC'rIAGATCTTTTCGTAATCTA

avian 1EV partial

acov-oc43 5tlTR

bovine CV 5' UTR

Consensus

(169)
5'UTR 161-(169)

(33)
(33)

(169)

-SECTION1 6

avian IEy

HCoV-0C43

bovine CV

Consensus

partial
5 TJTR

5 'T)TR

(211)

5'IJTR 161-(209)

(68)

(68)

(211)

211 220 230 240 252
CTCCCCCCACATACCTCTAAGCGOTrTTGACCPACCT'GG

AACTTWDATAAAAACATCCACTCCCTGTAATCTATGCTTGTCC

AACTTTATAAAAACATCCACTCCCTGTACTCTATCCCTCTO

AAC IYTATAAAAACATCCACTCCCTGTAGTCTATOCCTGGG

avian E v

HCOV-OC43

bovine CV

Consensus

partial

5, TR

5 'TR

SECTION 7
(253) 253 260 270 280 294

5' UT 161- (251) OCTACO'PTCTCGCATAAOCTCOOCTATACGAC''JTOTTAGOG

(110) GCGTAGATTrrrC-ATAGTGGTGTTTATAT-CAWVCT-O CT

(110) OCGTAOATTrTCATAGTGTGTCTATATT-CATTTCT-GCT

(253) O.CGTAO.ATTrqPC'ATCGTGTCTATA'IT CATTTCT OCT

SECTION 8

avian ISV partial

UCoV-0C43 5'UTR

bovine CV 5'UTR

Consensus

(295)

5'U'Ra 161- (293)

(150)

(150)
(295)

295 300 310 320 336
GGTAGTG-CCAAACAACCCCTOACGTGACAGCT0OTGGTO

GTAACAGCTT~TACCAGGACOTGTTGTATCCTAGGC 

OTTAACAOCTT'TCACCAOQGGACGTOTIGTATCCTAGGC 

GTTAACAGC'LrrCAGCCAGGCACGTGTTGTATCCTAGGC

-SECTION 9

337 350 360 373

TTTAOTCACCAGACATACAATAGACAOTGACAACATG

AGTG-GCCCGCCCATAGOTCACAATC 

AT-CCCACCCATAGGTCACAATC 

AGTO GCCCACCCATAOGTCACAkN

SEQ ID NO: 9910
SEQ ID NO: 9919

SEQ ID NO: 9892
Consensus

(337)

(335)
(189)
(189)

(337)

COMS IDWN: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08
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FIGURE 9

CiT C GT GGC GFl: AT' TGmC G-~G G G-GTG

F2: GTGT GTG-GATAG CACTTCA
C C CC G

F3 CTTCAC-kG TCT-G-TTGT-GA
T A C TA

Ri: AGAA.99lGCAC-PTC-AGGT-TG
G TACAA G OCT C

R2: AAy dG-TATA GC AC TATGAAAA AC AC

GA CT CG GAGTR3: C-pC-TATG iiAAIT C TACGCCCA

(136-154 nt)

(152-172 nt)

(168-1 95nt)

(307-329nt)

(265-288nt)

(250-274nt)

SEQ ID NO:

6021

6022

6023

6024

6025

6026
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FIGURE 

o
00
0

avian ISV 3'UTR (N(U001451) 27103-
HCoV-0C43 3'UTR partial
bovine CV J1unR
Consensus

SECTION 

(1)1 10 20 36
GTAACATAATGGACCTGTOTTTCCTGGTACAT'r*

SECTION 2
(37) 37 50 60 72

avian IBv 3'UTR (N-001451) 27103- (37) GTTAAACACTATTTCTGCTTC1CCTATAATPT
HCoV-oc43 3'UTR partial
bovine CV 31UTR
Consensus

avian ISV 3'UTR (NC 001451) 27103-
HCoV-OC43 31 RM partial
bovine cv 3' UTR
Consensus

(37)

SECTION 3
(73) 73 80 90 108
(73) ACAGOCADTGATTGTGATTATGTTCATA'CTTAAC

(73)

130 SECTION 4
(109) 109 120 130 144avian 1BV 3'tTR (NC -001451) 27103- (109) TTCTTTGGTiCTTTTTrCTATT'aATT#rGCT

HCOV-oC43 3 'UTr partial 
bovine CV 3'UTR 

Consensus (109)

SECTION 
(145) 145 150 160 170 180

avian IBV 3,uTR (NC001451) 27103- (145) GTGCTTATTTGTGATTCTCTATAGTTG.C
SCoV-0c43 3'TTR partial TAAGAOAATQAAC
bovine CV 3'umTR 
Consensus (145) A GAOAATGAAC

avian ZSV 3UTR

ECoV-0C43 31'0T

bovine CV 31UTR

Consensus

(NC001451) 27103-

partial

(181)

(179)
(14)
(11)

(181)

SECTION 6
181 190 200 216
TTTATCGAGAAATTCAATAGTAAGATTAAGCn .G
CTTAT-GTCGGCATCTGGTTAACCCCTC -GCAGG
CTTAT-GTCGGCACCTQG'TOCTAACCCCTCOPGCAOG

CTTAT OTCGOCACC'IGGTGGTAACCCCTC GCAGG

SECTION 7
217 230 240 252
ATAGGCATGTAGCTTGATTACCTACATGTCATCGC

AAAGTCGGG-------ATAAGGCAC-TCTCTATCAG

AAAGTCGCO ATAAGCCAC-TCTCTATCAG
AAAGTCGGG A'DAAGGCAC TC'ICTATCAC

avian IBV 3'UTr
HCV-0C43 3UTR

bovine CV 3' UTR
Consensus

(MC-001451) 27103-

partial

(217)

(215)

(48)

(45)

(217)

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08
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FIGURE 10 (coned.)

00
0

avian 1EV 3'UTIR (M~Z001451) 27103-
HCo'V-0C43 3'UTR partial
bovine CV 3' IYIR
Consensus

(253)
(251)

(76)

(73)
(253)

avian 1EV 31JTR (NC 001451) 27103-
ECoV-0C43 3 'UTR partial
bovine CV 3 UTRn
consensus

(289)

(287)

f107)

(104)
(289)

SECTION a
253 260 270 288
CAGGGAAATGTCTAATCrGTCTACTTAGTAGCCTGG
AA 'GGA- -TGTCTTGCTGCTATAATASATAGA-- -O
AATOOA- -TGTCTTGCTGCTATAATAGATAGA-- -G
AMY2GA TOT'rTGCTOCTATAATAOATAGA G

SECTION 9
289 300 310 324
AMACGAAcGTAGACCCTTAGATEThTTAQATT

AAOOTTATAOCAGACTAT-AGATr- -AATTAGTTG
AAIGflTATAG~CAGACTAT-AGATT--- -AATTAGTTG
AAGGTTATAGCAGACTAT AGATT AATTAGTN2

SECTION 
325 330 340 350 360

AATTTrTTAOTTAGTTTAAGrXAGT-TT1AGAGTAQQ

AAAGTVTTTGTGTAALGTATA'TTTGAGAAAQ

AAAOTTGTGTr.CTAAMGTATATGTTGGAGAAAG

AAACTrFIN3TGTOGTAATGTATAGTGTTGAOAA4O

avian 15V 31uTRa (NC-00 145.1) 2 7103 
HCOV-0C43 3 'DTR partial
bovine CV 313TR
Consensus

(325)

(323)

(139)

(13-6)

(325)

avian IEV
HCOV-OC43
bovine CV

Consensus

3tJTR (NC-001451) 27103-
3'IJTR partial

3' UTR

(361)

(358)
(175)
(172)
(361)

SqECTION 12.
361 370 380 396
TATAAAGATGCCAGTGCCGGGG-CCAC-GCGGTAC

T-AAAGACT TGCGGAAGTAATTGCCACAAG
TO-AAAGACT- TGCGGAAGTAATrGCCGACAAG
TG AAAGACT TOCOAAGPAA7rGCCGACAAO

SECTION 12
397 410 420 432
GATCGAGGGTACAGCACTAGGACCCCCATTAGGGA

TGCCCAAAGGGAAGAOCCAGCATO- 'TAAGTTA
TGCCCAAGGGGAAGAGCCAGCATG- TTAAGTTA
TGCCCAAGGGOAAGAGCCAGCCCAG TTAAGTTA

avian IBV 3'tJTR
HCoV-0C43 3IJTR
bovine Cv 3' UTR
Consensus

(Nq.001451) 27103-
partial

(397)

(393)
(2015)

(203)
(397)

avian 1EV 3'UTR (NC00O1451) 27103-
HCoV-0C43 3'uTrR Partial
bovine CV 3' ti
Consensus

(433)

(429)

(238)
(2351

(433)

SECTION 13
433 440 450 468
AQAGCTAAATTTTAGT--TTAAGTTAAGTTTAAT-P

CCACCCAJTAATTAGTAAATOAATAAGTA'rrAr

CCATCCAGTAATTAGTAAATGAATGAAGTTAATTAT

CCA CCAGTAATTAGTAAATGAAGAGTAATTAT

14
469 480 490 504
GG-QTAAGTATAG.TTAAAATTTATAGGCTAGTATAG.A

GGCCAATTGGA&GAATCAC------------------

GGCCAArPGGAAGAATCAC 
GGCCAATTGGAA0AATCAC

avian IRV 31UTE (NC-001451) 27103-
HCOV-0C43 3 'ITR partial
bovine CV 31'TRn

Consensus

(469)
(462)
(274)
(271)
(469)

SECTION 

avian IBV 3'UTR (NQ-00l45l) 27103-
HCoV-0C43 31UTR partial
bovine CV 3UTTR
Consensus

(505)
(498)
(293)

(290)
(505)

505 513
GPTAGAGCA SEQ In NO: 9911

SEQ ID NO: 9920
SEQ ID NO: 9893

COMS ID No: ARCS-205336 Received by 113 Australia: Time 20:43 Date 2008-09-08
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FIGURE 11

F-i TOTATO GA GGATGTCT

TAGTA T A

F-2 TrTAGTTAA-TTTT-GT GTG AG T G G

(245 265 nt)

(318 -339 nt)

SEQ ID NO:

6027

6028

F-3 TAGTGTT-GAG-A-GGTATAAAGA
G A A G

R-1 A-ATT-G GCCATA-T-TAACTT
C A T A

R-2 ACTAAEA T- -C -ITAA
AATT A T CT CC C

R-3 T CGG ATL--C9C
AC C G GG CC G

FIGURE 12
coils

0. 4

0.P

(346 368 nt)

(458 476 nt)

(426 448 nt)

(375 395 nt)

6029

6030

6031

6032
6033

output for unknown

a00 400 600 8B8 1000 126 1400
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FIGURE 14,

lb

SARS virus lz s E m -1 N

IZ H Ej 
I a

1 b E m N

la

la l

l b

FIGURE 

ISEQ ID N
1

61
12 1
181
241
301

ks nhs

p ltqdl
S gvtf

ICatalytic Cys CatalyiHs

10: 65691
nafps gkzvegcmvqv tttlngl wldcdtvycpr ictaedml npnyedilir
flvqa gnvqlrvigh sn~ clinlk vdtsnpktpk ykfvriqpgq tfsvlacyng
yqcan rpnhtikg i ing c svgf nidydcvsf c h melptg vhagtd1egk

irdrcqt acjaagtdtti nvlauxlya avingdr f n .ttlndf nlvamkVnye
hvdil gplsaqtgia vl palka llqngmng Igstilede ftpfdvvrqc

FKey residues of the substrate site
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FIGURE 16

00
0

avian 1EV nsp2

MHV nep2

SARS nep2

BCoV nap2

Consensus

.(52)
avian IBV nsp2 (49)
tO" nsp2 (52)
BARS nsp2 (52)

BCoV nsp2 (52)
Consensus (52)

avian IB3V flep2

kIEV nsp2

SARS nsp2

B3CoV nsp2

Consensus

(103)

(100)
(102)

(102)

(102)

(103)

SECTION 1
1 10 20 30 40 51
SGFKKLVSPSSAVEXC 1VSVSYRGNNLNGLWLCDTIYCPRJIJL, -KFSC
SG1VMVSTSVEPCIVSVTQGNM'GLWLDDVWCPF1JSSDNM

SGFRXM4AFPSG-KVEOcEVQVTCGrTLNGLWLDDWYCPR4 CTAEDMJN
S01VKMVNPISKVEPCVSVTYGMLN0ILWnnKwCPRW cSASDMTHf

SECTION 2
52 60 70 80 90 102

PDYPNLLCRTSSDFCVSGR-KSLTYQMGCQLVPJVTQPVPXY

PDYTNLICRTSSDFTLFDR-LSLTVYMGCJAVLT)ThONSRTPKY

PDY NLIJCRVTSSDF VLSOR VSLTVMYQNQGCLLVLTVTLQNPKTPRY

SECTION 3
103 110 120 130 140 153
KFIXAfCGDSFTIACAYGTWOIYPVTRSNGTRAaAG4J SVGFNI
SFGVVKP0ETFTVLAAYNGRPQOAFHVTLRSSRTIKGSfrtaS SVCYVL
KFVRTQPGOaFSVACYNSPSVYQCPNETIKGSFpNS jSVPNI
TFGVVKPGETFTVLAAYNGKPOOAFHVTRSSYTII(0StkCGS

0 ISVGYVL
KFOVVKPGTFTVLAAYN0PQGJ2FHVTSSHTIKGSFJQQWxJSVI

SECTION 4
154 160 170 180 190 204
EK0VVNFYuILELPNALiTGTDLMEFYGGYE/AQRVPpfNLV Tj4
TOSVFVYMQLELSTGCETGTDFS,NYPYO[AQVVQLPVQDYTQTVN

DYDCVSFCYD*UMELPTVRAGTDLEKFYGPFVDRQTAQAA0TrTITLM

NCDCVXFVYfr1QLELSTGCHBINTDFNDFYGPnWAVVLV®DYIOQIN

DCDCVKPVYVB{LEISSTOCMTOTDL OPFYGPYVDAOVVQLPVQDYTQTVN

SECTION 
205 210 220 230 240 255
1VAWLYAAIISVKESSFSLPKWLESTwVSVDDYrqKWAflDflo3PFSTS-T

WVAWrjYAAIFNRCN WFVQSDSCSLBEEFNVWAI4TNQFSSflCAD--L
VLAWLYAAVINODR WFLNRPTTrLNDFNJVANKYNYEPLTQEHVD

PVAWLYAAI:LNNCN WFVQSDKCSVEDFNVWALSNGFSQVjCSD- -L
WVAWIJYAAIIN CN WFLQSDTCSLSDFNVWAMSNOPSPIKSD L

avian ISV nsp2

toW nsp2

SARS nsp2

BCoV nsp2

consensus

(154)

(151)

(153)

(153)

(153)
(154)

avian ISV nsp2

NHVY nsp2

BARS nsp2

SonyV nsp2
Consensus

(205)

(202)

(204)

(204)

(204)

(205)

avian ISV nsp2

kIEV ns~p2

BARS nsp2

Boy nsp2

Consensus

(256)

(251)

(247)

(249)

(247)

(256)

SECTION 6
256 270 280 290 306
AIKSIGDCLRIVN-WGPLONEETEVN

VLDALABMTGVTEFQVLAAIKRLHS-GFQXQOIUrSCVLWBELTPSD)WQQ

ILGPLSAOTOIAVLDMCAALKEiLONGNOfRTILGSTILEDEFTPFDVVRQ

VIDALAAMCGVSVE LLAAfl(RL S GFQGRQILO3SCILEDBLTPSDVYQQ

SECTION 7

avian IBV nsp2
kIEV nisp2

SARS nsp2

B0eV nsp2

Consensus

(307)

(251)

(247)

(249)

(247)

(256)

307 313

IGOVREJO

LAQVKLIQ

CSGVTFQ

LAQIFZLO
LAOVKLQ

SEQ ID NO:

SEQ Ifl NO:

SEQ Ifl NO:

SEQ ID NO:

SEQ ID NO:

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08
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FIGURE 19

FUNCTION STRUCTU RE
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binding
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FIGURE 
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FIGURE 21A
G1 cons

AIBV

IG2 cons

SARS

FIGURE 21B
V V

AIBV

G1 cons

SARS

G2 cons

FIGURE 22

LP coiled-coil coiled-coil coiled-coil membrane anchor

7I -CI
1 24 88 122 143 181 269 287 331351 405 aa
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FIGURE 23
LPRKSQPTSISCRSVL-TNFKICVAVARLHA-CTYAV-TI INFTVVDKKRVTRPSSADCL
RFRPCCSRSSAYLGFVRV- PKGKMESLVLGVNEKTHVQLSLPVLQVRDVLVRGFGDSVEE
ALSEAREHLKNGTCGLVELBKGVLPQLEQPYVF TKRSDALSTNHGHKVVELVAEMDGT QY
GRSGITLGVLVPHVGETP TAYRIVLLRKNGNKGAGGHSYGIDLKSYDLGDELGTDPTEDY
EQNWNTKHGSGALRELTRELNGGAVTRYVDNNFCGPDGYPLDC IKDFLARAGKSMCTLSE
QTDYIESKRGVYCCRDHEHE IAWFTERSDKSYEHQTPFE IKSAKKFDTFKGECPKFVFPL
NSKVKVI QPRVEKKKTBGFMGRTRSVYPVAS PQECNNJYHLSTLKCNHCDEVSWQTCDFL
KATCEHCGTENLVIEGPTTCGYLPTNAVVKMPCPACQDPE TGPBHSVADYHN-SNIETRL
RKGGRTRCFGGCVFAYVGCYNKRAYWVPRASADI GSG-TG ITGDNVETLNEDLLET LSRE
RVNTNTVGDFHLNEEVAI TLASFSASTSAFIDTIKSLDYKSFKTTVESCGNYKVTKGKPV
KGAWNTGQQRSVLTPLCGF'PSQAAGVTRSTFARTLDAANHS IPDLQRAZAVTILDGISEQS
LRLVDANVYTSDLLTNSVT TMAYVTGGLVQQTSQWLSNLLGTTVEKLRPIFEWIEAKLSA

GVEFLKDAWETLKFLTTGVFDTVKGQTQVASDNIKDCVKCFIDNKALEMYCIDQVTIAG
AKLRSLNLGEVF TAQSKGLYRQCIRGKEQLQLLMYPLKAPKEVTFLEGDSHDTVLTSEEVV

LKNGELEALETPVDSFTNGAIVGTPVCVNGLMLLE IKDKEQYCAEJSPGLLATNNVFRLKG
GAP IKGVTFGEDTVWEVQGYK\VRITFELDERVDKVLNEKC SVYTVESGTBVTEFACVTA
EAVVKTLQPVSDLLTN'/GIDLDEWSVATFYLFDDAGEENFSS1MYC SFYPPDEEEEDDAE
CEEEE TDETCEHEYGTEDDYQGLPLEFGASAETVRVEEEEEEDWLDDTTEQSE IEPEPEP
TPEEPVNQFTGYLKLTDNVAIKCVDIVKEAQSANPMVITNAANIHLKHGGGVAGALNKAT

NGAMQKESDDYIKLNGPLTVGGSCLLSGHNLAKKCLHVVGPNLNAGEDIQLLKAAYENFN
SQDILLAPLLSAGIFGAKPLQSLQVCVQTVRTQVYIAVNDKALYEQVJMDYLDNLKPRVE
APKQEEPPNTEDSKTEEKSVVQKPVDVKPKIKAC IDEVTTTLEETKFLTNKLLLFADING
KLYHDSQNMLRGEDMSFLEKDAPYM'VGDVITSGDITCVI PSKKAGGTTEMLSRALKKVP
VDEYTTTYPGQGCAGYTLIEEAKTALKKCKSAFYVLPSEAPNAKEB ILGTVSWNLREMLAH
AEETRKLMPICMDVR-AIMATTQRKYKGITQEGTVDYGVRFFFYTSKEPVASIITKLNSL
NEPLVTMPIGYVTHGFNLEEAARCMRSLKAPAVVSVS SPDAVTTYNGYLTSSSKTSEEHF

VETVSLAGSYRDWSYSGQRTELGVEFLKRGDKIVYHTLE SPVEF'HLDGEVLSLDKLKSLL
SLREVKTI KVFTTV-DNTNLHTQLVDMSMTYGQQFGPTYLDGADVTKIKPHVNHEGKTFFV
LFSDDTLRSEAFEYYHTLDESFLGRYMSALNHTKKWKFPQVGGLTS IKWADNNCYIJSSVL
LALQQLEVKFNAPALQEAYYPARAGDAANFCAL ILAYSNKTVGELGDVRETMTHLLQHAN
IESAKRVLNV\CKHCGQKTTTLTGVEAVMYMGTLSYDNLKTGVS IPCVCGRDATQYLVQQ
ESSFVMMSAPPAEYKLQQGTFLCANEYTGNYQCGHYTHI TAKETLYRTDGAHLTKMSEYK
GPVTDVFYKETSYTTTTKPVSYKLDGVTYTEI EPKLDGYYKKDNAYYTEQPIDLVPTQPL
PNASFDNFKLTC SNTKFAL'DLNQMTGFTKPASREL SVTFF PDLNGDVVAIDYRHYSAS FK
KGAKLLHKPIVWH TNQATTKTTFKPNTWCLRCLWSTKPVDT SNSFEVLAVEDTQGMDNLA
CESQQPTSEENTVENPTI QKEVIECDVKTTEVVGNVI LKPSDEGVKVTQEI4 GHEDLMAAYV
ENPS ITIKKPNELSLALGLKT IATH-GIAAINSVPWSKTLAYVKPFLGQAATTTSNCA(RL
AQRVFNNYMPYVFTLLFQLCTFTKSTNSRTPAS LPTT IAKNSVKSVAKLCLDAGTNYVKS
PKFSKLFTIAMWLLLLS ICLGSLTCVTAAFGVLLSNFGAPSYCNGVRELYLNSSNTTND
FCEGSFPCSICLSGLDSLDSYPALETTQVTI SSYKLDLTILGLAAEWVLAYMLFTKFFYL
LGLSAIMQVFFGYFASHFISNSWLMWFIISIVQMAPVSAMTRM~YIFFASFYYIWKSYVHI

M~DGCTS STCMM~CYKRNATRVECTTIVNGMKRSFYVYANGGRGFCKTHNhWNCLNCDTFCT

GSTFI SDEVARDLSLQFKRPINPTDQSSYIVDSVAVKNGALKLYPDKAGQKTYERHPLSH

FVNLDNLRkNNTKGSLPINVIVFDGKSKCDESASKSASVYYSQLMCQPTLLLDQALVSDV
GDSTEVSVKMFDAYVDTF SATFSVPMEKLKALVATAHSELAKGVALDGVLSTFVSAARQG
VVDTDVDTKDVT ECLKLSHHSIDLEVTGDS CNNFMLTYNKVEMTPRDLGAC IDCNARH IN
AQVAKSHN\VSLIWNVKDYISLSEQLRKQIRSAAKKNNIPFRLTCATTRQVVNVITTKI SL
KGGKIVSTCFKLMLKATLLCVLAALVCYIVMPVHTLS IHDGYTNEI IGYKAIQDGVTRDI
ISTDDCFANKHAGFDAWFSQRGGSYKNDKSCPVVAAI ITREIGFIVPGLPGTVLRATNGD
FLHFLPRVFSAVGNI CYTP SKL IEYSDFATSACVLAAECT IFKDAMGKPVPYCYDTNLLE
GSISYSELRPDTRYVLMDGSIIQFPNTYLEGSVRWVTTFDAEYCRHGTCERSEVGICLST
SGRWVLNNEHYRMJSGVFCGVIDAMNLTANIFTPLVQPVGALDVSASVVAGGI TATLVTCA
AYYFMKFRRVFGEYNHWAANALLFLMSFTILCLVPAYSFLPGVYSVFYLYLTFYFTNDV
SFLAHLQWFAMFS PIVPFWTTATYVFC ISLKHCHWFFNNYLRK.VMVFNGVTFSTFEEAAL
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CTFLLNKEMYLKLRSETLLPLTQYNRYLALYNKYKYFSGALDTTSYREAACCHLAKALND
FSNSGADVLYQPPQTS ITSAVLQSGFRK1VAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVY
CPRHVI CTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPK
TPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCV
SFCYMHHI4ELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTTTLNVLAWLYAAVINGDR
WFLNRFTTTLNDFNLVAKYNYEPJTQDHVD LGPLSAQTGIAVLDMCAALKELLQNGN
GRTILGSTILEDEFTPFDVVRQCSGVTFQGKFKKIVKGTHHWMLLTFLTSLLILVQSTQW
S LFFFVYENAFLPFTLIMAIA\ACAMLLVKHKHAFLCLFLLPSLATVAYFNVTVYMPASWV
MRIMTWLELADTSLSGYRLKDCVhMYASALVLL ILM'TARTYDDAARRVWTLiNJVITLVYK
VYYGNALDQAT SMWALVTSVTSNYSGVVTT IMFLAPATVFVCVEYYPLLF ITGNTLQC TM
LVYCFLGYCCCCYFGLFCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKss TDAFKL
NIKLLGIGGKPCIKVATVQSKMSDVKCTSVVLLSVLQQLRVESSSKLWTAQCVQLHNDILL
AKDTTBAFBKMVSLLSVLLSMQGAVDTNRLCEEMLDNPATLQAIASEFS SLPSYAAYATA
QEAYEQAVANGDSEVVLKKLKKS LNVAKSEFDRDAAYQRKLEKMADQAMTQVYKQARSED
KBAKVTSAY.QTMLFTMLRKLDNDALNNI INNARDGCVPLNI IPLTTAZAKLMVVVPDYGTY
KNTCDGNTFTYASALWEIQQVVDAJDSKIVQLSE INNDNSPNLAWPLTVTALFANSAVKLQ
NKELS PVALRQMSCAAGTTQTACTDDNALAYYNNSKGGRFVLALLSDHQDLKWARFPKSD
GTGTIYTELEPPCRFVTDTPKGPKVKYLYF IKGINNLNRGMVLGSLAATVRLQAGNATEV
PANSTVLSFCAFAVDIPAKAYKDYLASGGQP ITNCVKMLCTHTGTGQATVTPEANMhDQES
FGGASCCLYCRCHTDHPNPKGFCDLKGKYVQT PTTCANDPVGFTLRNTVCTVCGMWKGYG
C SCDQLREPLMQSADASTFLNGFAV-VQPVLHRAAQALVLMS STGLI FTTKKLLVLQSS
-KLIAVASRRRMRKAIY-TLTL -LRGILCLTTNMKRLFITWLKIVQRLLSMTFS SLE-'V
TWYHIYHVSV-LNTQWLI-SMLYVILMRVIVIH-KKYSSHTIAVMIIISIRRIGMTS-RI
LTSYAYMYLT-VSVYANHY-RLYNSAMLCVMQAL-AY-H-TIRILMGTGTI SVISYK-HQA
AEFLLWIHITHC-CPSSL-LGHWLLSPIWMLT SQNI-LLSGIC-NMILRKRDFVSSTVTLN
IGTRHTIPIVLTVWMIGVSFIVQTLMCYFLLCFHLQVLDH--EKYL-MVFLLLFQLDTIF
VS-ESYTTRM-TYTARVSVSRNF-CMLLQLCMQLLAYC-TNALHAFQ-LH-QTVLLFK
LSNPVILIKTFMTLLCLKVSLRKEVLLN-NTSSLLJAATLLSvIMTIlVI ICQQCVISDN
SYS-LKLLINTLTVTMVAVLMPTK-SLTIWINQLVSHLINGVRLDFIMTQ-VMRIKMHFS
RILSMSSLL-LK-ILSMPLVQRIELAP-LVSLSVVL-QIDSFI2NY-SQ-PLEELLW-
LEQASFTVAGI IC-KLFTVM-KLHTLWVGT TQNVTEPCLTCLG-WPLLFLLANITLAVTY
HTVSTG-LTSVRKY-VRWSCVAAHYMLNQVEHHPVMLQLLML IVSLTFVKLLQPM-MHFF
QLMVIR-LTSMSAIYNTGSMSVSTETGMLIMNSMSFTLhTCVNTSP- -FFLMYMPLCATTV
TMRLKV- -LALRTLRQFFT TKTMCSCLRQNVGLRLTLLKDLTNFAHSTQC-LNKEMITCT
CLTQIHQEY-AQAVLSMI LSKQMVHL -LKGSCHWLLMLTHLQNI LIRSMYLNSFTC TYNTL
ESYMMSLLATCWTCIP-C-LMITPHGTGNLSFMRLCTHHIQSCRL-VLVYCAIHRLHFVA
VPVLGDHSYVASAAMTMSFQHHTN-CCLLIPMFAMPQVVM~SLM-HNCI -EV-AI TASHIS
LPLVFHYVLMVRFLVYTKTHV-AVTMSLTSMR-QHVIGLMLAI TYLPTLVLRDS SFSQQK
RSKPLRKHLSCHN4VLPLYAkKYSLTENC IFHGRLENLDHH- TETMSLLVTV-LKTVKYRLE
STPLKKVTIMVMLLCTEVLRHTS -MLVTTLC-HLTL-CHLVHLL-CHKSTM-ELLACTQHS
TSQMSFLAMLQI IKRSACKSTLHSKDHLVLVRVILPSDLLSITHLLA-CIRHALMQLLMP
YVKRH-NTCP-TNV\JESYLRVPA-SVLINSK-IQH-NSMFSAL-MHCQKQLLTL-SLMKS
LWLLIMT-VLSMLDFVQNTTSILAILLNYQPPAHC-LKAI-NQNILIQCADL-KQ-VQTC
SLELVAVVLLKLLTL-VL-FMTIS-KHTRISQLNASKCSTKVLLHMTFHLQSTDLK-AL-
ENFLHAILLGEKLFLSHL I HRTL-LQKS -DCLRRLL IHHRVLNI4TMSYSHKLLKQHTLV
MSTASMWLSQGQKLAFCA-CLIE IFMTNCNLQV-KYHVAVWLHYKQKM-LDFLRTVXTRsL
LVFILHRHLHTSALI-SSRLKD-YVLTYQAYQRT-PTVDSSL-WqVSK-ITKSMVTLICLSP
AKKLFVTFVRGLALM-AVMQLEMLWVLTYLSS -DFLQVJT--LYRLVI4LTLKITQNSPE
LMYQNLHQVTSLINLYHSC IKACPGM-CVLR-YKCSVIH-KDCQTBSCS SFGRMALSLHQ-
STLSRLDLKERVVCVTNVQLAFLLHQILMPAGIILWVLTMSITHL-LMFSSGALRVTFRV
TMTNIARYMEMHMWLVVMLS-LDV-QSMSALLSALIGLLNTLL-EMVN-GLILLAEKYNTW
L-SLHCLLISFQFFMTLEIQRLSSVCLRLK-NGSSTMLSHVVTKLTK-1'NSSILMLHITI
NSLMVFVCFGIVTLIVTQPMQLCVGLTQESCQT-TYQAVMVVVCM- TSMHSTLQLSIKVH
LLT-SNCLSFTTLTVLVSLMANK-CRTLTMFHSNLLRVLMDAT -VLFADTMQM~STDSTW
14H1I FLLDLAYGFTNNLILITCGIHLPGYRV-KMWLTMLLIKDTLMDTPAKHLFPSLI
ILFTQR-MVLMWRSLKIRQHFLLMLHLISFGLSVTLNQCQRLRYSIIWVLISLLIL-SGTT
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KEKPQHMYLQ-VSAQ-LTLPRNLLRVLVLHLLSCLMVEWKDR-TFLETPVMV~F- -QKVQS
KV-HLQRDQHKLASMESH-LENQ-KHSLTTLRK-TALFNSCLKPTLLR.AET-RILSPDHK
WKLTFSSSLWMNSYSDIS9R-AMPSNTSFMEISVMDNLAVFI A-PSAHKIHHLN-RIL
SLWTAQ-KITS-QMRKQVHQNVCVL-LIFYL4TLSR- -SHKTCQ-FQKWSRLQLTMLKFH
SCFGVRT4DTLKPSTQNYKQVERGNQVLRCLTCTRCKECFLKSVTFRIMiVMLLYQKB 
MSQS TLNCVNT- IHLL-LYPTT-ELFTLVLALIKELHQVQLCSDNGCQLAHYLS IQILNT
SSPTHILL-LE'rVQQYIRLINGTLLLAICMTLGPNM-QKRMvTLKKGFSLICVDL-SKN-P
WVL-L-R-QSILGMLTFTSLWAISHGGQLLLQM-MHHHRKHF-LGLTILASRRNKLMAI
PCMLTTFSGGTQILSSCLP THSLT-ANFLLN-EELL-CLLRRIKSMI -F ILFWKKVGLSL
EKTTELWFQVTFLLTTKRTCLFSYYFLLSLVVVTLTGAPLLMMFKLLT TLNT LHL-GGFT
ILMKFLDQTLFI-LRIYFFHFILALQGFILLTTRLATLSYLLRYVFTLLPQRNQMLSVVG
FLVLP-TTSHSR-LLLTTLLMLLYEHVTLNCVTTLSLLFLNPWVHRHIL-YS TMHLTALS
STYLMPFRLMFQKSQVILNTYESLCLKIKMGFSMFIRAINL-M-FVIYLLvLTL-NLFLS
CLLVLTLQILEPFLQPFHLL1 KTFGARQLQPILLAI -SQLHLCS SMMKMVQSQMLL IVIKI
HLLNSNAILPRALRLTKEFTRPLI SGLFPQEML-DSLILQTCVLLERFLMLLNSLLSNHGR
EKKFLIVLLITLCSTTQHFFQPLSAMAFLFLS-MTFASPMSMQILL- SREMM-DK-RQDK
LVLLLIIIINCQMIStWVVSLLGILGTLMLLQLVTTIINIGILDMASLGPLRETYLMCLSP
LMANLAPHLLLIVIGH-MIMVFTPLLALATNLTEL-YFLLNF -MHRPRFVIDQNYPLTLLR
TSVSILILMDSLVLVC-LLLQRJDFNHFNNLAVMFLISLTPFEILKHLKY-TFHLALLGV-
V-LHLEQMLH-LKLLFYTKMLTALMFLQQFIQNSHQLGAYI LLETMYSRLKQAVL -ELSM
STLLMSATFLLELAFVLVTI QFLYYVVLAKNLLWLILCL-VL TVQLLTLITPLLYLLTFQ
LALLQK-CLFLWLKPP- TVTCTSAETLLNVLTCFSNMVAFAHN- IVRSQVLLLNRIATHV
KCSLKSNKCTKPQL-NILVVLIFHKYYLTL-SQLRGLLLRTCSLIR-HSLMLAS-SNM4JN
A-VILMLEISFVRRSSMDLQCCHLCSLMI-LLPTLLL-LVVLPLLDGHLVLALLFKYLLL
CKWHIGSMALELPKMF SMRTKNKSPTNLTRRLVKFKNHLQQHQLHWASCKTLLTRJALKH-
THLLNTNhALTLVQFQVC -MT SFRDLIKSRRRYKLTG-LQADFKAFKPM-HNN--SGLLKSG
LLLTLLLLKCLSVFLDNQKELTFVBRATTLCPSHKQPRMVLSSYMSRMCHPRRGTSPQRQ
QFVMKAKHTS LVKVFLCLMALLGLLHRGTSFLHK- LLQT IHLS QEIVI'SLLASLTTQFMI
LCNLSLTHSKKSWTSTSKI IHHQMLILATFQALTLLSSTFKKKLTASMRSLK-MNHSLT
FKNWENMYSNILNGLMFGSASLLD-LPSSWLQSCFVA-LVVAVASRVHALVVLAASLMRM
TLSQFSRVSNYITHKRTYGFVYEIFYSWINYCTASKN-QCFSCKYCSCYSNDTATSLTPF
PT4ACYWRC ISCCFSERYQNINCAQ-KMAASPL-GLPVHLQFTAAICYHLFTSFACRCRYGG
ATFVPLCLDIE'STMHQRM-NYYEI'LALLEVQQEPITL-CQLLCLLAHT-L-LLyTT -QO
HRYNCRY-R-RHFNTKTQRRLPNWWLF-G-ALRC -RLCRCTWLFHRSLLPA-VY'FNYYRH
WY-KCYILHL-QAC-RPTECANTHNRRLFRSC-SSNGSNL- -ADDDY-RAFVSTRK-VRT
YVLJIRFGRNRYVNS- -RTSFSCFRGILASHTSHPYCASIVCVLLQYC-REFSKTNGLRLL
AC-KSELF-RSS-SSGLNELTIIIILFGTLTLLIMADNGTITVEELKQLLEQWNLVIGFL
FLAWEMLLQFAYSNRNRFLYI TKLVFLWLLWPVTLACFVLAVYRIWVTGGAAMCI
VGLMttLSYFVASFRLFARTRSMWSFNPETNTLLNVPLRGTIVTRPLMESELVTGAVTIRG
HLRMAGHSLQRCDIKDLPKE TTVATSRTLSYYKLGASQRVGTDSGFAAYNRYRIGNYKLN
TDHAGSNDNIALLVQ-VTTDVSSC-LPGYNSRDIDYHYEDFQDCYLES-RYNKFNSETII
-ASN-EELFGVR- -RTYGVRLSIKRT-KLFSS-H-LYJHLASYITIRSVIJEVRLYY-KNL
AI-QEHTRAIHHFTLLLTINLH-LALAHTLLLLVLTVLDI P1SCVQDQFHQNFSSDKRRFN
KSS'rRHFFSLLLL -YF-YFAS PLRERQNE-AHFN-LLFVLFSLSAI PCFNINAYYILVFTR
NPGSRRTLYQSLNEHTSHCFDLYFSY.QLHMHCSTALCI TSCA-RSL-GTTLGVTLIA
LLGFVL-ERFYLF IDGTLWFKHAHLMLLSTVKT QLVkRL-LGVGTFMKVTKLLHLETYLL
F NEQIKMSDNGPQSNQRSAPRTTFGGPTDSTDNNQNGGRNGARPKQRRPQGLPNNTAS
WFTALTQHGKEEJRF PRGQGVP INTNSGPDDQI GYYRPATRRVF.GGDGKMKELS PRWYFY
YLGTGPEASLPYGANKEG TVWtVATEGALNTPKDH IGTRNPNNNAATVLQLPQGTTLPKGF
YAEGSRGGSQAS SRSSSRSRGNSRNSTPGSSRGNSPAPI~MASGGGETALALLLLDRLNQLE
SKVSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKQYNVTQAFGRRGPEQTQGNFGDQDL
I:RQGTDYKHWIPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYHGAIKLDDI( DPQFKDNVI
LLNKHIDAYKTFPPTEPKKDKKKKTDEAQPLPQRQKKQPTVTLLPADMDFSRQLQNSM
SGASADSTQA-TLMMTTQGRWAIA-TFSQFRLRYIVYSCAE- ILVTKQHK-V-LTLI SHSN
L-SMCNIREDLKEPPHFHRGHAEYDRGYSE-C -GELPIWKSPNV-N-F-CYPHVILIAS
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FIGURE 24
TQEKPTNLDLL- ICSLNEL-NLCSCRSAACLVH-LRSINNNKFYCR-QETSNSSLFCRLLT
VSSVLQSIISIPRFRPGVTER-DGEPCSWCQRENTRPTQFACPSG-RRASAWLRGLCGRG
PTGGT-TPQKT4HLWSSRAGKRRTAPA-TALCVH-TF-CL(HQSRPQGR-AGCP.NGRHSVR
S-RYNTGSTRA.TCGRNPNCIPQCSSS-ER--GSRWS -LWHRSKVL-LR-RAWH-SH-RL-
TKLEH-AWQtqCTP-THS -AQWRCSHSLCRQQFLWPRWVPS -LHQRFSRTRGQVNVHSFRT
T-LHRVEERCLLLP-P-A-NCLVH-AL- -ELRAPDTL1RN-ECQEI-HFQRGMPKVCVSS-
LKSQSHSTTC-KEKD-GFHGAYTLCVPCCISTGV-QYALVYLDEM-SLR-SFMADVRLSE
SHL-TLWH-KFSY-RTYYMNVPTY-CCSENAMSCLSRPRDWT -A-CCRLSQPLKH-NSTP
QGR-D-MFWRLCVCLCWLL- -ACLLGSSC-C-YWLRPYWHYW-QCGDLE-GSP-DTES -T
C-H-HCWRFSFE-RGCHHFGIF'LCFYKCLY-HYKES -LQVFQNHC-VLR-L-SYQGKARK
RCLEHWTTEI SFNTTXWFSLTGCWCYQINFCAHT-CSKPLNS-FAKSSCHHT-WYF-TVI
TSCRRHGLYFRPAHQQCHYYGICNWWSCTTDFSVVXT-SFGHYC-KTQAYL-MD-GET-CR
S-ISQGCLGDSQISHYRCF-HRQGSNTGCFR-HQGLCKMLH-CC-QGTRNVH-SSHYRWR
KVAITQLR-SLHRSKQ)GTLPSVYTWQGAAATTHAS -GTKRSNLS-R-FT--STYL-GGCS
QER-TRSTRDAR-- -LHKWSYRRHTSLCKWPHALRD-GQRTTLRTVSWFTGYKQCLSLKRG
CTN-RCNLWRRYCLGSSRLQECENHT-A--TC-QSA--KVLCLHC-TRYRSY-VCMCCSR
GCCEDFTTSF-SPYQHGY-S--VECSYILLI--CW-RKLFITYVLFLLPSR-GRRGRCRV
-GRRN--NL-T-VRYRG-LSRSPSGIWCLS-N ;SS-GRRRGRLAG-YY-AIRD-ARTRTY
T-RTS- SVYWLFKTY-QCCH-NC-HR-GGTKC- SYGDCKCC -HTPETWWWCSRCTQQGNQ
WCHAKGE--LH-AKWPSYSRPVLFAFWT-SC-EVSACCWT-PKCR-GHPAS-GSI -EFQF
TGHLTCTIVVSRHIWC-TTSVFTSVRADGSYTGLYCSQ-QSSL-AGCHGLS--PEA-SGS
T-TRGATKHRRFQN-GEICRTEACRCEAKN-GLH- -GYHNTOF1N-VSYQ-VTLVC-YQW-
ALP- FSEHA-R-RYVFP-EGCTLHGR-CYH-W-YHLCCNTLQKGWWHY-DALKSFEESAS

VYNHVPWTRTMCWLYT-GS-DCS-EMQICILCTTFRST-C-GRDSRNCILEFERNACSC
-RD)KKINAYMHGC-SHNGNIHPT-XT-RN-NSRGHR-LWCPTLLLY--RACSFYYYEAELSK
-AACHNAJNWLCDTWF-S-RGCALYAFS-SSCRSVSIITRCCYYI-WIPHFVIKDI-GALC
ENSFFGWLLQRLVLFRTAYRVRC-IS-AW-QNCVPHSGEFRRVSS-R-GSFT-QTKESLI
PAGG-DYKSVHNCGQH- SPH-TACGYVYDIWTAX1WSNTLGWC -CYKN-TSCKS -G-DFLCT
T- -BTT--SFRVLPYS--EFSW-VHVCFKPHKEMEISSSWWFNFN-MG--QLLFV-CFT
STSTA- SQIQCTSTSRGLL- SPCW-CC-LLCTHTRLQ- -NCWBAW-CQRNYDPSSTAC-F,
GTCKASS-CGV-TLWSENYYLNGCRSCDVYGYSTL--S-DRCFHSMCVWS-CYTISSTTR
VFFCYDVCTTC-V- TTARYTLMCE-VHW-LSVWSLHSYNC-GDPLSY-RSSPYKDvRvQR
TSD-CFLQGNI LHYNHQACVV-TRWSYLHRD-TKIGWVL -KG-CLLYEAAYRPCTNSTIT
KCEF- -FQTHMF-HKIC--FKSNDRLHKASFTRAICHTLPRLEWRCSGY-L-TLFSEFQE
RO- TTA-ANCLAH-PGYNQDNVQTKHLVFTLSLYKASRYFKFI-SSGSRRHTRNIGQSCL
-KSTTHL-RS SGKSYHTEGSHRV-RENYRSCRQCHT-TIR-RC-SNTRvRS-GSYGCLCG
KHKHYH-ET- -AFTSLRFKNNCHSWYCCN--CSLE-NFGLCQTIBRTSSNYNTKLR-EIS
TTCV-QLYALCVYITVPIVYFY-KYQF-N-SFTTYNYC-K-C-ECC-IMFGCRH-LCEVT
QIF- TVHNRYXTATVVKYLLRFSNLCNCCFWCTLI -FWCSFLL-WR-RIVS-FV-RYYYGF
L-RFFSLQHLFKWIRLP-FLSSS -NHSGDDFIVQARLDNFRSGR-VGFGIYVVHKILLI
RSFSYNAGVLWLFC-SFHQQFLAH-VVYH-YCTNGTRFCNG-DVHLLCFFLLHMEELCSYH
GWLHLFDLHDVL-AQSCHTR-VYNYC-WHEEIFLCLCKWRPWLLQDSQLELSQL-HILHW
-YI----SCS-FVTPV-KTNQPY-PVIVYC--CCCEKWRASPLL-QGWSKDL-ETsALPF
CQFRQFES-QH-RFTAY-CHSF-WQVQMRRVCF-VCFCVLQSADVPTYSVA- PS Sc RRW
R-Y-SFR-DV-CLCRHLFSNF-CSYGKT-GTCCYSSQRVSKGCSFRWCPFYIRVSCPTRC
C-YRC-HKGCY-MSQTFTSL-LRSDR-QL-QFHAHL--G-KHDAQRSWRMYY-L-CKAYQC
PSSKKSQCFTHLECKRLHVFT-TAA-TNS-CCQEEQHTF-TNLCYN-TGCQCHNY-NLTQ
GW-DC -YLF -TYA-GHI IVRSCC IGLLYRYASTYIVNP-WLHK-NHWLQSHSGWCHS -HH
FY- -LFCK-TCWF-RMV-PAWWFIQK-QKLPCSSCYHYKRDWFHSAWLTGYCAESNQW-L
LAF STSCF-CCWQHLLITFQTH-V--FCYLCLRSCC-VYNF-GCYGQTCAI LL-H-FARG
FYFL- -ASSRHSLCAYGWFHHTVS-HLPGGFC-SSNNF-C-VL-TWYMRKvRSRYLPIYQ
W-MGS ALQSSIRSFLWC-CDESHS-HLYSSCATCGCFRCVCFSSGWWYYCHIGDLCC
LLLYE IQTCFW-VQPCCCC -CTFVFDVFHYTLSGTSLQLSAGSLLSLLLVLDILFHQ-CF
ILGSPSMVCH-VFSYCAFLDNSNLCILYFSEALPLVL-QLS -EKSHV-WSYI -YLRGCCFV
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YLFAQQGNVPKIA-RDTVAkTYTV-QVSCSI -QVQVFQWSLRYYQLS- SSLLPLSKGSK-L
-QLRC--CSLPTTTDINHFCCSAEWF-ENGIPVRQS-RVGTSNLWNYNS -WIVVG-HSTL
SKTCHLHSRRHA-S-L-RSAH-SQIQP-LSCSGWQCSTSCYWPFYAKLSA-A-S-YF-P-D
TQV- TCPYPTWSNIFSSSMLQWFTWCLSVCHET-SYH-RFFP-WIMW-CWF--I-L-LRV
FLLYASYGASNRSTRWY-LRR-ILWS IC-QTNCTGCRYRHNHNTKCFGMAVCCCYQW--V
VS IHHYFE-L-PCGNEVQL-TFDTRSC-HIGTSFCSNRNCRLRYVCCFERAAAEWYEW
SYYFW-HYFRR-VYTI -CC-TMLWCYLPR-VQENC-GHSSLDAFNFLDITIDSCSKYTWV
TVFLCLRECFLAIYSWYYGNCCCYAAC -A-ARTLVLVSVTFSCNSCLL-YGLHAC-LGD
AYHDMA-IG-H--LVWL-A-GLCYVCFSFSFAYSHDSSHCL- -CC-TCLDTDECHYTCLQS
LLW-CFRSSYFHVGLSYFCNL-LFWCRYDYHVFS-SYSVCVC-VLPTVIYYWQHLTVYHA
CLLFLRLLLLLLLWPFLFTQPLLQAYSWCL-LLGLYTRI-VYELPGAFAS -E-Y-CFQA--
H-VVGYWR-TMYQGCYCTV-NV-B.KVHICGTALGSSTT-SRVIF -IVGTMCTTPQ-YSSC
KRHN-SFREDGFSFVCFAIHAGCCRH---VVRGNAR-PCYSSGYCFRI -FFTTICRLCHCP
GGL-AGCS-W-F-SRSQKVKEIFECG-I-V-P-CCHATQVGKDGRSGYDPNVQTGI-GQ
EGKSN-CYANNALHYA-EA- -CT-QHYQQCA--WLCSTQHHTIDYSSQTHGCCP-LWYLQ
EHL-W-HLYICTCTLGNPASC-CG-QDCST--N-HGQFTKFGLASYCYSSKSQLSC-TTE

TESSST'rTDVLCGWYHTNSLY--QCTCLL-QFEGR-VCIAGITIRPPRSQMG-TP-E-W
YRYNLHRTGTTL-VCYRHTKRA- SEILVLHQRLKQPK-RYGAGQFSCYSTSSGWKCYRST
CQFNCAFLLCFCSRPC -ST -GLPSKWRTTNHQLCEDX1VYTHWYRTGNYCNTRS-HGPRVL
WWCFMLSVL-MPH-PSKS -RIL-LER-VRPNTYHLC- -PSGFYT-KHSLYRLRNVERLWL
-L-PTPRTLDAVCGC INVFKRVCGVSAARLTPCGTGTSTDVVYKAFDIYNEKVAGFAKFL
KTNCCRFQEKDEEGNLLDSYFVVKRHTM'SNYQHEET IYNLVKDC PAVAVH-DFFKFRVDGD
MVXPH ISRQRLTKYTMADLVYALRHFDEGNCDTLKE ILVTYNCCDDDYFNKKDWYDFVENP
ILRVYANLGERVRQSLLIKTVQFCDAM~RDAGVGVLTLDNQDLNGNWYDFGDFVQVAPGC
GVPTVDSYYSLLMP TLTLTRALAAESHMDADLAKPLIKWDLLKYDFTEERLCLFDRYFKY
'WDQTYHPNCINCLDDRCILHCA1NFNVLFSTVFPPTSFGPLVRKIFVDGVPFVVSTGYHFR
ELGX7VHNQDVNLHS SRLSFKELLVYAADPAJMflAASGNLLLDKRTTCFSVAALTNNVAFQT
VKPGNFNKDFYDFAVSKGFFKEGSSVELKHFFFAQDGNAAI SDYDYYRYNLPTMCDIRQL,
LFVVEVVDKYFDCYDGGC INANQVIVNNL]DKSAGFPFNKWGKARLYYDS'SYEDQDALFA
YTKPNVT PTI TQM'NLKYAI SAKNRARTVAGVS TCSTMTNRQFHQKLLKS IAATRGATVVI
GT SKFYGGWHNMLKTVYSDVETPHLMGWDYFKCDIRANPNMLRTMASLVLARKHNTCCNLS
HRFYRLANECAQVLSEM\JMCGGSLYVKPGGTSSGDATTAYANSVFNTCQAvTANVNALLS-
TDGNKIADKYVRINLQHRLYECLYRNRDVDHEFVDEFYAYLRKHFSMMILS1DDAVVCYNSN
YAAQGLVASIKNFKAVLYYQNNVFM\SEAKCWTETDLTKGPHEFC SQHTMLVKQGDDYVYL
PYPDPSRI LGAGCFVDDIVKTDGTLMI ERFVSLAI DAYPLTKHPNQEYADVFHLYLQYIR
KLHDELTGHMLDMYSVMLTNDNTSRYWEPEFYEAMYTPHTVLQAVGACVLCNSQTSJRCG
ACTRRPFLCCKCCYDHVI STSH-KLVLSVTPYVCNAPGCDVTDVTQLYLGGMSYYCKSHKP
PT SFPLCANGQVFGLYIKNTCVGSDNVTDFNAIATCDWTNAGDYLANTCTERJKLFAAET
LKATEETFKLSYGTATVREVLS]DRELHLSWEVGKPRPPLNRNYJFTGYRVTKNSKVQI GE
YTFEIGDYGDAVVYRGTTTYKLNVGDYFVLTSHTVMPLSAPTLVPQEHYVRITGLYPTLN
I SDEFSSNVANYQKVGMQKYSTLQGPPGTGKSHFAIGLALYYPSARIVYTACSHAAVDAL
CEKALKYLPIDKCSRIIPARARVECFDKFKVNSTLEQYVFCTVNALPETTADIVV-FDEIS
MATNYDLSVVNARLRAKHYVYIGDPAQLPAPRTLTKGTLEPEYFNSVCRLI4KTIGPDMF
LGTCRRC PAE IVDTVSALVYIDNKLKAHKDKSAQCFKMFYKGVI THDVS SAINRPQIGVVR
EFLTRNPAWRKAVFISPYNSQNAVASKILGLPTQTVDSSQGSEYDYJTFTQTTETAHSCN
VNRFNVAITAKTGILCIMSDRDLYDKLQFTSLETPRRNVATLQAENVTGLFKDCSKITT
GLHPTQAPTHLSVDIKFKTEGLCVDIPGIPKDMTYRRLSM4GFKMNYQVNGYPNMFITR
EE-AIRHVRAWIIGFDVEGCHATRDAVGTNLPLQLGFSTGVNLVAVPTGYVDTENNTEFTRV
NAKPPPGDQFKHLT PLMYKGLPWNV\RIKIVQMLSDTLKGLSDRVVFVLWAHGFELTSMK
YFVKTGPERTCCLCDKRATC FSTS SDTIYACWNHSVGFDYVYNPFMIDVQQWGFTGfqLQSN
HDQHCQVHGNAHVASCDAIMTRCIJAVHECFVKRVDWSVEYP I GDELRVNSACRKVQHMV
VKSALLADKFPVLHDIGNPKAI(CVPQAEVEWqKFYDAQPC SDKAYKTEELFYSYATHHDK
FTDGVCLFWNCNVDRYPA-NAIVCRFDTRVLSNLNLPGCDGGSLYVNKHAFHTPAFDKSAF
TNLKQLPFFYYSDS PCESHGKQWVSDTDYVPLKSATC TTRCNLOGAVCRHHANEYRQYLD
AYNMISAGE SLWIYKQFDTYNLWNTFTRLQSLENkTAYNVVNKGHFDGHAGEAPVS I ININ
AVYTKVIDGIDVE TFENKTTLPVNVAFELWAKRNTKPVPE TKILNJMLGVDTAANTVTWDYK
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REAPAHVSTTGVCTNTDIAKKPTE SAC SSLTVLFDGRVEGQVDLFRNARNGVLITEGSVK
GLTPSKGPAQASVNGVTLIGESVKTQFNYFKKVDGI IQQLPETYFTQSRDJEDFKPRSQV
ETDFLELAIMDEFIQRYKLEGYAFEHIVYGDFSHGQLGGLHLMIGLAKRSQDSPLKLDFI

PMDSTVKNYFITDAQTGSSKCVCSVDLLLDDFVEI IKSQDLSVISKVXTKVTIDYABISF
MLWCKDGHVETFYPKLQASPAWQPGVAMPNLYKMGRMLLEKCDLQNYGENAVI PKG IIVrN
VAKYTQLCQYLNTLTLAVPYNMRVIHFGAGSDKGVAPGTAVLRQWLPTGTLLVDSDLNDF
VSDAYSTL IGDCATVHTANKWDLII ISDMYDPRTKHVTKENDSKEGFFTYLCGFIKQKLAL
GSIAVKITEHSWNADLYKLMGHFSWWTAFVTNVNASSSEAFLIGANYLGKPKEQIDGYT

MHANYIFWPRNTNPIQLSSYSLFDMSKFPLKLRGTAVJASLKENQINDMIYSLLEKGRLIIR
ENNRVVVSSJDILVNN-TNMFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYY

PDE IFRSDTLYLTQDLFLPFYSNVTGFHTINHTFGNPVIPFKDGIYFAATEKSNVVRGWV
FGSTMNNKSQSVT INNSTNVVIEACNFELCDNPFFAVSKPMGTQTHTMIFDNAFNCTFB
YI SDAFSLDVSEKSGNFKHLREFVFKNKDGF'LYVYKGYQPIDVVRDLPSGFNTLKPIFKL

PLG INI TNFRAILTAFS PAQDI WGTSAAAYFVGYLKPTTFMLKYDENGT ITDAVDC SQNP
LAELKC SVKSFE IDKGIYQTSNFRWVPSGDVVRFPNITNLCPFGEVFNATKFPSVYAWER
KKI SNCVADYSVLYNSTFFSTFKCYGVSATKLNDLCFSNVYADSFVVKGDDVRQTAPGQT
GVIADYNYKLPDDFNGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDI SNVPFS P
DGKPCTPPALNCYWPJNDYGFYTTTGIGYQPYRVVVLSFEJLNAPATTCGPLSTDL TKN
QCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSVRDPKTSEILDT SPCAFGGVS
VITPGTNAS SEVAVLYQDVNCTDVSTAIHALQLTPAWRIYSTGNNVFQTQAGCLTGAEHV
DTSYECDIPTGAGICASYHTVSLLRSTSQKSIVAYTMYSLGADSSIAYSNNTIAIPTNFS I
S ITTEVMPVSMKTSVDCNYICGDSTECANLLLQYGSFCTQLNRALSGIAAEQDRMTRE

VFAQVKQNYKTPTLKYFGGFNFSQ ILPDPLKPTKRSFIEDLLFNKVTLADAGFMKQYGEC
LGDINARDLICAQKFNGLTVLPPLLTDDMIAAYTAALVSGTATAGWTFGAGAALQI PFAA
QMAYRFNGIGVTQNVLYENQKQ IANQFNKAISQIQESLTTPSTALGKLQDVVNQNAQALN
TLVKQL-SSNFGAISSVLNDTLSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLRAXEIRA

SANL1AATKMSECVLGQSKRVDFCGKGYHLMSFPQAAPHGVVFLHVTYVPS QBRXFTTAPA
ICHEGKAYFPREGVFVFNGTSWFTTQRNFFSPQI ITTDNTFVSGNCDVVIGI INNTVYDP
LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNILNESLIDL
QELGKYEQYIKWPWYVWLGFIAGLIAIVMVTILLCCMTSCCSCLKGACSCGSCCKFDEDD

SEPVLKGVKLHYT-TNLWICL-DFLLLDQLLHSQ-KLTMLLLQVLFMLQQRYRYKPHSLS
DGLLLALHFLLFFRALPK-LRSTKDGS-PFIRASSSFATYCCYLLPSTHTBCLSLQV\WRR
NFCTSMP -YTFYNASTHVELL-DVGFVGSAPRTHYFMIPTTLFAGTHTTMTTVYHITVS
Q IQLSLLKVTAFQHQNSKKTTKLVVILRIGTQVLKTMSLYMAI SPKFTTSLSLHKLLQTL
VLKMLHSSSLTSLLKTHRCKYTQSTALQELLIQQWIQFMMSRRRLLACLCKHKKVSTNL
CTHSFRKKQVR--LIAYFFFLLSWYSC-SH-FSLLRF]DCVRTAAILLT-V--NQRFTSTR
VLKT -TLLKEFLIFWSKRTNYYYYSVWNFNIAYHGRQRYYYR-GA-TTPGTMEPSNRFP I
PSLDYVTTICLF -SEQVFVHNKACFPLALVASNTCLFCACCCLQN-LGDWRDCDCNGLYC
RLDVA-LLP.CFLQAVCSYPLNVVIQPRNKHSSQCASPGDNCDQTAHGK-TCIHWCCDHSWS
LANGRTLPRAL-H-GPAKRDHCGYITNAFLLQIRSVAACRH-FRFCCTQPLPYWKL- IKY
RPRR-QRQYCFASTVSDNRCFILLTSRLQ-QRY-LSL-GLSGLLFGILTL--VQ--DNYL
SL-LRRIIRS-M2MKULWS-I IHKTNMKIILFLTLiIVFTSCELYHYQECVRGTTVLLKEPC
PSGTYEGNSPFHPLADNKFALTCTSTHF'AFACADGTRHTYQLRARSVS PKLF IRQEBVQQ
ELYSPLFLIVAALVFLILCFTIKRKTE-M'SSL-LTSICAF-PFCYSLF--CLLYFGPHSK

SRI-KNLVPKSKRT--NFSLF-LVFLYAVAYAL-YSAVHLINLMCLKILVRYNTRGNTYST
AWALCALGKVLPFHRWHTMVQTCTPNVT INCQDPAGGALIARCWYLHEGHQTAAFR]DVLVV
LNKRTN-NV--WTPTKPT-CPPHYIh'WTHRFN-Q-PEWRTQWGKAKTAPTPRFTQ-YCVL

VHSSHSAWQGGT-IPSRPGRSNQHQ-WSR-PNWLLPKSYPTSSWW-RQNERAQPQ4VLLL
PRN WPRSFTSLRR-QRHRMGCN-GSLEYTQRPHWHPQS- -QCCHRATTSSRNNIAKRLL
RRGKQRRQSSLFSLLIT- SR-FKKFNSWQQ-GKFSCSNG-RRW-NCPRAIAARQEEPA-E
QSFW-RPTTTRPNCH-EICC-GI -KASPKTYCHKTVQPHSSIWETWSRTNBRKFRGPRPN
QTRN-LQTLAANCTCSKCLCILWNVTHWHCSHPFGNMADLSWSH- IG-QRSTIQRQRHT
AEQAH-RIQNIPTNRA-KGQKEKD-- SSAFAAETKEAAHCDSSSCG-HG-FLQTTSKFHE
WSFC -FNSGIT'HDDHTRQMGYVmVFAT PFTTHSLLLCRMNSPN-TAQVGLVNFNLT-QS
LINVh-H-GGLEATTSSRPRGVRSRVQ-TTLGRAYMEEP-CVKLLVLSPCDFNSFL
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FIGURE 
PTPRTLDAVCGCINVFKRVCGVSAZ&RLTPCGTGTSTDVVYRAFDIYNEKVAGFAKFLKTNCCRFQE
KDEEGNLLDSYFVVKRHTMSNYQHEETIYNLVKDCPAVAVHDFFKFRVGDMVPHT SRQRLTKYTM
ADLVYALRHFDEGNCDTLKE ILVTYNCCDDDYFNKKDWYDPVENPDTLRVYANLGERVRQSLLKTV

QFCDAMVRDAGIVGVLTLDNQDLNGNWYDFGDFVQVAPGCGVPIVDSYYSLLMP ILTLTRALAAESH
MVDADLAKPL IKWDLLKYDFTEERLCLFDRYFKYWDQTYHPNC INCLDDRCILHCANFNVLFSTVFP
PTSFGPLVRKIFVDGVPFVVSTGYHFRELGVVHNQDVNLHSSRLSFKELLVYAADPAMHAASGNLL

LDKRTTCFSVAALTN1NJXAFQTVKPGNFNKDFYDFAVSKGFFKEGSSVELKHFFFAQDGNAAI SDYD
YYRYNLPTMCDIRQLLFVVEVVDKYFDCYDGGC INANQVIVNNLDKSAGFPFNKWGKARLYYDSMS

YEDQDALFAYTKRNVIPTTTQMNTJKYAISAKNRARTVAGVSTCSTMTNRQFHQKLLKS TAATRGAT
VVTGTSKFYGGWHNMLKTVYSDVETPHLMGWDYPKCDRAMPNMLRIMASLVLARKHNTCCNLSHRF
YRLANECAQVLSEMVMCGGSLYVKPGGTSSGDATTAYANSVFNICQAVTAIVNALLSTDGNKIADK

YVNLQRLYECLYRNRDVDHEFVDEFYAYLRKFSM\MILSDDAVTCYNSNYAAQGLVAS IKNFKA
VLYYQNINFMSEAKCWTETDLTKGPHEFCSQHTYLVKQGDDYVYLPYPDPSRILGAGCFVDDIVKT

JGTLMIERFVSLAIDAYPLTKHPNQEYADVFHLYLQYIRKLHDELTGHMLDMYSVMLTNDNTSRYW
EPEFYEANYTPHTVLQAVGACVLCNSQTSLRCGAC IRRPFTJCCKCCYDHVI STSHKIJVLSVNPYVC
NAPGCDVTDVTQLYLGGMSYYCKSHKPPT SFPLCANGQVFGLYKNTCVGSDNVTDFNATATCDWTN
AGDYT LANTCTERLKTJFAAETLKATEETFKLSYGIATVREVLSDRELhHLSWEVGKPRPPLNR1YVF
TGYRVTKNSKVQTGEYTFEKGDYGDAVVYRGTTTYKLN\VGDYFVLTSHTVMPLSAPTLVPQEHYVR
TTGLYPTLNI SDEFS SNVANYQKVGMQKYSTLQGPPGTGKSHFAIGLALYYPSARTVYTACSHAAV
DALCEKALKYLPTDKC SRIITPARARVBCFDKBKVNSTLEQYVFCTVNALPETTADIVVFDEI SMAT
NYDbSVVNARLRAKHYVYIGDPAQLPAPRTLLTKGTLEPEYFNSVCRLXKTIGPDMFLGTCRRCPA
ETVDTVSALVYDNKJKAHKDKSAQCFKI4FYKGVITHDVS SAINRPQIGVVREFLTRNPAWRK-AVFI
SPYNSQNAVASKILGLPTQTVDSSQGSEYDYVTFTQTTETAHSCNVNRFNVATTRAKIGILC TMSD'
RDLYDKLQFTSLEI PRNVATLQAENVTGLFKDCSKITGLHPTQAPTHLSVBIKFKTEGLCVDIP
GTPKDMTYRRLISNMGFKNNYQVNGYPNMF ITREEAIRHVRAWTGFDXJEGCHATRDAVGTNLPLQL,

GFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHIPLNYKGLPW~VVRIKIVQMhSDTLK,
GLSDRVVFVLWAHGFELTSNKYFVKIGPERTCCLCDKRATCF STS SDTYACWNHSVGFDYVYNPFM,
IDVQQWGFTGNLQSNHDQHCQVHNAH-VASCDATMTRCLAVHECFVKRVDWSVEYPI ICDELRVNS
ACRKVQIIMVVKSATLADKFPVLHDIGNPKAIKCVPQAEVEWKFYDAQPCSDKAYKIEELFYSYATH
HDKFTDGVCLFWNCNVDRYPAJNAIVCRFDTRVLSNLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLh
KQLPFFYYSDS PCESHGKQVVSDDYVPLKSATCITRCNLGGAVCRHHANEYRQYLDAYNMThfTSAG

FSLWIYKQFDTYNTJWNTFTRLQSLENVANVWNKGHFDGHAGEAPVS I INAVYTKVDGIDVEIFE
NKTTL2VNVAFELVWAKRNIKPVPEIKILNNLGVDIAANTVIWDYKREAPAHVSTIGVCTMTDIAKK
PTESACSSLTVLFDGRVEGQVDLFRNARNGVLITEGSVKGLTPSKGPAQASVNGVTLIGESVKTQF
NYFKKVDGI IQQLPETYFTQSRDLEDFKPRSQHETDFLELANDEF IQRYKLEGYAFEHIVYGDFSH
GQLGGIHLMTGLAKRSQDSPLKLEDFTPMDSTVKNYFITDAQTGSSKCVCSVIDLLLDDFVEI IKS
QDLSVISKVVKVTIDYAEI SFMLWCKDGHVETFYPKLQASRAWQPGVAMPNLYKMQR4LLEKClLQ
NYGENAVI PKGIMMNVAKYTQLCQYLNTJTLAVPYNI4RVIHFGAGSDKGVAPGTAVJRQWLPTGTL
LVDSDI4NDFVSDAYSTLTGDCATVHTANKWDLII SDMYDPRTKBVTKENDSKEGFFTYLCGFIKQK
LALGOS IAVKITEHSWNADLYKLMGFFSWWTAFVTNVNAS SSEAFLIGANYLGKPKEQ IDGYTNHA

NYIFWRNTNPIQLSSYSLFDMSKFPLKLRGTAVMSLKENQINDNIYSLLEKGRLIIRENNRVVVSS

DILVNN*TNMF IFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSM\RGVYYPDEIFRSDTLYLTQD

LFLPFYSNVTGFHTTNHTFGNPVTPFKDGIYFAATEKSNVVRGWVFGSTNNNKSQSVT TTNNSTNV
VTPACNFELC]DNPFFAVSKPMGTQTFTMT FDNAFNCTFEYTSDAFSLDVSEKSGNFKHLREFVFKN
KDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDTWGTSAAAYFVG

YLKPTTFMLKYDENGTITDAVDCSQNPLAELKCSVKSFE IDKGTYQTSNFRVVPSGDVVRFPNITN
LCPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNSPFFSTFKCYGVSATKLNDLCF SNVYADSF
VVKGDDVRQ IAPGQTGVIADYNYKLPDDFMGCVLAWKTRNIDATSTGNYNYKYRYLRHGKLRPFER
DTSNVPFS PDGKPCTPPALNCYWPLNDYGFYTTTGTGYQPYRVVVLSFELLNAPATVCGPKLSTDL
IKNQCVNFNFNGLTGTGVLTPS SKRFQPFQQFGRDVSDFTDSVRDPKTSE ILDIS PCAFGGVSVT
PGTNASSEVAVLYQD-VNCTDVSTAIHADQLTPAWRYSTGNNVFQTQAGCLIGAEH-VDTSYECD IP
IGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNFSISITTEVMPVSMAKTS
VDCNKMYICGDSTECANLLLQYGSFCTQLNRA.LSGIAAEQDRNTREVFAQVKQMYKTPTJKYFGGFN
FSQ ILPDPLKPTKRSF TEDLLFNKVTLADAGFNKQYGECLGD INARDL TCAQKFNGLTVLPPLLTD
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DI4IAAYTAALVSGTATAGWTFGAGAALQ IPFAMYQAYRFNGIGVTQNVLYENQKQ IA1NQFNKAISQ
IQESLTTTSTALGKLQDVVNQNAQALNTLVKQLSSNFGAL SSVLNDILSRLDKVEAEVQ IDRLITG
RLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQAAPHGVVFL1V
TYVPSQEFNFTTAPAICHEGKAYFPREGVFVFNGTSWFETQPNFFSPQ I TTDNTFVSGNCDVTTG
I INNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDTSGINASVVNTQKEIDRLNEVAKNLNESL
IDLQELGKYEQYTKWPWYVWLGF TAGLIAIVMVTILLCCMTSCCSCLKGACSCGSCCKFDEDDSEP
VLKGVKLHYT 
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FIGURE 27
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FIGURE 38
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FIGURE 41
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FIGURE 54
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FIGURE 57
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FIGURE 59
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FIGURE 63
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FIGURE 

N S D Li D R C T T
ATG AGT GAC CTT GAC CGG TGC ACC ACT

F
TTTAAGCTTACAAAACAAA

D D V Q A P N Y T Q H T S S M
GAT GAT GTT CAA GCT CCT AAT TAO ACT CAA CAT ACT TOA TCT ATG

R G V Y Y P D E I F R s D T
AGG GGG GTT TAO TAT OCT GAT GAA ATT TTT AGA TOA GAC ACT

L
CTT

Y L T Q D L F L P F Y S N V T
TAT TTA ACT CAG GAT TTA TTT CTT CCA TTT TAT TCT AAT GTT ACA

G F H T I N H T F G N P V I
GGG TTT CAT ACT ATT AAT CAT ACG TTT GGC AAC OCT GTO ATA

P
COT

so
F K D G I Y F A A T E K S N V

TTT AAG GAT GGT ATT TAT TTT GOT GOC ACA GAG AAA TOA AAT GTT

V PR G W
GTC CGT GGT TGG

V
GTT

F G S T M N N K S
TTT GOT TOT ACC ATG AAC AAC AAG TOA

100

Q
CAG

S V I I I N N S T
TOG GTG ATT ATT ATT AAO AAT TOT ACT

110
N

AAT
V V I R. A
OTT GTT ATA OGA GOA

O N F E
TGT AAO TTT GAA

12 0
L

TTG
C D N P F F A V S

TGT GAO AAC COT TTO TTT GOT GTT TOT

130
K

AAA

P N G P Q T H T N
CCC ATG GGT ACA CAG ACA OAT ACT ATG

140
I

ATA
F D N A F

TTO GAT AAT GCA TTT

N C T F
AAT TGC ACT TTO

150
E

GAG
Y I S D A F S L D

TAO ATA TOT GAT GCO TTT TOG OTT CAT

160
V

GTT

s E K S G N F K H
TOA GAA AAG TCA GOT AAT TTT AAA CAC

170
L

TTA
P. E F V F

CGA GAG TTT GTG TTT

180
K N K D G F L Y V Y K G Y Q

AAA AAT AAA GAT GGG TTT OTO TAT GTT TAT AAG GO TAT CAA

190
P

OCT
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I D V V R D L P S
ATA GAT OTA OTT COT GAT CTA CCT TCT

200
G

OGT

F N T L K
TTT AAC ACT TTG AAA

P I F K
CCT ATT TTT AAG

21-0
L

TTG
P L G I N I T N F

CCT CTT GGT ATT AAC ATT ACA AAT TTT

220
R

AGA

A I L T A F S P A
0CC ATT CTT ACA GCC TTT TCA CCT GCT

230

Q
CAA

D I W G T
GAC ATT TGG GGC ACG

S A A A
TCA GCT GCA GCC

240
y

TAT
F V G Y L K P T T

TTT GTT GGC TAT TTA AAG CCA ACT ACA

250
F

TTT

N L K Y D E N G T
ATG CTC AAO TAT OAT GAA AAT GOT ACA

260
I

ATC
T D A V D

ACA OAT OCT OTT OAT

C S Q N
TOT'TCT CAA AAT

270
P

CCA
L A E L K C S V K
CTT OCT GAA CTC AAA TOC TCT OTT AAO

280
s

AGC

F E I D K 0 I Y Q
TTT GAG ATT GAC AAA GGA ATT TAC CAG

290
T

ACC
S N F R V

TCT AAT TTC AGO OTT

V P s 0
OTT CCC TCA OGA

300
D

OAT

V V R F P N I T N
OTT OTO AGA TTC CCT AAT ATT ACA AAC

310
L

TTG

C P F 0 E V F N A
TOT CCT TTT OGA GAO OTT TTT AAT OCT

320
T

ACT
K F P S V

AAA TTC CCT TCT OTC

Y A W E
TAT OCA TOO GAG

330
R

AGA
K K I S N C V A D

AAA AAA ATT TCT AAT TOT GTT OCT GAT

340
y

TAC

S V L Y N S T F F
TCT OTO CTC TAC AAC TCA ACA TTT TTT

350
S

TCA
T F K C Y

ACC TTT AAG TOC TAT

360
0 V S A T K L N D L C F S N
GOC OTT TCT 0CC ACT AAO TTO AAT OAT CTT TOC TTC TCC AAT

370,
V

GTC

Y A D S
TAT OCA OAT TCT

A P 0 Q
OCO CCA 000 CAA

380
F V V K 0 D

TTT GTA OTC AAO OGA OAT
D V R Q I
OAT OTA AGA CAA ATA

390
T

ACT
O V I A, D Y N Y K

GOT OTT ATT GCT OAT TAT AAT TAT AAA

400
L

TTO
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410
P D D F M G C V L A W N T R N

CCA GAT GAT TTC ATG GGT TGT GTC CTT GCT TGG AAT ACT AGG AAC

I D A T
ATT' GAT GCT ACT

420
S

TCA
T G N Y N Y K Y R

ACT GGT AAT TAT AAT TAT AAA TAT AGG

430
Y

TAT

L R H G K L R P F
CTT AGA CAT GGC AAG CTT AGG CCC TTT

440
E

GAG
R D I S N

AGA GAC ATA TCT AAT

V P F S
GTG CCT TTC TCC

450
P

CCT
D G K P C T P P A

GAT GGC AAA CCT TGC ACC CCA CCT GCT

460
L

CTT

N C Y W P L N D Y
AAT TGT TAT TGG CCA TTA AAT GAT TAT

470
G

GGT
F Y T T T
TTT TAC ACC ACT ACT

G I G Y
GGC ATT GGC TAC

480
Q

CAA
P Y R

CCT TAC AGA
V V V L S F
GTT GTA GTA CTT TCT TTT

490
E

GAA

L L N A P A T V C
CTT TTA AAT GCA CCG GCC ACG GTT TGT

500
G

GGA
P K L S T

CCA AAA TTA TCC ACT

D L I K
GAC CTT ATT AAG

510
N

AAC
Q C V N F N F N G
CAG TGT GTC AAT TTT AAT TTT AAT GGA

520
L

CTC

T G T G V L T P S
ACT GGT ACT GGT GTG TTA ACT CCT TCT

530
S

TCA
K R F Q P

AAG AGA TTT CAA CCA

F Q Q F
TTT CAA CAA TTT

540
G

GGC
R D V S D F T D S

CGT GAT GTT TCT GAT TTC ACT GAT TCC

550
V

GTT

R D P K T S E I L
CGA GAT CCT AAA ACA TCT GAA ATA TTA

560
D

GAC
I S P C S

ATT TCA CCT TGC TCT

F G G V
TTT GGG GGT GTA

570
S

AGT
V I T P G T N A S

GTA ATT ACA CCT GGA ACA AAT GCT TCA

580
S

TCT

E V A V L Y Q D V
GAA GTT GCT GTT CTA TAT CAA GAT GTT

590
N

AAC
C T D V S

TGC ACT GAT GTT TCT

T A I H
ACA GCA ATT CAT

600
A

GCA
D Q L T P A W R I

GAT CAA CTC ACA CCA GCT TGG CGC ATA

610
Y

TAT
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620
S T G N N V F Q T Q A C C L I

TCT ACT GGA AAC AAT GTA TTC CAG ACT CAA GCA GGC TGT CTT ATA

G A E H
GGA GOT GAG CAT

630
V

GTT
D T -S Y E C D
CAT ACT TCT TAT GAG TGC GAC

640
1 P I

ATT COT ATT

650
G, A C I C A S Y H T OC SEQ ID NO: 9799

GGA GCT GGC ATT TGT GCT ACT TAG CAT ACA TAA TGAGTCGAC SEQ ID NO: 9800

Translated Mol. Weight 72525.52

FIGURE 66

N S D L D R C T T
ATG ACT GAG CTT GAG CCC TGC AGC ACTAAGCTTACAAAACAAA

D D V Q A P N Y T
CAT GAT GTT CAA CCT CGT AAT TAC ACT

Q
CAA

H T S S
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R C V Y
AGG CCC GTT TAC

Y
TAT

P D E I F R S D T
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F
TTT

M
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L
OTT

T
ACA

p
CCT

Y L T Q D L F L P
TAT TTA ACT GAG CAT TTA TTT CTT CGA

F
TTT

Y S N V
TAT TOT AAT GTT

G F H T
CCG TTT CAT ACT

I
ATT

N H T F G N P V I
AAT CAT AOG TTT CCC AAC OCT OTC ATA

F K D C I Y F A A
TTT AAG CAT CGT ATT TAT TTT GOT CC

T
ACA

E K S N V
GAG AAA TOA AAT CTT

V R G W
GTO CGT GGT TGG

V F G S T N N N K S
GTT TTT CGT TOT AGO ATO AAG AAG AAC TGA

S V I I I N N S T
TOG GTG ATT ATT ATT AAC AAT TCT ACT

110
N

AAT
V V I R

GTT GTT ATA CGA

100
Q

GAG

A
GCA

130
K

AAA
C N F E

TGT AAO TTT GAA

120
L

TTG
O D N P F F A V S

TGT GAG AAC OCT TTC TTT GOT GTT TOT

P N C. T Q T H T M
CCC ATG GGT ACA GAG ACA CAT ACT ATG

150
N C T F E Y I S D

AAT TCC ACT TTC GAG TAG ATA TOT GAT

140
I

ATA

A
CC

F D N A F
TTC CAT AAT CA TTT

160
F S L D V

TTT TOG OTT CAT GTT
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170
S E K S G N F K H L R E F V F

TCA GAA AAG TCA GGT AAT TTT AAA CAC TTA CGA GAG TTT GTG TTT

180 190
K N K D G F L Y V Y K G Y Q P

AAA AAT AAA GAT GGG TTT CTC TAT GTT TAT AAG GGC TAT CAA CCT

200
I D V V R D L P S G F N T L K

ATA GAT GTA GTT CGT GAT CTA CCT TCT GGT TTT AAC ACT TTG AAA

210 220
P I F K L P L G I N I T N F R

CCT ATT TTT AAG TTG CCT CTT GGT ATT AAC ATT ACA AAT TTT AGA

230
A I L T A F S P A Q D I W G T
GCC ATT CTT ACA GCC TTT-TCA CCT GCT CAA GAC ATT TGG GGC ACG

240 250
S A A A Y F V G Y L K P T T F
TCA GCT GCA GCC TAT TTT GTT GGC TAT TTA AAG CCA ACT ACA TTT

260
M L K Y D E N G T I T D A V D

ATG CTC AAG TAT GAT GAA AAT GGT ACA ATC ACA GAT GCT GTT GAT

270 280
C S Q N P L A E L K C S V K S

TGT TCT CAA AAT CCA CTT GCT GAA CTC AAA TGC TCT GTT AAG AGC

290
F E. I D K G I Y Q T S N F R V

TTT GAG ATT GAC AAA GGA ATT TAC CAG ACC TCT AAT TTC AGG GTT

300 310
V P S G D V V R F P N I T N L
GTT CCC TCA GGA GAT GTT GTG AGA TTC CCT AAT ATT ACA AAC TTG

320
C P F G E V F N A T K F P S V
TGT CCT TTT GGA GAG GTT TTT AAT GCT ACT AAA TTC CCT TCT GTC

330 340
Y A W E R K K I S N C V A D Y
TAT GCA TGG GAG AGA AAA AAA ATT TCT AAT TGT GTT GCT GAT TAC

350
S V L Y N S T F F S T F K C Y
TCT GTG CTC TAC AAC TCA ACA TTT TTT TCA ACC TTT AAG TGC TAT

360 370
G V S A T K L N D L C F S N V

GGC GTT TCT GCC ACT AAG TTG AAT GAT CTT TGC TTC TCC AAT GTC

380
Y A D S F V V K G D D V R Q I
TAT GCA GAT TCT TTT GTA GTC AAG GGA GAT GAT GTA AGA CAA ATA

390 400
A P G Q T G V I A D Y N Y K L

GCG CCA GGG CAA ACT GGT GTT ATT GCT GAT TAT AAT TAT AAA TTG
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GGA GCT GAG CAT GTC GAC ACT TCT TAT GAG TGC GAC ATT CCT ATT

0 A G I C A S Y H
GGA OCT GGC ATT TGT GCT AGT TAC CAT

650
T

ACA
V S L L R
GTT TCT TTA TTA CGT

S T S Q
AGT ACT AGC CAA

660
K

AAA
S I V A Y T N S L

TCT ATT GTG OCT TAT ACT ATG TCT TTA

670
G
GGT

A D S S I A Y S N
GCT GAT AGT TCA ATT OCT TAC TCT AAT

680
N

AAC
T I A I P
ACC ATT OCT ATA CCT

T N F S
ACT AAC TTT TCA

690
I

ATT

700
S I T T E V N P V S

AGC ATT ACT ACA GAA OTA ATG CCT OTT TCT

m A K T S V D C N
ATG GCT AAA ACC TCC GTA OAT TOT AAT

710
M

ATG
Y I C G D

TAC ATC TOC OGA OAT

S T E C
TCT ACT OAA TGT

720
A

OCT
N L L L Q Y 0 S F C

AAT TTO CTT CTC CAA TAT GOT AOC TTT TGC

740
T Q L N R A L s 0 I A A E Q D

ACA CAA CTA AAT COT OCA CTC TCA GOT ATT OCT GCT OAA CAG GAT

R N T R
CGC AAC ACA CGT

750
E

OAA
V F A Q V K Q m Y

GTG TTC OCT CAA OTC AAA CAA ATG TAC

770
T P T L K Y F GO F N F S Q

ACC CCA ACT TTO AAA TAT TTT GOT GOT TTT AAT TTT TCA CAA ATA

L P D P

TTA CCT GAC CCT

780
L

CTA
K P T K R S F I E

AAO CCA ACT AAO AGO TCT TTT ATT GAG

790
D

GAC

L L F N K V T L A
TTO CTC TTT AAT AAG GTG ACA CTC OCT

800
D
OAT

A 0 F N K
OCT GOC TTC ATG AAG

Q Y 0 E
CAA TAT GOC OAA

810
C

TGC
L 0 D I N A R D L

CTA GOT OAT ATT AAT OCT AOG GAO CTO

820
I

ATT

C A Q K F N G L T
TGT GCG CAG AAO TTC AAT GGA CTT ACA

830
V

GTG
L P P L L

TTG CCA CCT CTG CTC

T D D M
ACT OAT OAT ATG

840
I

ATT
A A Y T A A L V S
OCT 0CC TAC ACT OCT OCT CTA OTT AGT

850
0

OGT

T A T A G W T F 0

ACT 0CC ACT OCT OGA TGG ACA TTT GGT

860
A

OCT
G A A L Q

GGC GCT OCT CTT CAA

880
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I p F A N Q m A Y R F N G I G
ATA CCT TTT GCT ATG CAA ATG GCA TAT AGG TTC AAT GGC ATT GGA

890
V T Q N V L Y E N Q K Q I A N
GTT ACC CAA AAT GTT GTC TAT GAG AAC CAA AAA CAA ATC GCC AAC

Q F N K
CAA TTT AAC AAG

900
A

GCG
I s Q I Q E 0 L T

ATT AGT CAA ATT CAA GAA TCA CTT ACA

910
T

ACA

T s T A L G K L Q
ACA TCA ACT GCA TTG GGC AAG GTG CAA

920
D

GAC
V V N Q N
GTT GTT AAG CAG AAT

A Q A L
GCT CAA GGA TTA

930
N

AAC
T L v K Q L S S N

ACA CTT GTT AAA CAA CTT AGC TCT AAT

940
F

TTT

G A I S S V L N D
GGT GCA ATT TGA AGT GTG GTA AAT GAT

950
I

ATC
L S R L D
CTT TCG CGA CTT GAT

K V E A
AAA GTC GAG C

960
E

GAG
V Q I D R L I T G
GTA CAA ATT GAG AGG TTA ATT ACA GCC

970
R

AGA

980
L Q S L Q T Y V T Q Q L I R A

CTT CAA AGG CTT CAA ACG TAT CTA ACA CAA CAA CTA ATC AGG GCT

A E I R
GCT GAA ATC AGC

990
A
GGT

S A N L, A A T K M
TCT GCT AAT CTT GCT CCT ACT AAA ATG

1000
s

TCT

E C V L G Q s K R
GAG TGT GTT CTT GGA CAA TCA AAA AGA

1010
V D
GTT GAC

F C C K
TTT TGT GGA AAG,

C Y H L
GGC TAG GAG CTT

1020
m s
ATG TC

F P Q A A P H G
TTC CCA CAA GGA CC CCC CAT GGT

1030
V

GTT

V F L H V T Y V P
GTC TTC GTA CAT GTC AGG TAT GTG CGA

1040
S Q

TGG CAG
E R N F

GAG AGG AAC TTC

T T A P
ACT ACA C CGA

1050
A I
CA ATT

1060
C H B G K A Y F P

TGT CAT GAA GGC AAA OCA TAG TTG CCT

R E C V F V F N G
CCT CAA CGT CTT TTT GTC TTT AAT GCC

1070
T S

ACT TGT
w F I T
TCC TTT ATT ACA

Q R N F
GAG AGC AAC TTC

1080
F S
TTT TCT

1090
P Q I I T T D N T

CCA CAA ATA ATT ACT AGA GAG AAT ACA

F V S C N C
TTT CTC TGA GGA AAT TGT

ID V V
GAT GTC GTT

1100
I C

ATT CGC
I I N N

ATC ATT AAC AAG
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1110 1120
T V Y D P L Q P E L D S F K E

ACA GTT TAT GAT OCT CTG CAA CCT GAG CTT GAC TCA TTC AAA GAA

E L D K Y F K N H
GAG CTG GAC AZ4G TAC TTC AAA AAT CAT

1130
T S

ACA TCA

F G D I
TTT GGC GAC ATT

1140
S G

TCA GGC
I N A S V

ATT AAC GCT TOT GTC

P D V D
CCA GAT GTT GAT

1150
V N I Q
GTC AAC ATT CAA

N L N E
AAT TTA AAT GAA

K E I D R L N E V
AAA GAA ATT GAO CGC OTO AAT GAG GTC

1160
A K
GCT AAA

S L I D
TOA OTO ATT GAO

1170
L Q

OTT CAA
E L G K Y E Q Y

GAA TTG GGA AAA TAT GAG CAA TAT

1180
I

ATT

1183
P 00K W

AAA TG
SEQ ID NO: 9801

OCT TAA TGAGTCGAC SEQ ID NO: 9802

Translated Mol. Weight 131315.20'
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FIGURE 71
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FIGURE 73
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FIGURE 113

131 Frame 1
PKDMTYVDSSL-WVS- ITKSMVTLTCLSPAKKLFVTFVRGLALM-AVMiQLEMLWVLTYL
SS-DFLQVLT- -LYRLVMLTLKITQNSPELMHKPPPVSSLNILYHSCIKACPGM-cvLR-
YKCSVIH-KDCQTESCSSFGRI4ALSLHQ-STLSRLDLKERVVCVTNVQLAFLLHQILMPA
GIILWVLTMSITHL-LHFSSGGFTGNLSE- P- PTLPGTWKCTCGLVVML

5'3' Frame 2
QRT- PT-THLYDGFQNELPSQWLP-YVYHPRRSYSSRSCVDWL-CRGLSCN-RCCGY- PT
SPARIFYRC -LSSCTDWLC-H-K-HKIHQS-CTNLHQ-AV-TSYTTHV-RLALECSAY-D
STNAQ-YTERIVRQSRVRPLGAWL-AYINEVLCQDWT-KNVLSv- QTCNLLFYFIRYLCL
LESFCGF-LCL- PIYD-CSAVGALRVTFQSNHDQHCQVHGNAHVG-L-C

5131 Frame 3
KGHDLRRLI SNIGFKIYINYQVNGYPNMF ITREEAIRHVRAWJGFDVEGCHATRDAVGTNLP
LQLGFSTGVN~LVAVPTGYVDTENINTKFTRVNAQTSTSEQFKHLI PLMYKGLP I1WRIKI
VQMLSDTLKGLSDRWFVLWAHGFELTSNKYFVKIGPERTCCLCDKRATCFSTS SDTYAC
WNHSVGFDYVYNPFMIDVQQWGLYG- PFRVTMTNIARYMEMHNWASCUA

3151 Frame 1

-HHN- PTCAFPCTWQCWSWLL-KVTRKAPTAEHQS-MGYRHSQNPQNDSSRHKYLMK-KS
KLHVCHTDNTFFQVQS-QSTSLM-AQSHAPKGRTRLCLTILSVYH-AFVLS-YALHSRAS
LYT-VV-DV-TAHWWRFVH-LW- ILCYFQCQHNQSVQLLS-HL-KILAGEVG-YPQHL-L
HDSPLHQSQSTHERDE-LLRG- -TY-CNH-LGNSF-NPS-R-VYVGHVLW

3151 Frame 2
SITTSPHVHFHVPGNVGHGYSERLPVKPPLLNINH-KWVIDIVKTHMIRAGISI--SRKA
SCTFVTQTTRSVRSNLDKVLH- CKLKAM4RPKDEHDS V- QSFQCITEHLYYLNTHYI PGQA
FIHEWYKNFKLLTGGGLCINSGEFCVIFSVNITSRYSY-VNTCRKS -LER-VSTHSISSC
MTALYIKANPRTNVTNSFFAGDKHIRVTI DLVIHFETHHRDEST -VNSF

Frame 3
ASQLAHMCISMYLAr4LVMVTLKGYP-SPHC-TSIINGL-T-SKPTE-FQQA-VSDEVEKQ
VARLSHRQHVLSGPILTKYFIDVSSKPCAQRTNTTLSDNPFSVSLSICTILIRTTFQGKP
LYMSGIRCLNCSLVEVCALTLVNFVLFSVST- PVGTATKLTPVENPSWRGRLJVPTASLVA
-QPSTSKPIHART-RIASSRVINILG- PLTW-FILKPI TE1SLRRSCPL
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FIGURE 114

513' Frame 1
YRRLI SMMGFKMNYQVNGYPNNFITREEAIRHVRAWIGFDVEGCHATRDAvGTNLPLQLG
FSTGVLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLI

5131 Frame 2
TVDSSL-WVSK-ITKSIAVTLICLSPAKKLFVTFVRGLALM-AVM/QLEMLWVLTYLSS-D
FLQVLT- -LYRLVI4LTLKTTQNS PELMQNLHQVTSLNILY

5131 Frm 3

P-THLYDGFQNELPSQWLP-YVYHPRRSYSSRSCVDWL-CRGLSCN-R~CGY- PTSPARI
FYRC-LSSCTDWLC-H-K-HRIHQS-CKTSTR-PV-TSYT

315' Frame 1
GIRCLNWSPGGGFALTLVNSVLFSVST- PVGTATKLTPVENPSWRGRLVPTASLVA-QPS
TSKPIHART-RIASSRVINILG-PLTW-FILKPIIEMSLR

3151. Frame 2
V-DV-TGHLVEVLH-LW-ILCYFQCQUWQSVQLLS-HL -KILAGEVG-YPQHL -LHDSPL
HQSQSTHERDE-LLRG--TY-GNH-LGNSF-NPS-R-VYG

3151 Frame 3
YKI4FKLVTWPWRFC INSCEPCVT FSVNITSRYSY-VNTCRKS -LER-VSTHS ISSCI4TALY
IKANFRTNVTNS FFAGDKHI RVT IDLVIHFETHHRDESTV
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Cl FIGURE 115
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00
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153
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154
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(5363) LEFVIOVCNTQWRBAIFISPYNAM~RAYRMLGLNVQ

(5876) fltLISKLKANPSWN2AVFISPYNSQNYVAXRVLGLQTOQ

(5968) IRLI KLKANP W AVISPYNSQNF AXRVLGLQTO

1.55
(60)6007 6020 6030 6045

(5828) TVDSAOGSEYDYVIYSQTAETAXSVNVNRPNVAITRACKK

(5402) TVDSSQGSEYDYVIFCVTADSQHALNI)RPNVALTRAKR

(5915) TVDSAOOSEYDPVIYSOTAETAHSVNVNRFNVAITRAK

(6007) TVDSAQGSSYD)YVIYSQTAETAHSVNVNRFNVAITRAKK

15 6
(6046) 6046 6060 600 6084

(5867) GSILjCV M S NML FEKAL Q FT TL T LDnVPQVOW STNL
(5441) GILVVMRQPEflLYSALKFTELDSS'1'--LC-T

(5954) GILCVIISSNQLFESNFTTI/LhDKIN--- NP3KtTNL

(6046) OILC!VMSNNQLFESLNFTLTDKI R4SK
START
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0 FIGURA 115 (coned.)

-~SECTION 157
(6085) 6085 6090 6100 6110 6123

V) (5906) FKDCSKSYSGYHPAHApsFLAvD)DKSTYDLAvrLcIC

00 (5473) FKICNXEFSGvHPAYAWI'TKALAATXXVNDELAA.LvNvE

O(5990) FKCRWYP~ASLVDYVGLVLV

(6085) FKDCSKSYSCYHPAHAPSFLAVDDKYKCV GDLAVCLNVA

00 SECTION 158
00(6124) 6124 6130 6140 16150 61:62o (5945) D-SAVTYSRLrSLMGFXLVLOGYCXLPITKEEAVKRV

(5512) ACSSITYKHLXSLLGFKJSVNVECHJFITRDEAIRN
(6025) D-SATYSRLILMGFKLDLTJDGYCCLFITRDEAIKRV

KHDLRRLISMMFK14NYQVNGYPNjFITREEAIRHw

o (6124) D SAVTYSRLISLMGFKcLDVTLDCCLFITRDEAIKRV

ClSECTION 159
(6163) 6163 6170 6180 16190 6201
(5983) RAWVGFDAAATRDSIGTNFPLQtFsTGIDnNVEAT
(5551) RONWVOPJVEATUACGTNICTNIPFQVGWSTGAnFVVTPE

16067) RtAWVGFDAEGAIRDSIGTNFPLQEJGFSTOIDFVVEAT

(361 RAWIGFDVEGCHATRDAVGTNLPLQLGFSTGVNLVAVPT
(6163) RAWOCFDVECGAMATRDSIOTNIJPLQLGFSTGID2VVEPT

SECTION 160
(6202) 6202 6210 6220 6230 6240
(6022) OLPADRDGYSFKICAVAXAPPOEQFKHLIPM'rRQRWDV

(5590) GIIvDrsIGNFEEPVNSKAPPGEOFNHLRVLFKSAPWHV

(6106) GNFAERDGYVFKKAAARAPPCEQFKHLIPLNSRQKWDV

(77) CWDITENNTKPTRVNAQTSTSEQFKHLIPLMYKOLPWNV

(6202) OLVDTRDOY PKVnAXAPGEQFKHLIPLMSRGQPWDV

16±
(6241) 6242. 6250 6260 6279
(6061) VRPRIVQMFADHLIDLSDCVVLVTWAANFELTCLRYFAK

(5629) IRPRIVNLADNLCNVSDCVVPVTWCHGLELTTLRYPV(

(6145) VRIRIVQNLSDHLVLADSVVJVTWAASFELTCLRYFAX

(116) VRIKIVQMLSD 'LRGLSDRWFVLWAHiGFELTSMKYFVK
(65241) VRPRIVQ4LADHL DLSDCVVLVTWAHGPBLTCLAYFVK

162
(6280) 6280 6290 6300 6318
(6100) VCRE.IScNVCTKRATAYNSRTGYYGCWRHSVTCDYJYNP

(5668) IGICE-QVCSCOSHATTFNSHTQ2AYAcNICHCLCFDFVYNP

(65184) VOREVVCSVCTKRATCFWSRTGYYGCWRMSYSCDYIJYNP

(155) EGPERTCCLCOKRATCFSTSSDTYACWNHSVCFDYVXNP

(6280) IGREISCCVCCRATCFNSRTCrfANR{SVCFDYJYNP
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FIGURE 115 (eontd.)

(6319) 6319 16330 6340 
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(63 19) LIWIQOWQYSGSLSSNHDLHCSVHCGAHVASSDAII4TR
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o (6178) CLAVYDCFOI NI! NvEYPISNELSINTSCRVLQRVML
en(5745) tLAINAFCQDVNDLTYPHIANDEVNSSCRYLQRMYL
c-I(662) CLAVHDCFCKSVNWNLEYP1ISNEVSVNTSCRtLLQRVMP

(229) o (6358) CLAVHDCFCN VNWNLEYPIISNELSVNTSCRLLORVMdL

c-I 165
(6397) 6397 6410 6420 6435
(6217) KAAMLCNRflTCYDIGNP!CAIACVKD- -FDFXFYDAQPI
(5784) NACVDALKvNvvyDIGNPKGiICcvRRGDVNFYDXNPI
(6301) RAAMECNRYDVCYDIGNPKGLACVKC--YDFKFYT)ASpV

(6397) KAAfiJONRY VCYDIGNPKGI3:VX FDFKFYDANPI

_SECTIONu 166
(6436) 6436 6450 6460 6474
(6254) VKSVXTIJLYSFEAIUKDGLCMFNNDKYPPNAvv

f5823) VRNVKQFEYDYNCHKDKFALGLC4FWNCNVDCYPDNSLV
(6338) VXSVKQFVYKYEAHKDQFLI)fLCM4FWICNVDXKYPMIAVV

(6436) VKSVKQFLY YEAHXD F DGLCZWWNCNVDKYP NAVY

167
(6475) 6475 6480 6490 6500 6513
(6293) CRFDTRVLNNLNLPGCNMcASLYVNKMM'HTKpFBDAAFE
(5862) CRY1YRNLsVFNLPGCNGGSLWVNKxAwYTPKFDRI SFR
(6377) CEFflTRVLNKIJNLPGCNqGSLYVNKHAFHTSPFTRAAFE

(229) 
(6475) CRFDTrRVLN LNLPGCNGGSLYVNKHAFHT PFSRAAFE

168
(6514) 6514 6520 6530 6540 6552
(6332) HLKPMPFFYYsDTPCVYmDAEU(vDYVPLKsATR

(5901) NL!@RPFFFYD)SSPC!ETIQVD)G-VAQDLVSLATXtCITK

(6416) NLKPNPFFYYSDTPCVYMEGNESKQVDYVPLRSATCITR

(6514) NIIKPNPFFYYSDTrPCVYMDGMDAKQ0VDYVPLK$A CITR
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CA FIGURE 115 (contd.)

CC(6553) 6553 6560 6570 6580 6591
(5371) CNCOGAVCIKHAEEYREYESTMATTAFTFWVYXTFD
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(6553) CNLOGAVCLXHAEEYREYLESYNTATTAGFTFWVYKTFD

00 170
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Cfl(5978) PflLWKSFSAL(MgiDNZAyNHyxcoHYDAiAOENPTVIT

(6494) FYNLWNrrwxugpLENVVYNLVNAGHFDGRAGELPCAVI

0(229) 
0(6592) FYNLWNTETK CLENVVYNLVKAGHYDG AG7EMPCAIl

Cl STOP
171

(6631) 6631 6640 6650 -6-669

(6449) NDKVVAxIDKEDVVIFDITrYPmNVAVELFAXRSIRPm

(6017) GDKVFVIDQGVEKAVFVNQTTLPTSVAPLYAKRNIRTL

(6533) GHKVIMCIQNEDVVVFKNNTPFPINVAVELPARRS IRPH

(6631) GDKVIAKIQ EDVVVFTNNTTFPTNVAVELFAI(RSIR H

__SCTION 172

(6670) 6670 6680 6690 6708
(6488) PELXLFHNLNIDvaflcHVIWDYARESIFCSNTYCONT

(6056) PNNRILKGLOVDVTNGFVIWDYANQTPLYRWTVKVCAYT

(6572) PEIKLFRNLNIDVCWSHVIWDYAKDSVFCSSTYKVCKYT

(6670) PEIJKLFENLNIDVCW EVIWDYAKDSIFCSNTYKVC YT

SEBCTION 173

(6709) 6709 6720 6730 6747

(6527) DLK<FIDXLNVLPDGEDNGALFXFRSNNGYIS'KVICS

(6095) DIEPNqG- -LVVLYDDRtYOOYQSFLAADNAvLVSTQCYKR

(66511) DLQCI ESLNVLFOGRDNGALEAFKKCNVYINTlIRS

(6709) DL ID LNVI1PDGRONCALEAFKKA NGVYISTKIKS

174

(6748) 6748 6760 6770 6786

(6566) LSMIRGPPRAELNGVVVDKVGDTDCVFYFAVRXEGQDVI SEQ ID NO: 10068

(6132) YSYVEIPSNLLVQNGNPJKJG--------------MILYV SEQ ID NO: 10069

(6650) LSMIKGPQRADLNGVWEXVGDSDVE.FWFAVHXDGDDIVI SEQ ID NO: 10070

SEQ ID NO: 9997/98

(6748) LSMZIGP RADLNGVWVDRVGDSD PWFAVRKD)GNDVI SEQ ID NO: 10071
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(N FIGURE 118
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(51) RRZNPNQNYNFTEARVAIGMCARV
(N(51) RRLISNGFMNOYQVGYPNM1TREEAIRMVRW3ICFDVEC{JTRDAVO

(51) RRIMF~fONYbXREARVAIFVGHTDVo(51) RRYNPM~Q~YMFTEBXHRW(FVGHTnVo(52) RRIMFmyv~pMIREIHRWGVGHTnV

SECTION 3
(103) 103 1.10 120 130 140 153
(102) TNPQCSGNVVTYDENTFPVATTEFHIL

(102) TNLPLLFSTNLVAVPTGYVDKFRVAJTTaQFELIPLM

(102) TNFLFTVLAPGVTNTFRNOSSQKLPI

(102) TINPLQLGFSTGVNLVAVPTGYVnrENNTKFTRVNAQTSTSEQFn{1IPLM

(1031 TNPQjFTVLAPGVTNNKTVATTEF(LPZ

SECTION 4
(154) 154 160 170 180 190 204
(153) YKLWVRKVMSTKLDRVVWHFLSYVIP

(153) YKLWVRXVMSTKLDVFLAGELSYVIP

(153) YYLWVRKVMSTKLDVFLAGETMYVIP

(153) YKLWVRKVMSTKLDRVVW~GETMYVIP

(154) YKLWVRKVESTKLDRVVWHFLSKFXEP

SECTION 
(205) 205 210 220 230 240 255
(204) RTCaCDKRATCFSTSSDTYA-cwNHSVGpDYVqPpMIIVQQWLYGNLO~F

(204) RTCCLCDXRATCSTSSDTYACWNHSVFDYNPFIVQQWGLYG9LSS
(204) RTCCLCDXRATCFSTSSDYACANISVGFDYtJYNqP1FIDVQQWGLYGSLTS
(204) RTCCXACSSMAWHVODVNFIVQCYSS

(205) RTCCKACSSDYCNSGDVMFIVQGYSS

ScTMON 6
(256) 256 270 280 290 306
(255) NHLCVCAAV~K~LIN~4O~~D~pIND

(255) MMYSHGHASAXRC YCCUNNEPISNELSIN
(255) NIDPICSvI CGAKvAssDAn4TRCL C~iCFCKFVWNLEplIINEVSVN
(255) NHDLHCSKAMVASDTCADC!FCWSWYPIIS 2HV
(256) NHDLHCsvGhMscAI~pAVHaDCFCNSNELypIINELSV
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FIGURE 118 (cantd.)

SECTION 7
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(406) PGCNGGSLWVNKHiAFHTSPFTRYZ ENLKp~p~MPIPC~yMEQMJ

(405) PG-CNGGSIJyvNKMAFNTPFSRAnFENLKPmPPprYYSmpCvyID~AKfJ3J
(409) PGNGLVKAlTPSAFELPPFYDPVMGDK

SCTION 
(460) 460 470 480 490 500 510
(458) QDVLTDIKNGACKA1yEWyATCPFVN

(457) VDVLST7R~GvLHE~RyEyTT~ETWyK

(457) VDVLSTIRWCGVLHEFPLMSN~fAFFVK

(456) VDYVPLKSATC1RCNTAVCiAEEYEYEYrAnTACPTThIT

(460) VDVLSTIRWrACKAEELSNAr(FFVK

-SECTION It
(511) 511 524

(509) LNPYNLWXSFSALQ SEQ ID NO: 10073
(508) pDYNqLwr~NTTW~ SEQ ID NO: 10074
(SOS) FDFYNLWNTFTRLQ SEQ ID NO: 10075
(507) FDFYNLWNqTPTKIQ SE ID NO: 10076
(511) FDFYNLWNTFT{LQ SEQ ID NO: 10077

COMS ID No: ARCS-205336 Received by IP Australia: Time 20:43 Date 2008-09-08
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FIGURE 119

tagtcaaaacccacagaatgattccagcaggcataagtatc tgatgaagtagaaaagcaa
V SD EV E KQ

gt tgcacgtTTGtcacacagacaacacgttctttcaggtccaatcTTGacaaagtacttc
V AR LS H RQHV L SG PI LT K YF

at tgatgtaagc tcaaagccatgcgcccaaaggacgaacacgactctgtctgacaatcc t
I DV SS K PC AQR T NTT L SDN P

t tcagtgtatcactgagcatttgtactatct taatacgcac tacattccagggcaagcc t
F SV S LS IC TI LTIR TT FQ G KP

t tatacATGagtggtataagatgtttaaac tgctcactggtqgaggtttgtgcattaact
L YM S GIR CL N CSL VE VC AL T

Ctggtgaattttgtgttattttcagtgtcaacataa SEQ ID NO: 10080

L V N F V L F S V S T SEQ ID NO: 10027

FIGURE 120
FIGURE 120A
PRHTQRT- PTVDSSL-WVSK-ITKSI4VTLICLSPAKKLFVTFVRGLALM-PAVMQ
LEI4LWXLTYLSS-DFLQVLT- -LYRLVI4LTLKITQNSPELIMQNLHQVTSLNILYH
SCIKACPGM-CVLR-YKCSVIH-KDCQTESCSSFGRNALSLHQ -STLSRLDLKER
WCVTNVQLAFLLIQILMPAGIILWrNLTMSITHL-LMFSSGALRVTFRVTMTNIA
RYMEI4HMWLVVNLS -LDV-QSMSALLSALIGLLNTLL-EMN-GLILLAEKYNTWL
-SLHCLLISFQFFMT-EIQRLSSVCLRLK-NGSSTNLSHWVTKLTK-RNSSILML
YITINSLMVFVCFGIVTLIVTQPMQLCVGLTQESCQT-TYQAV4VVVCM- ISMHS
TLQLS IKXTHLLI -SNCLSFTILIVLVSLMANK- CRILINFHSNLLRVLHDAI -VV
LFADTMQMSTDSTWMHI I FLLDLAYGFTNNLILITCGIHLPGYRV

FIGURE 120B
LGIPKGHDLP-THLYDGFQNELFSQWLP-YVYHPRRSYSSRSCVDWL-CRGLSCN
-RCCGY-PTSPARIFYRC-LSSCTDWLC-H-K-HRIHQS-CKTSTR-PV-TSYTT
HV-RLALECSAY-DSTNAQ-YTERIVRQSRVRPLGAWL-AYINEVLCQDWT-KNV
LSV-QTCNLLFYFIRYLCLLESFCGF-LCL-PIYD-CSAVGLYG-PSE-P-PTLP
GTWKCTCG-L-CYHD-NFSSP-VLC-AR-LVC- IPYYRR-TEG-FCLQKSTTHGC
EVCTAC- -VSSSS-HRKSKGYQVCASG-SJAEVLRCSAIA--QSLQNRGTLLFLCY
TSR- IH-WCLFVLEL-R-SLPSQCNCV-V-UKSLXTKLELTRL-WW-FVCE-ACIP
HSSFR-KCIY-FKAIAFLLLF--SL-VSWQTSSVGY-LCSTQICYVYYTMQFRWC
CLQTPCK-VPTVLGCI-YDDFCWI -PNDLQTI -YL-PVEYTYQVTEF
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FIGURE 120C
-AYPKD4TYRRLI SIMGFKMNYQVNGYPNMYFITREAIRHVPAWIGFDVEGcHATRDAVG
TNLPLQLGFSTGVNLVAVPTGYVDTENN'TEFTRVNAKPPPGDQFKHIPLMYKGLPWNVV
RI KIVQML SDTLKGLSDRVVFVLWAHGFELTSMKYFVKTGPERTCCLCDKPATCF STSSD
TYACWNHSVGFDYVYNPFNI DVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAV
HECFVKRVDWSVEYPI IGDELRXTNSACRKVQHMV\KSALLADKFPVLHDIQNPKAIKCVP
QAEVEWKFYDAQPC SDKAYKI EELFYSYAIHHDKPTDQVCLFWNCNVDRYPANAIVCRFD
TRVLSNLNLPGCDGGSLYVNKHAFH-TPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSD
I DYXTPLKSATC ITRCNLGGAVCRHHANEYRQYLDAYNMMT SAGF SLWTYKQFDTYNLWNT
FTRLQSL

FIGURE 120D
-TL-PGKCIPQVISIKLFVNP-AKSSRNHHIICIQVLSVLICVSAN~STT- IASCNTRSR
FEWUIINIRHYLFAI4RLTRTIRIVKERQLL- TSKCTFTESWSVECI4LIHIQTTTITAW-V
QV-QDSCVKPTI-NCIGWVTINVTIPKQTNTI SEFIVMYYSIREEFLYFVSFVTTWLSIVE
LPFYFSLRHTLDSLWT SYVMKNWKLT SKQCRLHNHVLYFSASRINPQFI SYNRVFNRPTN
ALNKALMDC -TSSHDSITTSHNC ISMYLAMYLVVTLKVTRKAPLLNINHKWVIDIVKTHR
MI PAGISI SRKASCTFVTQTTRSFRSNLDKVLH-CKLKAMVRPKDEHDSV-QSFQCITE
I{LYYLNTH-YI PGQAFIHE WYKMFKLVTWWRFC INSGEFCVIFSXTNITSRYSY-VNTCRKS
LER-VSTHS ISSCITALYIKANPRTNVTNSFFAGDKHIRVTIDLVIHFETHHRDESTVG

HVLWVCL

FIGURE 120E
KLCNLVNVFHRL-VSNCL- IHRLNPAEI IILYASKYCRYSFAWCLQTAPPKLH-RVTHVAD
LSGT- SISDTTCLP-DSQGLSE- -KKGNCFKL VNALLSKAGVKNNACLFTYKLPPSQPGKF
KEDKTLVSNLHTIALAG-RSTLQFQNKQTPSVNLS-CIA-E-KSSSIL-ALSLHG-AS,-N
FH-STSA-GTHLAFGFPMS-RTGNLSASNADFTTM4CCTFLQAELTLSSSPI IGYSTDQST
RLTKHSWTAKHLVMIASQLATCAFPCTWQCWSWLL-RLPVKPHC -TSIINGL-T-SKPTE
FQQA-VSDEVEKQVARLSHRQHiVLSGPILTKYFIDVSSKPCAQRTNTTLSDNPFSVSLS

ICTILIRTTFQGKPLYMSGIRCLNWSPGGGFALTLVNSVLFSVST-PVGTATKLTPVENP
SWRGRLVPTASLVA-QPSTSKPIHART-RIASSRVINILG-PLTW-FILKPI IEMSLR-V
MSFGYA-

FIGURE 120F
NSVTW-MYSTGYKYQIVCKSIG-IQQKSSYYMHPSTVGTLHGVCKQHILNCIV-YT-QI
-VEHNQYPTLLVCHETHKDYQNSKRKAIALN- -IHFYRKLECGI'IIAYSHTNYHHHSLVSS
SLTRLLCQTYTQLHWLGNDQRYNSKTNKHHQ- IYRDV-HKNRRVPLFCKLCHYMAEHRRT
SILLQPEAH-T- -PLDFLCHEELETYQQAMQTSQPCVVLFCKQN-PSVHLL- -GIQQTNQR
A-QSTHGLLNI-S--HHN-PWJHFHVPGNVGHGYSEGYP- SPTAEIIQS-MGYRHSQNPQN
DSSRHKYLMK-KSKLHVCHTDNTFFQVQS-QSTSLM-AQSHAPKGRTRLCLTILSVYH-A
FVLS-YALHSRASLYT-VV-DV-TGHLVEVLH-LW- ILCYFQCQHNQSVQLLS-HL-KIL
AGEVG-YPQIHL-LHDSPLHQSQSTHERDE-LLRG- -TY-GNH-LGNSF -NPS -R-X7YGRS
CPLGMPR
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FIGURE 121

SEQ ID N0K10033
SEQ ID NO:10084
Consensus
Prim. cons.

II I I I I
TACCGTiAGACTCATCTCTRTGAGGG'PCAAAA- e.u-f

CCTAGGCATACCCAAAGGACATGACCTACCGTAGACTCATCTCTATGATGGTTTCAA
TACCGTAGACTCATCTCTATGATGGGTTTCAAAA

CCTAGGCATACCCAAAGGACATGACCTACCGTAGACTCATCTCTAPGATGGGTTTCAAAA

SEQ ID NO:10033
SEQ ID NO:10084
Consensus
Prim. cons.

SEQ ID NO:10033
SEQ ID NO:10084
Consensus
Prim. cons.,

SEQ ID NO:10033
SEQ ID NO:10084
Consensus
Prim, cons.

SEQ ID NO:10033
SEQ ID NO:10084
Consensus
Prim, cons.

TGAATTACCAAGTCAATGGTTACCCTAATATGTTTATCACCCGCGAAGAAGCTATTCGTC
TGAATTACCAAGTCAATGGTTACCCTAATATGTTTATCACCCGCGAAGAAGCTATTCGTC
TGAATTACCAAGTCAATGGTTACCCTAATATGTTTATCACCCGCGAAGAAGCTATTCGTC
TGAATTACCAAGTCAATGGTTACCCTAIATATGTTTATCACCCGCGAAGAAGCTATTCGTC

130 140 150 160 170 180

ACTCTGGGATGCTTAGAAGGTTCTCACAAATCGG
ACGTTCGTGCGTGGATTGGCTTTGATGTAGAGGGCTGTCATGCAACTAGAGATGCTGTGG
ACGTTCGTGCGTGGATTGGCTTTGATGTAGAGGGCTGTCATGCAACTAGAGATGCTGTGG

190 200 210 220 230 240

GTACTAACCTACCTCTCCAGCTAGGATTTTCTACAGGTGTTAACTTAGTAGCTGTACCGA
GTACTAACCTACCTCTCCAGCTAGGATTTTCTACAGGTGTTAACTTAGTAGCTGTACCGA
GTACTAACCTACCTCTCCAGCTAGGATTTTCTACAGGTGTTAACTTAGTAGCTGTACCGA

250 260 270 280 290 300
11. I I I I

CTGGTTATGTTGACACTGAAALATAACA.CAGAATTCACCAGAGTTAATGCAAAACCTCCAC
CTGGTTATGTTGACACTGAAALATAACACAG=AATTCACCAGAGTTAATGCAAAACCTCCAC
CTGGTTATGTTGACACTGAAALATAACACAGAATTCACCAGAGTTAATGCAAAACCTCCAC

SEQ ID NO:10033
SEQ ID NO:10084
Cons ens us
Prim, cons.

CAGGTGACCAGTTTAA.ACATCTTATACC 
CAGGTGACCAGTTTAAACATCTTATACCACTCATGTATAAAGGCTTGCCCTGGAATGTAG
CAGGTGACCAGTTTAAACATCTTATACC
CAGGTGACCAGTTTAAACATCTTATACCACTCATGTATAAAGGCTTGCCCTGGAATGTAG

etc.
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FIGURE 122
5u31 Frame I

cctaggcatacccaaaggacatgacctaccgtagactcatctctatgatgggtttcaaaa
P R H T Q R T P TV D S S L W V S K
tgaattaccaagtcaatggtt -accctaatatgtttatcacccgcgaagaagctattcgtc

I T K S M VT L I C L S PA K KL F V
acgttcgtgcgtggattggc tttgatgtagagggctgtcatgcaactagagatgctgtgg

T F V R G L A LM R A VMQ LENM L W
gtactaacctacctctccagctaggattttctacaggtgttaacttagtagctgtaccga
V L T Y L S S D F L Q V L T L Y R
ctggttatgttgacactgaaaataacacagaattcaccagagttaatgcaaaacctccac

L V M L T L KI T Q N S P E LM Q N L H
caggtgaccagtttaaacatcttataccactcatgtataaaggcttgccctggaatgtag
QV T S L N IL Y H S C I K A C P GM 
tgcgtattaagatagtacaaatgrctcagtgatacac tgaaaggattgtcagacagagtcg

C V L R Y K C S V I H K D C Q T E S
tgttcgtcctttgggcgcatggctttgagcttacatcaatgaagtactttgtcaagattg

C S S F G R M AL S L H Q S ST L S R L
gacctgaaagaacgtgttgtctgtgtgacaaacgtgcaacttgcttttctacttcatcag
D L K E R VV C V T N V Q L A F L L H Q

atacttatgcctgctggaatcattctgtgggttttgactatgtctataacccatttatga
I LM P AG I I L WV L T M STI T H L 
ttgatgttcagcagtggggctttacgggtaaccttcagagtaaccatgaccaacattgcc
LM F S S G AL RV T F R V T MTN ITA

aggtacatggaaatgcacatgtggc tagttgtgatgctatcatgactagatgtttagcag
R YM E M HM WLV V ML S L D V Q

tccatgagtgctttgttaagcgcgttgattggtctgttgaataccctattataggagatg-
S M SA L L S ALTI G L L N T L L ENM

aactgagggttaattctgct tgcagaaaagtacaacacatggttgtgaagtctgcattgc
N G L I L L AE K YN T ~WL S L H C

ttgctgataagtttccagttcttcatgacataggaaatccaaaggctatcaagtgtgtgc
L L I S F Q F F MT ElT Q R L S S V C

ctcaggctgaagtagaatggaagttctacgatgctcagccatgtagtgacaaagct taca
L R L K M G S S T M L S H VV T K L T

aaatagaggaactcttcat tcttatgctatacatcacgataaattcactgatggtgttt
K R N S SI L M L Y I T IN S L M V F

gtttgttttggaattgtaacgttgatcgttacccagccaatgcaattgtgtgtaggtttg
V C F G I V TL I V T Q P M Q L C V G L

acacaagagtcttgtcaaacttgaac ttaccaggctgtgatggtggtagtttgtatgtga
T Q E S C Q T T Y Q A VM VV VC M 

ataagcatgcattccacactccagctttcgataaaagtgcatttactaatttaaagcaat
I SNM H S T L Q L S I K V HL L I S N

tgcctttcttttactattctgatagtcctttgagtctcatggcaaacaagtagtgtcgg
C L S F T I L I V LV S L M AN K C R

atattgattatgttccactcaaatctgctacgtgtattacacgatgcaatttaggtggtg
I L I M F H S N L L R VL HD A I V V

c tgtttgcagacaccatgcaaatgagtaccgacagtacttggatgcatataatatgatga
L F AD T M Q M S T 3D S T W M H I I 

tttctgctggatttagcctatggatttacaaacaatttgatacttataacctgtggaata
FL LDL A YG FTN ML IL I IT C G I
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catt taccaggt tacagagttta
H L PG Y RV

513' Frame 2

cctaggcatacccaaaggacatgacctaccgtagactcatctctatgatgggtttcaaaat
L G I P K G H D L P T H L Y D G F Q N

gaattaccaagtcaatggttaccctaatatgtttatcacccgcgaagaagctattcgtca
E L P S Q WL P Y V YH P R R S Y S S
cgttcgtgcgtggattggctttgatgtagagggctgtcatgcaactagagatgctgtggg

R S C V DW L C R G L S C N R C C C
tactaacctacctctccagctagattttctacaggtgttaacttagtagctgtaccgac

Y P T S P AR I F Y R C L S S C T ID
tggttatgttgacactgaaaataacacagaattcaccagagt taatgcaaaacct ccacc
W L C H K H R I H Q S C K T S T
aggtgaccagtttaaacatcttataccactcatgtataaaggc ttgccctggaatgtagt

R P V T S Y T T H V R L A L E C S
gcgtattaagatagtacaaatgctcagtgatacac tgaaaggattgtcagacagagtcgt

A Y D S T N A Q Y T E R I V R Q S R
gttcgtcctttgggcgcatggctttgagct tacatcaatgaagtactttgtcaagattgg

V R P L G A W L A Y I N E V L C Q D W
acctgaaagaacgtgttgtctgtgtgacaaacgtg-caacttgcttttctacttcatcaga

T K N VL S V Q T C N L L F Y F I R
tacttatgcc tgctggaatcattctgtgggttttgac tatgtctataacccatttatgat
Y L C L L E S F C G F L C L P I Y D
tgatgttcagcagtggggctttacgggtaaccttcagagtaaccatgaccaacattgcca

C S AV G L Y G P S E P P T L P
ggtacatggaaatgcacatgtggctagttgtgatgctatcatgactagatgtttagcagt
G T W,.K C T C G L C Y H ID M F S S
ccatgagtgctttgttaagcgcgttgattggtctgttgaataccctattataggagatga

P V L C A R L V C I P Y YR R 
actgagggttaattctgcttgcagaaaagtcacaacacatgg-ttgtgaagtctgcattgct

T E G F C L Q KS T TH G C EVC ITA
tgctgataagtttccagttcttcatgacataggaaatccaaaggctatcaagtgtgtgcc

C VS S S S H R KS KGY QV C A
tcaggctgaagtagaatggaagttctacgatgctcagccatgtagtgacaaagcttacaa
S S RN EVL RC S AM Q S L Q

aatagaggaactcttctattcttatgctatacatcacgataaattcac tgatggtgtttg
N RG T L L F L C Y TS R I H W C L
tttgttttggaattgtaacgttgatcgttacccagccaatgcaattgtgtgtaggtttga
F V L E L R S L.P S Q C N C V V 

cacaagagtcttgtcaaacttgaacttaccaggctgtgatggtggtagtttgtatgtgaa
H K S L V K L E L T R L W W F V C E
taagcatgcattccacactccagctttcgataaaagtgcatttactaatttaaagcaatt

A C I PHE S S F R K C I Y ERKA I
gcctttcttttactattctgatagtccttgtgagtctcatggcaaacaagtagtgtcgga
A FL L L F S L V S WQT S SV G
tattgattatgttccactcaaatctgctacgtgtattacacgatgcaatttaggtggtgc

Y L C S T Q I C Y VY Y T MQ F R WC
tgtttgcagacaccatgcaaatgagtaccgacagtacttggatgcatataatatgatgat
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C L Q T P C K V P T V L G C I -Y D D
ttctgctggatttagcctatggatttacaaacaatttgatacttataacctgtggaatac

F C W I P MD L Q T I -Y L P PV E Y
atttaccaggttacagagttt'a

I Y QV T E F

5131 Frame 3

cctaggcatacccaaaggacATGacctaccgtagactcatctctatgatgggtttcaaaatg
A Y P K DMT Y R R LI S M MG F K M

aattaccaagtcaatggttaccctaatatg'ttatcacccgcgaagaagctattcgtcac
N Y Q VN G Y P N MF I T R E E A I R H
gttcgtgcgtggattggctttgatgtagagggctgtcatgcaactagagatgctgtgggt
V RA W I G F DV E G C H A T RD AV G
actaacctacctctccagctaggattttctacaggtgttaacttagtagctgtaccgact
TN L P L Q L G F S T G V N L V A V P T

ggttatgttgacactgaaaataacacagaattcaccagagttaatgcaaaacctccacca
G YV DT E NNT E F TRVN A KP P P
ggtgaccagtttaaacatcttataccactcatgtataaaggcttgccctggaatgtagtg
G D Q F K H LI P L M Y K G L P W N V V
cg Lat Laagatagtacaaatgctcagtgatacactgaaaggattgtcagacagagtcgtg

R I K I V Q M L S D T L K G L S D R V V
ttcgtcct ttgggcgcatggctttgagcttacatcaatgaagtactttgtcaagattgga

F V L WA H G F E LT S M K Y F V K I G
cctgaaagaacgtgttgtctgtgtgacaaacgtgcaact tgcttttctacttcatcagat

P E R T C C L C D K R A T C F S T S S D
acttatgcctgctggaatcattctgtgggttttgactatgtctataacccatttatgatt
T Y A C W N H S VG, F D Y V Y N P F M I
gatgttcagcaqtggggctttacgggtaacc ttcagagtaaccatgaccaacattgccag
D VQ Q WG F T GN L Q S N H D Q H C Q
gtacatggaaatgcacatgtggctagttgtgatgctatcatgactagatgtttagcagtc

V H G N AH V A S C D A I M T R C L A V
catgagtgctttgttaagcgcgttgattggtctgttgaataccctattataggagatgaa
H E C F V K R V D W S y E Y P I I G D E
ctgagggttaattctgcttgcagaaaagtacaacacatggttgtgaagtctgcattgctt

L RVN SAC RKV QHMVVK SAL L
gctgataagtttccagttcttcatgacataggaaatccaaaggctatcaagtgtgtgcct
AD KF PV LH DI G NP K AI KC VP
caggctgaagtagaatggaagt tctacgatgc tcagccatgtagtgacaaagcttacaaa
Q A EV EW KF Y D AQ PC S D K AY K

atagaggaactcttctattcttatgctatacatcacgataaattcactgatggtgtttgt
I EE L F Y S Y A I H H D K F T D G V C

ttcttttggaattgtaacgttgatcgttacccagccaatgcaattgtgtgtaggtttgac
L F W N C N V D RY P AN A I V C R F D

acaagagtct tgtcaaacttgaact taccagga tgtgatggtggtagtttgtatgtgaat
T R VL S N L NL P G C D G G S L YV N

aagcatgcattccacactccagctttcgataaaagtgcatttactaatttaaagcaattg
K H AF H T P AF D K S A F T N LK Q L

cctttcttttactattctgatagtccttgtgagtctcatggcaaacaagtagtgtcggat
P F FYY S D S P C E S HG KQ V VS D
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attgattatgttccactcaaatctgctacgtgtattacacgatgcaatttaggtggtgct
I D Y V P L K S AT C IT R C N L G G A

gt ttgcagacaccatgcaaa~tgagtaccgacagtacttggatgcatataatatgatgatt
V C R H H AN E YR Q Y L DA Y NM M I
tctgctggatttagcc tatggatttacaaacaatttgatacttataacctgtggaataca
SA G F S L W I Y K Q F D T Y NL WN T

tttaccaggttacagagttta
F T R L Q S L

3151 Frame 1

taaactctgtaacctggtaaatgtattccacaggttataagtatcaaattgtttgtaaat
T L P G K C I P Q V IS I K L F VN

ccataggctaaatccagcagaaatcatcatattatatgcatccaagtactgtcggtactc
P A K S S R NH H I I C I Q V L SV L

atttgcatggtgtctgcaaacagcaccacctaaattgcatcgtgtaatacacgtagcaga
I C N V S AN S T T I A S C N TR S R

tttgagtggaacataatcaatatccgacactacttgtttgccatgagactcacaaggact
F E WN TIINTI RH Y L F ANM R L T R T

at cagaatagtaaaagaaaggcaat tgctttaaattagtaaatgcactt ttatcgaaagc
I R I V K E R Q mmL I S K C T F E S

tggagtgtggaatgcatgcttattcacatacaaactaccaccatcacagcctggtaagtt
W S V E C M LI H I Q T T T I TA W V
caagtttgacaagactct tgtgtcaaacctacacacaattgcattggctgggtaacgatc

Q V Q D S C V K P T H N C I G W V T- I
aacgttacaattccaaaacaaacaaacaccatcagtgaatttatcgtgatgtatagcata
N V T I P KQ T NT I S E F I V M Y S I
agaatagaagag-ttcctctattttgtaagctttgtcactacatggctgagcatcgtagaa
R I E E F LY F V S F V T T W L S I V E
cttccattctacttcagcctgaggcacacacttgatagcctt tggatttcctatgtcatg

L P F Y F S L R H T L D S L W I S YV M
aagaactgg-aaacttatcagcaagcaatgcagacttcacaaccatgtgttgtactt ttct
K N WKL I S K Q C R L H N HV L Y F S
gcaagcagaattaaccc tcagttcatctcctataatagggtat tcaacagaccaatcaac
A S RI N P Q F I S Y NR VF N RP I N
gcgcttaacaaagcactcatggactgctaaacatctagtcatgatagcatcacaactagc
A L N KA L MD C T S S N D SI T T S
cacatgtgcat ttccatgtacctggcaatgttggtcatggt tactctgaaggttacccgt
H M C IS M Y L A M LV MVT m K VT R

aaagccccactgctgaacatcaatcataaatgggttatagacatagtcaaaacccacaga
KNA PmL LN T N H K WV I D I V KT H R
atgat tc cagcaggcataagtatc tgatgaagtagaaaagcaagttgcacgtt tgtcaca
N I P AG ISI- S R KA S C T FV T

cagacaacacgttctttcaggtccaatcttgacaaagtacttcattgatgtaagctcaaa
Q T T R S F R S NL D K V L H C KmL K

gccatgcgcccaaaggacgaacacgactctgtctg-acaatcctttcagtgtatcactgag
A MR P K D E H D S V Q S F Q C IT E
catttgtactatcttaatacgcactacattccagggcaagcctttatacatgagtggtat

H L Y Y L N T HY I P G Q A F INHE W Y
aagatgtttaaactggtcacctggtggaggttt'cgcattaactctggtgaattctgtgtt
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K M F K L VT W WR F CI N S G E F C V
attttcagtgtcaacataaccagtcggtacagctactaagttaacacctgtagaaaatcc
I FS V N I TS R Y S Y V N TOCR K S

tagctggagaggtaggttagtacccacagcatctctagttgcatgacagccctctacatc
L E R V S T H S I S S C MNT AL Y I

aaagccaatccacgcacgaacgtgacgaatagcttcttcgcgggtgataaacatattagg
KA N P R T N V T N S F F A G D K H T R

gtaaccattgacttggtaattcattttgaaacccatcatagagatgagtctacggtaggt
V T I D L V I H F E T H H R D ES T V G
catgtcctttgggtatgcctagg
H V L WVC L

3'51 Frame 2

taaactctgtaacctggtaaatgtattccacaggttataagtatcaaattgtttgtaaatc
K L C N LV NV F HR L V S N C L I

cataggctaaatccagcagaaatcatcatattatatgcatccaagtactgtcggtactca
H R LN P A ElI I I L Y A S KY C RY S

tttgcatggtgtctgcaaacagcac cacc taaat tgcatcgtgtaatacacgtagcagat
F AW C L Q T A P P K L H R V I H VA D

ttgagtggaacataatcaatatccgacactacttgtttgccatgagac tcacaaggacta
L S C T SI S D T T C L P D S Q G L

tcagaatagtaaaagaaaggcaattgctttaaattagtaaatgcacttttatcgaaagct
S E K K GN CF K LV N AL L S K A

ggagtgtggaatgcatgcttattcacatacaaac Laccaccatcacagcctggtaagttc
G VW NA C L F T Y K L P P S Q P G K F

aagtttgacaagactc ttgtgtcaaacctacacacaattgcattggctgggtaacgatca
K F D KT L V S N L H T I A LA G R S

acgttacaattccaaaacaaacaaacaccatcagtgaatttatcgtgatgtatagcataa
TL QF QNKQ TPS VNL S CIA 

gaatagaagagttcc tctattttgtaagctttgtcactacatggctgagcatcgtagaac
E K S5S S I L A L S L H G A S N

ttccattc tacttcagcctgaggcacacacttgatagcctttggatttcctatgtcatga
F H S T S A G T H L I A F G F P M S 

agaactggaaacttatcagcaagcaatgcagact tcacaaccatgtgttgtacttttctg
R T G N L S A S N AD F T T MOO CT F L

caagcagaattaaccctcagttcatctcctataatagggtattcaacagaccaatcaacg
Q A E L T L S S S PI I G Y S T D Q S T

cgcttaacaaagcactcatgg-actgctaaacatc tagtcatgatagcatcacaactagcc
R L T K H S W T A K H L V M I A S Q L A
acatgtgcatttccatgtacctggcaatgttggtcatggttactctgaaggttacccgta
TOC A F P0C T WQ O W S W L L R L P V
aagccccactgctgaacatcaatcataaatgggt tatagacatagtcaaaacccacagaa

K P H C0- T S TII NG L T S K P T E
tgattccagcaggcataagtatctgatgaagtagaaaagcaagt tgcacgt ttgtcacac

F Q Q A V S D EV E K QV A RL S H
agacaacacgttctttcaggtccaatcttgacaaagtacttcattgatgtaagctcaaag
R Q H V L S G PTI L T K YF I D VS S K

ccatgcgcccaaaggacgaacacgactctgtctgacaatcctttcagtgtatcactgagc
P0C A Q R TN T T L S D N P F S V S L S
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atttgtactatcttaatacgcactacattccagggcaagcctttatacatgagtggtata
I CT I LI RTTF QGKPLYMSG I

agatgtttaaactggtcacctggtggaggttttgcattaactctggtgaattctgtgtta
R C L N WS P G G G F A LT L VN S V L
ttttcagtgtcaacataaccagtcggtacagctactaagttaacacctgt-agaaaatcct

F S V S T P VG T ATK L T P VE N P
agctggagaggtaggttagtacccacagcatctctagttgcatgacagccctctacatca

S WR G RL V P T A S LV A Q P S T S
aagccaatccacgcacgaacgtgacgaatagc ttct tcgcgggtgataaacatattaggg
K P I H A RT R I A SS R V I N IL G
taaccattgacttggtaattcattttgaaacccatcatagagatgagtctacggtaggtc

P L T W F IL K P I TIE MS L R V
atgtcctttgggtatgcctagg

M S F G Y A

3151 Frame 3

taaac tctgtaacctggtaaatgtattccacaggttataagtatcaaattgtttgtaaatcc
N S V T W M Y S T GY KY Q I V C K S

ataggctaaatccagcagaaatcatcatattatatgcatccaagtactgtcggtactcat
I G I Q Q K S S YY MH P S TV G T H

ttgcatggtgtctgcaaacagcaccacctaaattgcatcgtgtaatacacgtagcagatt
L H GV C K Q HH L N C IV Y T Q I
tgagtggaacataatcaatatccgacactacttgtttgccatgagactcacaaggactat

V E H NQ Y P T L L V C H E T H K DY
cagaatagtaaaagaaaggcaattgctttaaattagtaaatgcacttttatcgaaagctg

Q -N S K R K A I A L N M H F Y R K L
gagtgtggaatgcatgcttattcacatacaaactaccaccatcacagcctggtaagttca

E C G MH AY SBH TN Y H H H S L V S S
agtttgacaagactcttgtgtcaaacctacacacaattgcattggctgggtaacgatcaa

S L T R L L C Q T Y T Q L H WL G ND Q
cgttacaattccaaaacaaacaaacaccatcagtgaatttatcgtgatgtatagcataag
RY N S KT N KH H Q I Y R DV H K

aatagaagagttcctctattttgtaagctttgtcactacatggctgagcatcgtagaact
N RR V PL F CK L C HY MA E HR RT
tccaL tctac ttcagcctgaggcacacacttgatagcctttggatttcctatgtcatgaa
S IL L Q P EA H T P L D F L C H E
gaactggaaacttatcagcaagcaatgcagacttcacaaccatgtgttgtacttttctgc
E L E T Y Q Q AM Q T S Q P C V VL F C
aagcagaattaaccctcagttcatctcctataatagggtattcaacagaccaatcaacgc

K Q N P S V HL L GCI Q Q T N Q R
gcttaacaaagcactcatggactgctaaacatctagtcatgatagcatcacaactagcca

A Q S TH GCL L N I S H HN P
catgtgcatttccatgtacctggcaatgttggtcatggttactctgaaggttacccgtaa
H VH F H V P GCNV G H G Y S E G YP 

agccccactgctgaacatcaatcataaatgggttatagacatagtcaaaacccacagaat
S P T AE H Q S M G YR H S Q N P Q N

gattLc cagcaggcataagtatc tgatgaagtagaaaagcaagt tgcacgtttgtcacaca
D S S R H KYLM K K S KL HV C H T

gacaacacgttctttcaggtccaatcttgacaaagtacttcattgatgtaagctcaaagc
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D NT FF Q VQ S -Q S T SLNM AQ S
catgcgcccaaaggacgaacacgactctgtctgacaatcctttcagtgtatcactgagca
H A P K GR T RLI C L T I L S VY H A
tttgtactatcttaatacgcactacattccagggcaag-cctttatacatgagtggtataa
F V L S YA L H S R A S L Y T V V 

gatgtttaaactggtcacctggtggaggttttgcattaactctggtgaattctgtgttat
D V T GH L VE VL H L W I L C Y
tttcagtgtcaacataaccagtcggtacagctactaagttaacacctgtagaaaatccta

F Q C Q H NQ S V Q L L S H L K I L
gctggagaggtaggttagtacccacagcatctctagttgcatgjacagccctctacatcaa
A GE V G Y P Q H L L H D S P L H Q
agccaat ccacgcacgaacgtgacgaatagc ttcttcgcgggtgataaacatattagggt
S Q S T H ER D E L L PR G T Y G

aaccattgacttggtaattcattttgaaacccatcatagagatgagtctacggtaggtca
N H L G N S F -N P S R P V YG R. S

tgtcctttgggtatgcctagg
C P L G M P R
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FIGURE 123

CCTAGGCATACCCAAACGACATGACCTACCQTAGACTCATCTCTATGATCGGTTTCAAAATGAATTACCAkGTCAATGGT

TACCCTAATATGTTTATCACCCGCGAAGAAGCTATTCGTCACGTTCGTGCGTGGATTGGCTTTGATGTAGAGGGCTGTCA

TGCAACTAGAGATGCTGTGGGTACTAACCTACCTCTCCAGCTAGGATTTTCTACAGGTGTTAACTTAGTAGCTGTACCGA

CTGGTTATGTTGACACTGAAAATAACACAGAATTCACCAGAGTTAATGCAAAACCTCCACCAGGTGACCAGTTTAAACAT

CTTATACCACTCATTATAAAGCTTGCCCTGGAATGTAGTGCGTATTAAGATAGTACAAATGCTCACTGATACACTGAA
N N N 

AGGATTGTCAGACAGAGTCGTGTTCGTCCTTTGGGCGCATGGCTTTGAGCTTACATCAATGAAGTACTTTGTCAAGATTG

GACCTGAAAGAACTGTTGTCTGTGTGACAAACGTGCAACTTGCTTTTCTACTTCATCAGATACTTATGCCTGCTGGAAT

CATTCTGTGGGTTTTGACTATGTCTATAACCCATTTATGATTGATGTTCAGCAGTGGGGCTTTACGGGTAACCTTCAGAG

TAACCATGACCAACATTGCCAGGTACATGGAAATGCACATGTGGCTAGTTGTGAkTGCTATCATGACTAGATGTTTAGCAG

TCCATGAGTGCTTTGTTAAGCGCGTTGATTGGTCTGTTGAATACCCTATTATAGGAGATGAACTGAGGGTTAATTCTGCT

TGCAGAAAAGTACAACACATGGTTGTGAAGTCTGCATTGCTTGCTGATAAGTTTCCAGTTCTTCATGACATAGGAAATCC

AAAGGCTATCAAGTGTGTGCCTCAGGCTGAAGTAGAATGQAAGTTCTACGATGCTCAGCCATGTAGTGACAAAGCTTACA

AAATAGAGGAACTCTTCTATTCTTATGCTATACATCACGATAAATTCACTGATGGTGTTTGTTTGTTTTGGAATTGTAAC

GTTGATCGTTACCCAGCCAATGCAATTGTGTGTAGGTTTGACACAAGAGTCTTGTCAAACTTGAACTTACCAGGCGTGA

TGQTGGTAGTTTGTATGTGAATAAGCATGCATTCCACACTCCAGCTTTCGATAAAAGTGCATTTACTAATTTAAAGCAAT

TGCCTTTCTTTTACTATTCTGATAGTCCTTGTGAGTCTCATGGCAAACAAGTAGTGTCGGATATTGATTATGTTCCACTC

AAATCTGCTACGTGTATTACACGATGCAATTTAGGTGGTGCTGTTTGCAGACACCATGCAAATGAOTACCGACAGTACTT
N. 

GGATGCATATAATATGATGATTTCTGCTGGATTTAGCCTATGGATTTACAAACAATTTGATACTTATAACCTGTGGAATA

CATTTACCACGTTACAOAGTTTA SEQ ID NO: 10084
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FIGURE 123 (contd.)
Pos SCor-eE Pred ac-

21 0.651 Ye !s
0.354

48 0.387
0.590 -Y eES

76 0-470
0.676 -Y e S

145 0.192
-160 0 .410
172 0.290
24d7 0-221
286 0.219
333 0.373
355 0.178
381 0.286
439 0.405
459 0.204
547 0.289
580 0.447
597 0-449
604 0.290
646 0.427
667 0.427
673 0.208
679 0.317
694 0.180
702 0-554 -Yes

710 0-151
724 0.384
778 0.151
819 0.71-1 Yes
865 0-306
917 0-230
931 0-214
941 0.190
985 0.274

1012 0.368
1060 0.206
1120 0.193
1135 0-185
1147 0-431
1240 0.562 Yes
1270 0.377
1304 0.190
1336 0-353
1342 0.312
1363 0.213
1374 0-178
1377 0.096
14d0 0 0.056
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FIGURE 124
Sequences: (bits) Value

gij748271pirllVFIHJH genome polyprotein lb murine hepatit... 638 0.0
gijl49170441spIP29982IRRPBCVJH RNA-directed RNA polymreras... 637 0.0
gil260075461refINP_068668.21 ORFiab polyprotein [Murine hep... 637 0.0
giI77693421gblAAF69332.l1AF208066_2 RNA-directed RNA polyme... 637 0.0
gil662576l1gblAAFl9384.lIAF201929_2 RNA-directed RNJA polyrne... 637 0.0
giJ264l128JgbIA&B86818.l1 RNA-directed RNA polymerase [muri... 635 0.0
gil437741lembICAA36202.l1 open reading frame lb (AA 1-2733... 634 0.0
gi11335921spIP16342IRRPB-CVMA5 RNA-DIRECTED RNA POLYMEPASE 634 0.0
gij2600808O1refINP 150073.21 orfiab polyprotein [Bovine car... 633 e-180
gi1150778201gblAAK83365.11 replicase [bovine coronavirus] 633 e-180
gil180339721gblAAL57305.lI replicase [bovine coronavirus] 633 e-180
giI77693531gblAAF69342.l1AF208067_2 RNA-directed RNA polyne. 633 e-180
gi1l75296721gblAAL40397.1jAF220295-2 RNA polyinerase lb 623 e-177
gil2512l57ljrefINP -740618.11 coronavirus nspll [Murine hepa... 622 e-177
gij260080921refINP_742140.lj coronavirus nspll [Bovine coro 617 e-175
giI102424691refINP_066134.11 OR~lab polyprotein; frarneshift... 575 e-163
gi114149033lemnbICAC39112.11 replicase polyprotein lab [Avia... 575 e-163
giI458735jembICAA830l8.l1 potential chimeric protein [Avian... 570 e-161
gil1335941spJP26314IRRPBTIBVB RNA-DIRECTED RNA POLYMERASE 570 e-161
gil29293454 gb1AA067706.lj ORFlb polyprotein [Avian infecti. 565 e-160
gil251215551refINP 740631.11 coronavirus nspll [Avian infec... 559 e-158
gij9635lS71refINP 058422.l1 replicase [Transmissible gastro... 545 e-153
gil193875821refINP 598309.11 Poll [porcine epidemic diarrhe... 541 e-152
gij12175747jrefjNP 073549.11 replicase polyprotein lab 535 e-151
giJ1335911spIP18458IRRPBEBEV RNA-directed RNTA polyrnerase 50 8e-05
gi11513061ldbilBAA13323.11 cyanoprotein alpha subunit precu... 35 3.7

Alignments

>gij74827jpirjjVFIHJH genome polyprotein lb murine hepatitis virus
(strain JHM)

Length 2731

Score 638 bits (1645), Expect =0.0
Identities 287/481 Positives 366/481 Gaps 5/481 

Query: 6 MTYRRLISMNGFKMYQVNGYPNFITREEAIRHVRAWIGFDVEOCHATRDAVGTNLPLQ 
+TY RLIS+MGFK++ ++GY +FITR+EAI+ VRAW+GFD ES HATRD±+GTN PLQ

Sbj ct: 1585 VTYSRLISLMGFKLDLTLDGYCKLFTRDEAIKRVRArVGFDAEGAHATRDSIGTNFPLQ 1644

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLPLMYKGLPWN~VVRIKIVQ 125
LGFSTGH- V TG F A+ PPG+QFK-L+PLM +G W+VVRT+IVQ

Sbj ct: 1645 LGFSTGIDFVVEATGMFAERDGYVFK{AAARAPPGEQFKI{LVPLMSRGQKWDVvR--IRIvQ 1704

Query: 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYAcWN 185
MLSD L L±D VV V WA FELT ++YF K+G E C Y CW

Sbi ct: 1705 MLSDHLVDLADSWVLVTWAASFELTCLRYFAKVGKEWCSVCNKRATCFNSRTGYYGCWR 1764

Query: 186 HSVGFDYV.YNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HS DY-4YNP ++D+QQWG+TG+L SNHD C VH AHVAS DAIMTRCLAVH+CF K

Sbj ct: 1765 HSYSCDYLYNPLIVDIQQWGYTGSLTSNHDPICSVHKG.AHVASSDAIMTRCLAVHDCFCK 1824
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Query: 246 RVDWSVEYPTTGDELRVNSACRKVQHMVVKSAIJLADKFPVLHDTGNPKAIKCVPQAEVEW 305
V+W++EYPIT VN++CR +IQ V +DIGNPK CV 

Sbj Ct: 1825 SvNWNLEYPIISNEVSVNTSCRLLQRVMERAAMLCNRYDVCYDIGNPKGLACVKG--YDF 1882

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KFYDA P Y Y H D+F DG+C+FWNCNVDIYPAJNA+VCRFDTRVLS

Sbj ct: 1883 I{FYDAS PV -VKSVKQFVYKYEAHiKDQELDGLCMFWNCNVDKYPANAVVCRFDTRVLSK 1939

Query: 366 LNLPCCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NLK +PFFYYSD+PC +DYVPL

Sbj ot: 1940 LNLPGCNGGSLYVNKHAFHTNPFTRAAFENLKPMPFFYYSDPPCVYMYEGMESKQVDWVPL 1999

Query: 426 KSATCITRCNLGGAVCRHHAN~EYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITPRCNLGGAVC HA EYR±YL++YN ±AGF± W±YK FD YNLWNTFTRLQS

Sbj ct: 2000 RSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2059

Query: 486 L 486
L

Sbjct: 2060 L 2060

>gil.14917044IspIP29982IFRRPB_-CVMJH RNA-directed RNA polymerase (ORFIB)
gil75833211gblAAA46458.21 open reading frame lb [murine hepatitis virus]

Length 2731

Score 637 bits (1644), Expect =0.0
Identities =287/481 Positives =366/481 Gaps 5/481 

Query: 6 I4TYRRLTSMMGFKMNYQVNGYPNMFTTREEAIRHVRAWIGFDVEGCHAPRDAVGTNLPLQ 
+TY RLTS+MGFK++ ++GY +FTTR+E.AI+ VRAW+GFD EG HATRB++GTN PLQ

Sbj ct: 1585 VTYSRLISLMGFKLDLTLDGYCKLFTRDEAKRVRAWVGFDAEGAHATRDSTGTNFPLQ 1644

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
LGFSTG++ V TG F A+ PPG+QFKHL+PLM +G W+VVRI+IVQ

Sbj ct: 1645 LGFSTGTDFVVEATGMFAERDGYVFKKAAARAPPGEQFKHLVPLNSRGQKWDVVR.IRIVQ 1704

Query: 126 WJSDTLKGLSDRWFVLWAHGFELTSMKYFVKTGPERTCCLCDKRATCFSTSSDTYACWN 185
MLSD L L+D VV V WA FELT ++YF K+G F C +C+KPATCF++ Y CW

Sbj ct: 1705 MLSDHLVDLADSVVLVTWAASFELTCLRYFAKVGKEVVCSVCNKFATCFNSRTGYYGCWR 1764

Query: 186 HSVGFDYVYNPFNIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HS DY+YNP ++D+QQWG+TG+L SINHD C VH AHVAS DAIMTRCLAVH+CF K

Sbj ct: 1765 HSYSCDYLYNPLTVDIQQWGYTGSLTSN-HDPICSVHKGAHVASSDAIMTRCLAVIDCFCK 1824

Query: 246 RVDWSVEYPIGDELRVNSACRKVQHKWVKSAEJLADKFPVLHDTGNPKATKCVPQAEVEW 305
V+W++EYPII VN++CR +Q V ±DTGNPK CV 

Sbj ct: 1825 SVNNLEYPIISNVSVNTSCLLQRVMFRAAMYLCNRYDVCYDIGNPKGLACVKG--YDF 1882

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KFYDA P Y Y H D+F DG+C+FWNCND+YPANA+VCRFDTRVLS

Sbj ct: 1883 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANAVVCPFDTRVLSK 1939

Query: 366 LNLPGCDGOSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NLK +PFFYYSD+PC +DYVPL

Sbj ct: 1940 LNLPGCNGGSLYVNIKHAFHTNPFTRAAFENLKPM/PFFYYSDTPCVYMEGMESKQVDYVPL 1999
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Query: 426 KSATCTTRCNLGGAVCRHHANEYRQYLDAYN4MISAGFSLWIYKQFDPYNLWNTFTRLQS 485

+SAkTCTTRCNLCGAVC HA EYR+YL±-+YN +AGF4 W+YK FD YNLWNTFTRLQS

Sbj ct: 2000 RSAkTCITRCNLGGAVCLKHABEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2059

Query: 486 L 486
L

Sbjct: 2060 L 2060

>giJ260075461refINP _068668.21 ORFiab polyprotein [Murine hepatitis viru

Length 7178

Score 637 bits (1644), Expect 0.0
Identities 286/481 Positives 364/481 Gaps =5/481 

Query: 6 MTYRRLT SMGFMMYQVGYPNFTREEARHVAWGFDVEGCHATRDAVGTNLPLQ
+TY RLTS+MGF{++ ++GY +FTTR+EAT+ VRAW+GFD EG HA RD± GTN PLQ

Sbj ct: 6032 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIKRVRAWVGFDAEGAHAIRDSIGTNFPLQ

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ
LGFSTG-+ V TG F A+ PPG+QFKHLIPLM +G W-iVVRI+IVQ

Sbj ot: 6092 LGFSTGTDFVVEATGMFAERDGYVFKKA.AARAPPGEQFKHLIPLMSRGQKWDVVRIRIVQ

Query; 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACWN
MLSD L L+D VV V WA FELT ++YF K+G E C -iC KRATCF-i Y CW

Sbj ct: 6152 MLSDHLADLADSVVLVTWAASFELTCLRYFAKVGREVVCSVCTKRATCFNSRTGYYGCWR

Query: 186 HSVGFDYVYNPFMTDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK
HS DY-iYNP +±D+QQWGITG-1-L SNHD C VH AHVAS DAIMTRCLAVH+CF K

Sbj ot: 62 12 HSYSCDYLYNPLTVDTQQWGYTGSLTSNHDPICSVHKGAHVASSDAIMTRCLAVHDCFCK

Query: 246 RVDWSVEYPI IGDELRVNSACRKVQHIMVVKSALLADKFPVLHDTGNPKAIKCVPQAEVEW
V+W-H-EYPTI +lE+ VN++CR +Q V +DTGNPK CV 

Sbj ct: 6272 SVNWNLEYPIISNEVSVNTSCRLLQRV4FRAALCNRYDVCYDIGNPKGLACVKG-YF

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN
KFYDA P Y Y H D+F DG+C+FWNCNVD+YPANA+VCRFDTRVLI

Sbj ct: 6330 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCYIFNCNVDKYPANAVCRFDTRVLNK

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDTDYVPL
LNLPGC+GGSLYVNKHAFHT F ++AF NLK ±PFFYYSD+PC -iDYVPL

Sbj ct: 6387 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPMPFFYYSDTPCVYMEGMESKQVDYVPL

Query: 426 KSATCITRCNLGGAVCRHHAEYRQYLDAYNMMI SAGFSLWTYKQFDTYNLWNTFTRLQS
+SATCTTRCNLGGAVC HA EYR+YL++YN +AGFI W+YK FD YNLWNTFTRLQS

Sbj ct: 6447 RSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAFTFWAYKTFDFYNLWNTFTRLQS

Query: 486 L 486
L

Sbjct: 6507 L 6507

sil

6091

125

6151

185

6211

245

6271

305

6329

365

6386

425

6446

485

6505

>gil77693421gbjAAF69332.11AF208066-2 RNA-directed RNSA polyrnerase [iurine

hepatitis virus]
Length 2732
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Score =637 bits (1644), Expect 0.0
Identities 287/481 Positives 366/481 Caps 5/481 

Query: 6 MTYRRLISMMGFKMNYQVNGYPNMFITREEARHAW]GFDVEGCHATRDAVGTNLPLQ 
±TY RLIS-IMGFK±± ++GY +FITPA-EAIR VRAW+GFD EG HATRD++GTN PLQ

Sbj ct: 1586 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIRRVRAVGFDAEGA{ATRDSIGTNFPLQ 1645

Query: 66 LGFSTGVNLVAVPTGYVDTEN1NTEFTRVA1PPPGDQFKHLIPLMYKGLPWNVVIKIVQ 125
LGFSTGl+ V TG F A+ PPG+QFKHL+PLM +G W+VI+IVQ

Sbj at: 1646 LGFSTGIIDFVVEATGMFAERDGYVFKKAVARAPPGEQFKHLVIpLMSRGQKWqDVv-RIRIVQ 1705

Query: 126 MLSDTLKGLSDRVFVLWAHGFELTSKYFVKIGPERTCCLCDKRATCFSTSSDTYACWN 185
MLSD L L±D VV V WA FELT ++YF K+G E C Y CW

Sbj ct: 1706 MLSDHLVDLADSVLVTWAASFELTCLRYFAKVGKEVCSVCNKATCFNSRTGYYGCWR 1765

Query: 186 HSVGFDYVNPFMIDVQQWGFTGNLQSI\HDQHCQVHGNAHiVASCDAIMTRCLA\JHECFVK 245
HS DY-IYNP ++D-IQQWG+TG±L SNHD C VH AE-VAS DAIMTRCLAVH+CF K

Sbj at: 1766 HSYSCDYLYNPLIVDIQQWGYTGSLTSNHDLICSVHKGAHVASSDAIMTRCLAmHDCFCK 1825

Query: 246 RV7DWSVEYPTIIDELRVNSACRKVQHMVVKSAJLADKFPVLHDIGNPYkATKCVPQAEVIEW'305
V+WS+EYPII VN++CR +Q V +DIG"PK CV 

Sbj ct: 1826 SVNWSLEYPIISNEVSVNTSCRLLQRVMFRAAM~LCNRYDVCYDIGNPKGLACVKG--YDF 1883

Query: 306 KFYDAQPCSDKAYKIEELFYSYATHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KEYDA P Y Y H D+F DG+C+FWNCNVD+YPANA+VCRFDTRVL+

Sbj at: 1884 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCI4FWNCNVDKYPANAVVCRFDTRVLNK 1940

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVJVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NLK -FPFFYYSD+PC I DYVPL

Sbj at: 1941 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPMPFFYYSDTPCVY-EGMESKQfYVPL 2000

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITRCNLGGAVC HA +YR+YL++YN +AGF+ W+YK FD YNLWNTFTRLQS

Sbj at: 2001 RSATCTTRCNLGGAVCLKHAEDYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2060

Query: 486 L 486
L

Sbjct: 2061 L 2061

>gij66257611gblAAF19384.11AF201929_2 RNA-directed RNA polymerase [murine
hepatitis virus strain 2]
gil77395951gbJAAF6892o.1IAF207902_2 RN~A-directed RNA polymerase [murine

hepatitis virus strain YIL-11]
Length 2733

Score 637 bits (1643), Expect 0.0
Identities 287/481 Positives 366/481 Gaps 5/481 

Query: 6 MTYRRLISMMGFKMNYQVNGYPNKFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQ 
+TY RLTS+MGFK++ ++GY +FITR+EAIR VRAW+GFD E9 HATRD+IGTN PLQ

Sbj at: 1587 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIRRVRAWVGFDAEGAHATRDSIGTNFPLQ 1646

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
LGFSTGi+ V TG F A+ PPG+QFKHL+PLM +G W+VVRI+TVQ



WO 2004/092360 PCT/US2004/011710

160/193

Sbj ct: 1647 LGFSTGTDFVVEATGMFAERDGYVFKKAVAPAPPGEQFKHLVPLMSRGQKWDVVRIRIVQ 1706

Query: 126 MLSDTLKGLSDRWFVLWAHGFELTSMKYFVKTGPERTCCLCDKRATCESTSSDTYACWN 185
MLSD L L+D VV V WA FELT ++YF K+G E C Y CW

Sbj at: 1707 MLSDHLVDLADSVVLVTWAASFELTCLRYFAKVGKEVVCSVCNKBATCENSRTGYYGCWR 1766

Query: 186 HSVGFDYVYNPFNIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HS DY-iYNP ++D+QQWG+TG±L SNHD C VH ANVAS DAIMTRCLAVH+CF K

Sbj ct: 1767 HSYSCDYLYNPLTVDIQQWGYTGSLTSNHDLICSVHKGAHVASSDAIMTRCLAVHDCFCK 1826

Query: 246 RV7DWSVEYPIIGDELRVNSACRKVQHYVVKSALLADKFPVLHDIGNPKAIKCVPQAEVEW 305
V+WS+EYPII VN++CR +Q V +DIGNPK CV 

Sbj ct: 1827 SVNWSLEYPITSNEVSVNTSCRLLQRVMFRAAM4LCNRYDVCYDTGNPKGLACVKG--YDF 1884

Query: 306 KFYDAQPCSDKAYKIEELFYSYATHHDKFTDGVCLFWNCNVDRYPANATVCRFDTRVLSN 365
KEYDA P Y Y H D+F DG+C+FWNCNVD+YPANA+VCRFDTRVL+

Sbj ct: 1885 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCNFWNCNVDKYPANAVVCRFDTRVLNK 1941

Query: 366 *LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NLK +PFFYYSD+PC +DYVPL

ShI ct: 1942 LNLPGCNGGSLYVNKHAFHTSPFTRAAPENLKPNPFFYYSDTPCVYMEGMESKQVDYVPL 2001

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITRCNLGGAVC HA +YR+YIJ++YN -IAGF+ W+YK FD YNLWNTFTRLQS

Sbj at: 2002 RSATCITRCNLGGAVCLKHAEDYREYLESYNTATTAGFTFW1YKTFDFYNLWNTFTRLQS 2061

Query: 486 L 486
L

Sbjct: 2062 L 2062

>gil26411281gbjAAB86818.11 RNA-directed RNA polyrnerase [rnuririe hepatitis
virus]

Length 2733

Score 635 bits (1637), Expect 0.0
Identities 286/481 Positives 364/481 Gaps 5/481 

Query: 6 MTYRRLISMMGFKMiNYQVNGYPNIFITREEAIREVRAWIGFDVEGCHATRDAVGTNLPLQ 
+1TY RLIS+MGFK±+ +-JGY +FITR±EAI+ VRAWIGFD EG HA RD+i+GTN PLQ

Sbj ct: 1587 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIKRVRAWVGFDAEGAHAIRDSTGTNFPLQ 1646

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
LGFSTG V TG F A+ PPG+QFKHLIPLM +G W+VVRI+IVQ

Sbj at: 1647 LGFSTGIDFVVEATGMFAERDGYVFKKAAARAPPGEQFKHLIPLMSRGQKWDVVRIRIVQ 1706

Query: 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKPATCFSTSSDTYACWN 185
MLSD L L+D VV V WA FELT -H-YF K+G E C +C KRATC'+ Y CW

Shi at: 1707 MLSDHLADLADSVkTLVTWAASFELTCLRYFAKVGREVVCSVCTKRATCFNSRT MYGCWR 1766

Query: 186 HSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HS DY+YNP ++D+QQWG+TG+L SNED C VE AHVAS DAIMTRCLAVH+CF K

Sbj at: 1767 HSYSCDYLYNPLIVDIQQWGYTGSLTSNHDPICSVEKGAHVASSDAINTRCLAVHDCFCK 1826

Query: 246 RVDWSVYPIIGDELRVNSACPKVQHMVVK SALLADKFPVLHIDTGNPKAIKCVPQAEVEW 305
V+W+i-EYPIT VN++CR +Q V +DIGNPK CV 
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Sbj ct: 1827 SVNWNLEYPTISNEVSVNTSCRLLQRVMFRAAMvLCNRYDVCYDTGNPKGLACVKG- -YDF 1884

Query: 306 KFYDAQPCSDKAYKIEELFYSYATHHDKFTDGVCLFWNCNVDRYPANAIVCRFPTRVLSN 365
KEYDA P Y Y H D-1F DG+C+FWNCNVDfYPANA+VCRFDTRVL

Sbj at: 1885 KFYDASPV- VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANAVVCRFDTRVLNK 1941

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDTDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NLK PFFYYSD+PC ±DYVPL

Sbj at: 1942 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPNPFFYYSDTPCVYMEGNESKQVDYVPL 2001

Query: 426 KSATCTTRCNLGGAVCRHHANEYRQYLDAYNNMTSAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITRCNLGGAVC HA EYR+YL++YN +AGF+ W+YK FD YNLWNTFTRLQS

Sbj at: 2002 RSATCTTRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWAVYKTFDFYNLWNTFTRLQS 2061

Query: 486 L 486
L

Sbjct: 2062 L 2062

>gil43774131enbICAA36202.lj open reading frame lb (AA 1-2733) [IMurine
hepatitis virus]

Length 2733

Score 634 bits (1636), Expect 0.0
identities 286/481 Positives 364/481 Gaps 5J481 

Query: 6 MTYRRLISMMGFKNYQVNGYPNM~FTREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQ 
+TY RLTS+MGFK±+ ++GY +FITR±EAI+ VRAW+GFD EG HA RD++GTN PLQ

Sbj at: 1587 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIKRVRAWVGFDAEGAHAIRDSIGTNFPLQ 1646

Query: 66 LGFSTGVNLVAVPTGYVDTENNTTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
LGFSTG±+ V TG F A+ PPG+QFKHLTPLM +G W+VVRI-TVQ

Sbj at: 1647 LGFSTGIDFWEATGMFAEBDGYVFKKUAARPPGEQFKHLIPLMSRGQKWDVVRIRIVQ 1706

Query: 126 MLSDTLKGLSDRVVFVLWAFIGFELTSMK.YFVKIGPERTCCLCDKRATCFSTSSDTYACWN 185
MLSD L L+D VV V WA FELT ++YF K+G E C +C KRATCF++ Y CW

Sbj at: 1707 MLSDHLVDLADSWVLVTWAASFELTCLRYFAKVGREWVCSVCTKRATCFNSRTGYYGCWR 1766

Query: 186 HSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHONAHVASCDAINTRCLAVHECFVK 245
HS DY+YNP ++D+QQWGITG±L SNHD C VH AHVAS DAIMTRCLAVH-CF K

Sbj at: 1767 HSYSCDYLYNPLTVDIQQWGYTGSLTSNHDPICSVHKGAHVASSDAIMTRCLAVHDCFCK 1826

Query: 246 RVDWSVEYPITGDELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAEVEW 305
V+W++EYPII VN++CR +Q V +DIGNPK CV 

Sbj at: 1827 SVNWNLEYPIISNEVSVNTSCRLLQRVMFRAAMLCNRYDVCYDIGNPKGLACVKG--YDF 1884

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KFYDA P Y Y H D+F DG+C+FWNCNVDIYPANA+VCRFDTRVL+

Sbj at: 1885 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANA~vVCRFDTRVLNK 1941

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC-IGGSLYVNKHAFHT F ++AF NLK +PFFYYSD±PC A-DYVPL

Sbj at: 1942 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPNPFFYYSDTPCVYMEGMYESKQVDYVPL 2001

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNNMISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCTTRCNLCGAVC HA EYR±YL++YN +AGF+ W+YK FD YNLWNTFTRLQS
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Sbj ct: 2002 RSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2061

Query: 486 L 486
L

Sbjct: 2062 L 2062

>gi 133592jsp IP16342jIRRPBCVMA5 RNA-DIRECTED RNA POLYMERASE (ORFIB)
gil939161pirlIS15760 genome polyprotein ruurine hepatitis virus (strain

A59)

Length 2733

Score =634 bits (1636), Expect 0.0

identities 286/481 Positives =364/481 Gaps 5/481 

Query: 6 M~TYRRLISMMGFKMNYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQ 
1-TY RLIS+MGFK++ 4+GY -iFITR+EAI+ VRAW+GFD EG HA RD++GTN PLQ

Sbj ct: 1587 VTYSRLISLMGFKLDLTLDGYCKLFITRDEAIKRVRAWVGFDAEGAEAIRDSIGTNFPLQ 1646

Query: 66 LGFSTGVNLVAVPTGYVDTETNNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRTKTVQ 125
LGFSTG+± V TG F A+ PPG+QFKNLIPLN +G W+VVRT+TVQ

Sbj ct: 1647 LGFSTGIDFVVEATGMFAERDGYVFKKAAARAPPGEQFKHLIPLNSRGQKWDVVRIRIVQ 1706

Query: 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACWN 185
MLSD L L+DVVWA FELT ++YF K+G E C +C KATCF+± Y CW

Sbj ct: 1707 MLSDHLVDLADSVVLVTWAASFELTCLRYFAKVGREWVCSVCTKRATCFNSRTGYYGCWR 1766

Query: 186 HSVGFDYVYNPFNTDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAINTRCLAVHECFVK 245
HS DY+YNP ++D-IQQWG+TG+L SNHD C VH AHVAS DAINTRCLAVH+CF K

Sbj ct: 1767 HSYSCDYLYNPLIVDIQQWGYTGSLTSNHDPICSVBKGAHVASSDAIMTRCLAVHDCFCK 1826

Query: 246 RVDWSVEYPTIGDELRVNSACRKVQHMVVKSALLADKFPVLHDG\PKATKCVPQAEVEW 305
V+W-i+EYPII VN++CR +iQ V +DIGNPK CV 

Sbj Ct: 1827 SVNWNLEYPISNEVSVNTSCRLLQRVMFRAA14LCNRYDVCYDTGNPKGLACVKG--YDF 1884

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365

KFYDA P Y Y H D+F DG+C+FWNCND+YPANA+VCRFDTRVLr

Sbj ct: 1885 KFYDASPV VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANAVVCRFDTRVLNK 1941

Query: 366 LNLPGCDGGSLYVNKHAFHPPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
]INLPGC+GGSLYVNKHAFHT F ++AF NLK +PFFYYSD+PC +DYVPL

Sbj ct: 194 LNLPGCNGGSLYVNKHAPHTSPFTRAAFENLKPMPFFYYSDTPCVYMEGMESKQVDYVPL 2001

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNI'ISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITRCNLGGAVC HA EYR-IYL+±YN ±AGF+ W±YK FD YNLWNTFTRLQS

Sbj ct: 2002 RSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2061

Query: 486 L 486
L

Sbjct: 2062 L 2062

>gil260080801refINP_-15003.21 orfiab polyprotein [Bovine coronavirusj

Length 7094

Score 633 bits (1633), Expect e-180
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Identities

Query: 6

Sbjct: 5948

Query: 66

Sbjct: 6008

Query: 126

Sbjct: 6068

Query: 186

Sbjct: 6128

Query: 246

Sbict: 6188

Query: 306

Sbjct: 6246

Query: 366

Sbjct: 6303

Query: 426

Sbjct: 6363

Query: 486

Sbjct: 6423

163/193

=284/481 Positives 367/481 Gaps 5/481 

MTYRRLISMMGFKYQVNGYPNMFITREEAIRHVAWIGFDVGCI1 TRDAVGTNLPLQ
+TY RLIS+MGFK++ ++GY +FIT+EEA++ VRAW+GFD EG HATR]D++GTN PLQ
VTYSRLI SLMGFKLDVTLDGYCKLFITKEEAVKRVRAWVGFDAEGAHATRDS IGTNFPLQ

LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMiYKGLPWNVVRIKIVQ
LGFSTG++ V TG F AK PPG+QFKHLIPLM +0 W±WVR +IVQ
LGFSTGIDFVVEATGLFADRDGYSFKKAVAAPPGEQFKHL.IPLMTRGQRWDVyRPRIVQ

MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKFATCFSTSSDTYACWN
X +D LLSDVV VWA FELT ++YF K+G E+C +C KRAT+++ YCW
MFDLDSCVVWAFLCRFAVRICVTRTYSTYGW

HSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHXASCDAIMTRCLAVECFVKJ
HSV DY+YNP +±D+QQWG+ G+L SNHD +C VH Al-WAS DAIMT-RCLAV±±CF
HSVTCDYLYNPLIVDIQQWGYIGSLS SNH-DLYCSVHKGAHVAS SDAIMTRCLAVYDCFCN

RVDWSVEYPI IGDELRVNSACRKVQHVKSALLADKFPVLHDIGNPKJAIKCVPQAEVEW
++W+VEYPII +EL +N++CR +DIGNPKAI CV 

NINWNVEYPI ISNELSINTSCRVLQRVI4LKAAMLCNRYTLCYDIGNPKAIACV--KDFDF

KFYDAQPCSDKAYKEELFYSYAIHHDKTDGVCLFNCNVDRYPANAIVCRFDTRVLSN
KFYDAQP L YS+ H D F DG-fC+FWNCNVD+YP NA+VCRFDPRVL+N
KFYDAQPI -VKSVKTLLYSFEAHKDSFKDGLCMFWNCNDKYPPNAVVCRFDTRVJN

LNLPGCDCGSLYTKHAFHTPAFDKSFTNLKQLPFFYYSDS PCESHGKQVVSDTDYVPL
LNLPGC+GGSLYVNKHAFHT F ++AF +LK +PFFYYSD+PC -DYVPL
LNPCGSYNHFTPSAFHLPPFYDPVMGDKVYP

KSATCITRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWIYKQFDTYNLNTFTRLQS
KSATCITRCNLG3GAVC HA EYR+YL++YN +AGFm W+YK FD YNLWNTFT+LQS.
KSAkTCITRCNLGGAVCLKHAEEYREYLESYTATTAGFTFVYKTFDFYLWTFTKLQS

L 486
L
L 6423

6007

125

6067

185

6127

245

6187

305

6245

365

6302

425

6362

485

6422

i007

067

127

>giJ150778201gbIAAK83365.11 replicase [bovine coronavirus]
Length 7094

Score 633 bits (1633), Expect =e-180
Identities 284/481 Positives 367/481 Gaps 5/481 

Query: 6 MTYRRTISMGFKYQVNGYPNMFITREEAIFJPJPAWIGFDVEGCHATRDAVGTNLPLQ
+TY RLIS+MGFK++ -H-GY -iFIT+IEEA++ VPAW+GFD EG HATRD++GTN PLQ

Sbj at: 5948 VTYSRLISLMGFKLDVTLDGYCKLFITKEEAVKRVRAWVGFDAEGAl{ATRDSIGTNFPLQ

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVDNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ
LGFSTG+± V TG F AK PPG+QFKHLIPLN +G W+VVR +IVQ

Sbjct: 6008 LGFSTGTDFWVEATGLFADRDGYSFKKAVAAPPGEQFHLIPLTRQRWYVPRPRIVQ

Query: 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKPATCFSTSSDTYACWN
M L LSD VV VWA FELT ++YF K+G E +C +C KRAT Y CW

Sbjc:: 6068 MFADHLIDLSDCVVLVTWAANFELTCLRYFAKVGREISCNVCTKRATAYNSRTGYYGCWR

6

1

6

1

6
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Query: 186 HSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAIIVASCDAIMTRCLAVHECFVK 245
HSV DY+ YNP 4±+D+QQWG+ GA-L SNED +C VH ARVAS DAIMTRCLAV+±CF

Sbj ct: 6128 HSVTCDYLYNPLTVDIQQWGYIGSLSSNHDLYCSVHKGABVASSDAIMTRCLAVYDCFCN 6187

Query: 246 RVDWSVEYPIIGDELRVNSACPRKVQHI4WVKSALLADKFPVLHDIGNPKATKCVPQAEVEW 305
++W+VEYPII ±EL +N++CR +Q +K+A+L +DIGNFKAI CV -H-

Sbj ct: 6188 NINWNVEYPIISNELSINTSCRVLQRV-LKAAMLCNRYTLCYDIGNPKAIACV--KDFDF 6245

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANATVCRFDTRVLSN 365
KFYDAQP L YS+ H D F DG+C+FWNCNVD+YP NA+VCRFDTRVLN

Sbj ct: 6246 KFYDAQPT- -VKSVKTLLYSFEAHKDSFKDGLCMFWNCNVDKYPPNAWVCRFDTRVLNN 6302

Query: 366 LNLPGCDGGST4YVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC-IGGSLYVNKHAFHT F ++AF +LK 4PFFYYSD+PC +DYVPL

Sbj ct: 6303 TNLPGCNGGST.YVNKHAFHTKPFSRAAFEHLKPPFFYYSDTPCVYMDGMDAKQVDYVPL 6362

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWTYKQFDTYNLWNTFTRLQS 485
KSATCTTRCNLGGAVC HA EYR-IYL++YN +AGF+ W+YK FD YNLWNTFT+LQS

Sbj at: 6363 KSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYZNLWNTFTKLQS 6422

Query: 486 L 486
L

Sbjct: 6423 L 6423

>gi1180339721gbjkAL57305.11j replicase [bovine coronavirus]
Length 7094

Score =633 bits (1633), Expect =e-180
Identities =284/481 Positives =367(481 Gaps =5/481 

Query: 6 MTYRRLISMMGFKMNYQVNGYPNI4FITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQ 
+TY RLIS+MGFK++ ++GY FTT+EEA++ VRAW+GFD EQ HATRD++GTN PLQ

Sbj at: 5948 VTYSRLISLMGFKLDVTLDGYCKLFITKEEAVKRVRAWVGFDAEGAHATRDSIGTNFPLQ 6007

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLTPLMYKGLPWNVVRIKTVQ 125
LGFSTG++ V TG F AK PPG+QFKHLIPLM +G W+VVR +IVQ

Sbj]ct: 6008 LGFSTGIDFWEATGLFADRDGYSFKKAVAKAPPGEQFKHLTPLMTRGQRWDVVRPRIVQ 6067

Query: 126 MLSDTLKGTLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACWN 185
M +D LLSDVVAEL T+YF K+GEC+CK+ RAT 4Y CW

Sb]ct: 6068 MFADHLIDLSDCVVTLVTWAANFELTCLRYFAKVGREISCNVCTKRATAYNSRTGYYGCWR 6127

Query: 186 HSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAIVASCDAIMTRCLAVHECFVK 245
HSV DY+YNP ++D+QQWG+ G+L SNHD +C VH AHVAS DATMTRCLAV++CF

Sbj ct: 6128 H-SVTCDYLYNPLIVDIQQWGYIGSLSSNHDLYCSVHKGAI3VASSDAIMTRCLAVYDCFCN 6187

Query: 246 RV1DWSVEYPTTGDELRVNSACRKVQHWMJVKSAL'[LADKFPVLHDTGN\PKAIKCVPQAEVEW 305
++W+VEYPII +EL +N++CR +Q +DIGNPKAI CV 

Sbj ct: 6188 NINWNVEYPIISNELSINTSCRVLQRVMYLKAAMLCNRYTLCYDIGNPKAIACV--KDFDF 6245

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KPYDAQP L YS+ H D F DG+C+FWNCNVD+YP NA+VCRFDTRVL+N

Sbj ct: 6246 KFYDAQPI VKSVKTLLYSFEAIKDSFKDGLCMFWNCNV1DKYPPNAVVCRFDTRVLNN 6302
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Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDDYZVPL 425
LNLPGC±GGSLYVNKHAFHT F ++AF +LK +PFFYYSD+PC +DYVPL

Sbj ot: 6303 LNLFGCNGGSLYVNKHAFHTKPFSRAAPEHLKPMPFFYYSDTPCVYDGMDAKQVDYVPL 6362

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLEDAYNMMISAGFSLWIYKQFDTYNLWNTFTRLQS 485
KSATCTTRCNLGGAVC HA EYR+YL++YN +AGF+ W+YK FD YNLWNTFT+LQS

Sbj ct: 6363 KSATCITRCNLGGAVCLKHAEEYREYLBSYNTATTAGFTFWVYKTFDFYNLWNTFTKLQS 6422

Query: 486 L 486
L

Sbjct: 6423 L 6423

>qi 77693531gblAAF69342.11AF208067_2 RNA-directed RNA polyinerase lirurine
hepatitis virus]

Length 2733

Score =633 bits (1633), Expect e-180
Identities 285/481 (59%y, Positives 364/481 Gaps 5/481 

Query: 6 NTYRRLISMNGFKMNYQVNGYPNMFITREEAIRTTVRAWTGFDVEGCHATRDAVGTNLPLQ 
RLIS+MGFK++ ++GY FTTR+EAI- VRAW+GFD EG HA RD++GTN PLQ

Sbj ct: 1587 VSYSRLISLMGFKLDLTLJDGYCKLFTTRDEAIKRVRAWVGFDAEGAHAIRDSIGTNFPLQ 1646

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLT PLMYKGL PWNVVRTKIVQ 125
LGFSTG++ V TG F A+ PPG+QFKHLIPLN +G W+VVRI+IVQ

Sbj at: 1647 LGFSTGIDFVVEATGMFAERDGYVFKKAAAPAPPGEQFKHLTPLMSRGQKWDVVRIRIVQ 1706

Query: 126 MLSDTLKGLSDRWFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTS SDTYACWN 185
NLSD L L±D VW V WA FELT +-tYF K+G E C +C KRATCFi- 4I Y CW

Sbj ct: 1707 NLSDHLVDTJADSVVLVTWAASFELTCLRYFAKVGREVVCSVCTKRATCFNSRTGYYGCWR 1766

Query: 186 HSVGFDYVYNPFMTDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HS DY-IYNP ±+D+QQWG+TG+L SNHD C VH ANVAS DATMTRCLAVH+CF K

Sbj ct: 1767 HSYSCDYLYNPLIVDIQQWGYTGSLTSNHDPICSVIIKGAHVASSDAIMTRCLAVHDCFCK 1826

Query: 246 RVDWSVEYPIIGDELRVNSACRKVQHMVVKSALLADKFPVLHDTGNPKATKCVPQAEVEW 305
V+W+±EYPII VN++CR +tQ +-iA+L V +DIGNPK CV 

Sbj at: 1827 SVNWNLEYPTISNEVSVNTSCRLLQRVMFRA-AMLCNRYDVCYDTGNPKGLACVKG- -YD)F 1884

Query: 306 KFYDAQPCSDKAYKIEELFYSYATHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KFYDA P Y Y H D+F DG+C+FWNCNVD+YP2\NA+VCRFDTRVL+

Sbj ct: 1885 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANAVVCRFDTRVLNK 1941

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPCC+GGSLYVNKHAFHT F ++AF NLK +PFFYYSD+PC +DYVPL

Sbj ct: 1942 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPMPFFYYSDTPCVYMEGMESKQVDYVPL 2001

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNMflISAGFSLWIYKQFDTYNLWNTFTRLQS 485
+SATCITRCNLGGAVC HA EYR+YL++YN +AGF+ W+YK FD YNLWNTFTRLQS

Sbj ct: 2002 RSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQS 2061

Query: 486 L 486
L

Sbjct: 2062 L 2062
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>gil175296721gbnlAAL40397.lIAF220295_2 RNA polyrnerase lb [bovine
coronavirusl

Length 2685

Score 623 bits (1607), Expect =e-177
Identities 282/481 Positives =365/481 Gaps 5/481 

Query: 6 MTYRRLI SMMGFX MYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTM-iPLQ 
+1TY RLIS+MGFK++ ++GY +FIT+EEA++ VRAtW+GFD EG HATRD++G'rN PLQ

Sbj ct: 1574 VTYSRLISLMGFKLhDVTLDGYCKLFTTKEEAVKRTRAWVGFDAEGAHATRDSIGTNFPLQ 1633

Query: 66 LGFSTGVTNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
LGFSTGI+ V TG F AK PPG+QFKHLIPLM +G W+VVR +IVQ

Sbi ct: 1634 LGFSTGIDFVVEATGLFADRDGYSFKKAVAKAPPGEQFKHLIPLMTRGQRWDVVRPRIVQ 1693

Query: 126 MLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKGPERTCCLCDKATCFSTSSDTYACWN 185
M +D L LSD VV VWA FELT ++YF K+G E+C KRAT Y CW

Sbj ot: 1694 MFADHLIDLSDCVVLVTWAANFELTCLRYFAKVGREISCNVSTKRATAYNSRTGYYGCWR 1753

Query: 186 ,HSVGFDYVYNPFMIDVQQWGFTGNLQSNH.DQHCQVHGNAHVASCDAIMTRCLAVHECFVK 245
HSV DY+YNP +-IDQQWG+ G+L SM-ID +C VH AHVAS DATMTRCLAV++CF

Sbj ct: 1754 HSVTCDYLYNPLIVDIQQWGYIGSLSSNIIDLYCSVHKGAHVASSDAIMTRCLAVYDCFCN 1813

Query: 246 RVDWSVEYPT TGDELRVNSACRKVQHMVVKSALLADKFVLHDIGNPKAIKCVPQAEVEW 305
+-IW+VEYPII +EL +N++CR +Q +K+A+L +DTGNPKAT CV +I 

Sbj ct: 1814 NTIhWNVEYPIISNELSINTSCRVLQRVMLKAAMLCNRYTLCYDIGNPKATACV--KDFDF 1871

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365'
KFYDAQP 1+ L Y H D F DG3+C+FWNCNVD+YP NA+VCRFDTRVLIN

SbI ct: 1872 KFYDAQPI---VKSVKTLLYFFEAHKDSFKDGLCMFWNCNVDKYPPNAVVCRFDTRVLNN 1928

Query: 366 -LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF +LK +PFFYYSD+PC +DYVPL

SbI ct: 1929 LNLPGCNGGSLYVNKHAFHTKPFSRAAFEHLKPMPFFYYSDTPCVYMYDGMDAKQVDYVPL 1988

Query: 426 KSATCITRCNLGGAVCRHHANYEYRQYLDAYNMIYISAGFSLWIYKQFDTYNLWNTFTRLQS 485
KSATCITRCNLGGAVC HA EYR+YL++YN +AGF+ W±YK FD YNLWNTFT+LQS

Sbj ct: 1989 KSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWINTFTKLQS 2048

Query: 486 L 486
L

Sbjct: 2049 L 2049

>gil251215711refINP -740618.11 coronavirus nspll lMurine hepatitis virus]
Length 521

Score 622 bits (1603), Expect e-177
Identities 284/479 Positives 362/479 Gaps 5/479 

Query: 6 MTYRRLISMMGFKTSNhYQVNGYPNMFITREEAIRHVAWIGFDVEGCHATRDAVGTNLPLQ 
+TY RLIS+MGFK++ ++GY +FITR+EAI+ VRAW+GFD EG HA RD++GTN PLQ

Sbj ct: 48 VTYSRLISLMGFKLDLTLDGYCKLFTTR]DEATKRVPAWVGFDAEGAHAIRDSIGTNFPLQ 107

Query: 66 LGFSTGVNLVAVPTGYDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQ 125
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LGFSTG++ V TG F A+ PPG+QFKHLIPLMv +G W+VVRI+IVQ
Sbjct: 108 LGFSTGIDFWEATG4FAERDGYVFKKAAARAPPGEQFKHLIPLMSRGQKWDVTRIRIVQ 167

Query: 126 MLSDTLKGLSDRVFLWAHGFELTSM~KYFVKIGPERTCCLCDKRATCFSTSSDTYACWN 185
MLS]D L L-iD VV V WA FELT ++YF K+G E C +C KRATCF+± Y CW

Sbj ct: 168 MLSDHLADLADS'VVLVTWAASFELTCLRYFAKVGREVVCSVCTKRATCFNSRTGYYGCWR 227

Query: 186 HSVGFDYVYNPFMIDVQQWGFTGN\LQSNHDQHCQVHGNA{VASCDAIMTRCLAVHECFTK 245
HS DY+YNP ++D+QQWG+TG+L SN-D C VH PJ{VAS DAIMTRCLAVHICF K

Sbj ct: 228 HSYSCDYLYNPLIVDTQQWGYTGSLTSNHDPICSVHKGAHVASSDAIMTRCLAVHDCFCK 287

Query: 246 RVDWSVEYPTIGDELRVNSACRKVQHM~VKSALLADKFPVLHDTGNPKATKCVPQAEVEW 305
V+W++EYPII VN++CR +Q i V +IGNPK CV 

Sbj ct: 288 SVNVIJLEYPI ISNEVSVN'TSCRLLQRVMFRAAMLCNRYDVCYDIGNPKGLACVKG- -YDF 345

Query: 306 KFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAI-VCRFDTRVLSN 365
KFYDA P Y Y H D+F DG-IC+FWNCNVD+YPANA+VCRFDTRVL+

Sbj ct: 346 KFYDASPV- -VKSVKQFVYKYEAHKDQFLDGLCMFWNCNVDKYPANAVVCRFDTRVLNK 402

Query: 366 LNLPGCDGGSLYVNI{HAFHTPAFDKSAFTNTLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGSLYVNKHAFHT F ++AF NT1K +PFFYYSDiPC +DYVPL

Sbj ct: 403 LNLPGCNGGSLYVNKHAFHTSPFTRAAFENLKPMPFFYYSDTPCVYMEGMESKQVDYVPL 462

Query: 426 KSATCITRCNLGGAVCRHHANEYRQYLDAYNMMYISAGFSLWIYKQFDTYNLWNTFTRLQ 484
+SATCITRCNLGGAVC HA EYR+YL-IYN 4AGF+ W±YK FD YNLWNTFTRLQ

Sbj ct: 463 RSATCTTRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTRLQ 521

>giI26008O921refINP -742140.11 coronavirus nspll [Bovine coronavirus]
Length 521

Scare 617 bits (1590), Expect e-175
Identities 282/479 Positives 365/479 Gaps 5/479 

Query: 6 MTYRRLISMMI~GFKNYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQ 
+TY RLILS+NGFK++ ++GY -IFIT+EEA++ VRAW+GFD EG HATRD++GTN PLQ

Sbj ct: 48 VTYSRLISLNGFKLDVTLDGYCKLFTTKEEAVKRVRAWVGFDAEGAHATRDSTGTNFPLQ 107

Query: 66 LGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLTPLMYKGLPWNVVRTKJVQ 125
LGFSTG++ V TG F AK PPG+QFKHLIPLM +G W+VVR +TVQ

Sbj ct: 108 LGFSTGIDFVVEATGLFADPIJGYSFKKAVAKAPPGEQFKHLIPLMTRGQRWDVVRPRIVQ 167

Query: 126 MLSDTLKGLSDRWFVLHGFELTSMKYFVKIGPERTCCLCDKATCFSTSSDTYACWNh 185
M +D LLSDVVWA FELT ++YF K+G E+C +C KRAT YCW

Sbj ct: 168 MFADHLIDLSDCWLVTWAANFELTCLRYFAKVGREISCNVCTKRATAYNSRTGYYGCWR 227

Query: 186 HSVGFDYVYNPFMTDVQQWGFTGNLQSNHDQHCQVHGNAIVASCDAITRCLAVIECFVX 245
HSV DY+YNP ++D+QQWG+ G+L SM-ID +C VH- AHVAS DATNTRCLAV++CF

Sbj ct: 228 HSVTCDYLYNPTJVDTQQWGYTGSLSSNHDLYCSVHKGAHVASSDATNTRCLAVYDCFCN 287

Query: 246 RVDWSVEYPIIGDELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAEVEW 305
±-W±VBYPII +EL +Q KK4A+L +I -IDIGNPKAI CV 

Sbj at: 288 NINWNVEYPIISNELSINTSCRVLQRVMLKAANLCNRYTLCYDIGNPKAIACV--KDFDF 345

Query: 306 KFYDAQPCSDKAYKTEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSN 365
KFYDAQP L YS+ H D F DG+C+FWNCNVD+YP NA+VCRFDTRVL+N
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Sbi ct: 346 KFYDAQPI VKSVKTLLYSFEAHKDSFKDGLCMFWNCNVDKYPPNAWVCRFDTRVLNN 402

Query: 366 LNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPL 425
LNLPGC+GGLYVNKTHAFHT F ++AF -ILK +PFFYYSD+PC ±DYVPL

Sbjct: 403 LNLPGCNGGSLYVNKHAFHTKPFSRAAFEHLKPMPFFYYSDTPCVYMEGMDAKQVDYVPL 462

Query: 426 KSATCITRCNLGGAVCRHHAEYRQYLDAYNISAGFSLWIYKQFDTYNLWNTFTRLQ 484
KSATCITRCNLGGAVC HA EYR+YL±±YN +AGF± W+YK FD YNLWUTFT-LQ

Sbj ct: 463 KSATCITRCNLGGAVCLKHAEEYREYLESYNTATTAGFTFWVYKTFDFYNLWNTFTKLQ 521

>giI102424691refINP -066134.11 ORFiab polyprotein; frarneshift product [Avian
infectious bronchitis

virus]
Length 6629

Score =575 bits (1482), Expect e-163
Identities 262/482 Positives 344/482 Gaps 5/482 

Query: 5 DMTYRRLISMGFKMNYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPL 64
++ITY+ LIS++GFKMy+ V G NNFITR+EAIR+VR W+GFDVE HA +GTNLP

Sbj ct: 5515 EiTYKHLISLLGFKM'SVNVEGCHNMFITRDEAIRNVRGWVGFDVEATHAkCGTNIGTNLPF 5574

Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLTPLMYKGLPWNVVRTKIV 124
Q-iGFSTG V P G VDT F VN+K PPG+QF HL L PW+V+R +IV

Sbj ct: 5575 QVTGFSTGADFVVTPEGLVDTSIGNNFEPVNSKAPPGEQFNHTLRVLFKSAkKPWHVIRPRIV 5634

Query: 125 QNILSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACW 184
QDIL+D L +SD VVFV W HG YFVKIG E+ C C RAT Fi-I YACW

Sbj ct: 5635 QMILADNLCNVSDCVVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 5693

Query: 185 NHSVGFDYVYNPFMIDVQQWGFTIGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFV 244
H +GFD+VYNP ++D+QQWG++GNLQ NHD HC VHG-iAHVAS DAIMTRCLA±+ F

Sbj ct: 5694 KHCLGFDFVYNPLLVDIQQWGYSGNLQFNHDLHCNVHGHAHVASVDAIMTRCLAINNAFC 5753

Query: 245 KRVDWSVEYPIIGDELRVNSACRKVQHYYVVKSALTLADKFPVLHDIGNPKATKCVPQAEVE 304
V+W +YP I +E VNS-iCR +Q M AK V-I-DIGNPK IKCV +V

Sbj ct: 5754 QDVNWDLTYPHIANEDEVNSSCRYLQRM~YLNACVDALKVNVVYDIGNPKGIKCVRRGDVN 5813

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANATVCRFDTRVLS 364
FYD P E Y Y H DKF DG+C+FWNCNVD YP N++VCR+DTR BjS

Sbj ct: 5814 FRFYDKNPIVPIIVKQFE YDYNQHKDKFADLCMFWNCNVDCYPDNSLVCRYDTRNLS 5870

Query: 365 NLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDTDYVP 424
NLPGC+GGSLYVNKHAF+TP FD+ +F NLK +PFF+Y SPCE+ V+ D V

Sbj ct: 5871 VFNLPGCNGGSLYVNKHAFYTPKFDRTSFRNLKANPFFFYDSSPCETIQVDGVAQ-DLVS 5929

Query: 425 LKSATCITRCNLGGAVCRHHEYRQYLDAYNM~ISAGFSLWIYKQFDTYNLWNTFTRLQ 484
L CIT+CNIGGAVC+ HA Y +YU -I-IAGF+ YNLW LQ

Sbj ct: 5930 LATKDCITKCNIGGAVCKKHAQNYAEFVTSYNAAVTAGFTFWVTNKLNPYNLWKSFSALQ 5989

Query: 485 SL 486

Sbjct: 5990 SI 5991



WO 2004/092360 PCT/US2004/011710

1 69/193

>gi114149033lernbICAC39112.11 replicase polyprotein lab [Avian infectious
bronchitis virus (strain

Beaudette CK)]
Length =6629

Score 575 bits (1482), Expect e-163
Identities 262/482 Positives =344/482 Gaps =5/482 

Query: 5 DMTYRRLISMVMGFKMNYQVNGYPNMFITREEAIRHVRAWVIGFIDVEGCHATRDAVGTNLPL 64
LIS++GFKM+ V G NI4FITR-iEAIR+VR W+IGFDVE, HA +GTNLP

Sbj ct: 5515 EITYKHLTSLLGE'KMSVNVEGCENMFITRDEATRNVRGWVGFDVEATHACGTNIGTNLPF 5574

Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIV 124
Q+GFSTG V P G VDT F VN+K PPG+QF EL L PW+V+R +IV

SbI ct: 5575 QVGFSTGADFWTPEGLVDTSIGNNFEPVNSKAPPGEQFNHLRVLFKSAKPWHVIRPRIV 5634

Query: 125 QMLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACW 184
QM~L+D L +SD VVFV W HG ELT-i++YFVKIC E+ C C RAT YACW

Sbj ot: 5635 QILADNLCNVSDCVVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 5693

Query: 185 NHSVGFDYVYNPFMIDVQQWGFTGNLQSNEDQHCQVHGNAEVASCDAINTRCLAVEECFV 244
H +GFDiVYNP ++D+QQWG++GNLQ NED HC VEG+AHVAS DAINTRCLA++ F

SbI ct: 5694 KHCLGFDFVYNPLLVDIQQWGYSGNLQFNHDLHCNVEGHAHVASVDAINTRCLAINNAFC 5753

Query: 245 KRVDWSVEYPTTGDELRVNSACRKVQHNV-VKSALLADKFPVLHDIGNPKAIKCVPQAEVE 304
V+W YP I +E VNS+CR +Q M A K V++DIGNPK IKCV +V

Sbj ct: 5754 QDVNWDLTYPHTANEDEVNSSCRYLQPI4YLNACVDALKVNVVYDIGNPKGTKCVRRGDVN 5813

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWPNCNVDRYPANAIVCRFDTRVLS 364
++FYD P E Y Y H DKF DG+C+FWNCNVD YP N+ +VCR+DTR LS

Sbj ct: 5814 FRFYDKNPIVRNVKQFE--- -YDYNQHKDKFADGLCMFrNhCNVDCYPDNSLVCRYDTRNLS 5870

Query: 365 NLNLPGCDGGSLYVNKHAFHTPAFIDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVP 424
NLPGC+GGSLYVNKEAF+TP FD+ +F NLK +PFF+Y SPCE+ V+ D V

Sbj ct: 5871 VFNLPGCNGGSLYVNK{AFYTPKFDRISFRNLKAMYPFFFYDSSPCETIQVDGVAQ-DLVS 5929

Query: 425 LKSATCITRCNLGGAVCREHANEYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRLQ 484
L CIT+CN+GGAVC+ HA Y +YN ++AGF+ W+ YNLW LQ

Sbj ot: 5930 LATKDCITKCNIGGAVCKKHAQMYAEFVTSYNAAVTAGFTFWVTNHKLNPYNLWKSFSALQ 5989

Query: 485 SL 486
S+

Sbjct: 5990 SI 5991

>gil458735jembICAA83018.11 potential chimneric protein [Avian infectious
bronchitis virus]

Length 2155

Score 570 bits (1470), Expect e-161
Identities 262/482 Positives 344/482 Gaps 5/482 

Query: 5 DMTYERLISMI GFKNNYQVNGYPNMFITREEAIRHVEAWIGFDVEGCHATRDAVGTNLPL 64
LIS-H-GFKM+ V G NMFITR+EATR+V. W-IGFDVE HA +GTNLP

Sbjcot: 1596 EITYKHLISLLGFKSVNEGCHNThFITRDEAIRN~VRGWVGFDVEATHACGTNIGTNLPF 1655
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Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYyKGLPWNVVRIKIV 124
Q-IGFSTG V P G VDT F VN+K PPG+QF HL L PW+V+R +IV

Sbi ct: 1656 QVGFSTGADFVTPEGLVDTSIGNNFEPVNSKAPPGEQFNHLRVLFKS~kPqWpjIRPRIV 1715

Query: 125 QMLSDTLKGLSDRVV\ThWAHGFELTS\KYFVKIGPERTCCLcDKRATcFSTSSDTYAcw 184
QML+D L +SD VVFV W HG ELT +YFVKIG E+ C C RAT YACW

Sbi at: 1716 QMLADNLCNVSDCVVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 1774

Query: 185 NHSVGFDYVY*NPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAV{ECFV 244
H +GFD+VY-NP ++D-IQQWG++GNLQ NHD HC VHG-iAHVAS DAII4TRCLA++ F

Sbj at: 1775 KHCLGFDFVYNPLLVDIQQWGYSGNLQFNHDLHCNHGHAHiVASVDAIMTRCLAINNAFC 1834

Query: 245 KRVDWSVEYPI IGDELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAEVE 304
V+W YP I +E VNS+CR +iQ M A K V++DIGNPK IKCV +V

Sbi at: 1835 QDVNWDLTYPHIANEDENSSCRYLQI4YLNACVDALKVNVVYDIGNPKGIKCXJRRGDJN 1894

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAHHDKFTDGVCLFWNCNDRYPNAIVCRFDTRV.[S 364
+-IFYD P E Y Y H DKF DG-1C+FWNCNVD YP N++VCR+DTR LS

Sbj at: 1895 FRFYDKNPIVRNVKQFE- -YDYNQHKDKFADGLCNFWNCNVDCYPDNSLVCRYDTRNLS 1951

Query: 365 NLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDyvp 424
NLPGC+GGSLYVNKHAF+TP FD+ +F NLK +PFF+Y SPCE+ V+ D V

Sbj ct: 1952 VFNLPGCNGGSLYVNKHAFYTPKFDRISFRNLKAMPFFFYDSSPCETIQVDGVAQ-DLVS 2010

Query: 425 LKSATCITRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRIQ 484
L CIT+CN+GGAVC+ HA Y +YN +±AGF± W- YNLW LQ

Sbj at: 2011 LATKDCITKCNIGGAVCKKHAQMYAEFVTSYNAAVTAGFTFWVTNKLNPYNLWKSFSALQ 2070

Query: 485 SL 486

Sbjct: 2071 SI 2072

>gi 1133594 Isp IP263141 RRPBJIBVB RNA-DIRECTED RNA POLYMERASE (ORMi)
gil7482Gjpirj fVFIHB2 genome polyprotein avian infectious bronchitis

virus (strain
Beaudette)

gil2929531gblAAA70234.11 poi protein [Avian infectious bronchitis virus]
gil3311731gbjAAA46224.11 ORFib [Avian infectious bronchitis virus)

Length 2652

Score 570 bits (1469), Expect =e-161
Identities 262/482 Positives 344/482 Gaps =5/482 

Query: 5 DMTYRRLISIMIMGFIQGNYQVNGYPNMFITREEAIRHVRAIGFDVEGCHATRDAVGTNLPL 64
LIS++GFKM+ V G NNFITR+EAIR+VR W-IGFDVE HA +GTNLP

Sbj at: 1538 EITYKHLISLLGFKMSVNVEGCHNMFITRDEAIRNVRGWVVGFDVEATHACGTNIGTNLPF 1597

Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWN~VVRIKIV 124
Q+GFSTG V P G VDT F VN+K PPG+QF HL L PW+V+R +IV

Sbj at: 1598 QVGFSTGADFVVTPEGLVDTSIGNNFEPVNSKAPPGEQFNHLRVLFKSAKPWHVIRPRIV 1657

Query: 125 QMLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPBRTCCLCDKRATCFSTSSDTYACW 184
QML+D L +SD VVFV W HG ELT+++IYFVKIG E+ C C RAT YACW

Sbj at: 1658 QMLADNLCNVSDCVVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 1716
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Query: 185 NHSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAVASCDAIMTRCLAVHECFV 244
H +GFD+VYNP ++D-IQQWG++GNLQ NHD HC VHG+AHVAS DAIMTRCLA++ F

Sbj at: 1717 KHCLGFDFVYNPLLVDIQQWGYSGNLQFNHDLHCNVHGHAHVASVDAIMTRCLAINNAYC 1776

Query: 245 KRVDWSVEYPIIGDELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAEVE 304
V+W YP I +E VNS+CR +Q MA A K V+-IDIGNPK IKCV +V

Sbj ct: 1777 QDVNWDLTYPHIANEDEVNSSCRYLQRNYLNACVDALKVNVVYDIGNPKGIKCVRRGDVN 1836

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLS 364
++FYD P E Y Y H DKF DG+C+FWNCNVD YP N±+VCR±DTR LS

Sbi at: 1837 FRFYDKNPIVRNVKQFE YDYNQHKDKFADGLCMFWNCNVCYPDNSLVCRYDTRNLS 1893

Query: 365 NLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVP 424
NLPGC+GGSLYXTNKHAF+TP FD+ +F NLK +PFF+Y SPCE+ V+ D V

Sbj at: 1894 VFNLPGCNGGSLYVNKHAFYTPKFDRISFRNLKAMPFFFYDSSPCETIQVDGVAQ-DLVS 1952

Query: 425 LKSATCITRCNLGGAVCRHHANEYRQYLDAYNMI4ISAGFSLWIYKQFDTYNLWNTFTRLQ 484
,L CIT+CN+GGAVC+ HA Y +YN +±AGF+ W+ YNLW LQ

Sbj at: 1953 LATKDCITKCNIGGAVCKKHAQMYAEFVTSYNAAVTAGFTFWVTNKLNPYNLWKSFSALQ 2012

Query: 485 SL 486

Sbjct: 2013 SI 2014,

>gi 29293454 jgbIAAO677OG .11 ORFib polyprotein [Avian infectious bronchitis
virus]

Length 2649

Score =565 bits (1455) Expect =e-160
Identities =261/482 Positives 342/482 Gaps 8/482 

Query: 5 DIITYRRLISMMGFKNYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPL 64
LTS++GFKM+ V G NNFITR+EATR+VR W+GFDVE HA +GTNLP

Sbj ct: 1538 EITYKHLTSLLGFKMcSVNVEGCHNFITRDEAIRNVRGWVGFDVEATHACGTNIGTNLPF 1597

Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFrRVNAKPPPGDQFKHLIPLMYKGLPWNVkTRIKIv 124
Q+GFSTG V P G +DT F VN+K PPG+QF HL L PW+V+R +IV

Sbj ct: 1598 QVGFSTGADFVVTPEGLIDTSIGNNFEFVNSKAPPGEQFNHLRALFKSAKPWHVIRPRIV 1657

Query: 125 QMLSDTLKGLSBRVVFVLWAHGFELTSNKYFVKIGPERTCCLCDKRATCFSTSSDTYACW 184
QML+D L +SDJ VVFV W HG ELT+-H-YFVKIG E+ C C RAT YACW

Sbj ct: 1658 QMLADNLCNVSDCVVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 1716

Query: 185 NHSVGFDYVYN\PFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAII4TRCLAVHECFV 244
H ±G VYN\P ++D+QQWG++GNLQ NH-D HC VHG+AHVAS DA+M4TRCLA++ F

Sbj ct: 1717 RHCLG VYNPLLVDIQQWGYSGNLQFNIDLHCNVHGHAHVASADAV1MTRCLAINNAFC 1773

Query: 245 KRVDWSVEYPI IGDELRVNSACRKVQHIAVVKSALLADKFPVLHDTGNPKAIKCVPQAEVE 304
K V+W ++YP I +E VNS+CR +Q MV A K V++DIGNPK IKCV +V

Sbj at: 1774 KDVNWELQYPHIANEDEVNSSCRYLQRI4YLNACVDALKVNVYDIGNPKGIKCVRRGDVN 1833

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAIHHDKF'IDGVCLFWNCNVDRYPANAIVCRFDTRVLS 364
+FYD P E Y Y-f H DKF DG+C+FWNCNVD YP N+-iVCR+DTR LS

Sbj ct: 1834 FRFYDKNPIVPNVKQFE- YDYSQHKDKFADGLCMFWNCNVDCYPENSLVCRYDTRNLS 1890
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Query: 365 NLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQWVSDEDYVP 424
NLPGC±GGSLYVNKHAFHTP FD+ ±F NLK +PFF+Y SPCE± V+ D V

Sbj at: 1891 VFNLPGCNGGSLYVNKHAFHTPKFDRISFRNLKAMPFFFYDSSPCETIQVDGVAQ-DLVS 1949

Query: 425 LKSATCITRCNLGGAVCRHHANEYRQYLDAYNMrM4SAGFSLWTYKQFDTYNLWNTFTRLQ 484
L CIT-iCNAGGAVC+ HA Y +YN ++AGF+ W+ F-i YNLW F+ LQ

Sbj at: 1950 LATKDCITKCNIGGAVCKKHAQMYAEFVFSYNAAVTAGFTFWVTNNFNPYNLWKNFSALQ 2009

Query: 485 SL 486
S+I

Sbjct: 2010 SI 2011

>gil251215551refINP -740631.11 coronavirus nspll [Avian infectious
bronchitis virus]

Length 521

Score 559 bits (1440), Expect =-e-158
Identities- 261/480 Positives 342/480 Gaps =5/480 

Query: 5 DMTYRRLISMMGFKI4NYQVNGYPNMFITREEAIRI{VPAWIGFDVEGCHATRDAVGTNLPL 64
LIS++GFKMI V G NYFITR+EAIR+VR W-IGFDVE HA -IGTNLP

Sbj at: 47 EITYKHLISLLGFKMSVNVEGCHNT4FITRDEAIRNVRGWVGFDVEATHACGTNIGTNLPF 106

Query: 65 QLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKFPPGDQFKHLIPLNYKGLPWNVVRIKIV 124
Q1-GFSTG V P G VDT F VN+K PPG+QF HL L PW+V+R +IV

Sbjct: 107 QVGFSTGADFWTPEGLVDTSIGNNFEPVNSKAPPGEQFNH-LRVLFKSAKPWHVTRPRTV 166

Query: 125 QMLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKTGPERTCCLCDKPATCFSTSSDTYACW 184
QML±D L +SD VXTFV W HG ELT+...YFVKIG E+ C C HAT F-H- YACW

Sbj at: 167 QMLADNLCNVSDCWVFVTWCHGLELTTLRYFVKIGKEQVCS-CGSRATTFNSHTQAYACW 225

Query: 185 NHSVGFDYVYNPFNIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHECFV 244
H +GFD+VYNP ±+D+QQWG++GNLQ NHD HC VHG+AHVAS DAIHTRCLA++ F

Sbj at: 226 KHCLGFDFVYNPLLVDIQQWGYSGNLQFNHDLHCNVHGHAH-VASVDAIMTRCLAINNAFC 285

Query: 245 KRVDWSVEYPIIC-DELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPYKAIKCVPQAEvE 304
V+W +YP I+E VNS+CR +AK V++DIGNPKTIKCV ++V

Sbj at: 286 QDVNWDLTYPHINEDEVNSSCRYLQIAYLNACVDALKVNVVYDIGNPKGIKCVRRGDVN 345

Query: 305 WKFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWN~CNVDRYPANAIVCRFDTRVLS 364;
+-iFYD P E Y Y H DKF DG+C+FWNCNVD YP N++VCR-iDTR LS

Sbj at: 346 FRFYDKNPIVRNSVKQFE- -YDYNQHKDKFADGLCMFWNCNVDCYPDNSLVCRYDTNLS 402

Query: 365 NLNLPGCDGGSLYVNKHAFKTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQWVSDIDYVP 424
NLPGC+GGSLYVNKHAF+TP FD+ +F NLK +PFF+Y SPCE+ VI D V

Sbj ct: 403 VFNLPGCNGGSLYVNKHAFYTPKFDRTSFPNLKAI4PFFFYDSSPCETTQVDGVAQ-DLVS 461

Query: 425 LKSATCTTRCNLGGAVCRHHANEYRQYLDAYNMMISAGFSLWYKQFDTYNLWNTFTRLQ 484
L CIT+CN+GGAVCI HA Y +YN ++AGF+ W+ YNLW LQ

Sbj at: 462 LATKDCITKCNIGGAVCKKHAQMYAEFVTSYNAAVTAGFTFWVTNKLNPYNLWKSFSALQ 521

>gij9635157 IrefINP 058422.11 replicase [Transmissible gastroenteritis
virus]
gil78013481einbICAB91143 .11 replicase [Transmissible gastroenteritis virus]
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Length 6685

Score 545 bits (1403), Expect =e-153
Identities 261/484 Positives =335/484 Gaps =13/484 

Query: 4 KDNTYRRLISMMGFKMNYQVNGYPNNFITREEAIRHVPAWIGFDVEGCHATRDAVGTNLP 63
KD+ Y +IS MGF+ GY -IF TR+ A+R+VRAW+GFDVEG H D VGTN+P

Sbj ct: 5574 KDVKYANVISYMGFRFEAN~IPGYHTLFCTRDFAYPNVRAWLGFDVFGAHVCGDNVGTNVP 5633

Query: 64 LQLGFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLTPLMYKGLPWNVVRTKI 123
LQLGFS GV+ V G V TE V A+ PPG+QF HLTPLM KG PW++VR +I

Sbj ct: 5634 LQLGFSNGVDFVVQTEGCVITEKGNSIEVVKARAPPGEQFAHLPLMYRKGQPWHTVRRRT 5693

Query: 124 VQNLSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIG-PERTCCLCDKRATCFSTSSDTYA 182
VQN+ D GLSD ++FVLWA C ELT+M+YFVKIG C C K ATC+S+S YA

Sbj ct: 5694 VQNVCDYFDGLSDILIFVLWAGGLELTTMRYFVKIGRPQK--CECGKSATCYSSSQSVYA 5751

Query: 183 CWNHSVGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDAIMTRCLAVHEC 242
C+ H++G DY-IYNP+ TID+QQWG+TG+L NH C +H N HVAS DATMTRCLA+H+C

Sbj ct: 5752 CFKHALGCDYLYNPYCIDTQQWGYTGSLSNHHEVCNTHPNEHVASGDAIMTRCLAIHDC 5811

Query: 243 FVKRVDWSVEYPI TGDELRVNSAzCRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAE 302
FVKRVDWS± YP I +E A R VQ V+K+AL +HD+GNPK I+C

Sbj ct: 5812 FVKRVDWSIVYPFIDNEEKINKAGRTVQSHVMKAALKTFNPAAIHDVGNPKGIRCA-TTP 5870

Query: 303 VEWKFYDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCI'WDRYPANAIVC-R FDTRV 362
W YD P L Y Y+H LFWNqCNVD YP +IVCRFD 1 R

Sbj ct: 5871 IPWFCYDRDPINN NVRCLDYDY[VHGQ--MNGLMLFWNCNVDMYPEFSIVCRFDTRT 5925

Query: 363 LENLNLPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDY 422
S L+L GC+GG+LYVN HAFHTPA+D+ AF LK +PFFYY DS CE V +Y

Sbj ct: 5926 RSKLSLEGCNGGALYVTNflHAFHTPAYDRRAFAKLKPMPFFYYDDSNCE LVDGQPNY 5981

Query: 423 VPLKSATCITRCNLGGAVCRHHANEYRQYLDAYNNMMSAGFSLWIYKQFDTYNLWNTFTR 482
VPLKS CIT-CN±GGAVC+ HA, YR AGF++W FDTY LW+ F

Sbj ct: 5982 VPLKSVCITKCNIGGAVCKKHAALYRMVEDYNIFQAGFTIWCPQNFDTYILWHGFVN 6041

Query: 483 LQSL 486
+L

Sbjct: 6042 SKAJ 6045

>gill93875821ref1NP -598309.11 Poll [porcine epidemic diarrhea virus]
gill375245OIgblAAK3866l.lj Poll [porcine epidemic diarrhea virus]

Length 6781

Score 541 bits (1394), Expect e-152
Identities 256/480 Positives 334/480 Gaps =12/480 

Query: 8 YRRELISMMGFKMNYQVNGYPNMFITREEAIRHVIRAWIGFDVEGCHATRDAVGTNLPLQLG 67
Y +IS MGF+++ +F TR+ A+R+VR W±GFDVEG H VGTN+PLQLG

Sbj ct: 5675 YEHVISFMGFRFDINIPNHHTLFCTRDFAIPNVRGWLGFDVEGAHWGSNVGTNVPLQLG 5734

Query: 68 FSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLMYKGLPWNVVRIKIVQML 127
FS GV-I V P G V PE+ V A+ PPG+QF HL±PL+ +G PW+VVR +IVQM

sbj ct: 5735 FSNGVDFWRPEGCVVTESGDYIKPVRARAPPGEQFAHLLPLLKRGQPWDVVRKRIVQMC 5794
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Query: 128 SDTTKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACWNTS 187

SD L LSD ++FVLWA G ELT+M+YFVKTGP C K ATC-i-i- TY CA- Hi

Sbj ct: 5795 SDYLANLSDILTFVLWAGGLELTT"RYFVKIGPSKSCD-CGKVATCYNSALHTYCCFKHA 5853

Query: 188 VGFDYVYNPFMIDVQQWGFTGNLQSNHDQHCQVHGNAHVASCDATNTRCLAVHECFVKRV 247
+G DY+YNP- TD+QQWG+ G+L NH +HC VH N EVAS DAII4TRCLA+H+CFVK V

Sbj ct: 5854 LGCDYLYNPYCIDIQQWGYKGSLSLNHHEHCNVHRNYEHVASGDAIMTRCLAIHDCFVKNT 5913

Query: 248 DWSVBYPI TGDELRVNSACRKVQHMVVKSALLADKFPVLHDTGNPKAIKCVPQAEVEWKF 307
DWS+ YP TG+E +N R VQ ++iS L I-+DIGNPK I-C +W

Sbj ct: 5914 DWSTTYPFIGNEAVINKSGRVQSHTMRSVLKLYNPKAIYDTGNPKGTRCA-VTDAKWFC 5972

Query: 308 YDAQPCSDKAYKIEELFYSYAIHHDKFTDGVCLFWNCNVDRYPANAIVCRFDTRVLSNLN 367
-ID P +E Y Y I H DG+CLFWNCNVD YP ++VCRFDTR S LN

Sbj ct: 5973 FDKNPTNSNVKTLE---YDY-ITHGQF-DGLCLFWNCNVDMYPEFSWVCRFDTRCRSPLN 6027

Query: 368 LPGCDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSDSPCESHGKQVVSDIDYVPLKS 427
L GC+GGSLYVN HAFHTPAFDK AF LK +PFF+Y D+ C+ I+YVPL++

Sbj ct: 6028 LEGCNGGSLYVNNHAFHTPAFDKRAFAKLKPMPFFFYDDTECD KLQDSINYVPLRA 6083

Query: 428 ATCTTRCNLGGAVCRHHANEYQYLDAYNMM~ISAGFSLWIYKQFDTYNLWNTFT-RLQSL 486
CIT+CN+GGAVC H Y Y++AYN SAGF++WI FDTYNLW TF+ LQ L

Sbj ct: 6084 SNCTTKCNVGGAVCSKHCAMYHSYVNAYNTFTSAGFTIWVPTSFDTYNLWQTFSNNLQGL 6143

>gij12175747jref IMP -073549.1~ replicase polyprotein lab [Human coronavirus
229E]
gi11208274OIgblAAG48591.IIAF304460-2 replicase polyprotein lab [Human

Coronavirus 229E],
Length 6758

Score 535 bits (1379), Expect e-151
Identities =254/478 Positives 329/478 Gaps 13/478 

Query: 7 'YRRLISMMGFK<MQVNGYPNNFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLPLQL 66
TY A-IS MGF- A- A- G -A-F TR- AA-RHVR W+G DVEG H T D VGTN+PLQ+

Sbj ct: 5642 TYEHVISYMGFRFDVSI4PGSHSLFCTRDFAMYRHVRGWLGDVEGAHVTGDNVGTNVPLQV 5701

Query: 67 GFSTGVNLVAVPTGYVDTENNTEFTRVNAKPPPGDQFKHLIPLYKGLPWNVVRIKIVQM 126
.GFS GV- VA P G V T A- V A+ PPG+QF H++PL+ KG PW+V+R +IVQN

Sbj at: 5702 GFSNGVDFVAQPEGCVLTNTGSVVKPVRAPAPPGEQFTHIVPLLRKGQPWSVLRK.TVQM 5761

Query: 127 LSDTLKGLSDRVVFVLWAHGFELTSMKYFVKIGPERTCCLCDKRATCFSTSSDTYACWNH 186
L G SD -IVFVLWA C ELT-IMAYFVKIG A- C C ATC++± S4 Y C+ H

Sbj ct: 5762 TADFLAGSSDVLVFVLWAGGLELTTMRYFVKIGAVKH-CQCGTVATCYNSVSNDYCCFKH 5820

Query: 187 SVGFDYVYNPFMIDVQQWGFTGNLQSNDQHCQVHGNAHVASCDAIMTRC-AVHECFVKR 246
DYVYNPA+TID+QQWG- G+L A-NH C VH N HVAS DAIMTRCLAV++CFVK

Sbj at: 5821 ALGCDYVY-NPYVIDIQQWGYVGSLSTNHHAICNVHRNEHVASGDAIMTRCLAVYDCFVKN 5880

Query: 247 VDWSVEYPIIGDELRVNSACRKVQHMVVKSALLADKFPVLHDIGNPKAIKCVPQAEVEWK 306
VDWS+ YP+I +E +N R VQ A+ +HDIGNPK I+C +W

Sbj ct: 5881 VDWSTTYPMTANENTATNKGGRTVQSHTMRAATKLYNPKATHDTGNPKGTRCA-VTDAKWY 5939

Query: 307 FYDAQPCSDKAYKTEELFYSYAIHHDKFTDGVCLFWNCNVDRYPATAVCRFDTRVLSNL 366
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YD P +E Y Y H DG+CLFVWNCNVD YP +IVCRFDTR. S L

Sbj ct: 5940 CYDKNPINSNVKTLE YDYYITHGQ--MDGLCLFWNCNVIDMYPEFSIVrCRFDTRTRSTL 5994

Query: 367 NLPGCDGGSLYVN\KHAFHTPAFDKSAFT-NLKQLPFFYYSDSPCESHGKQWVSD- IDYVEL 425
NL G +GGSLYVN\ HAFHTPA+DK A LK PFFYY D CE VV D ++YVPL

Sbj ot: 5995 NLEGVNGGSLYVi\UHAFHTPAYDKRAMvAKLKPAPFFYYDDGSCE--VVHDQVINYVPL 6049

Query: 426 KSATCITRCNLGGAVCRHHAN~EYRQYLDAYNMMISAGFSLWIYKQFDTYNLWNTFTRL 483
CIT+CN+GGAVC HAN YR AGF++W+ FD YNLW TFT 

Sbj ot: 6050 RATNCITKCNIGGAVCSKHANLYRAYVESYNIFTQAGFNTNVPTTFDCYNLWQTFTEV 6107

>gi 133591 IspjP18458 IRRPBBEV RNA-directed RNA polymerase (ORFiB)
gil940171pirliS11238 polymerase Berne virus
gil1334814lembICAA36601.11 2nd polyrnerase reading frame (AA 1-2291) [Berne

virus]
Length 2291

Score 50.1 bits (118), Expect =8e-05
Identities =37/103 Positives =54/103 Gaps 11/103 

Query: 140 FVLWAHGFELTSMKYFVKTGPERTC--CLCDKRATCFSTSSDTYACWNHSVGF--DMhN 195
F+LI+ +L SIK+±V+ TC C C±+AC YC N G +N

Sbj ct: 1511 FILYSCSNDLKSLKFYVEFD----TCYFCSCGEMiAICLMRDGN-YKCRNCYGGMLISKLVN 1566

Query: 196 PFNIDVQQWGFTGNLQSNHDQHC-QVHGNAHVASCDAIMTRCL 237
+DVQ1 LQ HD C Q HG++H A CDA+MT+CL

Sbj ct: 1567 CKYLDVQKERV--KLQDAHDAICQQFHGDSHEALCDAVMTKCL 1607

>gii15130611dbj 1BAA13323.l I cyanoprotein alpha subunit precursor [Riptortus
clavatus]

Length 693

Score 34.7 bits Expect 3.7
Identities =16/36 Positives 22/36 Gaps =1/36 

Query: 371 CDGGSLYVNKHAFHTPAFDKSAFTNLKQLPFFYYSD 406
C G LY +KHA P FD+ A+ Q+P FYt D

Sbj ct: 643 CGGSKLYDSKHAIAGFP-FDRPAYPDAFQVPNFYFKD 677

Database: All non-redundant GenBank CDS
translations+PDB+SwissProt+PIR+PRF

Posted date: Apr 11, 2003 2:30 AM
Number of letters in database: 454,141,287
Number of sequences in database: 1,411,415

Lambda K H
0.325 0.139 0,456

Gapped
Lambda K H

0.267 0.0410 0.140
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Matrix: BLOSUM62
Gap Penalties: Existence: 11, Extension: 1
Number of Hits to DB: 473,361,261
Number of Sequences: 1411415
Number of extensions: 20503315
Number of successful extensions: 51018
Number of sequences better than 10.0: 27
Number of HSP's better than 10.0 without gapping: 26
Number of HSP's successfully gapped in prelim test: 1
Number of HSP's that attempted gapping in prelim test: 50937
Number of HSP's gapped (non-prelim): 33
length of query: 486
length of database: 454,141,287
effective HSP length: 127
effective length of query: 359
effective length of database: 274,891,582
effective search space: 98686077938
effective search space used: 98686077938
T: 11
A: 
X1: 15 7.0 bits)
X2: 38 (14.6 bits)
X3: 64 (24.7 bits)
Sl: 40 (21.6 bits)
S2: 75 (33.5 bits)
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FIGURE 125A
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FIGURE 126

131 Frame 1

QVHQNVCVL-LIFYLNTLSR- -SHKICQ-FQKWSRLQLTLKFHSCFGVRJMDMLKPSTQN
YKQVKRGNQVLRCLTCTRCKECFLKSVTFRIMVKNLLYQKE- IIYSQS ILNCVNT- IHLL

-LYPPT-ELFTLVL

5'31 Frame 2

RFIKMCVFCD- SFT--LCRDNKVTRFVSDFKSGQGYN-LC-NFIHALV-GWTC-NLLPKT
TSKSSVATRCCDA-LVQDAKNAS -Ky- PSELW-KCCYTKRN1NDECRKVYSTVSILKYTYF

SCTLQHESYSLWCW

5'3' Frame 3

GSSKCVCSVTDLLLDDFVEIIKSQDLSVISKVVKVTIDYAEISFMLWCKDGHVETFYPKL
QASQAWQPGVA4PNLYKMQLI'LLEKCDLQNYGENAVI PKGIMMNTVAKYTQLCQYLNTLTL
AVPSNI4RVIHFGAG

3151 Frame 1

PAPK-ITLNLEGTAKVSVFKY-HS-VYFATFIIIPFGITAFSP-F-RSHFSRSILCILYK
LGIATPGCHA-LACSFG-KVSTCPSLHQSMNEISA-SIVTLTTFEITDKSCDFIISTKSS

SKRSITEHTHFDEP

3151 Frame 2

QHQSE-LSCWRVQLK-VYLSIDTVEYTLRHSSLFLLV-QHFHHNSEGHTFQEAFFASCTS
-ASQHLVATLDLLVVLGRRFQHVHPYTKA-MKFQHSQL-P- PLLKSLTNLVTLLSRQSHQ
VKDQSQNTHI LMNL

Frame 3

STKVNNSHVGGYS-SKCI -VLTQLSILCDIHHYSFWYNSIFTI ILKVTLFKKHSLHLVQV

RHE1NTWLPRLTCL-FWVEGFN14SILTPKHE-NFSIVNCNLDHF--NH-QIL-LYYLDKVIK
KINHRTHTF-T
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FIGURE 127

5'3' Frame 1

-VFTYPGKAN~QPRSLVDLFSKRTN-NV- -WTPIKPT-CPPHYIWWTHRFN-Q- PEWRTAH

GQGQNSADPKVYP IILRLGSQLSLSI4ARRNLDSLEARAFQSTP IVVQMTKLATTEELPDE
FVVVTAK-KSSAPDGTSIT-ELAQKLHFPTALTKKASYGLQLREP-IH-PKTTLAPAILIT
ML PPCYNFLKEQHC QKASTQREAEAAVKPLLAPHHVVAVI QEI QLLAAVGE ILLLEWLAE

VVKLP SRYCC- TD -TSLRAKFLVKANNTNKAKL SLEJNLLLRHLKSLAKNVLPQNSTTSLKH

LGDWVQNKPKEISGTKT- SDKELITNIGPQIAQFA

5131 Frame 2

RFLPTQEKPTNLDLL-ICSLNEQIKASDNGPQSNQRSAPRITFGGPTDSTDNN\QNGGLQW
GKAKTAPTIPRFTQ-YCVLVHSSHSAWQGGT- IPSRPGRSNQHQ-WSR-PNWLLPKSYPTS
SWW-RQNERAQPQMVLLLPRJNWPRSFTSLRR- QRRHIRJYGCN-GSLEYTQRPHWHPQS Q
CCHRATPSSRN-NIAKRLLRRGKQRRQSSLFSLLIT-SR-FKKFNSWQQ-GKFSCSNG-RR

W-NCPRAIAARQIEPA-EQSFW-RPTTTRPNCH-ETCC-GI -KASPKTYCHKTVQRHSSI

WETWSRTNPRKF'RGPRPNQTRN- LQTLGRKLHNLP

5131 Frame 3

GFYLPRKSQPTSISCRSVL-TNKLKCLIMDPNQTNVVPPALHLVDPQIQLTITRMEDCNG
ARPKQRRPQGL PNNIAS WFTALTQHGKEELRF PRGQGVPINTNSGPDDQI GYYRRATRRV

RGGDGKMYKELS PRWYFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNN
MTVLQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRGNSNSTPGSSRGNSPAJAASGG

GETALALLLLDRLNQLESKVSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKQYNVTQAF
GRRGPEQTQCNF'GDQDLIRQGTDYKHWAANCT IC

315, Frame 1

RQIVQFAAQCL- SVPCLIRSWSPKFPWVCSGPRLPNA-VTLYCFVAVRFWRGFLDASAAD

FLVTVWPCCCWPLPETLLSSWFNLSSSNSARAVSPPPLAIRAGEFPLLLPGVEFLELPRL

RDEEREEA-LPPLLPSA-KPFG\VVP -GSCSTVAALLLGLRVPNWSLGVFKAPSVATHTM
PSLLAP-GSEASGPVPR--KYHLGLSSFILPSPPRTRRVALR- -PIWSSGPLLVLIGTPW
PRGNLSSSLPC-VRAVNQDAILLGKPWGRRCFGLAPLQSSLLVIVS-ICGSTKCNAGGTT
LV-LGS IIRHFNLFV-RTDLQEI EVGWLFLGR-KP

315' Frame 2

GKLCNLRPNVCNQFLV-LGLGPRNFLGFVLDHTSQMLE-RC'TVLWQYVFGEAF -MPQQQI
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S QFGLVVVGLYQKLCSQAGS ICLAAIARGQFHHLR- PFEQENFPYCCQELNFLNYRBY

VMRSEKRLDCRLCFPLRRSLLAMLFLEEVVARWkQHCY-DCGCQCGLWVYSRLPQLQPIRC
LLC-RRREVKLLGQFLGNRSTIWG-ALSFCRHHHELVG-LFGSSQFGHLDHYWC-LERPG

LEGI-VPFCHAE-EL-TKTQYYWNLGVGAVLALPHCSPPFWILLSVESVGPPNVM4RGALR
WFDWGPLSDILTCSFREQIYKRSRLVGFSWVGKNL

3151 Frame 3

ANCAICGPNFVI SSLSD-VLVPEI SLGLFWTTS PKCLSDWLFCGSTFLARLFRCLSSRF

LSDSLALLLLAFTRNFALKLVQSV-QQ-REGSFTTSASHSSRRI SPTAARS- IS -ITATT

GARRGLTAASASLCVEAFWQCCSLRKL-HGGSIVIRIAGAN'VVFGCIQGSLSCNPYDA

FFVSAVGK- SFWASS -VIEVPSGAELFHFAVTTTNSSGSSSWANLVIWTTIGVDWNALA

SRESKFLLAM'LSESCEPRIIG-TLGSALFWPCPIAVLHSGYCQLNLWVHQM- CCGHYV
Gb IGVHYQTF -FVRLENRSTIRDRGWLAFPG-VKT

FIGURE 128

-GLELKL-LTSICAF-PFCYSLF--CLLYFGFHSKSRI-KNLVPKSKRT-NFSLF-LVFL
YAVAYAL -YSAVHLINLICLKILVRYNTRGNTYSTAWLCALGKVLPFHRWHTMVQTCTPN

VTINCQDPAGGALIARCWYLHEGHQTAAFRDVLWVLNKRTN-NV- -WTPIKPT-CPPHYI'
WWTHRFN-Q-,PEWRTQWGKAKTAPTPRFTQ-YCVLVHSSHSAWQGGT-IPSRPGRSNQHQ

SLEYTQRPHWHPQS- -QCCHRATTSSR~NIAKRLLRRGKQRRQSSLFSLLIT-SR-FKKF
NSWQQ-GKFSCSNG-RRW-NCPRAIAARQIEPA-EQSFW-RPTTTRPNCH--EICC-GI-K
ASPKTYCHKTVQRHSSIWETWSRTNPRKFRGPRPNQTN-LQTLAANJCTICSKCLCILWN

VTIWHGSHTFGNMADLSWSH-IG-QPSTIQRQRHTAEQAH-RIQNIPTNRA-KGQKEKD-
SSAVAAETKEAAHCDSS SC

EDS SSSF1N-LLFVLFSLSAIPCFNNAYYILVFTIRNPGSRRTLYQSLNEHETSHCFDLYFS
MQLHMHCSTALCI--TSCA-RSL-GTTLGVILIALLGFVL-ERFYLFIDGTLWFKHABLM
LLSTVKI QLVVRL-LGVGTFMKVTKLLHLETYLLF- INEQIKMSDNGPQSNQRSAPRITF

GGPTDSTDNNQNGGRNGARPKQRRPQGLPNNIASWFTALTQHGKiELRFPRGQGVP INTN

SGPDDQ IGYYRRATRRVRGGDGKMKELSPRWYPYYLGTGPEASL PYGAINKEGIVWVATEG
ALNTPKDHIGTRNPNINNAATVLQLPQGTTLPKGFYAEGSRGGSQAS SRSSSRSRGNSRNS

TPGSSRGNS PARIASGGGETALALLLDRLNQLESKVSGKGQQQQGQTVTKKSAAEASKK
PRQKRTATKQYNVTQAFGRRGPEQTQGNFGDQDLTIRQGTDYKHWPQ IAQFAPSASAFFGM

SRIGNEVTPSGTWLTYHGAIKLDDKDPQFKDNVILLNKHIDAYKTFPPTEPKKDKKKKTD
EAQPLPQRQKKQPTVTLL P
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RTRAQALIDFYLCFLAFLLFLVLINLI IFWFSLEIQDLEEPCTKV-TNMKLLIVLTCISL
CSC ICTWVQRCASNKPHVLEDPCKVQH-G-YL-HCLALCSRKGFTFS-MAHYGSNNHT-C
YYQLSRSSWWCAYS-VLVPS-RSPNCCI-RRTCCFK-TNKLKCLIMDPNQTNWVPPALHL

VDPQIQLTITRMEDA.MGQGQNSADPKVYPI TLRLCSQLSLSMARRNLDSLEARAFQSTPI
VVQMTKLATTEFELPDEFVWVTAK-KSSAPDGTS IT-ELAQKLHFPTALTKKASYGLQLRE
P -IHPKTTLAPAILITMLPPCYNFLKEQHCQKASTQREAEAAVKLLAPH{VVAVIQEIQ

LLAAVGEILLLEWLAEVVKLPSRYCC -TD-TSLRAKFLVKANNNKAKLSLRNLLLRHLKS

LAMIVLPQNSTTSLKHLGDVVQNKPKEISGTKT- SDKELITNIGRKLHNLLQVPLHSLEC
HALAWKSHLREHG-L IMEPLNWMTKIHNSKTTSYC -TSTLTHTKHSHQQSLKRTKRKRLM
KLSLCRRDKRSS PL-LFFL

FIGURE 129

513, Frame 1

taccgtagactcatctctatgatgggtttcaaaatgaattaccaagtcaatggt taccct
Y RR LISNM MGF K MN YQ VN G YP
aatatgtttatcacccgcgaagaagctattcgtcacgttcgtgcgtggat tggc tttgat
N M FIT RE E AIR H VRA W IGF D
gtagagggctgtcatgcaactagagatgctgtgggtactaacc tacctctccagctagga
V E G C H A T R D A V G 'T N L P L Q L G
ttttctacaggtgttaacttagtagctgtaccgactggttatgttgacactgaaaataac
F S TGV NL VA V PTG YV DT EN N

acagaattcaccagagttaatgcaaaacctccaccaggtgaccagtttaaacatcttatacc
T E FTR VNA K PP PG DQ F KHL I

5'31 Frame 2

taccgtagactcatc tctatgatgggtttcaaaatgaattaccaagtcaalggt tacccta
T VDS SL -W VS K ITK S MVT L

atatgt ttatcacccgcgaagaagc tattcgtcacgttcgtgcgtggattggc tttgatg
I CL S PAK KL F VTF VR GL AL M

tagagggctgtcatgcaactagagatgctgtgggtactaacc tacctctccagc taggat
R AV MQL EML W VL T Y LSS- D

tt tctacaggtgt taacttagtagc tgtaccgactggttatgttgacactgaaaataaca
F LQ VLT L YR LV ML TL K IT

cagaattcaccagagttaatgcaaaacctccaccaggtgaccagtttaaacatc ttatacc
Q NS PE L MQN LH QV T SL NIL Y
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5131 Frame 3

taccgtagactcatc tctatgatgqgtttcaaaatgaattaccaagtcaatggtL-accctaa
P -TH LYD G FQN EL P SQWLIP-

tatgtttatcacccgcgaagaagc tattcgtcacgt tcgtgcgtggattggctttgatgt
Y V Y H P R R S Y S S R S C V D W L C
agagggc tgtcatgcaactagagalgc tgtqggtactaacc Lacc tctccagc taggatt
R GLS CN -R CC GY -P T SP AR I
ttc tacaggtgttaacttagtagc tgtaccgactggttatgt tgacactgaaaataacac
F YRC LS S CTD W LC- H H

agaattcaccagagt taatgcaaaacctccaccaggtgaccagtttaaacatc ttatacc
R IH QS-C KT S TR-PV-T SY T

3151 Frame 1

ggtataagatgt ttaaactggtcacctggtggaggttttgcat taactctggtgaattct
G I R C L N W S P G G G F A L T L V N S

gtgttattttcagtgtcaacataaccagtcggtacagctac Laagttaacacctgtagaa
V LFS V ST -P VG TA T KLT PV E

aatcc tagctggagaggtaggttagtacccacagcatctctagttgcatgacagccctct
N P SWMR G RTLJV P TA S L VA -Q P S
acatcaaagccaatccacgcacgaacgtgacgaatagcttc ttcgcgggtgataaacata
TSKP IHART -RIAS SRVINI
ttagggtaaccat tgacttggtaat tcattttgaaacccatcatagagatgagtctacggta
L G- PL TW-F IL KP I IENMS LR

3'51 Frame 2

ggtataagatgtttaaactggtcacctggtggaggttttgcattaactctggtgaattctg
V -D V TGHL V EVL H- LW IL

tgt tattttcagtgtcaacataaccagtcggtacagctactaagttaacacctgtagaaa
C YF Q CQ HNQ S VQ LLS HL- K

atcctagctggagaggtaggt tagtacccacagcatctctagttgcatgacagccctcta
I LA GE VG- Y PQ HL -L H DSP L

catcaaagccaatccacgcacgaacgtgacgaatagcttct tcgcgggtgataaacatat
H Q SQ STH E RDE- LL R G- -T Y

tagggtaaccat-tgacttggtaat tcattttgaaacccatcatagagatgagtctacggta
G NH- LG NS F- N P S- R VY
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315' Frame 3

ggtataagatgtttaaactggtcacctggtggaggttttgcat taactctggtgaattc tgt
Y KMF K LV TWW R FC I NSG EF C

gttatt ttcagtgtcaacataaccagtcggtacagctactaagt Laacacctgtagaaaa
VITF SVN ITTS RYS V NT CR K
tcctagctggagaggtaggt tagtacccacagcatctctagttgcatgacagccctctac
S- L ER -V STH SI SS CM T AL Y

atcaaagccaatccacgcacgaacgtgacgaatagcttcttcgcgggtgataaacatatt
I KA NP RT NV T NSF F AGD KH I

agggtaaccat Lgacttggtaat tcattttgaaacccatcatagagatgagtc tacggta
R VT ID L VIH F ETH H RDE ST V

FIGURE 130
20 30 40 50 

SE ID N 9 9 ki u ii M G K N Q uY NM hnLL Lv av.j iv ,ia.A) V 
SEQ ID NO:109997----DLRRLISMMYGFKMNYQVNGYPNMFITREEAIRHVRAWIGFDVECCHATRDAVGTNLP

Prim. Cons.' KGED2RRLISMMGFKMNYQVNGYPNMFITREEAIRHVRAWIGFDVEGCHATRDAVGTNLP

80 90 100 110 120

SEQ TD NO: 9997 LQLGFSTGVNLVAvpTG~YVDT~iENNTKFTRVNAQTSTSE,6QE'KHiIP.LMYKGLPWNVVRTKT
SEQ ID NO: 10034 LQLGFSTGVNLVAVPTGYXTDTENNTEFTRVNAKPPPCDQFKHLI--------------

Prim, cons. LQLGFSTGVNLVAVPTGYVDTENNT2FTRVNA222222QFKHLTPLMYKGLPWNVVRTKT

130 140 150 160 170 180

SEQ ID NO: 9997 vQMiLSDTi'LKG~jLDRFLWvivAHGFELTSMKYFVKIGPERTCCLCD)KRATCFSTSSDTYAC
SEQ ID 

Prim. cons. VQMLSDTLKGLSDRWFVLWAHGFELTSMKYFVKIGPERTCCLCIDKRATCFSTSSDTYAC

190 200

SEQ ID NO: 9997 wN~HSvGFDLYvyNPFum.IDvQQWvGLYG
SEQ ID 
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FIGURE 131

13 1 Frame 1

caggttcatcaaaatgtgtgtgttctgtgattgatcttttacttgatgactttgtcgaga
Q V HQN VC V L- L I FYL MT LS R
taataaagtcacaagatttgtcagtgatttcaaaagtggtcaaggttacaattgactatg

-S HK I CQ- FQK W SRL Q LT M
ctgaaatttcattcatgctttggtgtaaggatggacatgttgaaaccttctacccaaaac
L KF HS CF GV R MD MLK P ST QN
tacaagcaagtcaagcgtggcaaccaggtgttgcgatgcctaacttgtacaagatgcaaa
Y K QV K RGN QV L RCL TC T RCK
g aatgcttcttgaaaagtgtgaccttcagaattatggtgaaaatgctgttataccaaaag
EC FL K SV T FRIM V K MLL YQ K
gaataatgatgaatgtcgcaaagtatactcaactgtgtcaatacttaaatacacttactt
E MSQS I LN CV NT-I HL L
tagctgtaccctccaacatgagagttattcactttggtgctgg

5'3' Frame 2

caggttcatcaaaatgtgtgtgttctgtgattgatcttttacttgatgactttgtcgagat
R F IK MCV FC D -S FT-- L CR D

aataaagtcacaagatttgtcagtgatttcaaaagtggtcaaggttacaattgactatgc
N KV TR F V SDF K SGQG YN -L C
tgaaatttcattcatgctttggtgtaaggatggacatgttgaaacc ttctacccaaaact

-N F I H A L V G W T C N L L P K T
acaagcaagtcaagcgtggcaaccaggtgttgcgatgcctaacttgtacaagatgcaaag
T SKS SV A TR CC DA -L VQ DA K

aatgc ttcttgaaaagtgtgaccttcagaattatggtgaaaatgctgttataccaaaagg
N A S- KV- P SE LW -K CCY TK R
aataatgatqaatqtcgcaaagtatactcaactgtgtcaatacttaaatacacttac ttt
N ND EC RK VY ST V SIL K YT YF
agctgtaccctccaacatgagagttattcac tttggtgctgg
S C T LQ H S YSLW C W

513, Frame 3

caggttcatcaaaatgtgtgtgttctgtgattgatcttttacttgatgactttgtcgagata
GS S KC VC SV ID L L LDD FVE I

ataaagtcacaagatttgtcagtgatttcaaaagtggtcaaggttacaattgac tatgct
T KS QD LS V TSK V VKV T ID YA
gaaatttcattcatgctttggtgtaaggatggacatgttgaaaccttctacccaaaacta
E IS F ML WCK DG HV ET FY P KL
caagcaagtcaagcgtggcaaccaggtgttgcgatgcctaacttgtacaagatgcaaaga
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atgcttcttgaaaagtgtgaccttcagaattatggtgaaaatgctgttataccaaaagga
M L L E K C D L Q N Y G E N A V I P K G

ataatgatgaatgtcgcaaagtatactcaactgtgtcaatacttaaatacacttacttta
IT MNNVA KY T QL CQY L NT LT L

gctgtaccctccaacatgagagttattcactttggtgctgg
A V PSNMR V IH F GA

315, Frame 1

ccagcaccaaagtgaataactctcatgttggagggtacagc taaagtaagtgtatttaag
P AP K- ITL XL E GT AK VS VF K
tattgacacagttgagtatactttgcgacattcatcattattccttttggtataacagca
Y -H S -V Y FATFI II P FG IT A
ttttcaccataattctgaaggtcacacttttcaagaagcattctttgcatcttgtacaag
F SP -F -R SH FS R SI LCI LY K
ttaggcatcgcaacacctggttgccacgc ttgacttgcttgtagttttgggtagaaggtt
L G IA TPG CH A- L ACS F G- KV
tcaacatgtccatccttacaccaaagcatgaatgaaatttcagcatagtcaattgtaacc
S T CP SL HQ SM NEI SA -S IV T
ttgaccacttttgaaatcactgacaaatcttgtgactttattatctcgacaaagtcatca
L TT FE I TDKS CD F I IST KS S
agtaaaagatcaatcacagaacacacacattttgatgaacctg

315, Frame 2

ccagcaccaaagtgaataactctcatgttggagggtacagctaaagtaagtgtatttaagt
Q H QS E -LSC W RVQL K VY LS

attgacacagttgagtatactttgcgacattcatcattattccttttggtataacagcat
I D TVE YTL RH SS LF L LV -Q H
tttcaccataattctgaaggtcacacttttcaagaagcattctttgcatcttgtacaagt
F HH N SEG H T FQE AF F ASCT S
taggcatcgcaacacctggttgccacgcttgac ttgcttgtagttttgggtagaaggttt

ASQ HL VA T LD LLV V LG RR F
caacatgtccatccttacaccaaagcatgaatgaaatttcagcatagtcaattgtaacct
Q HV H PYT KA -M K FQH SQ L- P
tgaccacttttgaaatcactgacaaatcttgtgactttattatctcgacaaagtcatcaa

PL L KS LT N LVTTL LSRQ S HQ
gtaaaagatcaatcacagaacacacacattttgatgaacctg
V KD QS QN TH IL M NL

Frame 3
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ccagcaccaaagtgaataactctcatgttggagggtacagctaaagtaagtgtatttaagta

ttgacacagttgagtatactttgcgacattcatcattattccttttggtataacagcatt
L TQ L SIL CD IH H YSF WY N SI
ttcaccataattctgaaggtcacacttttcaagaagcattctttgcatcttgtacaagtt
F T ITIJK V T LFKKH S LH LVQ V
aggcatcgcaacacctggttgccacgcttgacttgcttgtagttttgggtagaaggtttc
RH R NTW LP RL TC L FWV E GF
aacatgtccatccttacaccaaagcatgaatgaaatttcagcatagtcaattgtaacctt
NMS IL TPK HE NF SI V NCN L

gaccac ttttgaaatcactgacaaatcttgtgactttattatctcgacaaagtcatcaag
D HF NH -QI L- LY Y LD KVI K
taaaagatcaatcacagaacacacacattttgatgaacctg

K IN HR TH T F- T

FIGURE 132

5131 Frame 1

taggtttttacctacccaggaaaagccaaccaacctcgatctcttgtagatctgttctct
-V F TY PGK A NQ PR SL VD L FS
aaacgaacaaattaaaatgtctgataatggaccccaatcaaaccaacgtagtgccccccg
K RTN -N V -WT PI K PT -CP P
cattacatttggtggacccacagattcaactgacaataaccagaatggaggactgcaatg
H Y IW WT HR FN -Q PEW RT A M
gggcaaggccaaaacagcgccgaccccaaggtttacccaataatattgcgtcttggttca

Q G QN SAD PK V YP II LR LG S
cagctc tcactcagcatggcaaggaggaacttagattccctcgaggccagggcgttccaa
Q LS L SM ARR NLD S LE A RA FQ
tcaacaccaatagtggtccagatgaccaaattggctactaccgaagagctacccgacgag
ST P IVV Q MTK L AT TE E L PDE
ttcgtggtggtgacggcaaaatgaaagagctcagccccagatggtac ttctattacctag
F V VVT AK- K S SA PDG TS IT 
gaactggcccagaagcttcacttccctacggcgctaacaaagaaggcatcgtatgggttg
E L AQ KL HF PT AL T K KAS YGL
caactgagggagccttgaatacacccaaagaccacattggcacccgcaatcctaataaca
Q LR EP IHP K TTL A PAI L IT
atgctgccaccgtgctacaacttcctcaaggaacaacattgccaaaaggcttctacgcag
M LP P CYN FL K EQ H CQ KA STQ
agggaagcagaggcggcagtcaagcctcttctcgctcctcatcacgtagtcgcggtaatt
R EA EA AV KP LL AP H HV VA VI
caagaaattcaactcctggcagcagtaggggaaattctcctgctcgaatggctagcggag
Q EI QL L A AVG EI LL L EW LA E
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gtggtgaaactgccctcgcgctattgctgctagacagattgaaccagcttgagagcaaag

tttctggtaaaggccaacaacaacaaggccaaactgtcactaagaaatctgctgctgagg
F LV KA NN N KAK LS LR NL L LR
catctaaaaagcctcgccaaaaacgtactgccacaaaacagtacaacgtcactcaagcat
H L KS L AKNV L PQNS T TS L KH
ttgggagacgtggtccagaacaaacccaaggaaatttcggggaccaagacctaatcagac
L G DV VQNK PKETISCG-T KT -S D
aaggaactgattacaaacattgggccgcaaattgcacaatttgcct
K E L ITNIGP Q IA Q FA

5131 Frame 2

taggtttttacctacccaggaaaagccdaccacctcgatctcttgtagatctgttctcta
R F LPT Q EK PTN LD L L-TIC SL

aacgaacaaattaaaatgtctgataatggaccccaatcaaaccaacgtagtgccccccgc
N EQIK M SD NG PQ SNQ RS A PR
attacatttggtggacccacagattcaactgacaataaccagaatggaggactgcaatgg
I T FGG PT D STD N NQN G GL QW
ggcaaggccaaaacagcgccgaccccaaggtttacccaataatattgcgtcttggttcac
G K A KT AP T PRPTQ -Y C VLV H
agc tctcac tcagcatggcaaggaggaacttagattccctcgaggccagggcgttccaat
S SHS A WQ G GT- IP SR P GR SN
caacaccaatagtggtccagatgaccaaattggctactaccgaagagctacccgacgagt
Q H, Q W S R P N L L P K S Y P T S
tcgtggtggtgacggcaaaatgaaagagc tcagccccagatggtacttctattacctagg
S WW RQN ER AQ2PQ MV LL L PR
aac tggcccagaagcttcacttccctacggogctaaoaaagaaggcatcgtatgggttgc
N W P RSFT SL RR -Q R RHR MGCC
aac tgagggagccttgaatacacccaaagaccacattggcacccgcaatcctaataacaa
N -G S LEY TQ R PH WH PQS -Q
tgc tgccaccgtgctacaacttcctcaaggaacaacattgccaaaaggcttctacgcaga
C CH RA TT SS RN N TAK R L LRR
gggaagcagaggcggcagtcaagcctcttctcgctcctcatcacgtagtcgcggtaattc
G KQ R RQS SL FS LL IT -S R -F
aagaaattcaactcctggcagcagtaggggaaattctcctgctcgaatggctagcggagg
K K FNS WQ Q GK FSCS NG -R R
tggtgaaactgccctcgcgctattgctgc tagacagattgaaccagcttgagagcaaagt
W NCP RA IA A RQTIE PA- EQ S
ttctggtaaaggccaacaacaacaaggccaaactgtcactaagaaatctgctgctgaggc
FW R PTT TR P NCH -E IC C -G
atctaaaaagcctcgccaaaaacgtactgccacaaaacagtacaacgtcactcaagcatt
I-K A SP KT YC HK T VQ RH SS I
tgggagacgtggtccagaacaaacccaaggaaatttcggggaccaagacctaatcagaca
W ET WS RTN PR K FR GP RP NQ T
aggaactgattacaaacattgggccgcaaattgcacaatttgcct
RN- LQ TL GR K LH NL P
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13' Frame 3

taggtttttacctacccaggaaaagccaaccaacctcgatctc ttgtagatctgttctctaa
G FY LP RK SQ PT S ISC RS VL-

acgaacaaattaaaatgtctgataatggaccccaatcaaaccaacgtagtgccccccgca
T N KL KC LI MD P NQT NVV PP A
ttacatttggtggacccacagattcaactgacaataaccagaatggaggactgcaatggg
LH LV D PQ IQ LT IT R MED C NG
gcaaggccaaaacagcgccgaccccaaggtttacccaataatattgcgtc ttggttcaca
AR P KQ RR PQ GL PNN I AS WF T
gctctcactcagcatggcaaggaggaacttagattccctcgaggccagggcgttccaatc
A LT Q HGKE E LR FP R GQG V PI
aacaccaatagtggtccagatgaccaaattggctactaccgaagagctacccgacgagtt
N TN S P D DQ IG Y YRR AT RR V
cgtggtggtgacggcaaaatgaaagagctcagccccagatggtacttctattacctagga
R G G D G K M4 K E L S P R W Y F Y Y L G
actggcccagaagcttcacttccctacggcgctaacaaagaaggcatcgtatgggttgca
TGP E ASL P Y GA NK EG IV WV A
actgagggagccttgaatacacccaaagaccacattggcacccgcaatcctaataacaat
TEG A L NTP K DHEIG TR NPN N N
gctgccaccgtgctacaacttcctcaaggaacaacattgccaaaaggcttctacgcagag
A A T V L Q L P Q G T T ]L P 'K G F Y A E

ggaagcagaggcggcagtcaagcctcttctcgctcctcatcacgtagtcgcggtaattca
G SR GG SQ AS SRS S SR SR GN S
agaaattcaactcctggcagcagtaggggaaattctcctgctcgaatggc tagcggaggt
R NS T PG S SRG NSP AR M A SGG
ggtgaaactgccctcgcgctattgctgctagacagattgaaccagcttgagagcaaagtt
G ETA LA LL L LD RL NQ LE SK V
tctggtaaaggccaacaacaacaaggccaaactgtcactaagaaatctgc tgctgaggca
S G KGQ Q QQGQ T VT KK SA A EA
tctaaaaagcctcgccaaaaacgtactgccacaaaacagtacaacgtcac tcaagcattt
S K KPR Q KRT AT K QY NVT QA F
gggagacgtggtccagaacaaacccaaggaaatttcggggaccaagacctaatcagacaa
GR RG PE Q TQ G NFG0DQD LI R Q
ggaactgattacaaacattgggccgcaaattgcacaatttgcct

Frame I

aqgcaaattgtgcaatttgcggcccaatgtttgtaatcagttccttgtctgattaggtc t
R QIV QF A AQ C L-S VP C LIR S
tggtccccgaaatttccttgggtttgttctggaccacgtctcccaaatgcttgagtgacg
W SP KF P WVC S GPR L PNA -V T
ttgtactgttttgtggcagtacgtttttggcgaggctttttagatgcctcagcagcagat
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ttcttagtgacagtttggccttgttgttgttggcctttaccagaaactttgctctcaagc
F LV TV W PC CCW PL P ETLL S S
tggttcaatctgtctagcagcaatagcgcgagggcagtttcaccacctccgctagccatt
W FN LS SS NS AR AV SPP P LATI
cgagcaggagaatttcccctactgctgccaggagttgaatttcttgaattaccgcgacta
R AGE F PL LL PGV E F LEL PR L
cgtgatgaggagcgagaagaggcttgactgccgcctctgcttccctctgcgtagaagcct
RD EE RE E A-L P P LL PS A-K P
tttggcaatgttgttccttgaggaagttgtagcacggtggcagcattgttattaggattg
F GNV V P- G SCS TV AA L LLG L
cgggtgccaatgtggtctttgggtgtattcaaggctccctcagttgcaacccatacgatg
R V PM WSL GV FKA PS V AT HT X
ccttctttgttagcgccgtagggaagtgaagcttc tgggccagttcctaggtaatagaag
P S LL A P-G SEA SG PV PR K
taccatctggggctgagctctttcattttgccgtcaccaccacgaactcgtcgggtagct
Y H LG LSSF IL P SP PR T RRV A
cttcggtagtagccaatttggtcatctggaccactattggtgttgattggaacgccctgg
L R PI W SSGP L LV LTG T PW
cctcgagggaatctaagttcctccttgccatgctgagtgagagctgtgaaccaagacgca
P RGN L SS SL PC VR AVN QD A
atattattgggtaaaccttggggtcggcgctgttttggccttgccccattgcagtcctcc
ITLLG KP W GRR C FGL A PL QS S

attctggttattgtcagttgaatctgtgggtccaccaaatgtaatgcggggggcactacg
I LV IVS IC G STKC N AG GT T

ttggtt tgattggggtccattatcagacattttaatttgttcgtttdgagdacagatcta
L V-L G SI IRH FN L FV RTD L
caagagatcgaggttggttggcttttcctgggtaggtaaaaaccta
QE IE V GWL FL GR -K P

3151 Frame 2

aggcaaattgtgcaatttgcgcccaatgtt' -gtaatcagttccttgtc tgattaggtctt
G K LCN LRPN V CN QF LV LG L

ggtccccgaaatttcct1tgggtttgttctggaccacgtctcccaaatgcttgagtgacgt
G P RNF L G FV LDH VS QML E- R
tgtactgttttgtggcagtacgtttttggcgaggctttttagatgcctcagcagcagatt
C TV LW QY V FGE AF -M PQ QQ I

tcttagtgacagtttggccttgttgttgttggcctttaccagaaactttgctctcaagct
S Q FGL VV V GL YQK LC SQ A
ggttcaatctgtctagcagcaatagcgcgagggcagtttcaccacctccgctagccattc
G SI CL AA IA RG Q FH HL R-P F
gagcaggagaatttcccctactgc tgccaggagttgaatttcttgaattaccgcgactac
E QE NF PY C CQE LN FL N YR DY
gtgatgaggagcgagaagaggcttgactgccgcctctgcttccctctgcgtagaagcctt
VM R S EKR LD CR LC F PLR R SL
ttggcaatgttgttccttgaggaagttgtagcacggtggcagcattgttattaggattgc
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gggtgccaatgtggtctttgggtgtattcaaggctccctcagttgcaacccatacgatgc
G CQC GL WV Y SRL P Q LQ PTIRC

cttctttgttagcgccgtagggaagtgaagc ttctgggccagttcctaggtaatagaagt
L LC RRR EV KL L GQF LG NR S

accatctggggctgagctctttcattttgccgtcaccaccacgaactcgtcgggtagctc
T IW G- AL SF CR HHH E LV G- L
ttcggtagtagccaatttggtcatctggaccactattggtgttgattggaacgccctggc
F G SSQF G HL DH Y WC LE R PG

ctcgagggaatctaagttcctccttgccatgctgagtgagagctgtgaaccaagacgcaa
L EGI -V P PC H AE -FL -T KT Q

tattattgggtaaaccttggggtcggcgctgttttggccttgccccattgcagtcctcca
Y Y WVN LG VG AV L AL PH C S P

ttctggttattgtcagttgaatctgtgggtccaccaaatgtaatgcggggggcactacgt
F WL L SVES VG P PN V MRG A LR

tggtttgattggggtccattatcagacattttaatttgttcgtttagagaacagatctac
W FDW GP L SD IL I CS F RE QI Y
aagagatcgaggttggttggcttttcctgggtaggtaaaaaccta
KR S R LVG F SW VG K NL

3151 Frame 3

aggcaaattgtgcaatttgcggcccaatgtttgtaatcagttccttgtctgattaggtcttg
A NC A ICG P MFV IS SL SD VL

gtccccgaaatttccttgggtttgttctggaccacgtctcccaaatgcttgagtgacgtt
V PE IS LG LF WT TSPK CL S DV
gtactgttttgtggcagtacgtttttggcgaggctttttagatgcc tcagcagcagattt
V L F C G S T F L A R LF R C L S S R F

cttagtgacagtttggccttgttgttgttggcctttaccagaaactttgctctcaagctg
L SD S LA LL LL A FTRNF A LK L
gttcaatctgtctagcagcaatagcgcgagggcagtttcaccacctccgctagccattcg
V QS V -QQ -R EGS F TT SA S HS
agcaggagaatttcccctactgctgccaggagttgaatttcttgaattaccgcgactacg
S RR IS PT A AR S- IS IT AT T
tgatgaggagcgagaagaggcttgactgccgcctctgcttccctctgcgtagaagccttt

G A R RG LT A ASA SL CV E AF

tggcaatgttgttcc ttgaggaagttgtagcacggtggcagcattgttattaggattgcg
W QC C SLR KL HGG S IVI R IA

ggtgccaatgtg~tctttgggtgtattcaaggctccctcagttgcaacccatacgatgcc
G ANV V FG C IQ GS LSC N PY DA
ttctttgttagcgccgtagggaagtgaagcttctgggccagttcctaggtaatagaagta
FF VS A VG K- S FW AS S-V I EV

ccatctggggctgagctctttcattttgccgtcaccaccacgaactcgtcgggtagctct
P SG AE LFH F AV TT T N SSGS S

tcggtagtagccaatttggtcatctggaccactattggtgttgattggaacgccctggcc
S VV A NL V IWTT IG VD W NAL A
tcgagggaatctaagttcctccttgccatgctgagtgagagctgtgaaccaagacgcaat
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S RE S KFL LA M LSE SC E P RRN
attattgggtaaaccttggggtcggcgctgttttggccttgccccattgcagtcctccat

I IG -T LG SA L FWP CP IA VL H
tctggttattgtcagttgaatctgtgggtccaccaaatgtaatgcggggggcactacgtt
S G YC QL N LWV H QM-C GG HY V
ggtttgattggggtccattatcagacattttaatttgttcgtttagagaacagatctaca
G LI G V HYQTF FV RL EN R ST
agagatcgaggttggttggcttttcctgggtaggtaaaaaccta
R D RGW L AF PG -VK T
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FIGURE 133
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LIVE ATTENUATED CORONAVIRUS 
VACCNES 

This application claims benefit of priority to U.S. Provi 
sional Application Ser. No. 60/573,587, filed May 21, 2004, 
the entire contents of which are hereby incorporated by ref 
CCC. 

The government owns rights in the present invention pur 
suant to grant number 5RO1 A126603-15 of the National 
Institutes of Health and National Institute Allergy Infectious 
Disease. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to the fields of 

microbiology, immunology and Virology. More particularly, 
it concerns live, attenuated Coronaviridae vaccines and meth 
ods for preventing or limiting Coronaviridae infections. 

2. Description of Related Art 
Coronaviruses have been long known to cause important 

diseases in a wide variety of animal species, including 
humans, cattle, Swine, chickens, dogs, cats and mice. Coro 
navirus diseases in non-human species may be quite severe, 
and devastating in domestic livestock Such as pigs, cattle and 
chickens. The characterized human coronaviruses—HCoV 
229E and HCoVOC43—are significant causes of upper res 
piratory infections, responsible for 10-35% of human colds. 
Studies of human coronaviruses have been limited by their 
lack of growth in culture from primary isolates, and by the 
lack, until recently, of reverse genetic approaches for their 
study. Thus, while the human coronaviruses are arguably two 
of the most economically important viruses in humans, ongo 
ing research has been pursued only by a handful of dedicated 
investigators. 
The emergence of a new human coronavirus associated 

with “severe acute respiratory syndrome' (SARS) surprised 
many scientists and public health officials, but has high 
lighted characteristics of coronaviruses well known to inves 
tigators. The coronaviruses have high rates of mutagenesis 
and homologous RNA recombination. In fact, template 
Switching and recombination are essential to the normal life 
cycle of the viruses. In addition, the species barrier for coro 
naviruses has been predicted to be tenuous. Studies of coro 
naviruses in culture have demonstrated the ability of coro 
naviruses to adapt for replication in cells of different species. 
In addition, Some studies have demonstrated that the murine 
coronaviruses may cause disease in primates following direct 
inoculation into brain. Finally, coronaviruses have been pro 
posed, based on evolutionary studies, to have acquired genes 
from other viruses or cells, probably by recombination 
events. The emergence of a new coronavirus pathogenic for 
humans, by either adaptation of an animal virus, or by recom 
bination of two coronaviruses during a coinfection, is consis 
tent with these features of coronavirus evolution, replication 
and maintenance in populations. 

Vaccine approaches for important domestic animal coro 
naviruses diseases, specifically the chicken avian infectious 
bronchitis virus (E3V), porcine transmissible gastroenteritis 
virus (TGEV), canine coronavirus (CCV), bovine coronavi 
rus (BCV) and feline infectious peritonitis virus (FIPV), have 
been developed or attempted over the past 20 years. The 
approaches to vaccine development have been based on non 
targeted natural attenuation, virus expression vectors, virus 
inactivation, recombinant viral structural proteins, and novel 
approaches to deliver or adjuvant vaccines. Responses and 
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2 
protectivity of these vaccines have varied widely, but no vac 
cine has been shown to possess all of the characteristics of 
safety, stability and efficacy. 

For FIPV, live-attenuated, inactivated, and subunit vac 
cines based on recombinant or purified spike protein, have not 
only failed to protect against FIPV disease, but have resulted 
in immune enhancement of infection and disease, a response 
disturbingly reminiscent of the result following vaccination 
of humans with inactivated vaccines for measles and respira 
tory syncytial virus. The most useful animal coronavirus vac 
cine has been the live-attenuated vaccine for IBV. However, 
efficacy is still clearly less than optimal. In addition, reversion 
to virulence may occur, and recombination of the vaccine 
strain with wild-type viruses has occurred, with disease in 
chickens caused by the recombinant vaccine-wild-type 
viruses. 

For the most part, vaccines have not been pursued in the 
past for human coronaviruses, likely because the frequency 
and severity of infections could not be well defined, and the 
determinants for protection have not been identified. It is also 
known that 229E and OC43 can re-infect humans, possibly as 
often as every other year, Suggesting that vaccine strategies 
may need to be targeted toward limitation of disease severity, 
since prevention may not be possible. 

Together, the known biological properties of coronavi 
ruses, as well as the concerns with limited protection or 
immune enhancement of disease by coronavirus vaccines, are 
compelling arguments for a new approach in the development 
of live, attenuated vaccines that are less Subject to reversion 
and recombination, but possess normal pathways for infec 
tion and immune response. This need is all the more critical in 
light of the emerging human SARS situation. 

SUMMARY OF THE INVENTION 

Thus, in accordance with the present invention, there is 
provided a live, attenuated virus of the family Coronaviridae, 
wherein the virus is characterized as comprising a genome 
encoding an ExoN comprising a substitution at tyrosine 
of MHV-A59, or an analogous position thereof. The virus 
may be a group 2 coronavirus, and the genome further 
encodes an Orf2a polypeptide comprising a substitution at 
leu of MHV-A59, or an analogous position thereof. The 
virus may be a coronavirus oratorovirus, including coronavi 
ruses Such as avian infectious bronchitis virus, bovine coro 
navirus, canine coronavirus, feline infectious peritonitis 
virus, human coronavirus 229E, human coronavirus OC43, 
murine hepatitis virus, porcine epidemic diarrhea virus, por 
cine hemagglutinating encephalomyelitis virus, porcine 
transmissible gastroenteritis virus, rat coronavirus, turkey 
coronavirus, severe acute respiratory syndrome virus, or rab 
bit coronavirus, and toroviruses such as Berne virus or Breda 
W1US. 

The virus may further comprise a mutation in least one 
polyprotein proteinase cleavage site that exhibits reduced as 
compared to wild-type or no cleavage. Such as a C1-C14 
cleavage site, or a MHV p28-p65 orp65-p210 cleavage site or 
analogous position thereof. The cleavage site may comprise 
an amino acid deletion, an amino acid insertion or an amino 
acid substitution. Alternatively, the cleavage site may be wild 
type, but cleavage may be reduced or eliminated by an allos 
teric mutation. The tyrosine' substitution may be a non 
conservative substitution, or a histidine in particular. The 
leu Substitution may be a non-conservative Substitution, or a 
proline in particular. The virus genome may further encodes a 
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mutation in one or more of nsp1, insp2, insp3, insp4, nsp5, insp6. 
insp7, insp8, insp9, insp10, insp11, insp12, insp13, insp15 or insp 
16 coding region. 

In another embodiment, there is provided a method of 
inducing an anti-viral immune response in a host comprising 
administering to the host a live, attentuated virus vaccine of 
the family Coronaviridae, wherein the virus is characterized 
as comprising a genome encoding an ExoN comprising a 
substitution at tyrosine of MHV-A59, or an analogous 
position thereof. The virus may be a group 2 coronavirus, and 
the genome further encodes an Orf2a polypeptide comprising 
a substitution at leu106 of MHV-A59, or an analogous posi 
tion thereof. The virus may be a coronavirus or a torovirus, 
including coronaviruses such as avian infectious bronchitis 
virus, bovine coronavirus, canine coronavirus, feline infec 
tious peritonitis virus, human coronavirus 229E. human coro 
navirus OC43, murine hepatitis virus, porcine epidemic diar 
rhea virus, porcine hemagglutinating encephalomyelitis 
virus, porcine transmissible gastroenteritis virus, rat coro 
navirus, turkey coronavirus, severe acute respiratory syn 
drome virus, or rabbit coronavirus, and toroviruses Such as 
Berne virus or Breda virus. The vaccine may be administered 
intravenously or Subcutaneously, and/or co-administered 
with an immunostimulant. The host may be a dog, a cow, a 
pig, a cat, amouse, a rat, a horse, a chicken, a turkey, a monkey 
or a human. 
The method may comprise a virus that further comprises a 

mutation in least one polyprotein proteinase cleavage site that 
exhibits reduced as compared to wild-type or no cleavage, 
such as a C1-C14 cleavage site, or a MHV p28-p65 or p65 
p210 cleavage site or analogous position thereof. The cleav 
age site may comprise an amino acid deletion, an amino acid 
insertion or an amino acid Substitution. Alternatively, the 
cleavage site may be wild-type, but cleavage may be reduced 
or eliminated by an allosteric mutation. The tyrosine' sub 
stitution may be a non-conservative Substitution, or a histi 
dine in particular. The leu" substitution may be a non 
conservative Substitution, or a proline in particular. The virus 
genome may further encodes a mutation in one or more of 
insp1, insp2, nsp3, insp4, insp;5, nsp6, insp7, insp8, insp9, insp10, 
insp11, insp12, insp13, insp15 or nsp16 coding region. 

In yet another embodiment, there is provided a coronavirus 
genome, the genome encoding an ExoN polypeptide com 
prising a substitution at tyrosine" of MHV-A59, or an 
analogous position thereof. Also provided is a coronavirus 
ExoN polypeptide comprising comprising a substitution at 
tyrosine of MHV-A59, or an analogous position thereof. 

In still yet another embodiment, there is provided a vaccine 
comprising (a) a live, attentuated virus of the family Coro 
naviridae, the virus characterized as comprising a genome 
encoding an ExoN polypeptide comprising comprising a Sub 
stitution at tyrosine of MHV-A59, or an analogous posi 
tion thereof, and (b) a pharmaceutically acceptable diluent. 
The vaccine may be formulated as a unit dose of 10° to 10' 
infectious particles. The vaccine may be provided in unit dose 
is provided in a 100 ml aliquot. The vaccine may further 
comprise a preservative. The vaccine may be lyophilized. 

It is contemplated that any method or composition 
described herein can be implemented with respect to any 
other method or composition described herein. 
The use of the word “a” or “an' when used in conjunction 

with the term “comprising in the claims and/or the specifi 
cation may mean "one.” but it is also consistent with the 
meaning of “one or more.” “at least one.” and “one or more 
than one.” 

It is contemplated that any embodiment discussed in this 
specification can be implemented with respect to any method 
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4 
or composition of the invention, and vice versa. Furthermore, 
compositions and kits of the invention can be used to achieve 
methods of the invention. 
Throughout this application, the term “about is used to 

indicate that a value includes the inherent variation of error 
for the device, the method being employed to determine the 
value, or the variation that exists among the study subjects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifica 
tion and are included to further demonstrate certain aspects of 
the present invention. The invention may be better understood 
by reference to one or more of these drawings in combination 
with the detailed description of specific embodiments pre 
sented herein. 

FIGS. 1A-B - Genome organization, replicase proteins, 
and processing of SARS-CoV and MHV. FIG. 1A. Schematic 
of the SARS-CoV genome. 30 kb, single-stranded, plus 
strand RNA genome is shown, including leader RNA, 20 kb 
replicase gene, and general organization of structural and 
accessory genes, including those encoding spike (S), enve 
lope protein, (E), membrane (M), and nucleocapsid proteins 
(N). Vertical black bars are intergenic regions and transcrip 
tional regulatory sequences. FIG. 1B. Replicase gene organi 
Zation, protein domains, and mature and intermediate pro 
cessing products. The nonstructural protein number (insp), 
predicted size in kDa, and names or putative functions of 
proteins are shown for SARS-CoV: PLP2 papain-like pro 
teinase orthologous to MHV PLP2: MP1 and MP2 hydro 
phobic membrane proteins; 3C-3C-like proteinase; POL 
putative RNA-dependent RNA polymerase: HEL RNA 
ATPase/helicase; ExoN putative exonuclease; XendoU— 
predicted poly(U)-specific endoribonuclease; 2'-O-MT 
predicted 2'-O-methyltransferase. For MHV, n.sp numbers 
have not been assigned or are controversial. For this proposal, 
insp numbers will correspond to those of SARS-CoV. PLP and 
regions of the polyprotein cleaved by PLP are shaded in 
yellow. 3Clpro and regions cleaved by 3Clpro in green. Red 
bars between genomes possible intermediate precursor 
proteins. Black bars, mature replicase proteins. 

FIG. 2 - Alignment of p59 (inspl14, Exo N) proteins of 
coronaviruses and conservation of Tvró398 residue. Align 
ments were perfonned of available group 1, 2 and 3 coronavi 
ruses using a Clustal W protein alignment (implemented in 
MacVector 7.1 - Accelerys). MHV-A59 - mouse hepatitis 
virus; SARS-Tor2 - Tor 2 strain of Severe Acute Respiratory 
Syndrome Coronavirus; BCoV - bovine coronavirus; HCoV 
0C43 -human coronavirus 0C43, JBV - infectious bronchitis 
virus; TGEV - transmissible gastroenteritis virus of pigs: 
HCoV-229E - human coronavirus 229E: PEDV - porcine 
enteric diarrhea virus; HCoV-NL63 - human coronavirus 
NL63. The location of ORFib Tyró398 (p59 Tyra.14) is indi 
cated by box and star. Potential active residues are indicated 
by regions (horizontal bars) and zinc fingers by +(SEQ. ID 
NOS: 1-9). 

FIGS. 3A-B - Mutations in nsp14 (ExoN) attenuate viru 
lence in mice. (FIG.3A) Schematic of genome is shown, with 
enlargement of nsp14 (p59-ExoN) and ORF2a protein 
(Pro). Nt and aa sequence of published MHV sequences, 
and those of sequenced virulent A59 strains is shown in the 
boxes. Changes identified in clones and virus sequence of 
“uncorrected' icwt are shown by nt and aa sequence. (FIG. 
3B). LDso data on mice infected ic with viruses as shown for 
“uncorrected icwt and corrected for nsp14 and ORF2A pro 
teins, alone and together. 
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FIG. 4 - Location and sequence of 3CLpro cleavage sites. 
CS11, 12, and 13. Schematic of 1a/b polyprotein shows PLP 
and 3CLpro cleavage sites, with location of CS11, 12, and 13. 
Amino acid sequence flanking cleavage sites is shown, with 
LQ (SA) indicating cleavage between Q and S or A. 

FIGS. 5A-E - Mutations approaches and sequences of 
insp14, insp15 and nsp16. (FIG. 5A) Organization of proteins 
and introduction of stop codons beginning in nsp16 toward 
insp14: yellow-"midprotein’ allowing partial translation and 
cleavage; red-change initial residue to stop codon. (FIG. 5B) 
Cleavage site mutations from Aim 1 (grey boxes) and intro 
duction of inactivation cleavage sites (white boxes with 
arrows). (FIGS. 5C-E) Core sequences with conserved resi 
dues with subscript residue numbers in pp.1ab. For nsp 14, 
putative metal finger is underlined (SEQID NOS:10-12). 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

Coronaviruses are common pathogens for respiratory, 
enteric, and neurologic diseases inhumans and animals. It has 
been estimated that coronaviruses are responsible for up to 
30% of common colds in humans, and they cause economi 
cally significant diseases in domestic animals including cows, 
chickens, Swine, and cats. Group 2 viruses include mouse 
hepatitis virus (MHV), human coronavirus OC-43, and 
bovine coronavirus, and the recently identified severe acute 
respiratory syndrome-associated coronavirus (SARS-CoV) 
appears to be closely related to the group 2 coronaviruses. 
Thus, there is considerable interest in the development of 
vaccines against coronaviruses generally, and against SARS 
CoV in particular. 

I. The Present Invention 

The present inventors isolated an attenuated infectious 
clone virus produced using an MHV reverse genetics system, 
and identified two unique mutations in different coding 
regions of the viral genome. By assembling several infectious 
clone viruses with each mutation corrected individually and 
simultaneously, they demonstrated that these mutations both 
independently and in combination attenuate virulence in 
mice, while not displaying any distinctive phenotypes, and 
specifically no inhibition of growth, in DBT cell culture rela 
tive to lab strain MHV-A59. One of the mutations, leading to 
a leucine to proline change at amino acid 106 in the Orf2a 
protein, was only partially attenuating in the absence of any 
other changes. The second mutation, a tyrosine to histidine 
change at amino acid 6398 in the Orfla/b polyprotein (p59), 
was completely attenuating independently or in combination 
with the first mutation. 

Neither of these mutations affected virus growth in DBT 
cells, though there was evidence of replication defects in mice 
for the attenuated viruses. Interestingly, both of the attenuat 
ing mutation sites are located outside of the known virulence 
or tropism-associated loci of MHV. S. M, N, and HE. These 
attenuating mutations are also not located in known structural 
proteins. There have been previous suggestions that genes 
outside of S and the structural proteins might be involved in 
mediating pathogenic properties, but this is the first demon 
strations of specific lesions of such. Significantly, the discov 
ery of these attenuating mutations should be applicable to 
other coronaviruses, as all coronaviruses conserve the 
tyrosine residue in their p59 homologous protein in Orflb. 

The discovery of two randomly generated mutations in the 
cDNA of the infectious clone, which were independently and 
simultaneously attenuating in mice but caused no observed 
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phenotype in cell culture, was very Surprising. The inventor's 
hypothesis is that these mutations were selected for during 
passage of the F clone plasmid in E. coli cells. Experience 
during cloning with this plasmid suggested that it was not 
stable in bacteria. Following correction of nt 19400 and 
growth of the plasmid in E. coli cells, the mutation would 
occasionally spontaneously revert. To stabilize the F frag 
ment, it was subcloned it into pSMART-LCAmp vector (Lu 
cigen), which resulted in increased stability of the F clone. 
The attenuated viruses described herein have the key fea 

tures of (a) replicating to high titers in culture (>10 pfu/ml), 
(b) diminished replication in animals, and (c) failure to cause 
disease or illness. The main potential drawback for any live 
attenuated vaccine development in coronaviruses is the pos 
sibility of reversion or recombination that might restore a 
virulent phenotype or alter host cell tropism and disease. One 
possible approach to avoid or overcome this problem is the 
identification and introduction of multiple attenuating muta 
tions spaced throughout the genome of the virus. Multiple 
mutations could be introduced singly or in combinations by 
introducing them on different cDNA fragments. The presence 
of the multiple mutations would guard against the risk of 
losing attenuation due to single recombination events or 
single-site reversions. It would also maintain or introduce 
attenuating mutations in any recombinant viruses that might 
be generated by recombination between different coronavi 
USS. 

For human viruses acquired by the respiratory route, live 
attenuated vaccines impaired in protein processing would 
have several potential advantages. Because there is no alter 
ation in the viral structural glycoproteins, it is predicted that 
replicase protein cleavage mutants would have normal “wild 
type' transmission, tropism, attachment, entry and uncoat 
ing, and thus could theoretically be administered by oral, 
intranasal or inhaled approaches. The initial replication and 
spread from the respiratory epithelium and lymphoid organs 
also allows for the development of both systemic and mucosal 
inmmunity. 

Furthermore, studies with other animal coronavirus vac 
cines suggest that viral replication may be necessary for pro 
tection from virus challenges. The use of a virus with multiple 
virulence-attenuating mutations avoids concerns about atypi 
cal infections with wild-type viruses following vaccination 
with inactivated viruses or purified viral proteins. Such as 
occurred with measles virus and respiratory syncytial virus, 
and also seen with the vaccines for the feline coronavirus, 
FIPV. Most importantly, the use of a live-attenuated virus 
allows for both humoral and cellular immunity. 

II. Coronaviridae 

Viruses in this family infect hosts in the Domain Eucarya, 
Kingdom Animalia, Phylum Chordata, Subphylum Verte 
brata, Classes Mammalia and Aves, Orders Primates, Cam 
ivora, Perissodactyla, Artiodactyla, Rodentia, and Lagomor 
phia. It is transmitted by means not involving a vector. World 
wide distribution is likely. 

Virions are enveloped, slightly pleomorphic, spherical or 
kidney shaped, and about 120-160 nm in diameter. Surface 
projections of envelope are distinct, club-shaped, spaced 
widely apart and dispersed evenly over all the surface. 
Nucleocapsids are rod-shaped (straight or bent), about 9-13 
nm in diameter. Virions associated RNA nucleocapsids 
exhibit helical or tubular symmetry. 

Molecular mass (Mr) of the virion 400x106. Buoyant den 
sity is 1.23-1.24 g cm-3 in CsCl and 1.15-1.19 g cm-3 in 
sucrose. The sedimentation coefficient is 300-500S. Under in 
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vitro conditions, virions are stable in acid environment (pH 
3), relatively stable in presence of Mg". Virions are sensitive 
to heat, lipid solvents, non-iomc detergents, formaldehyde, 
and oxidizing agents. 

Virions contain one molecule of linear positive-sense 
single stranded RNA with a total genome length is 20,000 
33,000 nt. The 5' end of the genome has a cap, and the 3' end 
has a poly(A) tract. Subgenomic mRNA is found in infected 
cells. 

Five structural virion proteins found ranging is size 
between 18,0000 and 220,000 Da. The first is the surface 
glycoprotein or spike (S) protein. The Sprotein is responsible 
for attachment to cells, hemagglutination and membrane 
fusion. It has a carboxy-terminal half with a coiled-coil struc 
ture. The second largest protein (30,000-35,000 Da) is the 
integral membrane protein (M) which spans the virus enve 
lope three times, with only 10% protruding at the virion 
surface. The third largest protein (50,000-60,000 Da) is the 
nucleocapsid protein (N). The fourth largest protein (65,000 
Da) is the hemagglutinine-esterase protein (HE), which 
forms short Surface projections, and can have receptor bind 
ing, hemagglutination and receptor destroying activities. The 
fifth largest protein (10,000-12,000 Da) is tentatively desig 
nated as the Small membrane protein (SM), detected in avian 
infectious bronchitis virus (IBV) and porcine transmissible 
gastroenteritis virus (TGEV). 
The virus exhibits distinct antigen determinants on enve 

lope and spikes, those corresponding to each of the major 
structural glycoproteins—S, HE, M. and N. Antigenic speci 
ficity of virion can be determined by neutralization tests (S 
and HE), or complement fixation tests (M). Protective immu 
nity is induced in form of complement independent neutral 
izing antibodies. 
The Coronaviridae family is split into two groups—coro 

navirus and torovirus. Coronaviruses include avian infectious 
bronchitis virus, bovine coronavirus, canine coronavirus, 
feline infectious peritonitis virus, human coronavirus 229E, 
human coronavirus OC43, murine hepatitis virus, porcine 
epidemic diarrhea virus, porcine hemagglutinating encepha 
lomyelitis virus, porcine transmissible gastroenteritis virus, 
rat coronavirus, turkey coronavirus, severe acute respiratory 
syndrome virus, rabbit coronavirus, or the recently identified 
SARS associated human coronavirus. Toroviruses include 
Berne virus or Breda virus. 

III. Targets for Attenuating Mutations 

In accordance with the present invention, attenuating 
mutations have been identified in the p59 and Orf2a proteins 
of MHV-A59. The p59 residue (Tyró398) (also referred to as 
insp14 and Exo N) is one of many residues in the replicase that 
are 100% conserved across all coronaviruses, and therefore 
provide the basis for making similar changes in analogous 
residues of the other coronaviruses. In addition, Such muta 
tions may be combined into a single virus, and with other 
mutations in structural and non-structural genes. The p59 and 
Orf2a proteins, as well as other targets, are described below. 

A. Nsp14/p59 (ExoN) 
The p59 protein if part of the complex polyprotein, 

described in greater detail below. No function has been dem 
onstrated for this protein, though this highly conserved pro 
tein is predicted to be an exoribonuclease (ExoN) of the 
DEDD superfamily of exonucleases. This prediction is based 
on primary amino acid sequence identity of three motifs 
containing the putative catalytic aspartic and glutamic acid 
residues necessary for the exonuclease activity. 
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8 
The virulence-associated tyrosine/histidine residue is 

located in a region 140 amino acids carboxy-terminal to the 
last predicted ExoN catalytic motif. Analysis of deduced 
amino acid sequences of all genome-sequenced coronavi 
urses shows increasing identity across the carboxy-terminal 
half of the ORF1a polyprotein and all of ORF1b polyrpotein. 
Specifically, up to 60% to 80% identity is observed across 
putative fuictional proteins such as the RNA-dependent RNA 
polymerase (RdRp, pol, insp12), the ATPase/helicase (hel, 
insp14, p67). Further, the amino acid identity within proteins 
is focused in regions or motifs. However for proteins with 
predicted functions, the predictions were based on organiza 
tion or sequences discrete regions, and thus the identity across 
the remainder of the proteins is of unknown significance in 
protein function, viral replication or viral pathogenesis. This 
Suggests that many of these regions of identity may play 
identical conserved roles, but distinct from the predicted 
functions. 

B. Orf2a 
The Orf2a protein also has no known function. It has been 

reported to be a non-structural protein that is cytosolic and 
non-membrane associated. The Orf2a protein was shown to 
be non-essential for MHV replication in cell culture, and its 
deletion did not affect growth, RNA synthesis, or protein 
expression, leading to the Suggestion that its functional role 
may only be manifest in vivo. It is predicted to be a cyclic 
phosphodiesterase (CPD), another RNA processing enzyme 
associated with tRNA maturation. 
The mutated leucine residue is located in the Orf2a protein, 

of group 2 coronaviruses including, including MHV. OC43. 
and BCoV. The leucine residue is conserved among those 
viruses that possess the Orf2a protein. However, the mutation 
is not associated with the predicted catalytic residues of the 
putative enzyme. While this ORF and protein is not conserved 
among all coronaviruses, there are several medically and 
agriculturally important viruses in this group. In addition, the 
fact the ORF 2a mutation is independently attenuating in 
animals but has no independent or synergistic impact on 
replication in culture suggests that mutations in both con 
served and non-conserved ORFS of different group coronavi 
ruses will aid efforts to introduce multiple mutation across the 
genome that stabilize against or eliminate reversion to viru 
lence or recombination. 

C. Nsp15/XendoU 
The prediction of nsp15 as a XendoU ortholog (poly(U)- 

specific endoribonuclease) is based on alignment of a small 
number of identical and similar residues within a region of the 
predicted protein sequence. Since active site residues for 
XendoU proteins have not been defined, the prediction is both 
tenuous and difficult to prove biochemically. However, the 
predictions do identify residues that are highly conserved in 
the coronavirus proteins and relatively with other non-viral 
proteins known to have XendoU function. These glycine, 
histidine, and lysine residues may be substituted with alanine 
and with conservative and non-conservative residues. 

D. Nsp16/2 O-methyltransferase. 
The 2'-O-MT activity of nsp16 was predicted based on 

alignment of residues with those of known proteins with 
methyltransferase function, specifically the Rrm.J family. 
However, this is only a subset of the critical residues of the 
known enzymes and thus establishment of O-MT activity will 
require experimental confirmation of function. At this time, it 
is unclear if this protein actually methylates the RNA cap, the 
penultimate nucleotide, or both within the genome. For 
SARS-CoV nsp16, lys, lys', and asp' have been 
proposed to be the site of a catalytic triad. Mutations may be 
introduced at lys, lys', and asp', and will include 
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both conservative and non-conservative changes; for Lys 
these will include alanine, histidine, arginine, and proline; for 
asp, Substitutions include alanine, asparagine, glutamic acid, 
histidine, and proline. Other potential mutatable residues are 
conserved in the Rrm.J family and between coronaviruses and 
include leu', gly', glu’, and gly'. Since coronavi 
ruses appear to mediate all stages of their mRNA synthesis in 
the host cell cytoplasm, presumably including addition of 
methylguanosine caps to mRNAS, insp16 is an attractive tar 
get for a specific function inviral replication. If, in fact, insp16 
is involved in mRNA capping, then it would possess a pre 
Sumably critical activity, and alteration of residues known to 
be required for MT activity of known enzymes would likely 
reduce or abolish this activity. 

E. Replicase Polyprotein Cleavages Sites 
1. Gene and Protein Structure 

The coronavirus replicase gene (also known as gene 1 or 
the polymerase gene) comprises 22 kB of the coronavirus 
genome, corresponding to some 7800 amino acids, and is 
composed of two overlapping open reading frames—ORF1a 
and 1b. Following uncoating of the RNA genome in the cell 
cytoplasm, the replicase gene is translated as eitheran ORF la 
polyprotein (495 kD) or as an ORF1ab fusion polyprotein 
(803 kD), with translation of ORF 1b requiring a ribosomal 
frameshift event at the end of ORF 1a. The intact replicase 
polyproteins are not detected during natural infection, since 
maturation proteolytic cleavages occur cotranslationally by 
three proteinase functions encoded in ORF la polyprotein. 
The proteolytic processing results in 15 mature proteins, 
including the proteinases, an RNA helicase, and a putative 
RNA-dependent RNA polymerase. The MHV proteins are set 
forth in Table 1. 

TABLE 1. 

MHV Replicase Polyproteins 

Protein Designation Residues Function 

p28 1-247 Unknown; localizes to 
replication complexes early in 
infection where it associates 
with membranes by easily 
disrupted peripheral 
mechanisms 
Unknown; shown to associate 
hroughout infection with 
membranes of replication 
complexes at sites of viral 
RNA synthesis, likely by 
interactions with other 
proteins 

Encodes a protein with two 
papain-like proteinase 
domains that cleave the first 
hree (C1-C3) cleavage sites 
Highly hydrophobic, 
membrane associated, found 
in replication complexes 
Picornain like proteinase 
responsible for cleavage at 
C4-C14 
Highly hydrophobic, 
membrane associated, 
ocalization in cells unknown 
Associates with p22, p12, p15 
in replication complexes 
Associates with p10, p12, p15 
in replication complexes 
Associates with p22, p10, p15 
in replication complexes 
Associates with p22, p12, p 10 
in replication complexes 

248-834 

P210 833-2837 

MP1 2838-3332 

3CLpro 3333-3633 

MP2 
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TABLE 1-continued 

MHV Replicase Polyproteins 

Protein Designation Residues Function 

Putative RNA dependent RNA 
polymerase, localizes to 
replication complexes 

Polymerase (pol, p100) 

Helicase (hel, pó7) RNA unwinding and NTPase 
activities 

p57 Unknown 
p42 Unknown 
p33 Unknown 

The replicase gene expresses all of the viral factors 
required for all stages of MHV mRNA synthesis and replica 
tion. In addition, it has been shown that inhibition of polypro 
tein processing at any time during infection results in rapid 
shutoff of viral RNA synthesis, indicating that at least some of 
the proteolytic processing events are required for RNA syn 
thesis. However there are differences in mature replicase 
proteins among different coronaviruses, particularly in the 
amino-terminal 100 kD of the polyproteins. 

2. Cleavage Sites 
By convention, the present invention identifies the 

polyprotein cleavage sites as C1-C14. These sites are defined 
as cleaving between adjacent products. Examples for MHV 
are set forth in Table 2, below. 

TABLE 2 

Replicase Polyprotein Cleavage Sites 

Cleavage Site Upstream Protein Downstream Protein 

C1 28 6S 
C2 6S 210 
C3 P210 MP1 

C5 3C MP2 
C6 MP2 10 
C7 10 22 
C8 22 12 
C9 12 1S 
C10 1S Polymerase 
C11 Polymerase Helicase 
C12 Helicase b57 
C13 b57 42 
C14 42 33 

The third protein processed from the replicase polyprotein 
is p210 (Schiller et al., 1998). The p210 protein incorporates 
amino acids 833 to a predicted carboxy-terminus at amino 
acid 2837, with a predicted mass of 221 kD.p210 contains the 
two papain-like proteinase domains (PLP1 and PLP2) that 
have been shown to cleave the first three cleavage sites (CS1, 
CS2 and CS3) at the carboxy-termini of p28, p.65 and p210, 
respectively. The apparent difference between coronaviruses 
in the predicted number of proteinases, and the differences in 
the size and number of proteins in the amino-terminal half of 
the polyprotein, was interpreted to indicate a lack of common 
critical functions in this region of gene. A recent study used 
sequence comparisons, parsimony analyses, and studies of 
the cleavage sites and proteinase functions to compare the 
coronavirus p210 and the corresponding p195 proteins of the 
human coronavirus 229E (HCoV-229E) and infectious bron 
chitis virus (IBV) (Ziebuhr et al., 2001). The analyses iden 
tified common domains of the coronavirus p210/p195 pro 
teins (FIG.2), several of which had previously been predicted 
or confirmed for MHV (Lee et al., 1991). The amino-terminal 
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domain of p210 was referred to as the “acidic domain” (Ac) 
based on the concentration of acidic residues. The PLP1 
domain consists of the sequence required for proteinase activ 
ity during invitro cleavage reactions (Bonilla et al. 1995). The 
X domain is a region of increased conservation among the 
different coronavirus p210/p195 proteins with no known or 
predicted functions (Lee et al., 1991). The functional PLP2 
domains are a variable distance from the X domains, and have 
been less completely characterized as to their functional 
requirements. Both PLP1 and PLP2 have been demonstrated 
to function with a catalytic dyad of Cys and His residues 
(Baker et al., 1993: Bonilla et al., 1995; Kanjanahaluethai and 
Baker, 2000). Finally, a Y domain consists of a region incor 
porating two stretches of predominantly hydrophobic resi 
dues that predict membrane-spanning helices (Lee et al., 
1991). 

Coronavirus PLPs have a zinc finger motif in the predicted 
papain-like fold of the enzymes, with predicted similarities to 
the human transcription elongation factor TFIIS (Herold et 
al., 1999). The zinc finger has been shown to bind zinc, which 
is required for PLP function in vitro. Mutations in this motif 
abolish proteolytic activity. It has been suggested based on 
these features and demonstrated contributions of the Zinc 
finger to RNA synthesis in the arterivirus, equine arteritis 
virus (EAV) (Tijms et al., 2001), that the zinc finger may serve 
functions in addition to PLP proteolytic activity. 

Studies of PLP1 and PLP2, as well as identification and 
detailed mutagenesis of replicase polyprotein cleavage sites, 
have been performed in vitro. PLP1 has been shown to pro 
teolytically process the first two cleavage sites in the MHV 
replicase polyprotein: between p28 and p65 at 247G/V248 
(referred to as CS1)and betweenp65 and p210 at 832A/G833 
(CS2) (Dong and Baker, 1994; Hughes et al., 1995; Bonilla et 
al., 1997: Baker et al., 1993). PLP2 has been shown to cleave 
at the carboxy-terminus of p210 (CS3), likely in a cis autocat 
(Kanjanahaluethai and Baker, 2000; Kanjanahaluethai et al., 
2001). Although the MHV CS3 cleavage site has not been 
reported, by direct comparison with identified IBV PLP2 
cleavage site the MHV-A59 p210 carboxy-terminal cleavage 
(CS3) would be predicted to be 2837G/A2838. Analysis of 
the MHV CS1 and CS2 in comparison with other group 1 
coronaviruses (TGEV. HCoV-229E) (Elcouet et al., 1995: 
Herold et al., 1993), group 2 coronaviruses (MHV-JHM, 
BCV) (Yoo and Pei, 2001; Chouljenko et al., 2001), and 
group 3 coronaviruses (IBV) (Boursnell et al., 1987), has 
demonstrated similarities at the P1/P1" cleavage dipeptides: 
Gly or Ala at P1 of all coronavirus PLPCS, and Val, Ala or 
Gly at P1". HCoV is the exception, using Asn in the P1’ 
position. Overall, P5, P2, P1 and P1" have been most intoler 
ant of changes, with mutations at these sites disrupting cleav 
age in vitro. 

Analysis of the coronavirus PLPs and their cognate cleav 
age sites Suggests that PLP1 and PLP2 are paralogous pro 
teinases, originating from a common coronavirus or pre-coro 
navirus ancestor, and that they have diverged over time 
(Ziebuhr et al., 2001) (FIG.3). For example, all coronaviruses 
except IBV express both PLP1 and PLP2 activities and share 
the common feature that PLP1 cleaves CS1 and CS2. IBV. 
only expresses a PLP2 that cleaves at a single site equivalent 
to CS2. In IBV, a functional PLP1 is not detected, whereas a 
residual, highly altered and inactive PLP 1 domain has 
recently been identified by sequence comparison (Ziebuhr et 
al., 2001). These observations have led to the hypothesis that 
there may be overlap of cleavage site specificity and PLP 
activity, and possible redundancy of cleavage activity, with 
PLP2 able to mediate cleavages at PLP1 cognate sites. This 
has been demonstrated to be true for HCoV, with both PLP1 
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and PLP2 able to cleave CS2 in vitro (Ziebuhret al., 2001). In 
fact, the data suggest that the “normal CS2 cleavage event 
may involve the cooperative activity of PLP1 and PLP2. 
However, it was also demonstrated that when PLP 1 was 
catalytically inactivated, PLP2 was able to independently 
mediate CS2 cleavage in vitro. 

IV. Engineering of Coronaviridae Genomes 

Thus, in accordance with the present invention, it will be 
desirable to create a variety of different mutants in Coro 
naviridae proteins. Mutagenesis is the process whereby 
changes occur in the structure of a genome. Mutation can 
involve modification of the nucleotide sequence of a single 
gene, blocks of genes or a whole chromosome. Changes in 
single genes may be the consequence of point mutations 
which involve the removal, addition or substitution of a single 
nucleotide base within a DNA sequence, or they may be the 
consequence of changes involving the insertion or deletion of 
large numbers of nucleotides. 

Mutations can arise spontaneously as a result of events 
such as errors in the fidelity of DNA replication or the move 
ment of transposable genetic elements (transposons) within 
the genome. They also are induced following exposure to 
chemical or physical mutagens. Such mutation-inducing 
agents include ionizing radiations, ultraviolet light and a 
diverse array of chemical Such as alkylating agents and poly 
cyclic aromatic hydrocarbons all of which are capable of 
interacting either directly or indirectly (generally following 
some metabolic biotransformations) with nucleic acids. The 
DNA lesions induced by Such environmental agents may lead 
to modifications of base sequence when the affected DNA is 
replicated or repaired and thus to a mutation. Mutation also 
can be site-directed through the use of particular targeting 
methods. Any number of different mutagenic approaches 
may be taken, as described below. 

A. Coronaviridae Genomes 

One of skill in the art may use various Coronaviridae 
sequences to design specific mutations that create attenuated 
viruses. The following constitute non-limiting examples of 
accession nos., each of which are incorporated by reference: 
human coronavirus 229E (NC002645), SARS TOR2 
(AY274119), SARS HKU-39849 (AY278491), SARS 
CUHK-W1 (AY278554), bovine coronavirus (BCV) 
(NC003045), avian infectious bronchitis virus (IBV) 
(NC001451), transmissible gastroenteritis virus (TGEV), 
(NC002306), mouse hepatitis virus (MHV) (NC001846). 

B. Random Mutagenesis 
In one embodiment, random mutagenesis may be applied. 

This will, of course, require an additional step of screening for 
the desired mutations. Screening will typically be accom 
plished by nucleic acid hybridization (Southern or Northern 
blotting), sequencing, or SnPanalysis, methods of which are 
well known to those of skill in the art. 

1. Insertional Mutagenesis 
Insertional mutagenesis is based on the inactivation of a 

gene via insertion of a known DNA fragment. Because it 
involves the insertion of some type of DNA fragment, the 
mutations generated are generally loss-of-function, rather 
than gain-of-function mutations. However, there are several 
examples of insertions generating gain-of-function mutations 
(Oppenheimer et al. 1991). Insertion mutagenesis has been 
very successful in bacteria and Drosophila (Cooley et al. 
1988) and recently has become a powerful tool in corn 
(Schmidt et al. 1987); Arabidopsis, (Marks et al., 1991; 
Koncz et al. 1990); and Antirrhinum (Sommer et al. 1990). 
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Transposable genetic elements are DNA sequences that 
can move (transpose) from one place to another in the genome 
of a cell. The first transposable elements to be recognized 
were the Activator/Dissociation elements of Zea mays (Mc 
Clintock, 1957). Since then, they have been identified in a 
wide range of organisms, both prokaryotic and eukaryotic. 

Transposable elements in the genome are characterized by 
being flanked by direct repeats of a short sequence of DNA 
that has been duplicated during transposition and is called a 
target site duplication. Virtually all transposable elements 
whatever their type, and mechanism of transposition, make 
Such duplications at the site of their insertion. In some cases 
the number of bases duplicated is constant, in other cases it 
may vary with each transposition event. Most transposable 
elements have inverted repeat sequences at their termini. 
These terminal inverted repeats may be anything from a few 
bases to a few hundred bases long and in many cases they are 
known to be necessary for transposition. 

Prokaryotic transposable elements have been most studied 
in E. coli and Gram negative bacteria, but also are present in 
Gram positive bacteria. They are generally termed insertion 
sequences if they are less than about 2kB long, or transposons 
if they are longer. Bacteriophages Such as mu and D108, 
which replicate by transposition, make up a third type of 
transposable element. Elements of each type encode at least 
one polypeptide a transposase, required for their own trans 
position. Transposons often further include genes coding for 
function unrelated to transposition, for example, antibiotic 
resistance genes. 

Transposons can be divided into two classes according to 
their structure. First, compound or composite transposons 
have copies of an insertion sequence element at each end, 
usually in an inverted orientation. These transposons require 
transposases encoded by one of their terminal IS elements. 
The second class of transposon have terminal repeats of about 
30 base pairs and do not contain sequences from IS elements. 

Transposition usually is either conservative or replicative, 
although in some cases it can be both. In replicative transpo 
sition, one copy of the transposing element remains at the 
donor site, and another is inserted at the target site. In con 
servative transposition, the transposing element is excised 
from one site and inserted at another. 

Eukaryotic elements also can be classified according to 
their structure and mechanism of transportation. The primary 
distinction is between elements that transpose via an RNA 
intermediate, and elements that transpose directly from DNA 
to DNA 

Elements that transpose via an RNA intermediate often are 
referred to as retrotransposons, and their most characteristic 
feature is that they encode polypeptides that are believed to 
have reverse transcriptionase activity. There are two types of 
retrotransposon. Some resemble the integrated proviral DNA 
of a retrovirus in that they have long direct repeat sequences, 
long terminal repeats (LTRS), at each end. The similarity 
between these retrotransposons and proviruses extends to 
their coding capacity. They contain sequences related to the 
gag and pol genes of a retrovirus, Suggesting that they trans 
pose by a mechanism related to a retroviral life cycle. Ret 
rotransposons of the second type have no terminal repeats. 
They also code for gag-and pol-like polypeptides and trans 
pose by reverse transcription of RNA intermediates, but do so 
by a mechanism that differs from that or retrovirus-like ele 
ments. Transposition by reverse transcription is a replicative 
process and does not require excision of an element from a 
donor site. 

Transposable elements are an important source of sponta 
neous mutations, and have influenced the ways in which 
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genes and genomes have evolved. They can inactivate genes 
by inserting within them, and can cause gross chromosomal 
rearrangements either directly, through the activity of their 
transposases, or indirectly, as a result of recombination 
between copies of an element scattered around the genome. 
Transposable elements that excise often do so imprecisely 
and may produce alleles coding for altered gene products if 
the number of bases added or deleted is a multiple of three. 

Transposable elements themselves may evolve in unusual 
ways. If they were inherited like other DNA sequences, then 
copies of an element in one species would be more like copies 
in closely related species than copies in more distant species. 
This is not always the case, Suggesting that transposable 
elements are occasionally transmitted horizontally from one 
species to another. 

2. Chemical Mutagenesis 
Chemical mutagenesis offers certain advantages. Such as 

the ability to find a full range of mutant alleles with degrees of 
phenotypic severity, and is facile and inexpensive to perform. 
The majority of chemical carcinogens produce mutations in 
DNA. Benzo(a)pyrene, N-acetoxy-2-acetyl aminofluorene 
and aflotoxin B1 cause GC to TA transversions in bacteria and 
mammaliancells. BenZoapyrene also can produce base Sub 
stitutions such as AT to TA. N-nitroso compounds produce 
GC to AT transitions. Alkylation of the 04 position of thymine 
induced by exposure to n-nitrosoureas results in TA to CG 
transitions. 
A high correlation between mutagenicity and carcinogen 

ity is the underlying assumption behind the Ames test (Mc 
Cann et al., 1975) which speedily assays for mutants in a 
bacterial system, together with an added rat liver homoge 
nate, which contains the microsomal cytochrome P450, to 
provide the metabolic activation of the mutagens where 
needed. 

In Vertebrates, several carcinogens have been found to 
produce mutation in the ras proto-oncogene. N-nitroso-N- 
methyl urea induces mammary, prostate and other carcino 
mas in rats with the majority of the tumors showing a G to A 
transition at the second position in codon 12 of the Ha-ras 
oncogene. BenZoapyrene-induced skin tumors contain A to 
T transformation in the second codon of the Ha-ras gene. 

3. Radiation Mutagenesis 
The integrity of biological molecules is degraded by the 

ionizing radiation. Adsorption of the incident energy leads to 
the formation of ions and free radicals, and breakage of some 
covalent bonds. Susceptibility to radiation damage appears 
quite variable between molecules, and between different 
crystalline forms of the same molecule. It depends on the total 
accumulated dose, and also on the dose rate (as once free 
radicals are present, the molecular damage they cause 
depends on their natural diffusion rate and thus upon real 
time). Damage is reduced and controlled by making the 
sample as cold as possible. 

Ionizing radiation causes DNA damage and cell killing, 
generally proportional to the dose rate. Ionizing radiation has 
been postulated to induce multiple biological effects by direct 
interaction with DNA, or through the formation of free radical 
species leading to DNA damage (Hall, 1988). These effects 
include gene mutations, malignant transformation, and cell 
killing. Although ionizing radiation has been demonstrated to 
induce expression of certain DNA repair genes in some 
prokaryotic and lower eukaryotic cells, little is known about 
the effects of ionizing radiation on the regulation of mamma 
lian gene expression (Borek, 1985). Several studies have 
described changes in the pattern of protein synthesis observed 
after irradiation of mammalian cells. For example, ionizing 
radiation treatment of human malignant melanoma cells is 
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associated with induction of several unidentified proteins 
(Boothman et al., 1989). Synthesis of cyclin and co-regulated 
polypeptides is suppressed by ionizing radiation in rat REF52 
cells, but not in oncogene-transformed REF52 cell lines 
(Lambert and Borek, 1988). Other studies have demonstrated 
that certain growth factors or cytokines may be involved in 
X-ray-induced DNA damage. In this regard, platelet-derived 
growth factor is released from endothelial cells after irradia 
tion (Witte et al., 1989). 

In the present invention, the term "ionizing radiation” 
means radiation comprising particles or photons that have 
Sufficient energy or can produce Sufficient energy via nuclear 
interactions to produce ionization (gain or loss of electrons). 
An exemplary and preferred ionizing radiation is an X-radia 
tion. The amount of ionizing radiation needed in a given cell 
generally depends upon the nature of that cell. Typically, an 
effective expression-inducing dose is less than a dose of ion 
izing radiation that causes cell damage or death directly. 
Means for determining an effective amount of radiation are 
well known in the art. 

In a certain embodiments, an effective expression inducing 
amount is from about 2 to about 30 Gray (Gy) administered at 
a rate of from about 0.5 to about 2 Gy/minute. Even more 
preferably, an effective expression inducing amount of ioniz 
ing radiation is from about 5 to about 15Gy. In other embodi 
ments, doses of 2-9 Gyare used in single doses. An effective 
dose of ionizing radiation may be from 10 to 100 Gy, with 15 
to 75 Gy being preferred, and 20 to 50 Gy being more pre 
ferred. 
Any suitable means for delivering radiation to a tissue may 

be employed in the present invention in addition to external 
means. For example, radiation may be delivered by first pro 
viding a radiolabeled antibody that immunoreacts with an 
antigen of the tumor, followed by delivering an effective 
amount of the radiolabeled antibody to the tumor. In addition, 
radioisotopes may be used to deliver ionizing radiation to a 
tissue or cell. 

4. In vitro Scanning Mutagenesis 
Random mutagenesis also may be introduced using error 

prone PCR (Cadwell and Joyce, 1992). The rate of mutagen 
esis may be increased by performing PCR in multiple tubes 
with dilutions of templates. 
One particularly useful mutagenesis technique is alanine 

scanning mutagenesis in which a number of residues are 
substituted individually with the amino acid alanine so that 
the effects of losing side-chain interactions can be deter 
mined, while minimizing the risk of large-scale perturbations 
in protein conformation (Cunningham and Wells, 1989). 

In recent years, techniques for estimating the equilibrium 
constant for ligand binding using minuscule amounts of pro 
tein have been developed (Blackburn et al., 1991; U.S. Pat. 
Nos. 5,221,605 and 5.238,808). The ability to perform func 
tional assays with Small amounts of material can be exploited 
to develop highly efficient, in vitro methodologies for the 
saturation mutagenesis of antibodies. The inventor bypassed 
cloning steps by combining PCR mutagenesis with coupled 
in vitro transcription/translation for the high throughput gen 
eration of protein mutants. Here, the PCR products are used 
directly as the template for the in vitro transcription/transla 
tion of the mutant single chainantibodies. Because of the high 
efficiency with which all 19 amino acid substitutions can be 
generated and analyzed in this way, it is now possible to 
perform saturation mutagenesis on numerous residues of 
interest, a process that can be described as in vitro Scanning 
saturation mutagenesis (Burks et al., 1997). 

In vitro Scanning Saturation mutagenesis provides a rapid 
method for obtaining a large amount of structure-function 
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information including: (I) identification of residues that 
modulate ligand binding specificity, (ii) a better understand 
ing of ligand binding based on the identification of those 
amino acids that retain activity and those that abolish activity 
at a given location, (iii) an evaluation of the overall plasticity 
of an active site or protein subdomain, (iv) identification of 
amino acid Substitutions that result in increased binding. 

5. Random Mutagenesis by Fragmentation and Reassem 
bly 
A method for generating libraries of displayed polypep 

tides is described in U.S. Pat. No. 5,380,721. The method 
comprises obtaining polynucleotide library members, pool 
ing and fragmenting the polynucleotides, and reforming frag 
ments there from, performing PCR amplification, thereby 
homologously recombining the fragments to form a shuffled 
pool of recombined polynucleotides. 

C. Site-Directed Mutagenesis 
Structure-guided site-specific mutagenesis represents a 

powerful tool for the dissection and engineering of protein 
ligand interactions (Braisted and Wells, 1996), especially in 
the context of the present invention where specific mutations 
in cleavage sites are sought. The technique provides for the 
preparation of sequence variants by introducing one or more 
discrete nucleotide sequence changes into a selected nucleic 
acid. 

Site-specific mutagenesis uses specific oligonucleotide 
sequences which encode the DNA sequence of the desired 
mutation, as well as a Sufficient number of adjacent, unmodi 
fied nucleotides. In this way, a primer sequence is provided 
with sufficient size and complexity to form a stable duplex on 
both sides of the deletion junction being traversed. A primer 
of about 17 to 25 nucleotides in length is preferred, with about 
5 to 10 residues on both sides of the junction of the sequence 
being altered. 
The technique typically employs a bacteriophage vector 

that exists in both a single-stranded and double-stranded 
form. Vectors useful in site-directed mutagenesis include vec 
tors such as the M13 phage. These phage vectors are com 
mercially available and their use is generally well known to 
those skilled in the art. Double-stranded plasmids are also 
routinely employed in site-directed mutagenesis, which 
eliminates the step of transferring the gene of interest from a 
phage to a plasmid. 

In general, one first obtains a single-stranded vector, or 
melts two strands of a double-stranded vector, which includes 
within its sequence a DNA sequence encoding the desired 
protein or genetic element. An oligonucleotide primer bear 
ing the desired mutated sequence, synthetically prepared, is 
then annealed with the single-stranded DNA preparation, 
taking into account the degree of mismatch when selecting 
hybridization conditions. The hybridized product is subjected 
to DNA polymerizing enzymes such as E. coli polymerase I 
(Klenow fragment) in order to complete the synthesis of the 
mutation-bearing strand. Thus, a heteroduplex is formed, 
wherein one strand encodes the original non-mutated 
sequence, and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform appropri 
ate host cells, such as E. coli cells, and clones are selected that 
include recombinant vectors bearing the mutated sequence 
arrangement. 

Comprehensive information on the functional significance 
and information content of a given residue of protein can best 
be obtained by saturation mutagenesis in which all 19 amino 
acid substitutions are examined. The shortcoming of this 
approach is that the logistics of multiresidue Saturation 
mutagenesis are daunting (Warren et al., 1996, Zeng et al., 
1996; Barbas et al., 1994; Yelton et al., 1995; Wong et al., 
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1996; Hilton et al., 1996). Hundreds, and possibly even thou 
sands, of site specific mutants must be studied. However, 
improved techniques make production and rapid screening of 
mutants much more straightforward. See also, U.S. Pat. Nos. 
5,798,208 and 5,830,650, for a description of “walk-through” 
mutagenesis. 

Other methods of site-directed mutagenesis are disclosed 
in U.S. Pat. Nos. 5,220,007: 5,284,760; 5,354,670: 5,366, 
878; 5,389,514; 5,635,377; and 5,789,166. 

D. Virus Transformation and Propagation 
Targeted recombination has become a powerful tool to 

introduce mutations into the genome and determine their 
effects on protein function, virus replication and virus patho 
genesis (Koetzner et al., 1992; Masters et al., 1994: Fischer et 
al., 1997: Laviet al., 1998; Leparc-Goffartet al., 1998: Phil 
lips et al., 1999; Sanchez et al., 1999; Phillips et al., 2001; de 
haan et al., 2002; Sarma et al., 2002). However, the available 
recombination constructs and methodologies have thus far 
limited the use of targeted recombination, and have not been 
employed to examine mutations in the replicase gene. 
The inventor has previously collaborated in the develop 

ment of a system for assembly of full-length MHV genome 
cDNA, generation of genome length RNA, and recovery of 
virus from transfected cells (Schaad et al., 1990: Yount et al., 
2002). In this process, seven contiguous cloNA clones that 
spanned the 31.5-kb genome of mouse hepatitis virus strain 
A59 (MHV-A59) were isolated. The ends of the cDNAs were 
engineered with unique junctions and assembled with only 
the adjacent cDNA subclones, resulting in an intact MHV 
A59 cDNA construct of about 31.5 kb in length. The inter 
connecting restriction site junctions that are located at the 
ends of each cDNA are systematically removed during the 
assembly of the complete full-length cDNA product, allow 
ing reassembly without the introduction of nucleotide 
changes. 
RNA transcripts derived from the full-length MHV-A59 

construct were infectious, although transfection frequencies 
were enhanced 10- to 15-fold in the presence of transcripts 
encoding the nucleocapsid protein N. Plaque-purified virus 
derived from the infectious construct replicated efficiently 
and displayed similar growth kinetics, plaque morphology, 
and cytopathology in murine cells as did wild-type MHV 
A59. Molecularly cloned viruses recognized the MHV recep 
tor (MHVR) for docking and entry, and pretreatment of cells 
with monoclonal antibodies against MHVR blocked virus 
entry and replication. Cells infected with molecularly cloned 
MHV-A59 virus expressed replicase (gene 1) proteins iden 
tical to those of laboratory MHV-A59. Importantly, the 
molecularly cloned viruses contained three marker mutations 
that had been derived from the engineered component clones. 

Using this process, full-length infectious constructs of 
MHV-A59 and other coronaviruses with genetic modifica 
tions of may be created. In fact, the method has the potential 
to be used to construct viral, microbial, or eukaryotic 
genomes approaching several million base pairs in length and 
used to insert restriction sites at any given nucleotide in a 
microbial genome. A similar system approach was used pre 
viously with TGEV, including the insertion of heterologous 
genes into the TGEV genome (Yount, 2000; Curtis et al., 
2002). The inventor described herein the use of this same 
assembly approach to introduce five different mutations into 
the MHV p28/p65 cleavage site (CS 1). While the approaches 
are similar, it was not usually necessary with MHV to intro 
duce mutations and new restriction sites into the wild-type 
virus genome to direct the assembly cascade. Rather, type IIS 
restriction endonuclease Esp3I sites can be used to create the 
unique interconnecting junctions, and yet be Subsequently 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
removed from the final assembly product, allowing for the 
reconstruction of an intact wild-type sequence. This approach 
avoids the introduction of nucleotide changes that are nor 
mally associated with building a full-length cDNA product of 
a viral genome. 
The use of non-palindromic restriction sites also provides 

other novel recombinant DNA applications. For example, by 
PCR, it is be possible to insert Esp3I or a related non-palin 
dromic restriction site at any given nucleotide in a viral 
genome and use the variable domain for simple and rapid 
site-specific mutagenesis. By orienting the restriction sites as 
No Seem, the sites are removed during reassembly, leaving 
only the desired mutation in the final DNA product. The dual 
properties of Strand specificity and a variable end overhang 
that can be tailored to match any sequence allow for Esp3I 
sites to be engineered as universal connectors that can be 
joined with any other 4-nucleotide restriction site overhang 
(e.g., EcoRI, PstXI, and BamHI). Alternatively, No Seem 
sites can be used to insert foreign genes into viral, eukaryotic, 
or microbial genomes or vectors, simultaneously removing 
all evidence of the restriction sites that were used in the 
recombinant DNA manipulation. 

In order to remove preexisting Esp3I sites that resided 
within the MHV-A59 genome sequence, silent mutations 
were created. This helped to distinguish between molecularly 
cloned and wild-type viruses. In one instance, the Esp3I site 
at position 4875 was removed because it left a TTAA over 
hang that would have prevented the directionality of assem 
bly. The other Esp3I sites were removed to minimize the total 
number of MHV-A59 subdlones used in the assembly cas 
cade. In two instances, silent mutations were inserted into the 
Esp3I overhang to maximize sequence specificity and direc 
tionality at a particular junction, but this could be circum 
vented by choosing slightly different junction sites. Clearly, 
each virus sequence will need to be evaluated for the need for 
similar changes. 
cDNA cassettes can be ligated systematically as previously 

described for TGEV, or simultaneously as described herein. 
Although numerous incomplete assembly intermediates 
occur were evident, the inventor has found that simultaneous 
ligation of seven cINAs will result in full-length cDNA, 
thereby simplifying the complexity of the assembly strategy. 
There is no evidence to indicate that this approach might 
introduce spurious mutations or genome rearrangements 
from aberrant assembly cascades. And while it is possible that 
Such variants might arise following RNA transfection (as a 
consequence of high-frequency MHV RNA recombination 
between incomplete and genome-length transcripts), it is 
highly likely that such variants would be replication impaired 
and rapidly outcompeted by wild-type virus. A second limi 
tation is that the yield of full-length cDNA product is reduced, 
resulting in less robust transfection efficiencies than those of 
the more traditional systematic assembly method. This down 
side is more than compensated by the reduced complexity in 
many cases. 

V. Vaccines 

A. Formulations and Administration 
The present invention provides for Nidovirus vaccine for 

mulations. Such compositions will generally be dissolved or 
dispersed in a pharmaceutically acceptable carrier or aqueous 
medium. There are numerous examples of vaccine formula 
tions in the literature, and one of skill in the art will be capable 
of formulating Such vaccines. 
The phrases “pharmaceutically acceptable' or “pharmaco 

logically acceptable' refer to molecular entities and compo 
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sitions that do not produce an adverse, allergic, or other 
untoward reaction when administered to an animal, or human, 
as appropriate. As used herein, pharmaceutically acceptable 
carrier includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and absorp 
tion delaying agents, and the like. The use of such media and 
agents for pharmaceutical active Substances is well known in 
the art. 

The vaccines of the present invention can beformulated for 
parenteral administration, e.g., formulated for injection via 
the intravenous, intramuscular, Subcutaneous, or even intra 
peritoneal routes. Typically, Such compositions can be pre 
pared as injectables, either as liquid solutions or Suspensions; 
Solid forms Suitable for use to prepare solutions or Suspen 
sions upon the addition of a liquid prior to injection can also 
be prepared; and, the preparations can also be emulsified. The 
pharmaceutical forms suitable for injectable use include ster 
ile aqueous solutions or dispersions; formulations including 
sesame oil, peanut oil, or aqueous propylene glycol; and 
sterile powders for the extemporaneous preparation of sterile 
injectable solutions or dispersions. In all cases the form must 
be sterile and must be fluid to the extent that it may be easily 
injected. It also should be stable under the conditions of 
manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria and 
fungi. 
The carrier also can be a solvent or dispersion medium 

containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), suitable mixtures thereof, and vegetable oils. 
The proper fluidity can be maintained, for example, by the use 
of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion, and by the use 
of Surfactants. The prevention of the action of microorgan 
isms can be brought about by various antibacterial and anti 
fungal agents, for example, parabens, chlorobutanol, phenol, 
Sorbic acid, thimerosal, and the like. In many cases, it will be 
preferable to include isotonic agents, for example, Sugars or 
sodium chloride. Prolonged absorption of the injectable com 
positions can be brought about by the use in the compositions 
of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Generally, dispersions are prepared by incorporating the 
various sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the required 
other ingredients from those enumerated above. In the case of 
sterile powders for the preparation of sterile injectable solu 
tions, the preferred methods of preparation are vacuum-dry 
ing and freeze-drying techniques. In certain cases, the thera 
peutic formulations of the invention also may be prepared in 
forms Suitable for oral or intranasal administration. 
An effective amount of the vaccine is determined based on 

the intended goal. The term “unit dose” or “dosage” refers to 
physically discrete units suitable for use in a Subject, each unit 
containing a predetermined-quantity of the composition cal 
culated to produce the desired responses, discussed above, in 
association with its administration, i.e., the appropriate route 
and treatment regimen. Precise amounts of the vaccine com 
position also depend on the judgment of the practitioner and 
are peculiar to each individual. Factors affecting dose include 
physical and clinical State of the patient, the route of admin 
istration, the intended goal of treatment (alleviation of symp 
toms versus cure) and the potency, stability, and toxicity of the 
particular Substance. 
The following is a listing of references describing various 

live vaccines, the relevant contents of which (formulations 
and administration) are hereby incorporated by reference: 
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U.S. Pat. Nos. 6,479,056; 6,444445; 6,306,400; 6,296, 

854; 6,231,871; 6,217,882; 6,159,477; 6,153, 199; 
6,136,325; 6,077,516; 6,051.237; 6,045,803; 6,039,958; 
6,039,941; 6,033,670; 5,993,822:5,980,906; 5,958,423; 
5,948,411; 5,871,742; 5,869,036; 5,792,452:5,733,555; 
5,733,554:5,651,972:5,632,989; 5,626,850:5,580,557: 
5,436,001: 5,310,668; 5,149,531; 5,068,104:5,037,650: 
5,024,836; 5,006,335; 4,985,244; 4,980, 162; 4,808,404; 
4,770,875; 4,762,711; 4,752.474;4,673,572; 4,645,665; 
4,624,850: 4,590,072; 4,555,401; 4,554, 158; 4,472,378: 
4,456,588; 4,324,861; 4,311,797; 4,235,876; 4,004,974 

B. Additional Agents 
In addition to the inactive agents discussed above, the 

vaccine may comprise, or may be given in conjunction with, 
a Supplemental agent. One example is an immunostimulant. 

VI. EXAMPLES 

The following examples are included to further illustrate 
various aspects of the invention. It should be appreciated by 
those of skill in the art that the techniques disclosed in the 
examples which follow represent techniques and/or compo 
sitions discovered by the inventor to function well in the 
practice of the invention, and thus can be considered to con 
stitute preferred modes for its practice. However, those of 
skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or 
similar result without departing from the spirit and scope of 
the invention. 

Example 1 

Materials and Methods 

Viruses and cells. Mouse hepatitis virus lab strain RA59 
was the wildtype control in all experiments. Delayed brain 
tumor (DBT) cells and baby hamster kidney cells expressing 
the MHV receptor (BHK-MHVR) were grown in Dulbecco's 
modified Eagle medium (DMEM) containing 10% fetal calf 
serum (FCS). The BHK-MHVR cells were grown under 
G418 selection (0.8 mg/ml). 

Sequencing MHV cDNA fragments. The infectious clone 
MHV clNA fragments (A-G) were sequenced with a set of 
primers designed from the MHV genome (NCBI accession: 
NC001846). Sequencing primers were created every 600 bp, 
beginning with the 5' end, of both the sense and antisense 
Strands. These primers generated overlapping sequences cov 
ering the cDNA clones at least twice, and up to four times in 
certain regions. M13 forward and reverse primers were also 
used to sequence the insert-vector junction of the pCR-XL 
Topo (Invitrogen) or pSMART-LCAmp (Lucigen) parent 
vectors. The sequencing was performed with an ABIPrism 
automated sequencer. The sequences were aligned and com 
pared with MHV sequences from the NCBI database: 
NC001846, AF029248, AF201929, AF207902, AF208066, 
AF208067, M18379, M55148, X00509, X51939, X57302, 
and X73559. 

Site-directed mutagenesis of fragment F. Site-directed 
mutations were made in the fragment F plasmid, which con 
sists of genomic nucleotides (nt) 15755 to 22740, at nt 19400 
and 22051 using PCR. A 5' BstBI and 3' AfIII site or a 5' AfIII 
and 3' Spel site were used to clone the PCR product with the 
C19400T correction or C22051T correction, respectively, 
into the pCR-XL-Topo-F. The resultant F plasmids are (pCR 
XL-Topo-F 19400T, 22051C), (pCR-XL-Topo-F 19400C, 
2205 1T), and (pCR-XL-Topo-F 19400T, 2205 1T). 
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Virus assembly. The reverse genetics system for MHV 
A59 was used to create viruses with the engineered muta 
tions. Briefly, plasmids A through G containing cDNA cas 
settes of the MHV genome were digested. The digested 
fragments were gel purified and ligated together, following 
which full-length transcripts were generated in vitrousing the 
mMessage mMachine T7 Transcription Kit (Ambion), fol 
lowing the manufacturer's protocol with modifications. Brei 
fly, a 50 uL reaction was supplemented with 7.5ull of 30 mM 
GTP and the transcription reaction was performed at 40.5°C. 
for 25 minutes, 37.5°C. for 50 minutes, and 40.5° C. for 25 
minutes. The icMHV transcripts were then combined with N 
transcripts generated in vitro and 600 uL of BHK-MHVR 
cells in PBS (107 cells/ml) in a 4 mm gap cuvette and three 
electrical pulses of 850 V at 25 uF were delivered to the 
mixture with a Bio-Rad Gene Pulser Xcell electroporator. 
Transfected cells were seeded over a layer of 10 uninfected 
DBT cells in a 75 cm flask and incubated at 37° C. for 30 
hours. Virus viability was determined by synctia formation, 
and progeny virus was passaged and purified by plaque assay. 
RT-PCR and sequencing of viral RNA. Plaque isolated 

virus was used to infect DBT cells in 25 cm flasks (~3x10' 
cells) at a high MOI. With ~80% of the monolayer involved in 
synctitia, the cells were lysed with TRIZol reagent (Invitro 
gen) and total RNA was isolated according to the manufac 
turer's protocol. An antisense primer complimentary to nt 
22126 through 22144 of the MHV genome was used to gen 
erate viral cDNA from the total RNA using reverse transcrip 
tion. The RT product was amplified by PCR with the same 
antisense primer and a sense primer complimentary to nt 
19321 through nt 19338. This PCR product was then 
sequenced using an ABIPrism automated sequencer over nt 
19400 and nt 22051 to confirm the mutations present for each 
W1US. 

Determination of viral titer from brain of infected mice. 
Mice were infected with each virus. Five mice per virus were 
sacrificed 5 dp.i.and 5 mice per virus 7d p.i. The brains were 
weighed and placed in 2 ml saline, homogenized, and stored 
at -70° C. The number of infectious virus in the brain was 
titered on DBT cells. Plaque isolates of each virus were 
harvested and sequenced using RT-PCR as described in the 
previous section. One plaque isolate from two different mice 
per virus was sequenced over nt 19400 and nt 22051. 

Growth experiments. Duplicate DBT cells (107) in 75 cm 
flasks were infected at an MOI of 5 PFU/cell with plaque 
isolates from the first passage of each virus. The cells were 
rocked for 30 minutes and then washed three times with PBS 
(10 minutes per wash). Media was added (10 mL) and the 
cells were incubated at 37° C. Samples of media (0.5 mL) 
were collected at 1 h, 4h, 8h, 12 h, 16h, and 25 hp.i., and viral 
titers were determined by plaque assay. 

Example 2 

Results 

icMHV virulence attenuated in mice. The inventor's lab 
has previously shown that a wild-type MHV infectious clone 
virus (icMHV) demonstrated a wild-type phenotype in 
growth, protein processing, and RNA synthesis assays in 
DBT cell culture. To determine whethericMHV is virulent in 
mice, 10 pfu of both wild-type A59 and icMHV were 
injected into mice. 100% of mice inoculated with wild-type 
lab strain A59 eventually died. Surprisingly, none of the mice 
inoculated with icMHV died or became ill, suggesting that 
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icMHV was attenuated. It was hypothesized that an unac 
counted mutation in the icMHV was responsible for attenu 
ating the virus. 

Identification of possible virulence attenuating mutations 
in icMHV. To identify all possible mutations in the icMHV 
that could cause this lack of virulence, the inventor sequenced 
the entire cDNA genome of the infectious clone. The cDNA 
constructs (A-G) of the MHV infectious clone were 
sequenced bi-directionally using overlapping sets of primers. 
This strategy generated sequences covering the genome at 
least twice, and up to four times, confirming the sequence of 
the infectious clone. The sequences were initially compared 
with the published MHV-A59 genome sequence of the C12 
mutant virus. (NCBI accession #NC001846). Compared to 
this sequence, the inventor identified 17 silent and 5 coding 
differences in clones A-F and an additional 11 silent and 6 
coding differences in the G clone. The G clone was derived 
from the pMH54 plasmid, and the coding differences found 
within the G clone have previously been reported. Further 
more, studies have shown viruses generated by homologous 
recombination using a pMH54 derivative to be virulent. 
Therefore our analysis focused on the five coding differences 
residing in the first ~22.7 kb of the genome: two in fragment 
B (nt T5304C and A6796T) and three in fragment F (nt 
T17533G, T19400C, and T22051C). The first two mutations 
(nt T5304C and A6796T) were previously reported for the 
infectious clone. The first three coding differences between 
the icMHV and the C12 mutant virus at nt 5304, 6796, and 
17533 coincided with the positions of nucleotide mutations 
reported for the C12 mutant virus. Upon comparison to other 
MHV sequences available for both strains A59 and JHM, the 
inventor found that the nucleotides at the first three positions 
(nt C5304, T6796, and G17533) were identical to these other 
sequences. The final two mutations, T19400C and T22051C, 
were not described in any of the available MHV-A59 and 
MHV-JHM sequences. The first of these mutations coded a 
tyró398 his amino acid change in the Orflab polyprotein. The 
latter mutation was a leu"pro amino acid change in the 
Orf2a protein. Among group 2 coronaviruses that possess the 
Orf2a protein, the leucine residue is conserved. The former 
tyr'his mutation lies in MHV insp14 (p59) and the tyrosine 
is conserved for all coronaviruses. Thus, sequencing of the 
icMHV cDNA identified two novel candidate mutations at 
conserved residues that were possibly responsible for attenu 
ating the icMHV virus. 

Correction of candidate attenuating mutations in icMHV. 
To determine whether either, both, or neither of the identified 
mutations was the cause of the attenuating phenotype in 
icMHV, the inventor corrected each mutation individually 
and simultaneously. The nt T19400C and T22051C mutations 
are both found in the Ffragment of the MHV infectious clone. 
Site-directed PCR mutagenesis was used to individually cor 
rect the two mutations, changing them back to wild-type 
sequence at that nucleotide. Hence, the inventor corrected the 
amino acid at 6398 in Orflab from a histidine to the wild-type 
tyrosine and the amino acid at 106 in Orf2a protein from a 
proline to the wild-type leucine. Using the reverse genetics 
system, the inventor assembled viruses with each possible 
combination of corrected and uncorrected residues. VUSS 0 
was made with the original, uncorrected histidine and proline 
residues. VUSS 1 corrected the Orflab mutation, with the 
combination of tyrosine at position 6398 and proline at posi 
tion 106.VUSS 2 corrected the Orf2a protein, with a histidine 
at position 6398 and leucine at position 106. VUSS 3 cor 
rected both sites with a tyrosine and leucine combination. The 
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viruses were sequenced following three successive passages 
in cell culture, confirming the mutations were present and 
maintained (data not shown). 

Uncorrected and corrected viruses exhibit wild-type 
growth in DBT cells. The assembled viruses grew in DBT 
cells to titers approximately the same as lab strain MHV-A59 
virus. There was no observed difference in plaque morphol 
ogy. Single-cycle growth curve experiments performed at an 
MOI of 5 PFU/cell demonstrated that there was no distin 
guishable difference in the growth kinetics of these viruses in 
culture. Peaktiters>10 PFU/ml for each virus were achieved 
at 12 hp.i. Thus, there was no difference between lab strain 
MHV-A59 and the corrected and uncorrected viruses, in 
agreement with our previous results with the original icMHV. 

Both Orflab and Orf2a mutations attenuate MHV-A59 in 
mice. The virulence of the four infectious clone viruses were 
examined alongside lab strain MHV-A59 in mice. The inven 
tors calculated LDso values for each virus. Wild-type A59 and 
VUSS3 both had an logo LDs of 3.8. VUSS 0 and VUSS2 
both had an logo LDsoa5.3. This data indicated that VUSS0, 
with both uncorrected histidine and proline mutations, and 
VUSS 2, with just the histidine mutation in Orfl ab uncor 
rected, were completely attenuated in mice. Correcting both 
mutations to the conserved tyrosine and leucine, as in VUSS 
3, restores wild-type virulence. VUSS 1, with just the uncor 
rected proline mutation in Orf2a, appeared to be partially 
attenuated. Thus, these results demonstrated that the single 
tyrosine to histidine mutation in the p59 protein of the Orflab 
polyprotein completely eliminated the virulence of MHV 
A59 in mice. 

Attenuated MHV viruses have reduced replication in mice 
at day five following IC inoculation. To determine whether 
the completely attenuated viruses were replicating in Vivo, 
mice were inoculated intra-cranially with VUSS 0, VUSS 2. 
VUSS3, and lab strain MHV-A59. Five mice per virus were 
sacrificed on day 5 and again on day 7 and their organs were 
collected. Supernatant from the homogenized brain of each 
mouse was used in plaque assays to determine virus titer at 
each day. At day five p. i., the virulent viruses witA59 and 
VUSS3 had viraltiters of approximately 10 PFU/gram brain 
tissue, while the attenuated viruses VUSS 0 and VUSS2 had 
titers of approximately 10° PFU/gram brain tissue. At 7 dpi. 
each of the viruses had been cleared from the mice brains. 
These results suggest that the avirulent viruses VUSS 0 and 
VUSS 2 were able to replicate in the brains of the mice, 
although the avirulent viruses had reduced replication com 
pared to the virulent viruses. 

All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be appar 
ent to those of skill in the art that variations may be applied to 
the compositions and methods, and in the steps or in the 
sequence of steps of the methods described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be Sub 
stituted for the agents described herein while the same or 
similar results would beachieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the scope of the invention as defined by 
the appended claims. 
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<16 Oc NUMBER OF SEO ID NOS : 12 

<21 Oc 
<211 
<212 
<213> 
<22 Oc 

SEO ID NO 1 
LENGTH: 521 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE; 

Peptide 

<4 OO SEQUENCE: 1 

Cys. Thir Thr Asn Lieu. Phe 
1. 5 

Ser Ser 
10 

Asp Cys Arg 

Ala Ala Phe Lieu Ala Wall 
25 

His Pro Ser His Pro Asp 

Val Gly Gly Ala Wall Wall Ala 
35 

Asp Lieu. Cys Lieu. Asn 
4 O 

Thir Ile Ser Leu Met Phe 
55 

Tyr Ser Luell 
SO 

Arg Gly Lys 
6 O 

Luell Lieu. Phe Ile Thr 
65 

Asp Gly Cys Llys 
70 

Arg 
7s 

Asp 

Wall Ala Wall Phe Ala 
9 O 

Arg Arg Trp Glu 
85 

Gly Asp Gly 

Ile 
1OO 

Thir Phe Pro Leul Glin Lieu. 
105 

Arg Asp Ser Gly ASn 

Gly Ile Asp Phe Val Val Glu Ala Thr Gly Met Phe 

Tyr 

Asp 

Asp 
45 

Luell 

Glu 

Ala 

Gly 

Ala 

10 

15 

25 

30 

OTHER INFORMATION: Description of Artificial Sequence: 

Wall 

Lys 

Ser 

Asp 

Ala 

His 

Phe 

26 
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Synthetic 

Gly 
15 

Ala Wall 

Lieu. Thir 

Ile Llys 

Ala 
95 

Ile 

Ser Thir 
110 

Glu Arg Asp 



Gly 

Gly 
145 

Wall 

Ala 

Cys 
225 

Wall 

Asp 

Ala 

Wall 

Asn 
3. OS 

Lell 

Lell 

Wall 

Asp 

Lys 
385 

Asn 

Lell 

Met 

Ala 
465 

His 

Thir 

Lell 

Tyr 
13 O 

Arg 

Asp 

Luell 

Thir 
21 O 

Trp 

Asp 

Pro 

Ile 

His 
29 O 

Thir 

Ala 

Wall 

Glin 
37 O 

His 

Glu 
450 

Thir 

Ala 

Ala 

Trp 

115 

Wall 

His 

Ile 

Ser 

Arg 
195 

Arg 

Ile 

Ile 

Met 

Trp 

Ser 

Asn 

Lys 
355 

Phe 

Pro 

Luell 

Ala 

Pro 
435 

Gly 

Glu 

Gly 

Asn 
515 

Phe 

Luell 

Arg 

Wall 
18O 

Arg 

His 

Glin 

Cys 
26 O 

Thir 

Asn 

Arg 

Wall 
34 O 

Ser 

Luell 

Ala 

Asn 

Phe 

Met 

Met 

Ile 

Glu 

Phe 
SOO 

Thir 

Lys 

Ile 

Ile 
1.65 

Wall 

Phe 

Ala 

Ser 

Glin 
245 

Ser 

Lell 

Arg 

Tyr 
3.25 

Lys 

Wall 

Asp 

Asn 

Lell 
4 OS 

His 

Pro 

Glu 

Thir 

Tyr 
485 

Thir 

Phe 

<210 SEQ ID NO 2 

Pro 
150 

Wall 

Lell 

Ala 

Thir 

Tyr 
23 O 

Trp 

Wall 

Glu 

Lell 
310 

Asp 

Gly 

Gly 

Ala 
390 

Pro 

Thir 

Phe 

Ser 

Arg 
470 

Arg 

Phe 

Thir 

27 

Ala 
135 

Lell 

Glin 

Wall 

Cys 
215 

Ser 

Gly 

His 

Lell 

Tyr 
295 

Lell 

Wall 

Glin 

Lell 
375 

Wall 

Gly 

Ser 

Phe 

Lys 
45.5 

Glu 

Trp 

Arg 

12 O 

Ala 

Met 

Met 

Thir 

Wall 

Phe 

Ala 
28O 

Pro 

Glin 

Asp 

Phe 
360 

Wall 

Pro 

Tyr 
44 O 

Glin 

Asn 

Wall 

Luell 
52O 

Ala 

Ser 

Luell 

Trp 
185 

Gly 

Asn 

Asp 

Thir 

Gly 
265 

Wall 

Ile 

Arg 

Phe 
345 

Wall 

Met 

Asn 

Phe 
425 

Wall 

Luell 

Luell 

Tyr 
505 

Glin 

Arg 

Arg 

Ser 
17O 

Ala 

Arg 

Ser 

Gly 
250 

Ala 

His 

Ile 

Wall 

Asp 
330 

Phe 

Arg 

Gly 

Thir 

Ser 

Asp 

Gly 

Glu 
490 

Ala 

Gly 
155 

Asp 

Ala 

Glu 

Arg 

Luell 
235 

Ser 

His 

Asp 

Ser 

Met 
315 

Ile 

Phe 

Trp 

Phe 
395 

Gly 

Arg 

Asp 

Gly 
47s 

Ser 

Thir 
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Pro 
14 O 

Glin 

His 

Ser 

Wall 

Thir 
22O 

Lell 

Wall 

Asn 
3 OO 

Phe 

Gly 

Asn 

Asp 

Ser 

Ala 

Thir 

Wall 
460 

Ala 

Phe 

125 

Pro 

Lys 

Lell 

Phe 

Wall 

Gly 

Asn 

Thir 

Ala 

Phe 
285 

Glu 

Arg 

Asn 

Asp 

Glu 
365 

Thir 

Lell 

Ala 

Pro 
445 

Pro 

Wall 

Asn 

Asp 

Gly 

Trp 

Ala 

Glu 
19 O 

Pro 

Ser 

Ser 
27 O 

Wall 

Ala 

Pro 

Ala 
35. O 

Ala 

Asn 

Arg 

Phe 
43 O 

Luell 

Thir 

Phe 
51O 

Glu 

Asp 

Asp 
17s 

Luell 

Ser 

Luell 

Asn 
255 

Ser 

Ser 

Ala 

Lys 
335 

Ser 

Asn 

Wall 

Wall 

Wall 
415 

Glu 

Wall 

Arg 

Luell 

Ala 
495 

Glin 

Wall 
160 

Luell 

Thir 

Wall 

Gly 

Ile 
24 O 

His 

Asp 

Ser 

Wall 

Met 

Gly 

Pro 

Asp 

Luell 
4 OO 

Asn 

Asn 

Ser 

Lys 
48O 

Thir 

Asn 

28 
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- Continued 

<211 LENGTH: 527 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 2 

Ala Glu Asn Val Thr Gly Lieu. Phe Lys Asp Cys Ser Lys Ile Ile Thr 
1. 5 1O 15 

Gly Lieu. His Pro Thr Glin Ala Pro Thr His Leu Ser Val Asp Ile Llys 
2O 25 3 O 

Phe Llys Thr Glu Gly Lieu. Cys Val Asp Ile Pro Gly Ile Pro Lys Asp 
35 4 O 45 

Met Thr Tyr Arg Arg Lieu. Ile Ser Met Met Gly Phe Lys Met Asn Tyr 
SO 55 60 

Glin Val Asn Gly Tyr Pro Asn Llys Phe Ile Thr Arg Glu Glu Ala Ile 
65 70 7s 8O 

Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu Gly Cys His Ala 
85 90 95 

Thir Arg Asp Ala Val Gly Thr Asn Lieu Pro Lieu. Glin Lieu. Gly Phe Ser 
1OO 105 11 O 

Thr Gly Val Asn Lieu Val Ala Val Pro Thr Gly Tyr Val Asp Thr Glu 
115 12 O 125 

Asn Asn Thr Glu Phe Thr Arg Val Asn Ala Lys Pro Pro Pro Gly Asp 
13 O 135 14 O 

Glin Phe Llys His Lieu. Ile Pro Leu Met Tyr Lys Gly Lieu Pro Trp Asn 
145 150 155 160 

Val Val Arg Ile Lys Ile Val Glin Met Lieu. Ser Asp Thir Lieu Lys Gly 
1.65 17O 17s 

Lieu. Ser Asp Arg Val Val Phe Val Lieu. Trp Ala His Gly Phe Glu Lieu. 
18O 185 19 O 

Thir Ser Met Lys Tyr Phe Val Lys Ile Gly Pro Glu Arg Thr Cys Cys 
195 2OO 2O5 

Lieu. Cys Asp Lys Arg Ala Thr Cys Phe Ser Thr Ser Ser Asp Thr Tyr 
21 O 215 22O 

Ala Cys Trp Asn His Ser Val Gly Phe Asp Tyr Val Tyr Asn Pro Phe 
225 23 O 235 24 O 

Met Ile Asp Val Glin Glin Trp Gly Phe Thr Gly Asn Lieu. Glin Ser Asn 
245 250 255 

His Asp Gln His Cys Glin Val His Gly Asn Ala His Val Ala Ser Cys 
26 O 265 27 O 

Asp Ala Ile Met Thr Arg Cys Lieu Ala Wal His Glu. Cys Phe Wall Lys 
27s 28O 285 

Arg Val Asp Trp Ser Val Glu Tyr Pro Ile Ile Gly Asp Glu Lieu. Arg 
29 O 295 3 OO 

Val Asn. Ser Ala Cys Arg Llys Val Glin His Met Val Val Lys Ser Ala 
3. OS 310 315 32O 

Lieu. Lieu Ala Asp Llys Phe Pro Val Lieu. His Asp Ile Gly Asn Pro Llys 
3.25 330 335 

Ala Ile Lys Cys Val Pro Glin Ala Glu Val Glu Trp Llys Phe Tyr Asp 
34 O 345 35. O 

Ala Glin Pro Cys Ser Asp Lys Ala Tyr Lys Ile Glu Glu Lieu. Phe Tyr 
355 360 365 

Ser Tyr Ala Thr His His Asp Llys Phe Thr Asp Gly Val Cys Lieu Phe 
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Trp 
385 

Phe 

Glin 

Asp 

Tyr 
465 

Gly 

Ala 

Glin 

37 O 

Asn 

Asp 

Ser 

Ser 

Ser 
450 

Wall 

Ala 

Phe 

Thir 

Luell 

Ala 
435 

Pro 

Pro 

Wall 

Asn 

Asp 
515 

Asn. Wall 

Arg Val 
4 OS 

Tyr Val 
42O 

Phe Thir 

Cys Glu 

Lieu Lys 

485 

Met Met 
SOO 

Thr Tyr 

SEQ ID NO 3 
LENGTH: 521 
TYPE : 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of 

PRT 

Peptide 

<4 OO SEQUENCE: 3 

Cys 
1. 

His 

Ala 

Thir 

Lell 
65 

Arg 

Arg 

Gly 

Gly 

Phe 
145 

Wall 

Ser 

Ser Thir Asn Lieu. 

Pro 

Thir 

Tyr 
SO 

Asp 

Wall 

Asp 

Ile 

Tyr 
13 O 

Arg 

Asp 

Luell 

Ala 

Gly 
35 

Ser 

Gly 

Arg 

Ser 

Asp 
115 

Ser 

His 

Pro 

Arg 
195 

5 

His Ala 
2O 

Asp Lieu. 

Arg Lieu. 

Tyr Cys 

Ala Trp 
85 

Ile Gly 
1OO 

Phe Wall 

Phe Lys 

Lieu. Ile 

Arg Ile 
1.65 

Wall Wall 
18O 

Tyr Phe 

Asp 
390 

Lell 

Asn 

Asn 

Ser 

Ser 
470 

His 

Ile 

Asn 

Phe 

Pro 

Ala 

Ile 

Lys 
70 

Wall 

Thir 

Wall 

Pro 
150 

Wall 

Lell 

Ala 

31 

375 

Arg 

Ser 

Lell 

His 
45.5 

Ala 

His 

Ser 

Lell 

Ser 

Wall 

Ser 
55 

Lell 

Gly 

Asn 

Glu 

Ala 
135 

Lell 

Glin 

Wall 

Asn 

His 

Lys 
44 O 

Gly 

Thir 

Ala 

Ala 

Trp 
52O 

Asp 

Phe 

Cys 
4 O 

Luell 

Phe 

Phe 

Phe 

Ala 
12 O 

Wall 

Met 

Met 

Thir 

Wall 
2OO 

Pro 

Luell 

Ala 
425 

Glin 

Asn 

Gly 
505 

Asn 

Luell 
25 

Luell 

Met 

Ile 

Asp 

Pro 
105 

Thir 

Ala 

Thir 

Phe 

Trp 
185 

Gly 

Ala 

Asn 

Phe 

Luell 

Glin 

Ile 

Glu 
490 

Phe 

Thir 

Ser 

Ala 

Gly 

Gly 

Thir 

Ala 
90 

Luell 

Gly 

Arg 

Ala 
17O 

Ala 

Arg 

ASn 
395 

Luell 

His 

Pro 

Wall 

Thir 

Tyr 

Ser 

Phe 

Artificial Sequence: 

Wall 

Ile 

Phe 

Lys 

Glu 

Glin 

Luell 

Ala 

Gly 
155 

Asp 

Ala 

Glu 

US 7,452,542 B2 

- Continued 

Ala 

Pro 

Thir 

Phe 

Wall 
460 

Arg 

Arg 

Lell 

Thir 

Ser 

Asp 

Gly 

Lys 
60 

Glu 

Gly 

Lell 

Phe 

Pro 
14 O 

Glin 

His 

Asn 

Ile 

Ile 

Gly 

Pro 

Phe 
445 

Ser 

Glin 

Trp 

Arg 
525 

Asp 

Asp 
45 

Lell 

Glu 

Ala 

Gly 

Ala 
125 

Pro 

Arg 

Lell 

Phe 

Ser 
2O5 

Wall 

Ala 
43 O 

Asp 

Asn 

Tyr 

Ile 

Luell 

Ser 

Lys 
3 O 

Ser 

Asp 

Ala 

His 

Phe 
11 O 

Asp 

Gly 

Trp 

Ile 

Glu 
19 O 

Cys 

Asp 
415 

Phe 

Ile 

Luell 

Luell 
495 

Glin 

Gly 
15 

Ala 

Wall 

Wall 

Ala 
95 

Ser 

Arg 

Glu 

Asp 

Asp 
17s 

Luell 

Asn 

Arg 
4 OO 

Gly 

Asp 

Ser 

Asp 

Gly 

Asp 

Synthetic 

Tyr 

Wall 

Thir 

Lys 

Thir 

Thir 

Asp 

Glin 

Wall 
160 

Luell 

Thir 

Wall 

32 



US 7,452,542 B2 
33 

- Continued 

Cys Thr Lys Arg Ala Thr Ala Tyr Asn Ser Arg Thr Gly Tyr Tyr Gly 
21 O 215 22O 

Cys Trp Arg His Ser Val Thr Cys Asp Tyr Lieu. Tyr Asn Pro Leu. Ile 
225 23 O 235 24 O 

Val Asp Ile Glin Gln Trp Gly Tyr Ile Gly Ser Leu Ser Ser Asn His 
245 250 255 

Asp Lieu. Tyr Cys Ser Val His Lys Gly Ala His Val Ala Ser Ser Asp 
26 O 265 27 O 

Ala Ile Met Thr Arg Cys Lieu Ala Val Tyr Asp Cys Phe Cys Asn. Asn 
27s 28O 285 

Ile Asn Trp Asn Val Glu Tyr Pro Ile Ile Ser Asn Glu Lieu. Ser Ile 
29 O 295 3 OO 

Asn. Thir Ser Cys Arg Val Lieu. Glin Arg Val Met Lieu Lys Ala Ala Met 
3. OS 310 315 32O 

Lieu. Cys Asn Arg Tyr Thr Lieu. Cys Tyr Asp Ile Gly ASn Pro Lys Ala 
3.25 330 335 

Ile Ala Cys Wall Lys Asp Phe Asp Phe Llys Phe Tyr Asp Ala Glin Pro 
34 O 345 35. O 

Ile Val Lys Ser Val Llys Thr Lieu. Lieu. Tyr Ser Phe Glu Ala His Llys 
355 360 365 

Asp Ser Phe Lys Asp Gly Lieu. Cys Met Phe Trp Asn. Cys Asn Val Asp 
37 O 375 38O 

Llys Tyr Pro Pro Asn Ala Val Val Cys Arg Phe Asp Thr Arg Val Lieu. 
385 390 395 4 OO 

Asn Asn Lieu. Asn Lieu Pro Gly Cys Asn Gly Glin Ser Lieu. Tyr Val Asn 
4 OS 41O 415 

Lys His Ala Phe His Thr Lys Pro Phe Ser Arg Ala Ala Phe Glu. His 
42O 425 43 O 

Lieu Lys Pro Met Pro Phe Phe Tyr Tyr Ser Asp Thr Pro Cys Val Tyr 
435 44 O 445 

Met Asp Gly Met Asp Ala Lys Glin Val Asp Tyr Val Pro Lieu Lys Ser 
450 45.5 460 

Ala Thr Cys Ile Thr Arg Cys Asn Lieu. Gly Gly Ala Val Cys Lieu Lys 
465 470 47s 48O 

His Ala Glu Glu Tyr Arg Glu Tyr Lieu. Glu Ser Tyr Asn Thr Ala Thr 
485 490 495 

Thr Ala Gly Phe Thr Phe Trp Val Tyr Lys Thr Phe Asp Phe Tyr Asn 
SOO 505 51O 

Lieu. Trp Asn Thr Phe Thr Lys Lieu. Glin 
515 52O 

<210 SEQ ID NO 4 
<211 LENGTH: 521 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 4 

Cys Ser Thr Asn Lieu. Phe Lys Asp Cys Ser Lys Ser Tyr Ser Gly Tyr 
1. 5 1O 15 

His Pro Ala His Ala Pro Ser Phe Lieu Ala Val Asp Asp Llys Tyr Lys 
2O 25 3 O 

Ala Thr Gly Asp Lieu Ala Val Cys Lieu. Gly Ile Gly Asp Ser Ala Val 
35 4 O 45 

34 



Thir 

Lell 
65 

Arg 

Arg 

Gly 

Gly 

Phe 
145 

Wall 

Ser 

Cys 
225 

Wall 

Asp 

Ala 

Ile 

Asn 
3. OS 

Lell 

Ile 

Ile 

Asp 

Lys 
385 

Asn 

Lell 

Met 

Tyr 
SO 

Asp 

Wall 

Asp 

Ile 

Tyr 
13 O 

Arg 

Asp 

Luell 

Thir 
21 O 

Trp 

Asp 

Luell 

Ile 

Asn 
29 O 

Thir 

Ala 

Wall 

Ser 
37 O 

Asn 

His 

Asp 
450 

Ser 

Gly 

Arg 

Ser 

Asp 
115 

Ser 

His 

Pro 

Arg 
195 

Arg 

Ile 

Tyr 

Met 

Trp 

Ser 

Asn 

Lys 
355 

Phe 

Pro 

Luell 

Ala 

Pro 
435 

Gly 

Arg 

Tyr 

Ala 

Ile 

Phe 

Phe 

Luell 

Arg 

Wall 
18O 

Arg 

His 

Glin 

Cys 
26 O 

Thir 

Asn 

Arg 

Wall 
34 O 

Ser 

Pro 

Asn 

Phe 

Met 

Met 

Lell 

Cys 

Trp 
85 

Gly 

Wall 

Ile 

Ile 
1.65 

Wall 

Phe 

Ala 

Ser 

Glin 
245 

Ser 

Wall 

Tyr 
3.25 

Lys 

Wall 

Asp 

Asn 

Lell 
4 OS 

His 

Pro 

Asp 

Ile 

Lys 
70 

Wall 

Thir 

Wall 

Pro 
150 

Wall 

Lell 

Ala 

Thir 

Wall 
23 O 

Trp 

Wall 

Glu 

Wall 
310 

Thir 

Asp 

Gly 

Ala 
390 

Pro 

Thir 

Phe 

Ala 

35 

Ser 
55 

Lell 

Gly 

Asn 

Glu 

Ala 
135 

Lell 

Glin 

Wall 

Wall 
215 

Thir 

Gly 

His 

Lell 

Tyr 
295 

Lell 

Lell 

Phe 

Thir 

Lell 
375 

Wall 

Gly 

Phe 

Lys 
45.5 

Luell 

Phe 

Phe 

Phe 

Ala 
12 O 

Wall 

Met 

Met 

Thir 

Wall 
2OO 

Ala 
28O 

Pro 

Glin 

Asp 

Luell 
360 

Wall 

Pro 

Tyr 
44 O 

Glin 

Met 

Ile 

Asp 

Pro 
105 

Thir 

Ala 

Thir 

Phe 

Trp 
185 

Glin 

Asn 

Asp 

Ile 

Gly 
265 

Wall 

Ile 

Arg 

Phe 
345 

Luell 

Met 

Asn 

Phe 
425 

Wall 

Gly 

Thir 

Ala 
90 

Luell 

Gly 

Arg 

Ala 
17O 

Ala 

Arg 

Ser 

Gly 
250 

Ala 

Ile 

Wall 

Asp 
330 

Tyr 

Phe 

Gly 
41O 

Ala 

Ser 

Asp 

Phe 

Lys 

Glu 

Glin 

Luell 

Ala 

Gly 
155 

Asp 

Ala 

Glu 

Arg 

Luell 
235 

Ser 

His 

Asp 

Ser 

Ile 
315 

Ile 

Phe 

Ser 

Trp 

Phe 
395 

Gly 

Arg 

Asp 

US 7,452,542 B2 

- Continued 

Lys 
60 

Glu 

Gly 

Lell 

Phe 

Pro 
14 O 

His 

His 

Asn 

Ile 

Thir 

Tyr 

Lell 

Wall 

Asn 
3 OO 

Lell 

Gly 

Phe 

Asn 

Asp 

Ser 

Ala 

Thir 

Wall 
460 

Lieu. Asp Wall 

Glu 

Ala 

Gly 

Ala 
125 

Pro 

Arg 

Lell 

Phe 

Ser 

Gly 

Asn 

Ser 

Ala 

Phe 
285 

Glu 

Asn 

Asp 

Glu 
365 

Thir 

Lell 

Ala 

Pro 
445 

Pro 

Ala 

His 

Phe 
11 O 

Asp 

Gly 

Trp 

Ile 

Glu 
19 O 

Tyr 

Pro 

Ser 

Ser 
27 O 

Luell 

Ala 

Pro 

Ala 
35. O 

Ala 

Asn 

Arg 

Tyr 

Phe 
43 O 

Luell 

Wall 

Ala 
95 

Ser 

Arg 

Glu 

Asp 

Asp 
17s 

Luell 

Asn 

Luell 

Asn 
255 

Ser 

Asn 

Ser 

Ala 

Lys 
335 

Glin 

His 

Wall 

Wall 

Wall 
415 

Glu 

Wall 

Thir 

Lys 

Thir 

Thir 

Asp 

Glin 

Wall 
160 

Luell 

Thir 

Wall 

Gly 

Ile 
24 O 

His 

Asp 

Asn 

Ile 

Met 

Ala 

Pro 

Asp 

Luell 
4 OO 

Asn 

His 

Tyr 

Ser 

36 



37 
US 7,452,542 B2 

- Continued 

Lieu. Gly Gly Ala Val Cys Lieu Lys 

Lieu. Glu Ser 
490 

Tyr Lys Thr 

Ala Thr Cys Ile Thr Lys Cys Asn 
465 470 

His Ala Glu Glu Tyr Arg Glu Tyr 
485 

Thr Ala Gly Phe Thr Phe Trp Val 
SOO 505 

Lieu. Trp Asn Thr Phe Thr Lys Lieu. Glin 
515 52O 

<210 SEQ ID NO 5 
<211 LENGTH: 521 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
<223> 

Peptide 

<4 OO SEQUENCE: 

Gly 
1. 

Pro 

Asn 

Thir 

Wall 
65 

Asn 

Gly 

Gly 

Gly 

Phe 
145 

Ile 

Ser 

Thir 

Gly 

Trp 
225 

Asp 

Lell 

Ile 

Asn 

Thr Gly Lieu. 

Ala 

Asp 

Tyr 
SO 

Glu 

Wall 

Thir 

Ala 

Asn 
13 O 

Asn 

Arg 

Asp 

Luell 

Ser 
21 O 

Ile 

His 

Met 

Trp 
29 O 

Gly 

Arg 

Asn 

Asp 
115 

Asn 

His 

Pro 

Arg 
195 

Arg 

His 

Glin 

Thir 
27s 

Asp 

Ala 
2O 

Luell 

His 

Gly 

Ile 

Phe 

Phe 

Luell 

Arg 

Wall 
18O 

Ala 

Glin 

Asn 
26 O 

Arg 

Luell 

5 

Phe 

Wall 

Ala 

Lell 

His 

Trp 
85 

Gly 

Wall 

Glu 

Arg 

Ile 
1.65 

Wall 

Phe 

Thir 

Lell 

Trp 
245 

Wall 

Thir 

Thir 

Ala 

Ile 

Asn 
70 

Wall 

Thir 

Wall 

Pro 

Wall 
150 

Wall 

Phe 

Wall 

Thir 

Gly 
23 O 

Gly 

His 

Lell 

Ile 

Thir 

Lell 

Ser 
55 

Met 

Gly 

Asn 

Thir 

Wall 
135 

Lell 

Glin 

Wall 

Phe 
215 

Phe 

Tyr 

Gly 

Ala 

Phe 
295 

Wall 
4 O 

Luell 

Phe 

Phe 

Luell 

Pro 
12 O 

Asn 

Phe 

Met 

Thir 

Ile 

Asn 

Asp 

Ser 

His 

Ile 

His 

Asn 

Ala 
25 

Asn 

Luell 

Ile 

Asp 

Pro 
105 

Glu 

Ser 

Luell 

Trp 
185 

Gly 

Ser 

Phe 

Gly 

Ala 
265 

Asn 

Ile 

Lys 

Luell 

Wall 

Gly 

Thir 

Wall 
90 

Phe 

Gly 

Ser 

Ala 
17O 

His 

Wall 

Asn 
250 

His 

Asn 

Ala 

Glu 

Ala 

Glu 

Phe 

Arg 

Glu 

Glin 

Luell 

Ala 

Ala 
155 

Asp 

His 

Glu 

Thir 

Tyr 
235 

Luell 

Wall 

Ala 

ASn 

Tyr Asn Thr Ala 
495 

Phe Asp Phe Tyr 

Phe 

Ala 

Ala 

Lys 
60 

Asp 

Ala 

Wall 

Wall 

Pro 
14 O 

Asn 

Gly 

Glin 

Glin 

Asn 

Glin 

Ala 

Phe 

Glu 
3 OO 

Ser 

Thir 

Gly 
45 

Met 

Glu 

Thir 

Gly 

Asp 
125 

Pro 

Pro 

Lell 

Lell 

Wall 

Ala 

Pro 

Phe 

Ser 

Cys 
285 

Asp 

Gly 

Tyr 
3 O 

Ser 

Ser 

Ala 

His 

Phe 
11 O 

Thir 

Gly 

Trp 

Glu 
19 O 

Luell 

Asn 

Wall 
27 O 

Glin 

Glu 

OTHER INFORMATION: Description of Artificial Sequence: 

Wall 
15 

Glu 

Wall 

Ile 

Ala 
95 

Ser 

Ser 

Glu 

His 

Asn 
17s 

Luell 

Ser 

Ala 

Luell 

His 
255 

Asp 

Asp 

Wall 

Thir 

Asn 

Synthetic 

His 

Wall 

Ile 

Asn 

Arg 

Thir 

Ile 

Glin 

Wall 
160 

Wall 

Thir 

Wall 
24 O 

Asp 

Ala 

Wall 

Asn 

38 



US 7,452,542 B2 
39 

- Continued 

Ser Ser Cys Arg Tyr Lieu. Glin Arg Met Tyr Lieu. Asn Ala Cys Val Asp 
3. OS 310 315 32O 

Ala Lieu Lys Val Asn Val Val Tyr Asp Ile Gly ASn Pro Lys Gly Ile 
3.25 330 335 

Lys Cys Val Arg Arg Gly Asp Wall Asn. Phe Arg Phe Tyr Asp Lys Asn 
34 O 345 35. O 

Pro Ile Val Arg Asn Val Lys Glin Phe Glu Tyr Asp Tyr Asn Gln His 
355 360 365 

Lys Asp Llys Phe Ala Asp Gly Lieu. Cys Met Phe Trp Asn. Cys Asn. Wall 
37 O 375 38O 

Asp Cys Tyr Pro Asp Asn. Ser Lieu Val Cys Arg Tyr Asp Thr Arg Asn 
385 390 395 4 OO 

Lieu. Ser Val Phe Asn Lieu Pro Gly Cys Asn Gly Gly Ser Lieu. Tyr Val 
4 OS 41O 415 

Asn Llys His Ala Phe Tyr Thr Pro Llys Phe Asp Arg Ile Ser Phe Arg 
42O 425 43 O 

Asn Lieu Lys Ala Met Pro Phe Phe Phe Tyr Asp Ser Ser Pro Cys Glu 
435 44 O 445 

Thir Ile Glin Val Asp Gly Val Ala Glin Asp Lieu Val Ser Lieu Ala Thr 
450 45.5 460 

Lys Asp Cys Ile Thr Lys Cys Asn. Ile Gly Gly Ala Val Cys Llys Llys 
465 470 47s 48O 

His Ala Gln Met Tyr Ala Glu Phe Val Thr Ser Tyr Asn Ala Ala Val 
485 490 495 

Thr Ala Gly Phe Thr Phe Trp Val Thr Asn Llys Lieu. Asn Pro Tyr Asn 
SOO 505 51O 

Lieu. Trp Llys Ser Phe Ser Ala Lieu. Glin 
515 52O 

<210 SEQ ID NO 6 
<211 LENGTH: 519 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 6 

Ala Lys Pro Glu Thir Cys Gly Lieu. Phe Lys Asp Cys Ser Lys Ser Glu 
1. 5 1O 15 

Gln Tyr Ile Pro Pro Ala Tyr Ala Thr Thr Tyr Met Ser Leu Ser Asp 
2O 25 3 O 

Asn Phe Llys Thir Ser Asp Gly Lieu Ala Val Asn. Ile Gly. Thir Lys Asp 
35 4 O 45 

Val Lys Tyr Ala Asn Val Ile Ser Tyr Met Gly Phe Arg Phe Glu Ala 
SO 55 60 

Asn Ile Pro Gly Tyr His Thr Lieu Phe Cys Thr Arg Asp Phe Ala Met 
65 70 7s 8O 

Arg Asn Val Arg Ala Trp Lieu. Gly Phe Asp Val Glu Gly Ala Asn Val 
85 90 95 

Cys Gly Asp Asin Val Gly Thr Asn Val Pro Lieu. Gly Lieu. Gly Phe Ser 
1OO 105 11 O 

Asn Gly Val Asp Phe Val Val Glin Thr Glu Gly Cys Val Ile Thr Glu 
115 12 O 125 

Lys Gly Asn. Ser Ile Glu Val Val Lys Ala Arg Ala Pro Pro Gly Glu 

40 



Glin 
145 

Ile 

Lell 

Thir 

Cys 
225 

Ile 

His 

Ala 

Wall 

Met 
3. OS 

Ile 

Pro 

Gly 

Tyr 
385 

His 

Asp 

Lys 
465 

Arg 

Ile 

Wall 

13 O 

Phe 

Wall 

Ser 

Thir 

Gly 
21 O 

Phe 

Asp 

Glu 

Ile 

Asp 
29 O 

Ile 

Arg 

Ile 

Glin 
37 O 

Pro 

Luell 

Ala 

Pro 

Gly 
450 

Ala 

Trp 

Asn 

Ala 

Arg 

Asp 

Met 
195 

Ile 

Wall 

Met 

Trp 

Ala 

Phe 

Asn 
355 

Met 

Glu 

Ser 

Phe 

Met 
435 

Glin 

Asn 

Ser 
515 

His 

Arg 

Ile 
18O 

Arg 

Ser 

His 

Glin 

Cys 
26 O 

Thir 

Ser 

Gly 

Asn 

Ala 
34 O 

Asn 

Asn 

Phe 

Luell 

Met 

Pro 

Pro 

Ile 

Wall 

Pro 
SOO 

Lell 

Arg 
1.65 

Lell 

Tyr 

Ala 

Ala 

Glin 
245 

Asn 

Ile 

Arg 

Pro 
3.25 

Thir 

Asn 

Gly 

Ser 

Glu 
4 OS 

Thir 

Phe 

Asn 

Gly 

Glu 
485 

Glin 

Ala 

<210 SEQ ID NO 7 
<211 LENGTH: 
&212> TYPE : 

<213> ORGANISM: Artificial Sequence 
PRT 

518 

Ile 
150 

Ile 

Ile 

Phe 

Thir 

Lell 
23 O 

Trp 

Ile 

Wall 

Ile 
310 

Ala 

Thir 

Wall 

Lell 

Ile 
390 

Gly 

Pro 

Phe 

Tyr 

Gly 
470 

Asp 

Asn 

Lell 

41 

135 

Pro 

Wall 

Phe 

Wall 

Cys 
215 

Gly 

Gly 

His 

Lell 

Tyr 
295 

Wall 

Ala 

Pro 

Arg 

Met 
375 

Wall 

Ala 

Wall 
45.5 

Ala 

Phe 

Glin 

Luell 

Glin 

Wall 

Lys 
2OO 

Arg 

Ala 

Pro 

Gly 

Ile 

Ile 

Cys 
360 

Luell 

Asn 

Tyr 
44 O 

Pro 

Wall 

Asn 

Asp 

Met 

Met 

Luell 
185 

Ile 

Ser 

Asp 

Thir 

Asn 
265 

Ile 

Phe 

Ser 

Asn 

Pro 
345 

Luell 

Phe 

Arg 

Gly 

Asp 
425 

Asp 

Luell 

Ile 

Thir 
505 

Arg 

Wall 
17O 

Trp 

Gly 

Ser 

Gly 
250 

Glu 

His 

Ile 

His 

Asp 
330 

Trp 

Asp 

Trp 

Phe 

Gly 

Arg 

Asp 

Phe 
490 

Lys 
155 

Ala 

Arg 

Ser 

Luell 
235 

Ser 

His 

Asp 

Asp 

Wall 
315 

Wall 

Phe 

ASn 

Asp 
395 

Ala 

Arg 

Ser 

Ser 

Lys 

Met 

Met 

US 7,452,542 B2 

- Continued 

14 O 

Gly 

Asp 

Gly 

Pro 

Glin 
22O 

Tyr 

Lell 

Wall 

Asn 
3 OO 

Met 

Gly 

Asp 

Cys 

Thir 

Lell 

Ala 

Asn 

Asn 
460 

His 

Glin 

Lell 

Glin 

Gly 

Glin 

Ser 

Asn 

Ser 

Ala 

Phe 
285 

Glu 

Asn 

Tyr 
365 

Asn 

Arg 

Phe 

Cys 
445 

Wall 

Ala 

Ala 

Trp 

Pro 

Phe 

Luell 
19 O 

Wall 

Pro 

Met 

Ser 
27 O 

Wall 

Glu 

Ala 

Pro 

Asp 
35. O 

Met 

Wall 

Thir 

Wall 

Ala 
43 O 

Glu 

Ala 

Gly 

His 
51O 

Trp 

Asp 
17s 

Glu 

Met 
255 

Gly 

Ala 

Lys 
335 

Arg 

Wall 

Asp 

Arg 

Asn 
415 

Luell 

Ile 

Luell 

Phe 
495 

Gly 

His 
160 

Gly 

Luell 

Glu 

Ala 

Cys 
24 O 

His 

Asp 

Ile 

Luell 

Gly 

Asp 

Met 

Met 

Ser 
4 OO 

Asn 

Luell 

Wall 

Thir 

Tyr 

Thir 

Phe 

42 



&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Peptide 

<4 OO SEQUENCE: 

Ser 
1. 

Asp 

Phe 

Ser 
65 

Arg 

Thir 

Asn 

Thir 

Glin 
145 

Wall 

Ser 

Thir 

Cys 
225 

Ile 

His 

Ala 

Wall 

Asn 
3. OS 

Ile 

Pro 

Gly 

Glu Ser Ser 

Luell 

Thir 
SO 

Met 

His 

Gly 

Gly 
13 O 

Phe 

Luell 

Ser 

Thir 

Gly 
21 O 

Phe 

Asp 

Ala 

Ile 

Asp 
29 O 

Luell 

Arg 

Ile 

Glin 
37 O 

Pro 

Pro 

Thir 
35 

Pro 

Wall 

Asp 

Wall 
115 

Ser 

Thir 

Arg 

Asp 

Met 
195 

Thir 

Ile 

Ile 

Met 

Trp 

Gly 

Asn 
355 

Met 

Glu 

Pro 

Ser 

Glu 

Gly 

Arg 

Asn 

Asp 

Wall 

His 

Wall 
18O 

Arg 

Wall 

His 

Glin 

Cys 
26 O 

Thir 

Ser 

Gly 

Asn 

Ala 
34 O 

Ser 

Asp 

Phe 

7 

Cys 

Ser 

Gly 

His 

Ser 

Gly 
85 

Wall 

Phe 

Wall 

Ile 

Arg 
1.65 

Lell 

Tyr 

Ala 

Ala 

Glin 
245 

Asn 

Ile 

Arg 

Pro 
3.25 

Wall 

Asn 

Gly 

Ser 

Gly 

His 

Asp 

Wall 

His 
70 

Trp 

Gly 

Wall 

Wall 
150 

Ile 

Wall 

Phe 

Thir 

Lell 
23 O 

Trp 

Wall 

Thir 

Thir 
310 

Thir 

Wall 

Lell 

Ile 

43 

Lell 

Ala 

Lell 

Ile 
55 

Ser 

Lell 

Thir 

Ala 

Pro 
135 

Pro 

Wall 

Phe 

Wall 

Cys 
215 

Gly 

Gly 

His 

Lell 

Tyr 
295 

Wall 

Ala 

Asp 

Cys 
375 

Wall 

Phe 

Thir 

Ala 
4 O 

Ser 

Luell 

Gly 

Asn 

Glin 
12 O 

Wall 

Luell 

Glin 

Wall 

Lys 
2OO 

Arg 

Ala 

Pro 

Glin 

Ile 

Ala 

Thir 
360 

Luell 

Thir 
25 

Wall 

Phe 

Met 

Wall 
105 

Pro 

Arg 

Luell 

Met 

Luell 
185 

Ile 

Asn 

Asp 

Wall 

Asn 
265 

Wall 

Met 

Ser 

His 

Lys 
345 

Luell 

Phe 

Arg 

Asp 

Tyr 

Glin 

Met 

Cys 

Asp 
90 

Pro 

Glu 

Ala 

Arg 

Ile 
17O 

Trp 

Gly 

Ser 

Gly 
250 

Glu 

Ile 

His 

Asp 
330 

Trp 

Glu 

Trp 

Phe 

Luell 

Ile 

Gly 

Thir 

Wall 

Luell 

Gly 

Arg 

Lys 
155 

Ala 

Ala 

Ala 

Wall 

Wall 
235 

Ser 

His 

Asp 

Ala 

Ile 
315 

Ile 

ASn 

Asp 

US 7,452,542 B2 

- Continued 

Ala 

Ser 

Gly 

Phe 
60 

Arg 

Glu 

Glin 

Ala 
14 O 

Gly 

Asp 

Gly 

Wall 

Ser 
22O 

Lell 

Wall 

Asn 
3 OO 

Met 

Gly 

Asp 

Cys 
38O 

Thir 

Arg 

Lell 

Asn 
45 

Arg 

Asp 

Gly 

Wall 

Wall 
125 

Pro 

Glin 

Phe 

Gly 

Lys 

Asn 

Asn 

Ser 

Ala 

Phe 
285 

Glu 

Arg 

Asn 

Tyr 
365 

Asn 

Arg 

Asn 

Ser 
3 O 

Asn 

Phe 

Phe 

Ala 

Gly 
11 O 

Lel 

Lel 

Lel 

19 O 

His 

Asp 

Pro 

Thir 

Ser 
27 O 

Wall 

Asn 

Ala 

Pro 

Asp 
35. O 

Met 

Wall 

Thir 

Pro 
15 

Asp 

Asn 

Asp 

Ala 

His 
95 

Phe 

Thir 

Gly 

Trp 

Ala 

Glu 

Asn 
255 

Gly 

Ala 

Ala 

Lys 
335 

Thir 

Asp 

Arg 

Synthetic 

Ile 

Arg 

Wall 

Wall 

Met 

Wall 

Ser 

Asn 

Glu 

Ser 
160 

Gly 

Luell 

Glin 

Wall 
24 O 

His 

Asp 

Asn 

Ile 

Ile 

Gly 

Asn 

Asn 

Met 

Ser 

44 
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- Continued 

385 390 395 4 OO 

Thir Lieu. Asn Lieu. Glu Gly Val Asin Gly Gly Ser Lieu. Tyr Val Asn. Asn 
4 OS 41O 415 

His Ala Phe His Thr Pro Ala Tyr Asp Lys Arg Ala Met Ala Lys Lieu. 
42O 425 43 O 

Llys Pro Ala Pro Phe Phe Tyr Tyr Asp Asp Gly Ser Cys Glu Val Val 
435 44 O 445 

His Asp Glin Val Asn Tyr Val Pro Lieu. Arg Ala Thr Asn. Cys Ile Thr 
450 45.5 460 

Lys Cys Asn. Ile Gly Gly Ala Val Cys Ser Lys His Ala Asn Lieu. Tyr 
465 470 47s 48O 

Arg Ala Tyr Val Glu Ser Tyr Asn Ile Phe Thr Glin Ala Gly Phe Asn 
485 490 495 

Ile Trp Val Pro Thr Thr Phe Asp Cys Tyr Asn Lieu. Trp Gln Thr Phe 
SOO 505 51O 

Thr Glu Wall Asn Lieu. Glin 
515 

<210 SEQ ID NO 8 
<211 LENGTH: 517 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 8 

Ala Asn. Glu Gly Cys Gly Lieu. Phe Lys Asp Cys Ser Arg Gly Asp Asp 
1. 5 1O 15 

Lieu. Lieu Pro Pro Ser His Ala Asn. Thir Phe Met Ser Lieu Ala Asp Asn 
2O 25 3 O 

Phe Llys Thr Asp Glin Tyr Lieu Ala Val Glin Ile Gly Val Asin Gly Pro 
35 4 O 45 

Ile Llys Tyr Glu. His Val Ile Ser Phe Met Gly Phe Arg Phe Asp Ile 
SO 55 60 

Asn Ile Pro Asn His His Thr Lieu Phe Cys Thr Arg Asp Phe Ala Met 
65 70 7s 8O 

Arg Asn Val Arg Gly Trp Lieu. Gly Phe Asp Val Glu Gly Ala His Val 
85 90 95 

Val Gly Ser Asn Val Gly Thr Asn Val Pro Leu Gln Leu Gly Phe Ser 
1OO 105 11 O 

Asn Gly Val Asp Phe Val Val Arg Pro Glu Gly Cys Val Val Thr Glu 
115 12 O 125 

Ser Gly Asp Tyr Ile Llys Pro Val Arg Ala Arg Ala Pro Pro Gly Glu 
13 O 135 14 O 

Glin Phe Ala His Lieu Lleu Pro Lieu. Lieu Lys Arg Gly Glin Pro Trp Asp 
145 150 155 160 

Val Val Arg Lys Arg Ile Val Glin Met Cys Ser Asp Tyr Lieu Ala Asn 
1.65 17O 17s 

Lieu. Ser Asp Ile Lieu. Ile Phe Val Lieu. Trp Ala Gly Gly Lieu. Glu Lieu. 
18O 185 19 O 

Thir Thr Met Arg Tyr Phe Val Lys Ile Gly Pro Ser Lys Ser Cys Asp 
195 2OO 2O5 

Cys Gly Llys Val Ala Thr Cys Tyr Asn Ser Ala Lieu. His Thr Tyr Cys 
21 O 215 22O 

46 
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Cys Phe Llys Met Ala Lieu. Gly Cys Asp Tyr Lieu. Tyr Asn Pro Tyr Cys 
225 23 O 235 24 O 

Ile Asp Ile Glin Gln Trp Gly Tyr Lys Gly Ser Lieu. Ser Lieu. Asn His 
245 250 255 

His Glu. His Cys Asn. Wal His Arg Asn. Glu. His Val Ala Ser Gly Asp 
26 O 265 27 O 

Ala Ile Met Thr Arg Cys Lieu Ala Ile His Asp Cys Phe Val Lys Asn 
27s 28O 285 

Val Asp Trp Ser Ile Thr Tyr Pro Phe Ile Gly Asn Glu Ala Val Ile 
29 O 295 3 OO 

Asn Llys Ser Gly Arg Ile Val Glin Ser His Thr Met Arg Ser Val Lieu 
3. OS 310 315 32O 

Llys Lieu. Tyr Asn. Pro Lys Ala Ile Tyr Asp Ile Cys Asn Pro Lys Gly 
3.25 330 335 

Ile Arg Cys Ala Val Thr Asp Ala Lys Trp Phe Cys Phe Asp Lys Asn 
34 O 345 35. O 

Pro Thr Asn Ser Asn Val Lys Thr Lieu. Glu Tyr Asp Tyr Ile Thr His 
355 360 365 

Gly Glin Phe Asp Gly Lieu. Cys Lieu. Phe Trp Asn. Cys Asn. Wall Asp Met 
37 O 375 38O 

Tyr Pro Glu Phe Ser Val Val Cys Arg Phe Asp Thr Arg Cys Arg Ser 
385 390 395 4 OO 

Pro Lieu. Asn Lieu. Glu Gly Cys Asn Gly Gly Ser Lieu. Tyr Val Lys Asn 
4 OS 41O 415 

His Ala Phe His Thr Pro Ala Phe Asp Lys Arg Ala Phe Ala Lys Lieu. 
42O 425 43 O 

Llys Pro Met Pro Phe Phe Phe Tyr Asp Asp Thr Glu. Cys Asp Llys Lieu. 
435 44 O 445 

Glin Asp Ser Ile Asn Tyr Val Pro Lieu. Arg Ala Ser Asn. Cys Ile Thr 
450 45.5 460 

Lys Cys Asn Val Gly Gly Ala Val Cys Ser Lys His Cys Ala Met Tyr 
465 470 47s 48O 

His Ser Tyr Val Asn Ala Tyr Asn Thr Phe Thir Ser Ala Gly Phe Thr 
485 490 495 

Ile Trp Val Pro Thr Ser Phe Asp Thr Tyr Asn Lieu. Trp Gln Thr Phe 
SOO 505 51O 

Ser Asn. Asn Lieu. Glin 
515 

<210 SEQ ID NO 9 
<211 LENGTH: 515 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 9 

Val Cys Gly Lieu Phe Lys Asn Cys Thr Arg Thr Pro Leu. Asn Lieu Pro 
1. 5 1O 15 

Pro Thr His Ala His Thr Phe Leu Ser Leu Ser Asp Glin Phe Llys Thr 
2O 25 3 O 

Thr Gly Asp Lieu Ala Val Glin Ile Gly Ser Asn. Asn Val Cys Thr Tyr 
35 4 O 45 

Glu Met Val Ile Ser Phe Met Gly Phe Arg Phe Asp Ile Ser Ile Pro 
SO 55 60 

48 



Gly 
65 

Arg 

Asn 

Asn 

Wall 

His 
145 

Arg 

Ile 

Arg 

Phe 

His 
225 

Glin 

Thir 

Thir 

Gly 
3. OS 

Ala 

Ser 

Asp 

Phe 
385 

Lell 

His 

Pro 

Wall 

Ile 
465 

Ser 

Gly 

Ile 

Phe 

Ile 
13 O 

Luell 

Arg 

Luell 

Ala 
21 O 

Ala 

Glin 

Asn 

Arg 

Wall 
29 O 

Arg 

Pro 

Wall 

Asn 

Gly 
37 O 

Ser 

Glu 

Thir 

Phe 

Asn 
450 

Gly 

His 

Trp 

Gly 

Wall 
115 

Ile 

Ile 

Wall 

Phe 
195 

Thir 

Luell 

Trp 

Ile 

Cys 
27s 

Thir 

Asn 

Ser 

Thir 

Wall 
355 

Luell 

Ile 

Gly 

Pro 

Phe 
435 

Gly 

Ser 

Luell 

Thir 

Wall 

Pro 

Pro 

Wall 

Phe 
18O 

Wall 

Gly 

Gly 

His 
26 O 

Luell 

Wall 

Wall 

Asp 
34 O 

Wall 

Wall 

Ala 

Wall 

Ala 

Lell 

Gly 
85 

Asn 

Glin 

Wall 

Lell 

Glin 
1.65 

Wall 

Lys 

Tyr 

Cys 

Tyr 
245 

Arg 

Ala 

Pro 

Glin 

Ile 
3.25 

Ala 

Lell 

Lell 

Cys 

Asn 
4 OS 

Tyr 

Phe 

Pro 

Wall 

Phe 
70 

Met 

Wall 

Thir 

Lell 
150 

Met 

Lell 

Ile 

Asn 

Asp 
23 O 

Wall 

Asn 

Wall 

Phe 

Gly 
310 

His 

Lell 

Phe 

Arg 
390 

Gly 

Asp 

Asp 

Lell 

Cys 
470 

49 

Asp 

Pro 

Glu 

Ala 
135 

Arg 

Ile 

Trp 

Gly 

Ser 
215 

Gly 

Glu 

His 

Ile 
295 

His 

Asp 

Trp 

Asp 

Trp 
375 

Phe 

Gly 

Asp 

Arg 
45.5 

Ser 

Thir 

Wall 

Luell 

Gly 
12 O 

Ser 

Ala 

Pro 

Wall 

Wall 

Ser 

His 

Asp 

Ala 

Wall 

Ile 

Tyr 
360 

Asn 

Asp 

Ser 

Arg 

Ser 
44 O 

Ala 

Arg 

Glu 

Glin 
105 

Ser 

Gly 

Asp 

Gly 
185 

Ile 

Ser 

Luell 

Asp 
265 

Asn 

Wall 

Gly 

Cys 
345 

Asp 

Thir 

Luell 

Ala 
425 

Asp 

Ser 

His 

Asp 

Ser 
90 

Wall 

Wall 

Pro 

Glin 

Tyr 
17O 

Ser 

Asn 

Asn 

Ser 
250 

Ala 

Phe 

Glu 

Arg 

Asn 
330 

Asn 

Arg 

Tyr 

Phe 

Ser 

Ala 

Phe 

Ala 

Gly 

Ser 

Pro 

Pro 
155 

Luell 

Luell 

Glu 

Pro 
235 

Glin 

Ser 

Wall 

Ala 
315 

Pro 

Asp 

Ala 

Thir 
395 

Wall 

Wall 

Asp 

Cys 

ASn 
47s 
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Ala 

His 

Phe 

Thir 

Gly 
14 O 

Trp 

Ser 

Glu 

Tyr 
22O 

Asn 

Gly 

Phe 
3 OO 

Ala 

Thir 

Asp 
38O 

Arg 

Asn 

Wall 

Wall 
460 

Lell 

Ile 

Wall 

Ser 

Asn 
125 

Glu 

Lell 

Asn 

Lell 

Tyr 
2O5 

Ala 

His 

Asp 

Asn 
285 

Ile 

Lell 

Gly 

Glin 

His 
365 

Met 

Ser 

Lell 

Wall 
445 

Thir 

Arg 

Cys 

Asn 
11 O 

Phe 

Glin 

Ile 

Luell 

Thir 
19 O 

Phe 

His 

Ala 
27 O 

Wall 

Asn 

Wall 

Pro 
35. O 

Gly 

Wall 

His 

Lys 
43 O 

Glin 

Arg 

Glin 

Asn 

Gly 
95 

Gly 

Gly 

Phe 

Wall 

Ser 
17s 

Thir 

Gly 

Phe 

Asp 

Thir 
255 

Wall 

Asp 

Gly 

Luell 

Arg 
335 

Wall 

Glin 

Phe 

Phe 

Ala 
415 

Pro 

Glu 

Wall 

Asp 

Wall 

Asp 

Arg 

Arg 
160 

Asp 

Met 

Asn 

Ile 
24 O 

Phe 

Met 

Trp 

Tyr 

Asn 

Luell 

Glu 

Asn 
4 OO 

Phe 

Met 

Glin 

Asn 

Tyr 
48O 

50 
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Val Glu Ala Tyr Asn Thr Phe Thr Glin Ala Gly Phe Asn Ile Trp Val 
485 490 495 

Pro His Ser Phe Asp Val Tyr Asn Lieu. Trp Glin Ile Phe Ile Glu Thr 
SOO 505 51O 

Asn Lieu. Glin 
515 

<210 SEQ ID NO 10 
<211 LENGTH: 196 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 10 

Trp Ile Gly Phe Asp Val Glu Gly Cys His Ala Thr Arg Asp Ala Val 
1. 5 1O 15 

Gly Thr Asn Lieu Pro Leu Gln Leu Gly Phe Ser Thr Gly Val Asn Lieu. 
2O 25 3 O 

Val Ala Val Pro Thr Gly Tyr Val Asp Thr Glu Asn Asn Thr Glu Phe 
35 4 O 45 

Thir Arg Val Asn Ala Lys Pro Pro Pro Gly Asp Glin Phe Llys His Lieu. 
SO 55 60 

Ile Pro Lieu Met Tyr Lys Gly Lieu Pro Trp Asn Val Val Arg Ile Llys 
65 70 7s 8O 

Ile Val Gln Met Lieu. Ser Asp Thr Lieu Lys Gly Lieu. Ser Asp Arg Val 
85 90 95 

Val Phe Val Leu Trp Ala His Gly Phe Glu Lieu. Thir Ser Met Lys Tyr 
1OO 105 11 O 

Phe Val Lys Ile Gly Pro Glu Arg Thr Cys Cys Lieu. Cys Asp Lys Arg 
115 12 O 125 

Ala Thr Cys Phe Ser Thr Ser Ser Asp Thr Tyr Ala Cys Trp Asn His 
13 O 135 14 O 

Ser Val Gly Phe Asp Tyr Val Tyr Asn Pro Phe Met Ile Asp Val Glin 
145 150 155 160 

Gln Trp Gly Phe Thr Gly Asn Lieu. Glin Ser Asn His Asp Gln His Cys 
1.65 17O 17s 

Glin Val His Gly Asn Ala His Val Ala Ser Cys Asp Ala Ile Met Thr 
18O 185 19 O 

Arg Cys Lieu Val 
195 

<210 SEQ ID NO 11 
<211 LENGTH: 64 
&212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
Peptide 

<4 OO SEQUENCE: 11 

Ala Phe Glu. His Ile Val Tyr Gly Asp Phe Ser His Gly Glin Leu Gly 
1. 5 1O 15 

Gly Lieu. His Lieu Met Ile Gly Lieu Ala Lys Arg Ser Glin Asp Ser Pro 
2O 25 3 O 

Lieu Lys Lieu. Glu Asp Phe Ile Arg Met Asp Ser Thr Val Lys Asn Tyr 
35 4 O 45 
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Phe Ile Thr Asp Ala Glin Thr Gly Ser Ser Lys Cys Val Cys Ser Val 
SO 55 60 

SEQ ID NO 12 
LENGTH: 168 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

Peptide 

<4 OO SEQUENCE: 12 

Thir Gin Glin Asn Luell Lieu. Asn 
1. 
Val Ala Lys Tyr 

5 
Tyr 

Ala Wall Met Wall 
25 

Pro Asn Ile His Phe Lell Tyr Arg Gly 

Wall Ala Thir 
4 O 

Ala Wall Glin 
45 

Asp Gly Pro Luell 
35 

Gly Arg 

Thr Gly. Thir Lieu. Leu Val Ser Luell Asn Phe 
SO 

Asp 
55 

Asp Asp 
60 

Ala 
65 

Thir Ile 
70 

Ala Thr Asp Ser Lell Gly Asp Wal His 

Ile 
85 

Trp Asp Lieu. Ile Ser Asp Met Tyr Pro 
90 

Asp Arg 

Wall. Thir Glu Glu 
105 

Asn Asp Ser Gly Phe Phe Thr 

Phe Ile 
115 

Glin Ala 
12 O 

Ile 
125 

Gly Lell Lieu. Gly Gly Ser 

Ile Thr 
13 O 

Glu Asn Ala Luell Lell 
135 

His Ser Trp Asp Tyr Lys 
14 O 

Phe 
145 

Thir Ala 
150 

Phe Wall. Thir Wall 
155 

Ser Trp Trp Asn Asn Ala 

Glu Ala Phe Ile 
1.65 

Luell Gly Met Thr 

What is claimed is: 
1. A live, attenuated virus groups 2 coronavirus wherein 

said virus is characterized as comprising a genome encoding 
(i) an ExoN comprising a Substitution at tyrosine 
MHV-A59, or an analogous position thereof, an (ii) an Orf2a 
polypeptide comprising a substitution at leu" of MHV-A59, 
or an analogous position thereof. 

2. The virus of claim 1, wherein said coronavirus is bovine 
coronavirus, human coronavirus OC43, murine hepatitis 
virus, porcine hemagglutinating encephalomyelitis virus, rat 
coronavirus, or severe acute respiratory syndrome virus. 

3. The virus of claim 1, wherein said virus further com 
prises a mutation in least one polyprotein proteinase cleavage 
site that exhibits reduced as compared to wild-type or no 
cleavage. 

4. The virus of claim3, wherein the cleavage site is a C1-C 
14 cleavage site. 

5. The virus of claim3, wherein the cleavage site is a MHV 
p28-p65 or p65-p210 cleavage site or analogous position 
thereof. 

6. The virus of claim3, wherein the cleavage site comprises 
an amino acid deletion, an amino acid insertion or an amino 
acid Substitution. 

7. The virus of claim 1, wherein said tyrosine substitu 
tion is a non-conservative Substitution. 

6398 of 

OTHER INFORMATION: Description of Artificial Sequence: 

Thir 

Ala 
3 O 

Trp 

Wall 

Thir 

Thir 

Tyr 
11 O 

Ala 

Met 

Ser 

45 

50 

55 

60 

65 

Synthetic 

Lieu. Thir 
15 

Gly Ser 

Leul Pro 

Ser Asp 

Ala Asn 

Llys His 
95 

Luell 

Val Lys 

His Gly 

Ser 
160 

Ser 

6398 8. The virus of claim 1, wherein said tyrosine substitu 
tion is a histidine. 

9. The virus of claim 1, wherein said leu' substitution is 
a non-conservative Substitution. 

10. The virus of claim 1, wherein said leu'substitution is 
a proline. 

11. The virus of claim 1, wherein said virus genome further 
encodes a mutation in one or more of nsp1, insp2, insp3, insp4. 
insp;5, nsp6, insp7, insp8, insp9, insp10, insp11, insp12, insp13. 
insp15 or nsp16 coding region. 

12. A method of inducing an anti-viral immune response in 
a host comprising administering to said host a live, attentu 
ated group 2 coronavirus wherein said virus is characterized 
as comprising a genome encoding (i) an ExoN comprising a 
substitution at tyrosine of MHV-A59, or an analogous 
position thereof, and (ii) an Orf2a polypeptide comprising a 
substitution at leu" of MHV-A59, or an analogous position 
thereof. 

13. The method of claim 12, wherein the coronavirus is 
bovine coronavirus, human coronavirus OC43, murine hepa 
titis virus, porcine hemagglutinating encephalomyelitis 
virus, rat coronavirus, severe acute respiratory syndrome 
virus, human coronavirus NL63 or human coronavirus NL. 
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14. The method of claim 12, wherein said virus further 
comprises a mutation in least one polyprotein proteinase 
cleavage site that exhibits wild-type or reduced cleavage as 
opposed no cleavage. 

15. The method of claim 14, wherein the cleavage site is a 
C1-C14 cleavage site. 

16. The method of claim 14, wherein the cleavage site is a 
MHV p28-p65 or p65-p210 cleavage site or analogous posi 
tion thereof. 

17. The method of claim 14, wherein the cleavage site 
contains an amino acid deletion, an amino acid insertion oran 
amino acid Substitution. 

18. The method of claim 12, wherein said tyrosine 
Substitution is a non-conservative Substitution. 

19. The method of claim 12, wherein said tyrosine 
substitution is a histidine. 

20. The method of claim 12, wherein said leu106 substitu 
tion is a non-conservative Substitution. 

21. The method of claim 12, wherein said leu' substitu 
tion is a proline. 

22. The method of claim 12, wherein said virus genome 
further encodes a mutation in one or more of nsp1, insp2, insp3. 
insp4, insp;5, nsp6, nsp7, nsp8, insp9, insp10, insp11, insp12. 
insp13, insp15 or nsp16 coding region. 

23. The method of claim 12, wherein said vaccine is admin 
istered intravenously or subcutaneously. 

24. The method of claim 12, further comprising adminis 
tering an immunostimulant. 

6398 

6398 

10 

15 

25 

56 
25. The method of claim 12, wherein said host is a dog, a 

cow, a pig, a mouse, a rat, or a human. 
26. A coronavirus genome, said genome encoding an ExoN 

polypeptide comprising a substitution at tyrosine6398 of 
MHV-A59, or an analogous position thereof. 

27. An isolated and purified nucleic acid segment encoding 
coronavirus ExoN polypeptide comprising comprising a Sub 
stitution at tyrosine' of MHV-A59, or an analogous posi 
tion thereof. 

28. A composition comprising (a) alive, attentuated group 
2 coronavirus, said virus characterized as comprising a 
genome encoding (i) an ExoN polypeptide comprising com 
prising a substitution at tyrosine" of MHV-A59, or an 
analogous position thereof, and (ii) an Orf2a polypeptide 
comprising a substitution at leu" of MHV-A59, oran analo 
gous position thereof, and (b) a pharmaceutically acceptable 
diluent. 

29. The composition of claim 28, wherein said composi 
tion is formulated as a unit dose of 10° to 10' infectious 
particles. 

30. The composition of claim 28, wherein said unit dose is 
provided in a 100 ml aliquot. 

31. The composition of claim 28, further comprising a 
preservative. 

32. The composition of claim 28, wherein said composi 
tion is lyophilized. 
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an attenuated coronavirus comprising a variant replicase gene, which causes
the virus to have reduced pathogenicity. The present invention also relates to the use of such a coronavirus in a vaccine
to prevent and/or treat a disease.

BACKGROUND TO THE INVENTION

[0002] Avian infectious bronchitis virus (IBV), the aetiological agent of infectious bronchitis (IB), is a highly infectious
and contagious pathogen of domestic fowl that replicates primarily in the respiratory tract but also in epithelial cells of
the gut, kidney and oviduct. IBV is a member of the Order Nidovirales, Family Coronaviridae, Subfamily Coronavirinae
and Genus Gammacoronavirus; genetically very similar coronaviruses cause disease in turkeys, guinea fowl and pheas-
ants.
[0003] Clinical signs of IB include sneezing, tracheal rales, nasal discharge and wheezing. Meat-type birds have
reduced weight gain, whilst egg-laying birds lay fewer eggs and produce poor quality eggs. The respiratory infection
predisposes chickens to secondary bacterial infections which can be fatal in chicks. The virus can also cause permanent
damage to the oviduct, especially in chicks, leading to reduced egg production and quality; and kidney, sometimes
leading to kidney disease which can be fatal.
[0004] IBV has been reported to be responsible for more economic loss to the poultry industry than any other infectious
disease. Although live attenuated vaccines and inactivated vaccines are universally used in the control of IBV, the
protection gained by use of vaccination can be lost either due to vaccine breakdown or the introduction of a new IBV
serotype that is not related to the vaccine used, posing a risk to the poultry industry.
[0005] Further, there is a need in the industry to develop vaccines which are suitable for use in ovo, in order to improve
the efficiency and cost-effectiveness of vaccination programmes. A major challenge associated with in ovo vaccination
is that the virus must be capable of replicating in the presence of maternally-derived antibodies against the virus, without
being pathogenic to the embryo. Current IBV vaccines are derived following multiple passage in embryonated eggs, this
results in viruses with reduced pathogenicity for chickens, so that they can be used as live attenuated vaccines. However
such viruses almost always show an increased virulence to embryos and therefore cannot be used for in ovo vaccination
as they cause reduced hatchability. A 70% reduction in hatchability is seen in some cases.
[0006] Attenuation following multiple passage in embryonated eggs also suffers from other disadvantages. It is an
empirical method, as attenuation of the viruses is random and will differ every time the virus is passaged, so passage
of the same virus through a different series of eggs for attenuation purposes will lead to a different set of mutations
leading to attenuation. There are also efficacy problems associated with the process: some mutations will affect the
replication of the virus and some of the mutations may make the virus too attenuated. Mutations can also occur in the
S gene which may also affect immunogenicity so that the desired immune response is affected and the potential vaccine
may not protect against the required serotype. In addition there are problems associated with reversion to virulence and
stability of vaccines.
[0007] Menachery, V. D. et al. (2014) J. Virol., vol. 88, no. 8, 4251 - 4264, WO 2005/049814 A2 and WO 2004/092360
already disclosed a coronavirus comprising a mutation in nsp-15 and nsp-16 as well as means and methods of how to
arrive at a coronavirus comprising such mutated structural proteins.
[0008] It is important that new and safer vaccines are developed for the control of IBV. Thus there is a need for IBV
vaccines which are not associated with these issues, in particular vaccines which may be used for in ovo vaccination.

SUMMARY OF ASPECTS OF THE INVENTION

[0009] The present inventors have used a reverse genetics approach in order to rationally attenuate IBV. This approach
is much more controllable than random attenuation following multiple passages in embryonated eggs because the
position of each mutation is known and its effect on the virus, i.e. the reason for attenuation, can be derived.
[0010] Using their reverse genetics approach, the present inventors have identified various mutations which cause
the virus to have reduced levels of pathogenicity. The levels of pathogenicity may be reduced such that when the virus
is administered to an embryonated egg, it is capable of replicating without being pathogenic to the embryo. Such viruses
may be suitable for in ovo vaccination, which is a significant advantage and has improvement over attenuated IBV
vaccines produced following multiple passage in embryonated eggs.
[0011] Thus in a first aspect, the present invention provides a live, attenuated coronavirus comprising a variant replicase
gene encoding polyproteins comprising a mutation in nsp-14, wherein the variant replicase gene encodes a protein
comprising an amino acid mutation of Val to Leu at the position corresponding to position 393 of SEQ ID NO:7.
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[0012] The variant replicase gene may further encode a protein comprising one or more amino acid mutations selected
from the list of:

Pro to Leu at position 85 of SEQ ID NO: 6,
Leu to lie at position 183 of SEQ ID NO: 8;
Val to lie at position 209 of SEQ ID NO: 9.

[0013] The replicase gene may further encode a protein comprising the amino acid mutation Pro to Leu at position 85
of SEQ ID NO: 6.
[0014] The replicase gene may encode a protein comprising the amino acid mutations Val to Leu at position 393 of
SEQ ID NO: 7;Leu to lie at position 183 of SEQ ID NO: 8; and Val to lie at position 209 of SEQ ID NO: 9.
[0015] The replicase gene may encode a protein comprising the amino acid mutations Pro to Leu at position 85 of
SEQ ID NO: 6; Val to Leu at position 393 of SEQ ID NO:7; Leu to lie at position 183 of SEQ ID NO:8; and Val to lie at
position 209 of SEQ ID NO: 9.
[0016] The replicase gene may comprise one or more nucleotide substitutions selected from the list of:

C to T at nucleotide position 12137;
G to C at nucleotide position 18114;
T to A at nucleotide position 19047; and
G to A at nucleotide position 20139;
compared to the sequence shown as SEQ ID NO: 1.

[0017] The coronavirus may be an infectious bronchitis virus (IBV).
[0018] The coronavirus may be IBV M41.
[0019] The coronavirus may comprise an S protein at least part of which is from an IBV serotype other than M41.
[0020] For example, the S1 subunit or the entire S protein may be from an IBV serotype other than M41.
[0021] The coronavirus according to the first aspect has reduced pathogenicity compared to a coronavirus expressing
a corresponding wild-type replicase, such that when the virus is administered to an embryonated egg, it is capable of
replicating without being pathogenic to the embryo.
[0022] In a second aspect, a variant replicase gene as defined in the claims is provided.
[0023] In a third aspect, a protein encoded by a variant coronavirus replicase gene as defined in the claims is provided.
[0024] In a fourth aspect, a plasmid comprising a replicase gene as defined in the claims is provided.
[0025] In a fifth aspect, a method for making the coronavirus as defined in the claims is provided which comprises the
following steps:

(i) transfecting a plasmid according to the fourth aspect of the invention into a host cell;
(ii) infecting the host cell with a recombining virus comprising the genome of a coronavirus strain with a replicase gene;
(iii) allowing homologous recombination to occur between the replicase gene sequences in the plasmid and the
corresponding sequences in the recombining virus genome to produce a modified replicase gene; and
(iv) selecting for recombining virus comprising the modified replicase gene.

[0026] The recombining virus may be a vaccinia virus.
[0027] The method may also include the step:
(v) recovering recombinant coronavirus comprising the modified replicase gene from the DNA from the recombining
virus from step (iv).
[0028] A cell capable of producing a coronavirus according to the first aspect is provided.
[0029] In a another aspect, a vaccine comprising a coronavirus as defined in the claims and a pharmaceutically
acceptable carrier is provided.
[0030] Also described herein is a method for treating and/or preventing a disease in a subject which comprises the
step of administering a vaccine according to the invention to the subject.
[0031] Further aspects of the invention provide:

• the vaccine as defined in the claims for use in preventing a disease in a subject.

[0032] Also described herein is the use of a coronavirus according to the first aspect in the manufacture of a vaccine
for treating and/or preventing a disease in a subject.
[0033] The disease may be infectious bronchitis (IB).
[0034] The method of administration of the vaccine may be selected from the group consisting of; eye drop adminis-
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tration, intranasal administration, drinking water administration, post-hatch injection and in ovo injection.
[0035] Vaccination may be by in ovo vaccination.
[0036] The present invention also provides a method for producing a vaccine as defined in the claims which comprises
the step of infecting a cell as defined in the claims with a coronavirus as defined in the claims.

DESCRIPTION OF THE FIGURES

[0037]

Figure 1 - Growth kinetics of M41-R-6 and M41-R-12 compared to M41-CK (M41 EP4) on CK cells

Figure 2 - Clinical signs, snicking and wheezing, associated with M41-R-6 and M41-R-12 compared to M41-CK
(M41 EP4) and Beau-R (Bars show mock, Beau-R, M41-R 6, M41 - R 12, M41-CK EP4 from left to right of each
timepoint).

Figure 3 - Ciliary activity of the viruses in tracheal rings isolated from tracheas taken from infected chicks. 100%
ciliary activity indicates no effect by the virus; apathogenic, 0% activity indicates complete loss of ciliary activity,
complete ciliostasis, indicating the virus is pathogenic (Bars show mock, Beau-R, M41-R 6, M41-R 12, M41-CK
EP4 from left to right of each timepoint).

Figure 4 - Clinical signs, snicking, associated with M41R-nsp10rep and M41R-nsp14,15,16rep compared to M41-
R-12 and M41-CK (M41 EP5) (Bars show mock, M41-R12; M41 R-nsp10rep; M41 R-nsp14,15,16rep and M41-CK
EP5 from left to right of each timepoint).

Figure 5 - Ciliary activity of M41R-nsp10rep and M41R-nsp14,15,16rep compared to M41-R-12 and M41-CK in
tracheal rings isolated from tracheas taken from infected chicks (Bars show mock; M41-R12; M41R-nsp10rep;
M41R-nsp14,15,16rep and M41-CK EP5 from left to right of each timepoint).

Figure 6 - Clinical signs, snicking, associated with M41R-nsp10, 15rep, M41R-nsp10, 14, 15rep, M41R-nsp10, 14,
16rep, M41 R-nsp10, 15, 16rep and M41-K compared to M41-CK (Bars show mock, M41R-nsp10,15rep1; M41R-
nsp10,14,16rep4; M41R-nsp10,15,16rep8; M41R-nsp10,14,15rep10; M41-K6 and M41-CK EP4 from left to right of
each timepoint).

Figure 7 - Clinical signs, wheezing, associated with M41R-nsp10, 15rep, M41R-nsp10, 14, 15rep, M41R-nsp10,
14, 16rep, M41 R-nsp1 0, 15, 16rep and M41-K compared to M41-CK (Bars show mock, M41R-nsp10,15rep1;
M41R-nsp10,14,16rep4; M41R-nsp10,15,16rep8; M41R-nsp10,14,15rep10; M41-K6 and M41-CK EP4 from left to
right of each timepoint).

Figure 8 - Ciliary activity of M41R-nsp1 0, 15rep, M41 R-nsp1 0, 14, 15rep, M41R-nsp10, 14, 16rep, M41R-nsp10,
15, 16rep and M41-K compared to M41-CK in tracheal rings isolated from tracheas taken from infected chicks (Bars
show mock, M41R-nsp10,15rep1; M41R-nsp10,14,16rep4; M41R-nsp10,15,16rep8; M41R-nsp10,14,15rep10;
M41-K6 and M41-CK EP4 from left to right of each timepoint).

Figure 9 - Growth kinetics of rIBVs compared to M41-CK on CK cells. Fig 9A shows the results for M41-R and M41-
K. Fig 9B shows the results for M41-nsp10 rep; M41 R-nsp14, 15, 16 rep; M41 R-nsp1 0, 15 rep; M41 R-nsp10, 15,
16 rep; M41R-nsp10, 14, 15 rep; and M41R-nsp10, 14, 16.

Figure 10 - Position of amino acid mutations in mutated nsp10, nsp14, nsp15 and nsp16 sequences.

Figure 11 - A) Snicking; B) Respiratory symptoms (wheezing and rales combined) and C) Ciliary activity of rIBV
M41R-nsp10,14 rep and rIBV M41R-nsp10,16 rep compared to M41-CK (Bars show mock, M41R-nsp10,14rep;
M41R-nsp10,16rep and M41-K from left to right of each timepoint).

DETAILED DESCRIPTION

[0038] The present invention provides a coronavirus comprising a variant replicase gene which, when expressed in
the coronavirus, causes the virus to have reduced pathogenicity compared to a corresponding coronavirus which com-
prises the wild-type replicase gene.
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CORONAVIRUS

[0039] Gammacoronavirus is a genus of animal virus belonging to the family Coronaviridae. Coronaviruses are en-
veloped viruses with a positive-sense single-stranded RNA genome and a helical symmetry.
[0040] The genomic size of coronaviruses ranges from approximately 27 to 32 kilobases, which is the longest size for
any known RNA virus.
[0041] Coronaviruses primarily infect the upper respiratory or gastrointestinal tract of mammals and birds. Five to six
different currently known strains of coronaviruses infect humans. The most publicized human coronavirus, SARS-CoV
which causes severe acute respiratory syndrome (SARS), has a unique pathogenesis because it causes both upper
and lower respiratory tract infections and can also cause gastroenteritis. Middle East respiratory syndrome coronavirus
(MERS-CoV) also causes a lower respiratory tract infection in humans. Coronaviruses are believed to cause a significant
percentage of all common colds in human adults.
[0042] Coronaviruses also cause a range of diseases in livestock animals and domesticated pets, some of which can
be serious and are a threat to the farming industry. Economically significant coronaviruses of livestock animals include
infectious bronchitis virus (IBV) which mainly causes respiratory disease in chickens and seriously affects the poultry
industry worldwide; porcine coronavirus (transmissible gastroenteritis, TGE) and bovine coronavirus, which both result
in diarrhoea in young animals. Feline coronavirus has two forms, feline enteric coronavirus is a pathogen of minor clinical
significance, but spontaneous mutation of this virus can result in feline infectious peritonitis (FIP), a disease associated
with high mortality.
[0043] There are also two types of canine coronavirus (CCoV), one that causes mild gastrointestinal disease and one
that has been found to cause respiratory disease. Mouse hepatitis virus (MHV) is a coronavirus that causes an epidemic
murine illness with high mortality, especially among colonies of laboratory mice.
[0044] Coronaviruses are divided into four groups, as shown below:

Alpha

• Canine coronavirus (CCoV)
• Feline coronavirus (FeCoV)
• Human coronavirus 229E (HCoV-229E)
• Porcine epidemic diarrhoea virus (PEDV)
• Transmissible gastroenteritis virus (TGEV)
• Human Coronavirus NL63 (NL or New Haven)

Beta

• Bovine coronavirus (BCoV)
• Canine respiratory coronavirus (CRCoV) - Common in SE Asia and Micronesia
• Human coronavirus OC43 (HCoV-OC43)
• Mouse hepatitis virus (MHV)
• Porcine haemagglutinating encephalomyelitis virus (HEV)
• Rat coronavirus (RCV). Rat Coronavirus is quite prevalent in Eastern Australia where, as of March/April 2008,

it has been found among native and feral rodent colonies.
• (No common name as of yet) (HCoV-HKU1)

Severe acute respiratory syndrome coronavirus (SARS-CoV)
• Middle East respiratory syndrome coronavirus (MERS-CoV)

Gamma

• Infectious bronchitis virus (IBV)
• Turkey coronavirus (Bluecomb disease virus)
• Pheasant coronavirus
• Guinea fowl coronavirus

Delta

• Bulbul coronavirus (BuCoV)
• Thrush coronavirus (ThCoV)
• Munia coronavirus (MuCoV)
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• Porcine coronavirus (PorCov) HKU15

[0045] The variant replicase gene of the coronavirus of the present invention may be derived from an alphacoronavirus
such as TGEV; a betacoronavirus such as MHV; or a gammacoronavirus such as IBV.
[0046] As used herein the term "derived from" means that the replicase gene comprises substantially the same nu-
cleotide sequence as the wild-type replicase gene of the relevant coronavirus. For example, the variant replicase gene
of the present invention may have up to 80%, 85%, 90%, 95%, 98% or 99% identity with the wild type replicase sequence.
The variant coronavirus replicase gene encodes a protein comprising a mutation in one or more of non-structural protein
(nsp)-10, nsp-14, nsp-15 or nsp-16 when compared to the wild-type sequence of the non-structural protein.

IBV

[0047] Avian infectious bronchitis (IB) is an acute and highly contagious respiratory disease of chickens which causes
significant economic losses. The disease is characterized by respiratory signs including gasping, coughing, sneezing,
tracheal rales, and nasal discharge. In young chickens, severe respiratory distress may occur. In layers, respiratory
distress, nephritis, decrease in egg production, and loss of internal egg quality and egg shell quality are common.
[0048] In broilers, coughing and rattling are common clinical signs, rapidly spreading in all the birds of the premises.
Morbidity is 100% in non-vaccinated flocks. Mortality varies depending on age, virus strain, and secondary infections
but may be up to 60% in non-vaccinated flocks.
[0049] The first IBV serotype to be identified was Massachusetts, but in the United States several serotypes, including
Arkansas and Delaware, are currently circulating, in addition to the originally identified Massachusetts type.
[0050] The IBV strain Beaudette was derived following at least 150 passages in chick embryos. IBV Beaudette is no
longer pathogenic for hatched chickens but rapidly kills embryos.
[0051] H120 is a commercial live attenuated IBV Massachusetts serotype vaccine strain, attenuated by approximately
120 passages in embryonated chicken eggs. H52 is another Massachusetts vaccine, and represents an earlier and
slightly more pathogenic passage virus (passage 52) during the development of H120. Vaccines based on H120 are
commonly used.
[0052] IB QX is a virulent field isolate of IBV. It is sometimes known as "Chinese QX" as it was originally isolated
following outbreaks of disease in the Qingdao region in China in the mid 1990s. Since that time the virus has crept
towards Europe. From 2004, severe egg production issues have been identified with a very similar virus in parts of
Western Europe, predominantly in the Netherlands, but also reported from Germany, France, Belgium, Denmark and
in the UK.
[0053] The virus isolated from the Dutch cases was identified by the Dutch Research Institute at Deventer as a new
strain that they called D388. The Chinese connection came from further tests which showed that the virus was 99%
similar to the Chinese QX viruses. A live attenuated QX-like IBV vaccine strain has now been developed.
[0054] IBV is an enveloped virus that replicates in the cell cytoplasm and contains an non-segmented, single-stranded,
positive sense RNA genome. IBV has a 27.6 kb RNA genome and like all coronaviruses contains the four structural
proteins; spike glycoprotein (S), small membrane protein (E), integral membrane protein (M) and nucleocapsid protein
(N) which interacts with the genomic RNA.
[0055] The genome is organised in the following manner: 5’UTR - polymerase (replicase) gene - structural protein
genes (S-E-M-N) - UTR 3’; where the UTR are untranslated regions (each ∼ 500 nucleotides in IBV).
[0056] The lipid envelope contains three membrane proteins: S, M and E. The IBV S protein is a type I glycoprotein
which oligomerizes in the endoplasmic reticulum and is assembled into homotrimer inserted in the virion membrane via
the transmembrane domain and is associated through non-covalent interactions with the M protein. Following incorpo-
ration into coronavirus particles, the S protein is responsible for binding to the target cell receptor and fusion of the viral
and cellular membranes. The S glycoprotein consists of four domains: a signal sequence that is cleaved during synthesis;
the ectodomain, which is present on the outside of the virion particle; the transmembrane region responsible for anchoring
the S protein into the lipid bilayer of the virion particle; and the cytoplasmic tail.
[0057] All coronaviruses also encode a set of accessory protein genes of unknown function that are not required for
replication in vitro, but may play a role in pathogenesis. IBV encodes two accessory genes, genes 3 and 5, which both
express two accessory proteins 3a, 3b and 5a, 5b, respectively.
[0058] The variant replicase gene of the coronavirus of the present invention may be derived from an IBV. For example
the IBV may be IBV Beaudette, H120, H52, IB QX, D388 or M41.
[0059] The IBV may be IBV M41. M41 is a prototypic Massachusetts serotype that was isolated in the USA in 1941.
It is an isolate used in many labs throughout the world as a pathogenic lab stain and can be obtained from ATCC (VR-
21™). Attenuated variants are also used by several vaccine producers as IBV vaccines against Massachusetts serotypes
causing problems in the field. The present inventors chose to use this strain as they had worked for many years on this
virus, and because the sequence of the complete virus genome is available. The M41 isolate, M41-CK, used by the



EP 3 172 319 B1

8

5

10

15

20

25

30

35

40

45

50

55

present inventors was adapted to grow in primary chick kidney (CK) cells and was therefore deemed amenable for
recovery as an infectious virus from a cDNA of the complete genome. It is representative of a pathogenic IBV and
therefore can be analysed for mutations that cause either loss or reduction in pathogenicity.
[0060] The genome sequence of IBV M41-CK is provided as SEQ ID NO: 1.
SEQ ID NO: 1 IBV M41-CK Sequence
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REPLICASE

[0061] In addition to the structural and accessory genes, two-thirds of a coronavirus genome comprises the replicase
gene (at the 5’ end of the genome), which is expressed as two polyproteins, pp1a and pp1ab, in which pp1ab is an
extension product of pp1a as a result of a -1 ribosomal shift mechanism. The two polyproteins are cleaved by two types
of virus-encoded proteinases usually resulting in 16 non-structural proteins (Nsp1-16); IBV lacks Nsp1 thereby encoding
Nsp2-16.
[0062] Thus Gene 1 in IBV encodes 15 (16 in other coronaviruses) non-structural proteins (nsp2-16), which are
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associated with RNA replication and transcription.
[0063] The term ’replicase protein’ is used herein to refer to the pp1 a and pp1ab polyproteins or individual nsp subunits.
[0064] The term ’replicase gene’ is used herein to refer to a nucleic acid sequence which encodes for replicase proteins.
[0065] A summary of the functions of coronavirus nsp proteins is provided in Table 1.

[0066] The variant replicase gene encoded by the coronavirus of the present invention comprises a mutation in the
section of sequence encoding nsp-14 as defined in the claims.
[0067] Nsp10 has RNA-binding activity and appears to be involved in homo and/or heterotypic interactions within other
nsps from the pp1a/pp1ab region. It adopts an α/β fold comprised of five α-helices, one 310-helix and three β-strands.
Two zinc-binding sites have been identified that are formed by conserved cysteine residues and one histidine residue
(Cys-74/Cys-77/His-83/Cys-90; Cys-117/Cys-120/Cys-128/Cys-130). The protein has been confirmed to bind single-
stranded and double-stranded RNA and DNA without obvious specificity. Nsp-10 can be cross-linked with nsp-9, sug-
gesting the existing of a complex network of protein-protein interactions involving nsp-7, -8, -9 and -10. In addition, nsp-
10 is known to interact with nsp-14 and nsp-16.
[0068] Nsp-14 comprises a 3’-to-5’ exoribonuclease (ExoN) active domain in the amino-terminal region. SARS-CoV
ExoN has been demonstrated to have metal ion-dependent 3’-to-5’ exoribonuclease activity that acts on both single-
stranded and double-stranded RNA, but not on DNA. Nsp-14 has been shown to have proof-reading activity. This nsp
has also been shown to have N7-methyltransferase (MT) activity in the carboxyl-terminal region. Nsp-15 associated
NendoU (nidoviral endoribonuclease, specific for U) RNase activity has been reported for a number of coronaviruses,
including SARS-CoV, MHV and IBV. The activities were consistently reported to be significantly enhanced by Mn2+ ions
and there was little activity in the presence of Mg2+ and Ca2+. NendoU cleaves at the 3’ side of uridylate residues in
both single-stranded and double-stranded RNA. The biologically relevant substrate(s) of coronavirus NendoUs remains
to be identified.
[0069] Nsp-16 has been predicted to mediate ribose-2’-O-methyltransferase (2’-O-MTase) activity and reverse-ge-
netics experiments have shown that the 2’-O-MTase domain is essential for viral RNA synthesis in HCoV-229E and
SARS-CoV. The enzyme may be involved in the production of the cap 1 structures of coronavirus RNAs and it may also
cooperate with NendoU and ExoN in other RNA processing pathways. 2’-O-MTase might also methylate specific RNAs
to protect them from NendoU-mediated cleavage.

Table 1

Nsp Protein Key features

1 Conserved within but not between coronavirus genetic groups; potential regulatory functions in the 
host cell.

2 Dispensable for MHV and SARS-CoV replication in tissue culture

3 Acidic domain; macro domain with ADRP and poly(ADP-ribose)-binding activities; one or two ZBD-
containing papain-like proteases; Y domain

4 Transmembrane domain

5 3C-like main protease, homodimer

6 Transmembrane domain

7 Interacts with nsp8 to form a hexadecamer complex

8 Noncannonical RNA polymerase; interacts with nsp7 to form a hexadecameric complex

9 ssRNA-binding protein, dimer

10 RNA-binding protein, homododecamer, zinc-binding domain, known to interact with nsp14 and 
nsp16

11 Unknown

12 RNA-dependent RNA polymerase

13 Zinc-binding domain, NTPase, dNTPase, 5’-to-3’ RNA and DNA helicase, RNA 5’-triphosphate

14 3’-to 5’ exoribonuclease, zinc-binding domain and N7-methyltransferase

15 Uridylate-specific endoribonuclease, homohexamer

16 Putative ribose-2’-O-methyltransferase
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[0070] The genomic and protein sequences for nsp-10, -14, -15 and -16 are provided as SEQ ID NO: 2-5 and 6-9,
respectively.

SEQ ID NO: 2 (nsp-10 nucleotide sequence - nucleotides 11884-12318 of SEQ ID NO:1)

SEQ ID NO: 3 (nsp-14 nucleotide sequence - nucleotides 16938-18500 of SEQ ID NO:1)

SEQ ID NO: 4 (nsp-15 nucleotide sequence - nucleotides 18501-19514 of SEQ ID NO:1)
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SEQ ID NO: 5 (nsp-16 nucleotide sequence - nucleotides 19515-20423 of SEQ ID NO:1)

SEQ ID NO: 6 (nsp-10 amino acid sequence)

SEQ ID NO: 7 (nsp-14 amino acid sequence)

SEQ ID NO: 8 (nsp-15 amino acid sequence)
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SEQ ID NO: 9 (nsp-16 amino acid sequence)

REDUCED PATHOGENICITY

[0071] The live, attenuated coronavirus of the present invention comprises a variant replicase gene as defined in the
claims which causes the virus to have reduced pathogenicity compared to a coronavirus expressing the corresponding
wild-type gene.
[0072] The term "attenuated" as used herein, refers to a virus that exhibits said reduced pathogenicity and may be
classified as non-virulent. A live, attenuated virus is a weakened replicating virus still capable of stimulating an immune
response and producing immunity but not causing the actual illness.
[0073] The term "pathogenicity" is used herein according to its normal meaning to refer to the potential of the virus to
cause disease in a subject. Typically the pathogenicity of a coronavirus is determined by assaying disease associated
symptoms, for example sneezing, snicking and reduction in tracheal ciliary activity.
[0074] The term "reduced pathogenicity" is used to describe that the level of pathogenicity of a coronavirus is decreased,
lessened or diminished compared to a corresponding, wild-type coronavirus.
[0075] In one embodiment, the coronavirus of the present invention as defined in the claims has a reduced pathogenicity
compared to the parental M41-CK virus from which it was derived or a control coronavirus. The control coronavirus may
be a coronavirus with a known pathogenicity, for example a coronavirus expressing the wild-type replicase protein.
[0076] The pathogenicity of a coronavirus may be assessed utilising methods well-known in the art. Typically, patho-
genicity is assessed by assaying clinical symptoms in a subject challenged with the virus, for example a chicken.
[0077] As an illustration, the chicken may be challenged at 8-24 days old by nasal or ocular inoculation. Clinical
symptoms, associated with IBV infection, may be assessed 3-10 days post-infection. Clinical symptoms commonly
assessed to determine the pathogenicity of a coronavirus, for example an IBV, include gasping, coughing, sneezing,
snicking, depression, ruffled feathers and loss of tracheal ciliary activity.
[0078] The variant replicase of the present invention, when expressed in a coronavirus, may cause a reduced level
of clinical symptoms compared to a coronavirus expressing a wild-type replicase.
[0079] For example a coronavirus expressing the variant replicase may cause a number of snicks per bird per minute
which is less than 90%, less than 80%, less than 70%, less than 60%, less than 50%, less than 40%, less than 30%,
less than 20% or less than 10% of the number of snicks caused by a virus expressing the wild type replicase.
[0080] A coronavirus expressing a variant replicase according to the present invention may cause wheezing in less
than 70%, less than 60%, less than 50%, less than 40%, less than 30%, less than 20% or less than 10% of the number
of birds in a flock infected with the a virus expressing the wild type replicase.
[0081] A coronavirus expressing a variant replicase according to the present invention may result in tracheal ciliary
activity which is at least 60%, at least 70%, at least 80%, at least 90% or at least 95% of the level of tracheal ciliary
activity in uninfected birds.
[0082] A coronavirus expressing a variant replicase according to the present invention may cause clinical symptoms,
as defined in Table 2, at a lower level than a coronavirus expressing the wild type replicase.
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[0083] The variant replicase of the present invention, when expressed in a coronavirus, may cause the virus to replicate
at non-pathogenic levels in ovo.
[0084] While developing vaccines to be administered in ovo to chicken embryos, attention must be paid to two points:
the effect of maternal antibodies on the vaccines and the effect of the vaccines on the embryo. Maternal antibodies are
known to interfere with active immunization. For example, vaccines with mild strains do not induce protective antibody
levels when administered to broiler chickens with maternal antibodies as these strains are neutralized by the maternal
antibody pool.
[0085] Thus a viral particle must be sufficiently efficient at replicating and propagating to ensure that it is not neutralized
by the maternally-derived antibodies against the virus. Maternally-derived antibodies are a finite pool of effective anti-
bodies, which decrease as the chicken ages, and neutralization of the virus in this manner does not equate to the
establishment of long-term immunity for the embryo/chick. In order to develop long-term immunity against the virus, the
embryo and hatched chicken must develop an appropriate protective immune response which is distinct to the effect of
the maternally-derived antibodies.
[0086] To be useful for in ovo vaccination, the virus must also not replicate and propagate at a level which causes it
to be pathogenic to the embryo.
[0087] Reduced pathogenicity in terms of the embryo may mean that the coronavirus causes less reduction in hatch-
ability compared to a corresponding, wild-type control coronavirus. Thus the term "without being pathogenic to the
embryo" in the context of the present invention may mean "without causing reduced hatchability" when compared to a
control coronavirus.
[0088] A suitable variant replicase may be identified using methods which are known in the art. For example comparative
challenge experiments following in ovo vaccination of embryos with or without maternally-derived antibodies may be
performed (i.e. wherein the layer has or has not been vaccinated against IBV).
[0089] If the variant replicase enables the virus to propagate at a level which is too high, the embryo will not hatch or
will not be viable following hatching (i.e. the virus is pathogenic to the embryo). A virus which is pathogenic to the embryo
may kill the embryo.

Table 2 IBV severity limits based on clinical signs:
Snicking (sneezing)

IBV specific: Mild (N.B. Respiratory signs 
become apparent from 2-3 dpi if they are 
going to occur and can continue for up to 7d).

Nasal exudate
Watery eyes
Swollen infraorbital sinuses

Rales (vibration in trachea 
or bronchi region)

Hunched posture / 
depressed

Mild, if exceed 2d increase to moderateFluffed up feathers

Eating and drinking less

Drinking in excess: evident 
by fluid filled crop or 
measured water intake

IBV specific: Mild, if exceed 24h increase to 
moderate for a max of 2d. If still drinking in 
excess then kill by schedule 1 method.

Less active but still evade 
capture

Mild, if exceed 1d increase to moderate.Weight loss

Not eating or drinking

Birds sit alone and does not 
evade capture

Moderate: birds at end point. Kill by schedule 
1 method.

Severe respiratory distress: 
e.g. excessive gasping
Snicking and / or rales for 7d 
in total

Found dead
Severe: report to project license holder.
Full post-mortem to be performed.
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[0090] If the variant replicase causes a reduction in viral replication and propagation which is too great, the virus will
be neutralised by the maternally-derived antibodies. Subsequent challenge of the chick with IBV will therefore result in
the development of clinical symptoms (for example wheezing, snicking, loss of ciliary activity) and the onset of disease
in the challenged chick; as it will have failed to develop effective immunity against the virus.

VARIANT

[0091] As used herein, the term ’variant’ is synonymous with ’mutant’ and refers to a nucleic acid or amino acid
sequence which differs in comparison to the corresponding wild-type sequence.
[0092] A variant/mutant sequence may arise naturally, or may be created artificially (for example by site-directed
mutagenesis). The mutant may have at least 70, 80, 90, 95, 98 or 99% sequence identity with the corresponding portion
of the wild type sequence. The mutant may have less than 20, 10, 5, 4, 3, 2 or 1 mutation(s) over the corresponding
portion of the wild-type sequence.
[0093] The term "wild type" is used to mean a gene or protein having a nucleotide or amino acid sequence which is
identical with the native gene or protein respectively (i.e. the viral gene or protein).
[0094] Identity comparisons can be conducted by eye, or more usually, with the aid of readily available sequence
comparison programs. These commercially available computer programs can calculate % identity between two or more
sequences. A suitable computer program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(University of Wisconsin, U.S.A.; Devereux et al., 1984, Nucleic Acids Research 12:387). Examples of other software
that can perform sequence comparisons include, but are not limited to, the BLAST package (see Ausubel et al., 1999
ibid - Chapter 18), FASTA (Atschul et al., 1990, J. Mol. Biol., 403-410) and the GENEWORKS suite of comparison tools,
ClustalX (see Larkin et al. (2007) Clustal W and Clustal X version 2.0. Bioinformatics, 23:2947-2948). Both BLAST and
FASTA are available for offline and online searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-60). However, for
some applications, it is preferred to use the GCG Bestfit program. A new tool, called BLAST 2 Sequences is also available
for comparing protein and nucleotide sequence (see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett
1999 177(1): 187-8 and tatiana@ncbi.nlm.nih.gov).
[0095] The sequence may have one or more deletions, insertions or substitutions of amino acid residues which produce
a silent change and result in a functionally equivalent molecule. Deliberate amino acid substitutions may be made on
the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the
residues as long as the activity is retained. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and amino acids with uncharged polar head
groups having similar hydrophilicity values include leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine,
serine, threonine, phenylalanine, and tyrosine.
[0096] Conservative substitutions may be made, for example according to the Table below. Amino acids in the same
block in the second column and preferably in the same line in the third column may be substituted for each other:

[0097] The coronavirus of the present invention comprises a variant replicase gene as defined in the claims which
encodes a protein which comprises a mutation compared to SEQ ID NO: 7 which, when expressed in a coronavirus,
causes the virus to have reduced pathogenicity compared to a coronavirus expressing the corresponding wild-type
replicase.
[0098] The variant replicase gene encodes a protein which comprises an amino acid mutation in nsp-14.
[0099] The variant replicase gene of the coronavirus as defined in the claims of the present invention may encode a
protein comprising a mutation as defined in the M41 mod sequences presented in Figure 10.
[0100] The variant replicase gene of the coronavirus of the present invention may encode a protein which comprises
the amino acid mutations:

ALIPHATIC Non-polar G A P

I L V

Polar - uncharged C S T M

N Q

Polar - charged D E

K R

AROMATIC H F W Y
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Pro to Leu at position 85 of SEQ ID NO: 6,
Val to Leu at position 393 of SEQ ID NO: 7;
Leu to lie at position 183 of SEQ ID NO: 8; and
Val to lie at position 209 of SEQ ID NO: 9.

[0101] The variant replicase gene of the coronavirus of the present invention may encode a protein which does not
comprise a mutation in nsp-2, nsp-3, nsp-6 or nsp-13.
[0102] The variant replicase gene of the coronavirus of the present invention may encode a protein which does not
comprise a mutation in nsp10 which corresponds to the threonine to isoleucine mutation caused by a mutation at
nucleotide position 12,008 in the gene reported by Ammayappan et al. (Arch Virol (2009) 154:495-499).
[0103] Ammayappan et al (as above) reports the identification of sequence changes responsible for the attenuation
of IBV strain Arkansas DPI. The study identified 17 amino acid changes in a variety of IBV proteins following multiple
passages, approx. 100, of the virus in embryonated eggs. It was not investigated whether the attenuated virus (Ark DPI
101) is capable of replicating in the presence of maternally-derived antibodies against the virus in ovo, without being
pathogenic to the embryo. Given that this virus was produced by multiple passage in SPF embryonated eggs, similar
methodology for classical IBV vaccines, it is likely that this virus is pathogenic for embryos. The virus may also be
sensitive to maternally-derived antibodies if the hens were vaccinated with a similar serotype.
[0104] The variant replicase gene of the coronavirus of the present invention may encode a protein which comprises
any combination of one or more amino acid mutations provided in the list above.
[0105] The variant replicase gene may encode a protein which comprises the amino acid mutation Pro to Leu at
position 85 of SEQ ID NO: 6.
[0106] The variant replicase gene encodes a protein which comprises the amino acid mutation Val to Leu at position
393 of SEQ ID NO: 7.
[0107] The variant replicase gene may encode a protein which comprises the amino acid mutation Leu to Ile at position
183 of SEQ ID NO: 8.
[0108] The variant replicase gene may encode a protein which comprises the amino acid mutation Val to Ile at position
209 of SEQ ID NO: 9.
[0109] The variant replicase gene may encode a protein which comprises the amino acid mutations Pro to Leu at
position 85 of SEQ ID NO: 6, and Val to Leu at position 393 of SEQ ID NO: 7.
[0110] The variant replicase gene may further encode a protein which comprises the amino acid mutations Pro to Leu
at position 85 of SEQ ID NO: 6 Leu to Ile at position 183 of SEQ ID NO: 8.
[0111] The variant replicase gene may further encode a protein which comprises the amino acid mutations Pro to Leu
at position 85 of SEQ ID NO: 6 and Val to Ile at position 209 of SEQ ID NO: 9.
[0112] The variant replicase gene may encode a protein which comprises the amino acid mutations Val to Leu at
position 393 of SEQ ID NO: 7 and Leu to Ile at position 183 of SEQ ID NO: 8.
[0113] The variant replicase gene may encode a protein which comprises the amino acid mutations Val to Leu at
position 393 of SEQ ID NO: 7 and Val to Ile at position 209 of SEQ ID NO: 9.
[0114] The variant replicase gene may further encode a protein which comprises the amino acid mutations Leu to Ile
at position 183 of SEQ ID NO: 8 and Val to Ile at position 209 of SEQ ID NO: 9.
[0115] The variant replicase gene may encode a protein which comprises the amino acid mutations Pro to Leu at
position 85 of SEQ ID NO: 6, Val to Leu at position 393 of SEQ ID NO: 7 and Leu to Ile at position 183 of SEQ ID NO: 8.
[0116] The variant replicase gene may further encode a protein which comprises the amino acid mutations Pro to Leu
at position 85 of SEQ ID NO: 6 Leu to Ile at position 183 of SEQ ID NO: 8 and Val to Ile at position 209 of SEQ ID NO: 9.
[0117] The variant replicase gene may encode a protein which comprises the amino acid mutations Pro to Leu at
position 85 of SEQ ID NO: 6, Val to Leu at position 393 of SEQ ID NO: 7 and Val to Ile at position 209 of SEQ ID NO: 9.
[0118] The variant replicase gene may encode a protein which comprises the amino acid mutations Val to Leu at
position 393 of SEQ ID NO: 7, Leu to Ile at position 183 of SEQ ID NO: 8 and Val to Ile at position 209 of SEQ ID NO: 9.
[0119] The variant replicase gene may encode a protein which comprises the amino acid mutations Pro to Leu at
position 85 of SEQ ID NO: 6, Val to Leu at position 393 of SEQ ID NO: 7, Leu to Ile at position 183 of SEQ ID NO: 8
and Val to Ile at position 209 of SEQ ID NO: 9.
[0120] The variant replicase gene may also be defined at the nucleotide level.
[0121] For example the nucleotide sequence of the variant replicase gene of the coronavirus of the present invention
may comprise one or more nucleotide substitutions within the regions selected from the list of: 11884-12318,
16938-18500, 18501-19514 and 19515-20423 of SEQ ID NO:1.
[0122] For example the nucleotide sequence of the variant replicase gene of the coronavirus of the present invention
may comprise one or more nucleotide substitutions selected from the list of:

C to T at nucleotide position 12137;
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G to C at nucleotide position 18114;
T to A at nucleotide position 19047; and
G to A at nucleotide position 20139;

compared to the sequence shown as SEQ ID NO: 1.
[0123] As used herein, the term "substitution" is synonymous with the term mutation and means that the nucleotide
at the identified position differs to that of the wild-type nucleotide sequence.
[0124] The nucleotide sequence may comprise any combination of the nucleotide substitutions selected from the list of:

C to T at nucleotide position 12137;
G to C at nucleotide position 18114;
T to A at nucleotide position 19047; and
G to A at nucleotide position 20139;

compared to the sequence shown as SEQ ID NO: 1.
[0125] The nucleotide sequence may comprise the substitution C12137T.
[0126] The nucleotide sequence may comprise substitution G18114C.
[0127] The nucleotide sequence may comprise the substitution T19047A.
[0128] The nucleotide sequence may comprise the substitution G20139A.
[0129] The nucleotide sequence may comprise the substitutions C12137T and G18114C.
[0130] The nucleotide sequence may comprise the substitutions C12137T and T19047A.
[0131] The nucleotide sequence may comprise the substitutions C12137T and G20139A.
[0132] The nucleotide sequence may comprise the substitutions G18114C and T19047A.
[0133] The nucleotide sequence may comprise the substitutions G18114C and G20139A.
[0134] The nucleotide sequence may comprise the substitutions T19047A and G20139A.
[0135] The nucleotide sequence may comprise the substitutions C12137T, G18114C and T19047A.
[0136] The nucleotide sequence may comprise the substitutions C12137T, T19047A and G20139A.
[0137] The nucleotide sequence may comprise the substitutions C12137T, G18114C and G20139A.
[0138] The nucleotide sequence may comprise the substitutions G18114C, T19047A and G20139A.
[0139] The nucleotide sequence may comprise the substitutions C12137T, G18114C, T19047A and G20139A.
[0140] The nucleotide sequence may not comprise a substitution which corresponds to the C12008T substitution
reported by Ammayappan et al. (as above).
[0141] The nucleotide sequence may be natural, synthetic or recombinant. It may be double or single stranded, it may
be DNA or RNA or combinations thereof. It may, for example, be cDNA, PCR product, genomic sequence or mRNA.
[0142] The nucleotide sequence may be codon optimised for production in the host/host cell of choice.
[0143] It may be isolated, or as part of a plasmid, virus or host cell.

PLASMID

[0144] A plasmid is an extra-chromosomal DNA molecule separate from the chromosomal DNA which is capable of
replicating independently of the chromosomal DNA. They are usually circular and double-stranded.
[0145] Plasmids, or vectors (as they are sometimes known), may be used to express a protein in a host cell. For
example a bacterial host cell may be transfected with a plasmid capable of encoding a particular protein, in order to
express that protein. The term also includes yeast artificial chromosomes and bacterial artificial chromosomes which
are capable of accommodating longer portions of DNA.
[0146] The plasmid of the present invention comprises a nucleotide sequence capable of encoding a defined region
of the replicase protein. It may also comprise one or more additional coronavirus nucleotide sequence(s), or nucleotide
sequence(s) capable of encoding one or more other coronavirus proteins such as the S gene and/or gene 3.
[0147] The plasmid may also comprise a resistance marker, such as the guanine xanthine phosphoribosyltransferase
gene (gpt) from Escherichia coli, which confers resistance to mycophenolic acid (MPA) in the presence of xanthine and
hypoxanthine and is controlled by the vaccinia virus P7.5 early/late promoter.

RECOMBINANT VACCINIA VIRUS

[0148] The present invention also relates to a recombinant vaccinia virus (rVV) comprising a variant replicase gene
as defined herein.
[0149] The recombinant vaccinia virus (rVV) may be made using a vaccinia-virus based reverse genetics system.
[0150] In this respect, also provided is a method for making a viral particle by:
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(i) transfecting a plasmid as described in the previous section into a host cell;
(ii) infecting the host cell with a recombining virus comprising the genome of a coronavirus strain with a replicase gene;
(iii) allowing homologous recombination to occur between the replicase gene sequences in the plasmid and the
corresponding sequences in the recombining virus genome to produce a modified replicase gene;
(iv) selecting for recombining virus comprising the modified replicase gene.

[0151] The term ’modified replicase gene’ refers to a replicase gene which comprises a variant replicase gene as
defined in the claims.
[0152] Specifically, the term refers to a gene which is derived from a wild-type replicase gene but comprises a nucleotide
sequence which causes it to encode a variant replicase protein as defined herein.
[0153] The recombination may involve all or part of the replicase gene. For example the recombination may involve
a nucleotide sequence encoding for any combination of nsp-10, nsp-14, nsp-15 and/or nsp-16. The recombination may
involve a nucleotide sequence which encodes for an amino acid mutation or comprises a nucleotide substitution as
defined above.
[0154] The genome of the coronavirus strain may lack the part of the replicase protein corresponding to the part
provided by the plasmid, so that a modified protein is formed through insertion of the nucleotide sequence provided by
the plasmid.
[0155] The recombining virus is one suitable to allow homologous recombination between its genome and the plasmid.
The vaccinia virus is particularly suitable as homologous recombination is routinely used to insert and delete sequences
for the vaccinia virus genome.
[0156] The above method optionally includes the step:
(v) recovery of recombinant coronavirus comprising the modified replicase gene from the DNA from the recombining
virus from step (iv).
[0157] Methods for recovering recombinant coronavirus, such as recombinant IBV, are known in the art (See Britton
et al (2005) see page 24; and WO2011004146).
[0158] For example, the DNA from the recombining virus from step (iv) may be inserted into a plasmid and used to
transfect cells which express cytoplasmic T7 RNA polymerase. The cells may, for example be pre-infected with a fowlpox
virus expressing T7 RNA polymerase. Recombinant coronavirus may then be isolated, for example, from the growth
medium.
[0159] When the plasmid is inserted into the vaccinia virus genome, an unstable intermediate is formed. Recombinants
comprising the plasmid may be selected for e.g. using a resistance marker on the plasmid.
[0160] Positive recombinants may then be verified to contain the modified replicase gene by, for example, PCR and
sequencing.
[0161] Large stocks of the recombining virus including the modified replicase gene (e.g. recombinant vaccinia virus,
(rVV) may be grown up and the DNA extracted in order to carry out step (v)).
[0162] Suitable reverse genetics systems are known in the art (Casais et al (2001) J. Virol 75:12359-12369; Casais
et al (2003) J. Virol. 77:9084-9089; Britton et al (2005) J. Virological Methods 123:203-211; Armesto et al (2008) Methods
in Molecular Biology 454:255-273).

CELL

[0163] The coronavirus may be used to infect a cell.
[0164] Coronavirus particles may be harvested, for example from the supernatant, by methods known in the art, and
optionally purified.
[0165] The cell may be used to produce the coronavirus particle.
[0166] Thus the present invention also provides a method for producing a coronavirus as defined in the claims which
comprises the following steps:

(i) infection of a cell with a coronavirus according to the invention;
(ii) allowing the virus to replicate in the cell; and
(iii) harvesting the progeny virus.

[0167] Also provided is a cell capable of producing a coronavirus using a reverse genetics system. For example, the
cell may comprise a recombining virus genome comprising a nucleotide sequence capable of encoding the replicase
gene of the present invention.
[0168] The cell may be able to produce recombinant recombining virus (e.g. vaccinia virus) containing the replicase
gene.
[0169] Alternatively the cell may be capable of producing recombinant coronavirus by a reverse genetics system. The
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cell may express or be induced to express T7 polymerase in order to rescue the recombinant viral particle.

VACCINE

[0170] The coronavirus may be used to produce a vaccine. The vaccine may be a live attenuated form of the coronavirus
of the present invention and may further comprise a pharmaceutically acceptable carrier. As defined herein, "pharma-
ceutically acceptable carriers" suitable for use in the invention are well known to those of skill in the art. Such carriers
include, without limitation, water, saline, buffered saline, phosphate buffer, alcohol/aqueous solutions, emulsions or
suspensions. Other conventionally employed diluents and excipients may be added in accordance with conventional
techniques. Such carriers can include ethanol, polyols, and suitable mixtures thereof, vegetable oils, and injectable
organic esters. Buffers and pH adjusting agents may also be employed. Buffers include, without limitation, salts prepared
from an organic acid or base. Representative buffers include, without limitation, organic acid salts, such as salts of citric
acid, e.g., citrates, ascorbic acid, gluconic acid, histidine-Hel, carbonic acid, tartaric acid, succinic acid, acetic acid, or
phthalic acid, Tris, trimethanmine hydrochloride, or phosphate buffers. Parenteral carriers can include sodium chloride
solution, Ringer’s dextrose, dextrose, trehalose, sucrose, and sodium chloride, lactated Ringer’s or fixed oils. Intravenous
carriers can include fluid and nutrient replenishers, electrolyte replenishers, such as those based on Ringer’s dextrose
and the like. Preservatives and other additives such as, for example, antimicrobials, antioxidants, chelating agents (e.g.,
EDTA), inert gases and the like may also be provided in the pharmaceutical carriers. The present invention is not limited
by the selection of the carrier. The preparation of these pharmaceutically acceptable compositions, from the above-
described components, having appropriate pH isotonicity, stability and other conventional characteristics is within the
skill of the art. See, e.g., texts such as Remington: The Science and Practice of Pharmacy, 20th ed, Lippincott Williams
& Wilkins, pub!., 2000; and The Handbook of Pharmaceutical Excipients, 4.sup.th edit., eds. R. C. Rowe et al, APhA
Publications, 2003.
[0171] The vaccine as defined in the claims is to be administered in a "therapeutically effective amount", which refers
to an amount of an active ingredient, e.g., an agent according to the invention, sufficient to effect beneficial or desired
results when administered to a subject or patient. An effective amount can be administered in one or more administrations,
applications or dosages. A therapeutically effective amount of a composition may be readily determined by one of ordinary
skill in the art. A "therapeutically effective amount" is one that produces an objectively measured change in one or more
parameters associated Infectious Bronchitis condition sufficient to effect beneficial or desired results .An effective amount
can be administered in one or more administrations. An effective amount of drug, compound, or pharmaceutical com-
position is an amount sufficient to reduce the incidence of Infectious Bronchitis. As used herein, the term "therapeutic"
encompasses the full spectrum of treatments for a disease, condition or disorder. A "therapeutic" agent of the invention
may act in a manner that is prophylactic or preventive, including those that incorporate procedures designed to target
animals that can be identified as being at risk (pharmacogenetics); or in a manner that is ameliorative or curative in
nature; or may act to slow the rate or extent of the progression of at least one symptom of a disease or disorder being
treated.
[0172] The present invention also relates to a method for producing such a vaccine which comprises the step of
infecting cells, for example Vero cells, with a viral particle comprising a replicase protein as defined in connection with
the first aspect of the invention.

VACCINATION METHOD

[0173] The coronavirus of the present invention may be used to treat and/or prevent a disease.
[0174] To "treat" means to administer the vaccine to a subject having an existing disease in order to lessen, reduce
or improve at least one symptom associated with the disease and/or to slow down, reduce or block the progression of
the disease.
[0175] To "prevent" means to administer the vaccine to a subject who has not yet contracted the disease and/or who
is not showing any symptoms of the disease to prevent or impair the cause of the disease (e.g. infection) or to reduce
or prevent development of at least one symptom associated with the disease.
[0176] The disease may be any disease caused by a coronavirus, such as a respiratory disease and and/or gastro-
enteritis in humans and hepatitis, gastroenteritis, encephalitis, or a respiratory disease in other animals.
[0177] The disease may be infectious bronchitis (IB); Porcine epidemic diarrhoea; Transmissible gastroenteritis; Mouse
hepatitis virus; Porcine haemagglutinating encephalomyelitis; Severe acute respiratory syndrome (SARS); or Bluecomb
disease.
[0178] The disease may be infectious bronchitis.
[0179] The vaccine may be administered to hatched chicks or chickens, for example by eye drop or intranasal admin-
istration. Although accurate, these methods can be expensive e.g. for large broiler flocks. Alternatives include spray
inoculation of administration to drinking water but it can be difficult to ensure uniform vaccine application using such
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methods.
[0180] The vaccine may be provided in a form suitable for its administration, such as an eye-dropper for intra-ocular use.
[0181] The vaccine may be administered by in ovo inoculation, for example by injection of embryonated eggs. In ovo
vaccination has the advantage that it provides an early stage resistance to the disease. It also facilitates the administration
of a uniform dose per subject, unlike spray inoculation and administration via drinking water.
[0182] The vaccine may be administered to any suitable compartment of the egg, including allantoic fluid, yolk sac,
amnion, air cell or embryo. It may be administered below the shell (aircell) membrane and chorioallantoic membrane.
[0183] Usually the vaccine is injected into embryonated eggs during late stages of embryonic development, generally
during the final quarter of the incubation period, such as 3-4 days prior to hatch. In chickens, the vaccine may be
administered between day 15-19 of the 21-day incubation period, for example at day 17 or 18.
[0184] The process can be automated using a robotic injection process, such as those described in WO 2004/078203.
[0185] The vaccine may be administered together with one or more other vaccines, for example, vaccines for other
diseases, such as Newcastle disease virus (NDV). The present disclosure also provides a vaccine composition comprising
a vaccine disclosed herein together with one or more other vaccine(s). Also provided is a kit comprising a vaccine
described herein together with one or more other vaccine(s) for separate, sequential or simultaneous administration.
[0186] The vaccine or vaccine composition of the invention may be used to treat a human, animal or avian subject.
For example, the subject may be a chick, chicken or mouse (such as a laboratory mouse, e.g. transgenic mouse).
[0187] Typically, a physician or veterinarian will determine the actual dosage which will be most suitable for an individual
subject or group of subjects and it will vary with the age, weight and response of the particular subject(s).
[0188] The composition may optionally comprise a pharmaceutically acceptable carrier, diluent, excipient or adjuvant.
The choice of pharmaceutical carrier, excipient or diluent can be selected with regard to the intended route of adminis-
tration and standard pharmaceutical practice. The pharmaceutical compositions may comprise as (or in addition to) the
carrier, excipient or diluent, any suitable binder(s), lubricant(s), suspending agent(s), coating agent(s), solubilising
agent(s), and other carrier agents that may aid or increase the delivery or immunogenicity of the virus.
[0189] The invention will now be further described by way of Examples, which are meant to serve to assist one of
ordinary skill in the art in carrying out the invention.

EXAMPLES

EXAMPLE 1 - Generation of an IBV reverse genetics system based on M41-CK

[0190] A M41-CK full-length cDNA was produced by replacement of the Beaudette cDNA in the Vaccinia virus reverse
genetics system previously described in WO2011/004146 with synthetic cDNA derived from the M41 consensus se-
quence.
[0191] The IBV cDNA within recombinant Vaccinia virus (rVV) rVV-BeauR-Rep-M41 structure described in Armesto,
Cavanagh and Britton (2009). PLoS ONE 4(10): e7384. doi:10.1371/journal.pone.0007384, which consisted of the rep-
licase derived from IBV Beaudette strain and the structural and accessory genes and 3’ UTR from IBV M41-CK, was
further modified by replacement of the Beaudette 5’ UTR-Nsp2-Nsp3 sequence with the corresponding sequence from
IBV M41-CK. The resulting IBV cDNA consisted of 5’ UTR-Nsp2-Nsp3 from M41, Nsp4-Nsp16 from Beaudette and the
structural and accessory genes and 3’ UTR from M41. This cDNA was further modified by the deletion of the Beaudette
Nsp4-Nsp16 sequence. The resulting cDNA, lacking Nsp4-16, was modified in four further steps in which the deleted
Nsps were sequentially replaced with the corresponding sequences from M41-CK, the replacement cDNAs represented
M41-CK Nsp4-8, Nsp9-12, Nsp12-14 and finally Nsp15-16. Each replacement cDNA contained approx. 500 nucleotides
at the 5’ end corresponding to the 3’ most M41 sequence previously inserted and approx. 500 nucleotides at the 3’ end
corresponding to the M41 S gene sequence. This allowed insertion of the M41 cDNA sequence by homologous recom-
bination and sequential addition of contiguous M41 replicase gene sequence. The synthetic cDNAs containing the M41-
derived Nsp sequences were added by homologous recombination utilising the inventor’s previous described transient
dominant selection (TDS) system (see WO2011/004146). The M41-derived cDNAs containing sequence corresponding
to the M41 Nsps-10, -14, -15 and -16 contained the modified amino acids at positions 85, 393, 183 and 209, respectively,
as indicated in Figure 10.
[0192] A full-length cDNA representing the genome of M41-CK was generated in Vaccinia virus representing the
synthetic sequences. Two rIBVs, M41-R-6 and M41-R-12, were rescued and shown to grow in a similar manner as M41-
CK (Fig. 1).

EXAMPLE 2 - Determining the pathogenicity of rescued M41 viruses

[0193] The viruses rescued in Example 1 were used to infect 8-day-old specific pathogen free (SPF) chicks by ocular
and nasal inoculation to test them for pathogenicity, as observed by clinical signs on a daily basis 3-7 days post-infection
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and for ciliary activity days 4 and 6 post-infection. Loss of ciliary activity is a well-established method for determining
the pathogenicity of IBV. The two M41-R viruses were found to be apathogenic when compared to M41-CK though they
did show some clinical signs in comparison to uninfected control chicks (Fig. 2) and some but inconsistent loss in ciliary
activity (Fig. 3).
[0194] Thus, the M41-R molecular clones of M41-CK were not pathogenic when compared to the parental virus M41-CK.
[0195] The inventors identified several nucleotide differences in the M41-R compared to the M41-CK sequences. The
majority of these were synonymous mutations, as the nucleotide change did not affect the amino acid sequence of the
protein associated with the sequence. However, four non-synonymous mutations were identified in the IBV replicase
gene specific to Nsp-10, Nsp-14, Nsp-15 and Nsp-16 components of the replicase gene, these mutations resulted in
amino acid changes (Table 3).

EXAMPLE 3 - Repair of M41-R rIBVs

[0196] In order to determine whether the identified mutations were responsible for the loss of pathogenicity associated
with M41-R, the Nsp10 mutation was repaired and the mutations in Nsp-14, -15 & -16 were repaired and shown to grow
in a similar manner as M41-CK (Fig 9). The inventors thus generated the rIBVs, M41R-nsp10rep and M41 R-nsp14, 15,
16rep, using synthetic cDNAs containing the correct nucleotides utilising the inventor’s orevious described (TDS) system
(see WO2011/004146).
[0197] The rIBVs were assessed for pathogenicity in chicks as described previously. Both rIBVs showed increased
pathogenicity when compared to M41-R but not to the level observed with M41-CK (Figs 4 and 5). M41R-nsp14, 15,
16rep gave more clinical signs and more reduction in ciliary activity than M41R-nsp10rep, overall these results indicated
that the changes associated with the four Nsps appear to affect pathogenicity.
[0198] To determine the roles of the Nsps in pathogenicity the full-length cDNA corresponding to M41R-nsp10rep was
used to repair the mutations in Nsps14, 15 & 16 using a synthetic cDNA containing the correct nucleotides utilising the
TDS system.
[0199] The following rIBVs were produced:-

M41R-nsp10, 15rep - M41-R with the mutations in Nsp-10 and Nsp-15 repaired
M41R-nsp10, 14, 15rep - M41-R with mutations in Nsp-10, -14 and -15 repaired
M41R-nsp10, 14, 16rep - M41-R with mutations in Nsp-10, -14 and -16 repaired
M41R-nsp10, 15, 16rep - M41-R with mutations in Nsp-10, -15 and -16 repaired
M41-K - All four mutations, Nsp-10,-14,-15 & -16 repaired in M41-R

[0200] The rIBVs were shown to grow in a similar manner as M41-CK (Fig 9) and assessed for pathogenicity as
described previously. M41-K (in which all four mutations had been repaired) resulted in clinical signs and 100% loss of
ciliary activity (complete ciliostasis) by 4 days post-infection (Fig. 6, 7 & 8). The other rIBVs demonstrated varying levels
of pathogenicity, apart from M41R-nsp10, 15, 16rep, which was essentially apathogenic. These results confirmed that
repair of all four Nsps restored pathogenicity to M41-R; again supporting the previous evidence that the mutations
described in the four Nsps are implicated in attenuating M41-CK.
[0201] The inventors also generated rIBV M41R-nsp 10, 14 rep (nsp 10 and 14 are repaired, nsp 15 and 16 contain
mutations) and rIBV M41R-nsp 10, 16 rep (nsp 10 and 16 are repaired, nsp 14 and 15 contain mutations) and assessed
the pathogenicity of these viruses.
[0202] rIBV M41R-nsp 10, 14 rep less pathogenic than M41-K but caused around 50% ciliostasis on days 4-6 post-
infection. rIBV M41R-nsp 10, 16 rep was almost apathogenic and caused no ciliostasis (see Figure 11a-c).
[0203] Thus the genome associated with M41-R is a potential backbone genome for a rationally attenuated IBV.

Table 3. Non-Synonymous mutations identified in the Nsps of M41-R full-length genome

Region of Replicase Nucleotide position Nucleotide Mutation Amino Acid Change

Nsp10 12137 C→T Pro→Leu

Nsp14 18114 G→C Val→Leu

Nsp15 19047 T→A Leu→ Ile

Nsp16 20139 G→A Val→ Ile
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EXAMPLE 4 - Vaccination/Challenge Study with M41-R

[0204] Candidate vaccine viruses were tested in studies in which fertilized chicken eggs were vaccinated in ovo at 18
days embryonation and in which the hatchability of the inoculated eggs was determined. The clinical health of the
chickens was investigated and the chickens were challenged at 21 days of age with a virulent IB M41 challenge virus
at 103.65 EID50 per dose.
[0205] Clinical signs were investigated after challenge protection by the vaccine and a ciliostasis test was performed
at 5 days after challenge to investigate the effect of the challenge viruses on movement of the cilia and protection by
the vaccine against ciliostasis (inhibition of cilia movement).

In ovo vaccination in commercial broiler eggs

[0206] The design of the experiment is given in Table 4 and the clinical results are given in Table 5. Hatchability of
the eggs inoculated with IB M41-R was good and chickens were healthy. IB M41-R protected against clinical signs after
challenge in the broilers (placebo: 19/19 affected, IB M41-R: 3/18 affected and 1 dead). The results of the ciliostasis
test are given in Table 6. IB M41-R generated protection against ciliostasis.

Table 4 - Design of a hatchability, safety, efficacy study in commercial eggs

Treatment Treatment 
Description

EID50
1 

per 
dose

Route 
of 

Admin

Day(s) of 
Admin

Day(s) of Challenge2 End of 
Study

Nr. of eggs 
per 

treatment

T01 None NA NA NA NA NA 30

T02 IB M41-R 104 In ovo 18 days 
embryonation

At 21 days of age, 20 
chickens per group

At 26 
days of 

age

30

NTX Saline NA In ovo 30

1 Dose volume 0.1 ml, NA, not applicable.
2103.65 EID50 per dose.

Table 5 - Hatch percentages and clinical data before and after challenge in commercial chickens, for design see Table 1.

Treatment Hatch/total Vital/total Before challenge After challenge

Deaths/total Symptoms/total Deaths/total Symptoms/total

None 28/30 Euthanized directly after hatch for blood collection

IB M41-R 28/30 28/28 1/20 0/19 1/19 3/181,7

Saline 29/30 29/29 1/20 0/19 0/19 19/191,2,3,4,5,6,7

1 Disturbed respiratory system
2 Whizzing
3 Change of voice
4 Breathing difficult
5 Swollen intra-orbital sinuses
6 Uneven growth
7 Weak

Table 6 - Results of the ciliostasis test after challenge, for design see Table 1.

Treatment Protected/total Percentage protection

Saline 0/19 0%

IB M41R 5/18 28%
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In ovo vaccination in specific pathogen-free (SPF) eggs

[0207] The design of the study in SPF eggs is given in Table 7 and is similar with the design of the studies with
commercial broilers, but the vaccination dose for IB M41-R was higher, (105 EID50 per dose).
[0208] The results (Table 8) show that the hatch percentage for IB M41-R hatch was low, and 19 of 40 hatched and
the chicks were weak. Eight chicks died. The remaining 11 chickens were challenged and 11 of the chicks hatched from
the eggs which had been inoculated with saline were challenged.
[0209] In the ciliostasis test after challenge it appeared that all chickens vaccinated in ovo with IB M41-R were protected,
whereas none of the controls was protected, see Table 9.

[0210] In conclusion, IB M41-R was safe in commercial eggs, generated protection against clinical signs and to an
extent against ciliostasis.
[0211] In SPF eggs vaccinated with IB M41 R a relatively low number of chickens hatched. This may be due to the
105 EID50 per egg of IB M41-R used. This was 10-fold higher than the dose used in earlier studies in which there was
a higher level of hatchability. The lower hatch percentages may also be caused by a particularly high susceptibility of
the batch of SPF eggs for viruses, as in other studies the level of embryo mortality was also higher that had previously
been observed.
[0212] After challenge all surviving chickens after hatch were completely protected against ciliostasis. It is concluded
that IB M41-R has great potential as vaccine to be administered in ovo.

Claims

1. A live, attenuated coronavirus comprising a variant replicase gene encoding polyproteins comprising a mutation in
nsp-14, wherein the variant replicase gene encodes a protein comprising an amino acid mutation of Val to Leu at

Table 7. Design of a hatchability, safety, efficacy study in SPF eggs

Treatment Treatment 
Description

EID50
1 

per 
dose

Route of 
Admin

Day of Admin Days of 
Challenge2

End of 
Study

Nr. of eggs per 
treatment

T01 IB M41-R 105 In ovo 18 days 
embryonation

At 21 days 
of age

At 26 days 
of age

40

T04 Saline NA In ovo 40

NTX NA NA NA NA 10
1 Dose volume 0.1 ml, NA, not applicable.
2 Challenge dose 103.3 EID50 in 0.2 ml.

Table 8. Hatch percentages and clinical data before and after challenge in SPF chickens, for design see Table 7.

Treatment Hatch/total Vital/total Before challenge After challenge

Deaths/total Symptoms/total Deaths/total Symptoms/total

IB M41-R 19/40 11/40 8/40 weak 0 0

Saline 30/40 30/40 0 - 0 0

NA 9/10 9/10 0 - - -

Table 9. Results of the ciliostasis test after challenge, for design see Table 7.

Treatment Protected/total Percentage protection

Saline 0/11 0%

IB M41R 11/11 100%
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the position corresponding to position 393 of SEQ ID NO: 7.

2. The coronavirus according to claim 1 further comprising a mutation in one or more of nsp-10 corresponding to SEQ
ID NO: 6, nsp-15 corresponding to SEQ ID NO: 8 and nsp-16 corresponding to SEQ ID NO: 9.

3. The coronavirus according to claim 2 wherein the variant replicase gene encodes a protein comprising one or more
amino acid mutations selected from: an amino acid mutation of Pro to Leu at the position corresponding to position
85 of SEQ ID NO: 6, an amino acid mutation of Leu to Ile at the position corresponding to position 183 of SEQ ID
NO: 8 and an amino acid mutation of Val to Ile at the position corresponding to position 209 of SEQ ID NO: 9.

4. The coronavirus according to any preceding claim, wherein the replicase gene encodes a protein comprising the
amino acid mutations: Pro to Leu at the position corresponding to position 85 of SEQ ID NO: 6; Val to Leu at the
position corresponding to position 393 of SEQ ID NO: 7; Leu to Ile at the position corresponding to position 183 of
SEQ ID NO: 8; and Val to Ile at the position corresponding to position 209 of SEQ ID NO: 9.

5. The coronavirus according to any preceding claim which is an infectious bronchitis virus (IBV), preferably IBV M41.

6. The coronavirus according to claim 5, which comprises an S protein at least part of which is from an IBV serotype
other than M41, preferably wherein the S1 subunit is from an IBV serotype other than M41 or wherein the S protein
is from an IBV serotype other than M41.

7. A variant replicase gene as defined in any of claims 1 to 4.

8. A protein encoded by a variant coronavirus replicase gene according to claim 7.

9. A plasmid comprising a replicase gene according to claim 7.

10. A method for making the coronavirus according to any of claims 1 to 6 which comprises the following steps:

(i) transfecting a plasmid according to claim 9 into a host cell;
(ii) infecting the host cell with a recombining virus comprising the genome of a coronavirus strain with a replicase
gene, preferably wherein the recombining virus is a vaccinia virus;
(iii) allowing homologous recombination to occur between the replicase gene sequences in the plasmid and the
corresponding sequences in the recombining virus genome to produce a modified replicase gene; and
(iv) selecting for recombining virus comprising the modified replicase gene; optionally further comprising the
step of
(v) recovering recombinant coronavirus comprising the modified replicase gene from the DNA from the recom-
bining virus from step (iv).

11. A vaccine comprising a coronavirus according to any of claims 1 to 6 and a pharmaceutically acceptable carrier.

12. The vaccine according to claim 11 for use in preventing a disease in a subject, preferably wherein the disease is
infectious bronchitis (IB), most preferably wherein the vaccination is in ovo vaccination.

13. The vaccine for use according to claim 12 wherein the vaccine is administered by; eye drop administration, intranasal
administration, drinking water administration, post-hatch injection or in ovo injection.

14. A method for producing a vaccine according to claim 11, which comprises the step of infecting a host cell with a
coronavirus according to any of claims 1 to 6.

Patentansprüche

1. Lebendes, abgeschwächtes Coronavirus, umfassend eine Polyproteine codierende Replikase-Genvariante, die
eine Mutation in nsp-14 umfasst, wobei die Replikase-Genvariante ein Protein codiert, das eine Aminosäuremutation
von Val zu Leu an der Position 393 von SEQ ID NO: 7 entsprechenden Position umfasst.

2. Coronavirus nach Anspruch 1, ferner umfassend eine Mutation in einer oder mehreren von nsp-10 gemäß SEQ ID
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NO: 6, nsp-15 gemäß SEQ ID NO: 8 und nsp-16 gemäß SEQ ID NO: 9.

3. Coronavirus nach Anspruch 2, wobei die Replikase-Genvariante ein Protein codiert, das eine oder mehrere Ami-
nosäuremutationen ausgewählt aus einer Aminosäuremutation von Pro zu Leu an der Position 85 von SEQ ID NO:
6 entsprechenden Position, einer Aminosäuremutation von Leu zu Ile an der Position 183 von SEQ ID NO: 8
entsprechenden Position und einer Aminosäuremutation von Val zu Ile an der Position 209 von SEQ ID NO: 9
entsprechenden Position umfasst.

4. Coronavirus nach einem vorhergehenden Anspruch, wobei das Replikase-Gen ein Protein codiert, das die folgenden
Aminosäuremutationen umfasst: Pro zu Leu an der Position 85 von SEQ ID NO: 6 entsprechenden Position; Val
zu Leu an der Position 393 von SEQ ID NO: 7 entsprechenden Position; Leu zu Ile an der Position 183 von SEQ
ID NO: 8 entsprechenden Position; und Val zu Ile an der Position 209 von SEQ ID NO: 9 entsprechenden Position.

5. Coronavirus nach einem vorhergehenden Anspruch, bei dem es sich um ein IBV (Infectious Bronchitis Virus),
vorzugsweise IBV M41 handelt.

6. Coronavirus nach Anspruch 5, das ein S-Protein umfasst, das wenigstens zum Teil von einem anderen IBV-Serotyp
als M41 stammt, vorzugsweise wobei die S1-Untereinheit von einem anderen IBV-Serotyp als M41 stammt oder
wobei das S-Protein von einem anderen IBV-Serotyp als M41 stammt.

7. Replikase-Genvariante gemäß einem der Ansprüche 1 bis 4.

8. Protein, codiert durch eine Coronavirus-Replikase-Genvariante nach Anspruch 7.

9. Plasmid, umfassend ein Replikase-Gen nach Anspruch 7.

10. Verfahren zur Herstellung des Coronavirus nach einem der Ansprüche 1 bis 6, das die folgenden Schritte umfasst:

(i) Transfizieren eines Plasmids nach Anspruch 9 in eine Wirtszelle;
(ii) Infizieren der Wirtszelle mit einem rekombinierenden Virus, das das Genom eines Coronavirusstamms mit
einem Replikase-Gen umfasst, vorzugsweise wobei es sich bei dem rekombinierenden Virus um ein Vaccini-
avirus handelt;
(iii) Stattfindenlassen einer homologen Rekombination zwischen den Replikase-Gensequenzen im Plasmid und
den entsprechenden Sequenzen im Genom des rekombinierenden Virus, so dass ein modifiziertes Replikase-
Gen erzeugt wird; und
(iv) Selektionieren auf rekombinierendes Virus, das das modifizierte Replikase-Gen umfasst; gegebenenfalls
ferner umfassend den Schritt
(v) Gewinnen von rekombinantem Coronavirus, das das modifizierte Replikase-Gen umfasst, aus der DNA vom
rekombinierenden Virus aus Schritt (iv).

11. Impfstoff, umfassend ein Coronavirus nach einem der Ansprüche 1 bis 6 und einen pharmazeutisch unbedenklichen
Träger.

12. Impfstoff nach Anspruch 11 zur Verwendung beim Vorbeugen einer Krankheit bei einem Individuum, vorzugsweise
wobei es sich bei der Krankheit um infektiöse Bronchitis (IB) handelt, ganz besonders bevorzugt wobei es sich bei
der Impfung um eine In-ovo-Impfung handelt.

13. Impfstoff zur Verwendung nach Anspruch 12, wobei der Impfstoff über Augentropfenverabreichung, intranasale
Verabreichung, Trinkwasserverabreichung, Post-hatch-Injektion oder In-ovo-Injektion verabreicht wird.

14. Verfahren zur Erzeugung eines Impfstoffs nach Anspruch 11, das den Schritt Infizieren einer Wirtszelle mit einem
Coronavirus nach einem der Ansprüche 1 bis 6 umfasst.

Revendications

1. Coronavirus vivant atténué comprenant un gène de réplicase variant qui code pour des poly-protéines comprenant
une mutation dans le nsp-14, dans lequel le gène de réplicase variant code pour une protéine comprenant une
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mutation d’acide aminé de Val en Leu au niveau de la position correspondant à la position 393 de la SEQ ID n° : 7.

2. Coronavirus, selon la revendication 1, comprenant en outre une mutation dans un ou plusieurs des nsp-10 corres-
pondant à la SEQ ID n° : 6, nsp-15 correspondant à la SEQ ID n° : 8 et nsp-16 correspondant à la SEQ ID n° : 9.

3. Coronavirus selon la revendication 2, dans lequel le gène de réplicase variant code pour une protéine comprenant
une ou plusieurs mutation(s) d’acide(s) aminé(s) choisie(s) parmi : une mutation d’acide aminé de Pro en Leu au
niveau de la position correspondant à la position 85 de la SEQ ID n° : 6, une mutation d’acide aminé de Leu en Ile
au niveau de la position correspondant à la position 183 de la SEQ ID n° : 8 et une mutation d’acide aminé de Val
en Ile au niveau de la position correspondant à la position 209 de la SEQ ID n° : 9.

4. Coronavirus selon l’une quelconque des revendications précédentes, dans lequel le gène de réplicase code pour
une protéine comprenant les mutations d’acides aminés : Pro en Leu au niveau de la position correspondant à la
position 85 de la SEQ ID n° : 6 ; Val en Leu au niveau de la position correspondant à la position 393 de la SEQ ID
n° : 7 ; Leu en Ile au niveau de la position correspondant à la position 183 de la SEQ ID n° : 8 ; et Val en Ile au
niveau de la position correspondant à la position 209 de la SEQ ID n° : 9.

5. Coronavirus, selon l’une quelconque des revendications précédentes, qui est un virus de bronchite infectieuse (VBI),
de préférence le VBI M41.

6. Coronavirus, selon la revendication 5, qui comprend une protéine S dont au moins une partie provient d’un sérotype
de VBI autre que le M41, de préférence dans lequel la sous-unité S1 provient d’un sérotype de VBI autre que le
M41 ou dans lequel la protéine S provient d’un sérotype de VBI autre que le M41.

7. Gène de réplicase variant tel que défini dans l’une quelconque des revendications 1 à 4.

8. Protéine codée par un gène de réplicase de coronavirus variant selon la revendication 7.

9. Plasmide comprenant un gène de réplicase selon la revendication 7.

10. Procédé destiné à élaborer le coronavirus selon l’une quelconque des revendications 1 à 6, qui comprend les étapes
suivantes :

(i) transfecter un plasmide, selon la revendication 9, dans une cellule hôte ;
(ii) infecter la cellule hôte avec un virus se recombinant qui comprend le génome d’une souche de coronavirus
avec un gène de réplicase, de préférence dans lequel le virus se recombinant est un virus de la vaccine ;
(iii) permettre qu’ait lieu une recombinaison homologue entre les séquences du gène de réplicase dans le
plasmide et les séquences correspondantes dans le génome du virus se recombinant pour produire un gène
de réplicase modifié ; et
(iv) faire une sélection en vue d’un virus recombinant qui comprend le gène de réplicase modifié ; en option
comprenant en outre l’étape consistant à
(v) récupérer un coronavirus recombinant, qui comprend le gène de réplicase modifié, à partir de l’ADN provenant
du virus se recombinant de l’étape (iv).

11. Vaccin comprenant un coronavirus, selon l’une quelconque des revendications 1 à 6, et un véhicule acceptable
d’un point de vue pharmaceutique.

12. Vaccin, selon la revendication 11, destiné à être utilisé dans la prévention d’une maladie chez un sujet, de préférence
la maladie étant une bronchite infectieuse (BI), de manière préférée entre toutes dans lequel la vaccination est une
vaccination in ovo.

13. Vaccin destiné à être utilisé selon la revendication 12, dans lequel le vaccin est administré via : une administration
par gouttes oculaires, une administration intra-nasale, une administration par l’eau de boisson, une injection après
l’éclosion ou une injection in ovo.

14. Procédé destiné à produire un vaccin, selon la revendication 11, qui comprend l’étape d’infection d’une cellule hôte
par un coronavirus selon l’une quelconque des revendications 1 à 6.
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DR. JENS-PETER GREGERSEN 
und Schutzimpfungen

Dr. Jens-Peter Gregersen (51) ist einer von rund 14.500 Mitarbeiterinnen und Mit-

arbeitern in der Forschung & Entwicklung der Mitgliedsunternehmen des Verbandes Forschender

Arzneimittelhersteller in Deutschland.

Dr. Gregersen kam auf Umwegen zur Impfstoffentwicklung. Zunächst studierte er Tiermedizin und

arbeitete anschließend als Landtierarzt. Bei seiner Doktorarbeit, für die er an die Universität zurück-

kehrte, kam er das erste Mal mit der Virologie in Berührung. „Das war ein guter Zufall”, sagt er

heute und erläutert: „Ich konnte damals noch alle traditionellen Methoden lernen und bekam gleich-

zeitig schon die Anfänge der modernen Biotechnologie mit.”

Seine ursprüngliche Absicht, in die Tierarztpraxis zurückzukehren, gab Dr. Gregersen auf, als er das

Angebot eines Arzneimittelherstellers erhielt, in der Forschung und Entwicklung mitzuwirken. Seit

1984 ist er nun in der Industrie tätig, vor allem als Impfstoffentwickler. 

Derzeit arbeitet Dr. Gregersen vor allem an zwei Projekten: an der Entwicklung eines Impfstoffes

gegen die Lungenkrankheit SARS und an der Realisierung einer neuartigen Produktionsmethode für

Grippeimpfstoffe auf der Basis von Zellkulturen. Letztere wird es ermöglichen, kurzfristig große

Mengen zusätzlichen Impfstoffes herzustellen, falls aufgrund einer Grippeepidemie mehr Impfungen

durchgeführt werden, als geplant war. Er kooperiert dabei eng mit Kollegen, die neue Erreger mit

molekularbiologischen Methoden identifizieren und ihre Gene sequenzieren, sowie mit Forschern,

die geeignete erregerspezifische Bestandteile für künftige Impfstoffe ermitteln.

Schutzimpfungen – die körpereigene Abwehr mobilisieren 
Schutzimpfungen haben entscheidend zum medizinischen Fortschritt beigetragen. Sie haben unzähli-

ge Menschen vor Infektionskrankheiten bewahrt, und das auf doppelte Weise: Zum einen haben sie

die Geimpften selbst geschützt, zum anderen haben sie die weitere Verbreitung der Krankheiten ver-

hindert. Auf diese Weise haben sie maßgeblich dazu beigetragen, dass die Pocken um 1980 ausge-

rottet wurden – Proben davon gibt es nur noch in zwei Labors – und Polio (Kinderlähmung) aus wei-

ten Teilen der Erde vertrieben werden konnte. Bald dürfte es beide Krankheiten nur noch in Büchern

geben. Auch die ebenfalls von Viren hervorgerufenen Masern sind weltweit auf dem Rückzug. Die

Impfstoffe für die von der Weltgesundheitsorganisation WHO und anderen Organisationen voran-

getriebenen Aktionen gegen diese Krankheiten kommen aus der Produktion der Arzneimittelhersteller.

Die Unternehmen im Verband Forschender Arzneimittelhersteller e.V. (VFA)  Abbott  Actelion  ALTANA Pharma  AMGEN  Artemis  AstraZeneca  Aventis  Bayer  Berlin-Chemie Menarini  Biogen Idec  
Boehringer Ingelheim  Bristol-Myers Squibb  Chiron Vaccines  Eisai  essex pharma  Fujisawa  Genzyme  GlaxoSmithKline  Grünenthal  Janssen-Cilag  Lilly  Lundbeck  Merck  MSD  Mundipharma

Novartis  NOXXON  Organon  Orion Pharma  Pfizer  Procter & Gamble Pharma  Roche  SANKYO PHARMA  Sanofi-Synthelabo  Schering  Schwarz  Serono  Solvay  Takeda Pharma  UCB  Wyeth 

Forschung ist die beste Medizin.
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DR. JENS-PETER GREGERSEN

Aber immer wieder treten neue Infektionskrankheiten in Erscheinung, so zuletzt SARS oder die Vogel-

grippe. Der globale Verkehr macht es möglich, dass sie sich auch binnen Tagen rund um die Erde aus-

breiten und möglicherweise epidemische Ausmaße annehmen können. Kurzfristig kann man solchen

Krankheiten mit Quarantänemaßnahmen und dem Töten von Überträgertieren begegnen, doch sind

langfristig wirksame Impfstoffe der beste Schutz. Arzneimittelhersteller setzen hier neueste Methoden

ein, um viel schneller als früher zu einem Impfstoff zu kommen. Das beginnt schon bei der Identifizie-

rung der Erreger mit Hilfe molekularbiologisch-gentechnischer Methoden: An der raschen Entzifferung

des SARS-Genoms waren neben mehreren akademischen Forschungseinrichtungen auch Arzneimittel-

hersteller beteiligt. Anschließend setzen die Arzneimittelhersteller ein breites Methodenrepertoire zur

Erarbeitung eines ersten Impfstoffprototyps ein. Darauf aufbauend wird dann ein für Menschen verträg-

licher und wirksamer Impfstoff entwickelt, was jedoch auch mit modernsten Methoden Jahre benötigt. 

Einige Krankheiten wie Aids oder Malaria trotzen bisher dennoch jedem der zahlreichen Versuche,

gegen sie eine wirksame Schutzimpfung zu entwickeln. Aber innovative Konzepte, darunter die Impfung

mit Genen (DNA), bieten neue Chancen, hier doch noch zu einer wirksamen Impfung zu finden. Über-

haupt ist die Gentechnik ein wertvolles Instrument für die Impfstoffentwicklung geworden, seit 1986 ein

mit ihrer Hilfe hergestellter Impfstoff gegen Hepatitis B zugelassen werden konnte. 

Intensiv wird derzeit unter anderem auch an Impfstoffen gegen Hepatitis C sowie Infektionen mit Rotaviren

(Durchfall) und den Humanen Papilloma-Viren (HPV) geforscht. Letztere sind die Ursache von Gebärmutter-

halskrebs, einer Krankheit, die jährlich in Deutschland bei rund 5.000 Frauen neu auftritt.
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Rückfragen an:

Dr. Rolf Hömke

Wissenschaftspresse

Verband Forschender

Arzneimittelhersteller e.V.

Hausvogteiplatz 13

10117 Berlin

Telefon 030 20604-204

Telefax 030 20604-209

r.hoemke@vfa.de
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Severe acute respiratory syndrome coronavirus

Abstract

An outbreak of a virulent respiratory virus, now known as Severe Acute Respiratory Syndrome

(SARS), was identi�ed in Hong Kong, China and a growing number of countries around the world in

2003. The invention relates to nucleic acids and proteins from the SARS coronavirus. These nucleic

acids and proteins can be used in the preparation and manufacture of vaccine formulations,

diagnostic reagents, kits, etc. The invention also provides methods for treating SARS by

administering small molecule antiviral compounds, as well as methods of identifying potent small

molecules for the treatment of SARS.
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1. An isolated polypeptide of the SARS virus.

2. The polypeptide of claim 1, wherein the polypeptide is a Spike (S) polypeptide, an Env (E) polypeptide, a Membrane (M) polypeptide, a hemagglutinin-esterase

polypeptide (HE), a nucleocapsid (N) polypeptide, a ORF1a polypeptide, a ORF1ab polypeptide, a proteolytic fragment of a ORF1a polypeptide, or a proteolytic fragment of

a ORF1ab polypeptide.

3. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid sequence selected from the group consisting of SEQ ID NOS: 6039, 7232, 9766, 9767,

9768, 9769, 9770, 9771, 9772, 9773, 9774, 9775, 9776, 9777, 9778, 9779, 6042, 6043, 6044, 6045, 6046, 6047, 6048, 6049, 6050 or 6052.

4. The polypeptide of claim 1, wherein the polypeptide comprises an amino acid sequence having >75% sequence identity to an amino acid sequence selected from the

group consisting of SEQ ID NOS: 6042, 6043, 6044, 6045, 6046, 6047, 6048, 6049, 6050, 6052, 9766, 9767, 9768, 9769, 9770, 9771, 9772, 9773, 9774, 9775, 9776, 9777,

9778, 9779, 9997, 9998, 10149, 10316, 10338, 10339, 10340, 10341, 10342, 10532, 10533, 10571, 10572, 10573, 10574, 10575, 10576, 10577, 10578, 10579, 11561,

11562, 11618, 11619, 11620, 11627, 11630, 11633 & 11636.

5. The polypeptide of claim 1, wherein the polypeptide comprises a fragment of at least 10 consecutive amino acids of an amino acid sequence selected from the group

consisting of SEQ ID NOS: 6042, 6043, 6044, 6045, 6046, 6047, 6048, 6049, 6050, 6052, 9766, 9767, 9768, 9769, 9770, 9771, 9772, 9773, 9774, 9775, 9776, 9777, 9778,

9779, 9997, 9998, 10149, 10316, 10338, 10339, 10340, 10341, 10342, 10532, 10533, 10571, 10572, 10573, 10574, 10575, 10576, 10577, 10578, 10579, 11552, 11561,

11562, 11618, 11619, 11620, 11627, 11630, 11633 & 11636.

6. A polypeptide comprising an amino acid sequence having >80% sequence identity to an amino acid sequence selected from the group consisting of SEQ ID NOS: 6042, 6043,

6044, 6045, 6046, 6047, 6048, 6049, 6050, 6052, 9766, 9767, 9768, 9769, 9770, 9771, 9772, 9773, 9774, 9775, 9776, 9777, 9778, 9779, 9997, 9998, 10149, 10316, 10338, 10339,

10340, 10341, 10342, 10532, 10533, 10571, 10572, 10573, 10574, 10575, 10576, 10577, 10578, 10579, 11552, 11561, 11562, 11618, 11619, 11620, 11627, 11630, 11633 &

11636.

7. A polypeptide comprising an amino acid sequence that comprises a fragment of at least 10 consecutive amino acids of an amino acid sequence selected from the group

consisting SEQ ID NOS: 6042, 6043, 6044, 6045, 6046, 6047, 6048, 6049, 6050, 6052, 9766, 9767, 9768, 9769, 9770, 9771, 9772, 9773, 9774, 9775, 9776, 9777, 9778, 9779, 9997,

9998, 10149, 10316, 10338, 10339, 10340, 10341, 10342, 10532, 10533, 10571, 10572, 10573, 10574, 10575, 10576, 10577, 10578, 10579, 11552, 11561, 11562, 11618, 11619,

11620, 11627, 11630, 11633 & 11636.

8. A polypeptide comprising an amino acid sequence having >80% sequence identity to SEQ ID NO: 6042, and/or comprising an amino acid sequence that comprises a fragment

of at least 10 consecutive amino acids of SEQ ID NO: 6042, wherein the polypeptide is in the form of a trimer.

9. Nucleic acid encoding the polypeptide of any one of claims 1 to 8.

10. Nucleic acid according to claim 9, comprising a nucleotide sequence selected from the group consisting of SEQ ID NOS: 7191, 7273, 7275, 7277, 7279, 7281, 7283,

7285, 7287, 7289, 7291, 7292, 7293, 9968, 10066, 10084, 10299, 10505, 11323, 11563, 11639 & 11640.

11. A polynucleotide comprising a nucleotide sequence having >80% sequence identity to the nucleic acid of claim 9 or claim 10.

12. A polynucleotide comprising a fragment of at least 10 consecutive nucleotides of the nucleic acid of claim 9 or claim 10.

13. Antibody that recognizes the polypeptide of any one of claim 1 to 8.

14. The antibody of claim 13, wherein said antibody recognizes the polypeptide comprising the amino acid sequence of SEQ ID NO: 6042 or a fragment thereof.

15. The antibody of claim 14, wherein said antibody recognizes the polypeptide comprising the amino acid sequence of SEQ ID NO: 6042 or a fragment thereof in trimeric

form.
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16. The antibody of claim 13, wherein the antibody is a monoclonal antibody.

17. The antibody of claim 13, wherein the antibody is a human antibody.

18. An immunoassay for detecting a SARS virus antigen in a sample, comprising the step of contacting the sample with the antibody of any one of claims 13 to 17.

19. An immunoassay for detecting an antibody against a SARS virus antigen in a sample, comprising the step of contacting the sample with the polypeptide of any one of

claims 1 to 8.

20. A method of detecting an antibody against a SARS virus antigen in a sample comprising contacting said sample with the polypeptide of any one of claims 1 to 8,

under conditions suitable for binding said polypeptide to said antibody, if present, and detecting the binding of said polypeptide to said antibody.

21. A method for detecting a SARS virus antigen in a sample comprising contacting said sample with the antibody of any one of claims 13 to 17, under conditions

suitable for binding said antibody to said antigen, if present, and detecting the binding of said antibody to said antigen.

22. A vaccine for the treatment or prevention of severe acute respiratory syndrome (SARS), comprising an inactivated SARS virus, a killed SARS virus, an attenuated SARS virus,

a split SARS virus preparation, or at least one puri�ed SARS virus antigens.

23. The vaccine of claim 22, comprising a puri�ed polypeptide according to any one of claims 1 to 8.

24. The vaccine of claim 22 or claim 23, wherein the antigen is a puri�ed SARS virus antigen in the form of a VLP.

25. The vaccine of any one of claims 22 to 24, further comprising an adjuvant.

26. The vaccine of claim 25, wherein the adjuvant is an aluminium salt or is MF59.

27. The vaccine of any one of claims 22 to 26, comprising more than one SARS virus antigen.

28. The vaccine of claim 27, wherein the antigens are selected from S, E, N and M.

29. The vaccine of claim 22, comprising an inactivated SARS virus.

30. The vaccine of claim 29, wherein said virus is inactivated by chemical or physical means.

31. The vaccine of claim 30, wherein said inactivation comprises treatment of the virus with an effective amount of one or more of the following agents selected from the

group consisting of detergents, formaldehyde, formalin, β-propriolactone, and UV light.

32. The vaccine of claim 30, wherein said inactivation comprises treatment of the virus with an effective amount of one or more of the following agents selected from the

group consisting of methylene blue, psoralen and carboxyfullerene (C60).

33. The vaccine of claim 30, wherein said inactivation comprises treatment of the virus with an effective amount of one or more of the following agents selected from the

group consisting of binary ethylamine, acetyl ethyleneimine and gamma irradiation.

34. The vaccine of claim 31, wherein said inactivation comprises treatment with β-propriolactone.

35. The vaccine of claim 34, wherein said β-propriolactone is used at a concentration of 0.01 to 0.5%.

36. The vaccine of claim 34, wherein said β-propriolactone is used at a concentration of 0.5 to 0.2%.

37. The vaccine of claim 34, wherein said β-propriolactone is used at a concentration of 0.025 to 0.1%.

38. A method of inactivating SARS virus comprising exposing the virus to an inactivation agent for 12 to 24 hours at refrigeration temperatures followed hydrolysis of any

residual inactivating agent by elevating the temperature for three hours.

39. The method of claim 38, wherein the inactivation agent is β-propriolactone.

40. The method of claim 38, wherein the refrigeration temperature is between 0° C. and 8° C.

41. The method of claim 38, wherein the elevated temperature is between 33° C. and 41° C.

42. A method for making an inactivated SARS vaccine comprising:

a. innoculating a mammalian cell culture with SARS virus;

b. cultivating the infected cells;

c. harvesting SARS virus containing supernatant;

d. inactivating the SARS virus; and

e. purifying the inactivated SARS virus.

43. The method of claim 42, wherein said mammalian cell culture is derived from one or more of the cell types selected from the group consisting of �broblast cells,

endothelial cells, hepatocytes, keratinocytes, immune cells, mammary cells, smooth muscle cells, melanocyte cells, neural cells, prostate cells, renal cells, skeletal cells,

liver cells, retinoblast cells and stromal cells.

44. The method of claim 42, wherein said mammalian cell culture is derived from a cell culture selected from the group consisting of human cells, non-human primate

cells, HeLa cells, human diploid cells, fetal rhesus lung cells, human embryonic kidney cells, VERO cells, horse cells, cow cells, sheep cells, dog cells, cat cells or rodent

cells.

45. The method of claim 42, wherein said mammalian cell culture is derived from VERO cells or fetal rhesus kidney cells.

46. The method of claim 42, wherein said mammalian cells are cultured in serum free media.

47. The method of claim 42, wherein said mammalian cells are cultured in protein free media.

48. The method of claim 42, wherein said inoculating step comprising absorbing the SARS virus onto the cell culture for 60 to 300 minutes.

49. The method of claim 42, wherein said inoculating step is conducted at 25° C. to 40° C.

50. The method of claim 42, wherein said puri�cation step comprises one or more of the treatments selected from the group consisting of gradient centrifugation,

ultracentrifugation, continuous-�ow ultracentrifugation, chromatography, polyethylene glycol precipitation, and ammonium sulfate precipitation.

51. The method of claim 42, wherein said puri�cation step comprises one or more of the treatments selected from the group consisting of ultra�ltration and dial�ltration.

52. The method of claim 50, wherein said chromatography treatment includes one or more of the chromatography treatments selected from the group consisting of ion

exchange chromatography, size exclusion chromatography, and liquid a�nity chromatography.

53. The method of claim 52, wherein said chromatography treatment includes use of one more chromatographic resins selected from the group consisting of an an

anionic resin and a cationic resin.
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54. The method of claim 52, wherein the ion exchange chromatography treatment includes a �rst step using a strong anion exchange resin and a second step using a

strong cation exchange resin.

55. The method of claim 50, wherein said gradient centrifugation puri�cation step comprises density gradient centrifugation.

56. The method of claim 42, wherein said puri�cation step comprises a �rst step of chromatography puri�cation and a second step of gradient centrifugation.

57. The method of claim 56, wherein said �rst chromatography puri�cation step comprises liquid a�nity chromatography.

58. The method of claim 56, wherein said second gradient centrifugation step comprises density gradient centrifugation.

59. A single-stranded oligonucleotide comprising a nucleotide sequence selected from the group consisting of SEQ ID NOS: 21-6020, 6076-6568, 6586-6587, 7292-7301,

7325-7328, 7332-7352, 7353-7385, 10235-10298, 10352-10504, 10580-11322 and 11325-11551.

60. A single-stranded oligonucleotide comprising the complement of the oligonucleotide of claim 59.

61. The oligonucleotide of claim 59 or claim 60, comprising 10-30 nucleotides.

62. The oligonucleotide of claim 61, comprising the nucleotide sequence of SEQ ID NO: 7292, SEQ ID NO: 7293, the complement of SEQ ID NO: 7292 or the complement

of SEQ ID NO: 7293.

63. A kit comprising primers for amplifying a template sequence contained within a SARS virus nucleic acid target, the kit comprising a �rst primer and a second primer, wherein

the �rst primer comprises a sequence substantially complementary to a portion of said template sequence and the second primer comprises a sequence substantially

complementary to a portion of the complement of said template sequence, wherein the sequences within said primers which have substantial complementarity de�ne the

termini of the template sequence to be ampli�ed.

64. The kit of claim 63, wherein the template sequence is contained within SEQ ID NO: 1 and/or SEQ ID NO: 2.

65. The kit of claim 63 or claim 64, wherein the �rst primer comprises a fragment of 8 or more nucleotides of SEQ ID NO: 1, and the second primer comprises a fragment

of 8 or more nucleotides of the complement of SEQ ID NO: 1.

66. The kit of claim 63 or claim 64, wherein the �rst primer comprises a fragment of 8 or more nucleotides of SEQ ID NO: 2, and the second primer comprises a fragment

of 8 or more nucleotides of the complement of SEQ ID NO: 2.

67. The kit of claim 63, wherein the �rst primer is an oligonucleotide according to any one of claims 59 to 62 and the second primer is an oligonucleotide according to

any of claims 59 to 62.

68. The kit of any one of claims 63 to 67, further comprising a labeled probe that comprises either a fragment of 8 or more nucleotides of SEQ ID NO: 1 and/or SEQ ID NO:

2, or the complement of said fragment, which fragment is located within the template sequence.

69. The kit of any one of claims 63 to 68, wherein the �rst primer and/or the second primer comprises a nucleotide sequence selected from the group consisting of SEQ

ID NOS: 21-6020, 6076-6568, 6586-6587, 7292-7301, 7325-7328, 7332-7352, 7353-7385, 10235-10298, 10352-10504, 10580-11322 and 11325-11551.

70. The kit of any one of claims 63 to 68, wherein the �rst primer and/or the second primer comprises the complement of a nucleotide sequence selected from the group

consisting of SEQ ID NOS: 21-6020, 6076-6568, 6586-6587, 7292-7301, 7325-7328, 7332-7352, 7353-7385, 10235-10298, 10352-10504, 10580-11322 and 11325-11551.

71. A method of detecting the presence of SARS virus in a sample comprising providing a sample suspected of containing a SARS virus nucleic acid target, amplifying a

template sequence contained within said SARS virus nucleic acid target with the kit of any one of claims 63 to 70, and detecting the ampli�ed template sequence,

wherein the presence of the ampli�ed template sequence indicates the presence of SARS virus in said sample.

72. The method of claim 71, wherein said amplifying is accomplished using polymerase chain reaction, transcription mediated ampli�cation, reverse transcription PCR,

ligase chain reaction, strand displacement ampli�cation or nucleic acid sequence-based ampli�cation.

73. A double-stranded RNA molecule with a length from about 10 to about 30 nucleotides which is able to inactivate the SARS coronavirus in a mammalian cell.

74. The double-stranded RNA of claim 73, wherein the sequence of one of the strands is at least 90% identical to a target sequence, wherein the target sequence is a

fragment of SEQ ID NO: 1 and/or SEQ ID NO: 2.

75. The double-stranded RNA of claim 73 or claim 74, wherein the target sequence comprising a nucleotide sequence selected from the group consisting of SEQ ID NOS:

7292, 7293, 7294, 7295, 7296, 7297, 7298, 7299, 7300 and 7301.

76. The double-stranded RNA of any one of claims 73 to 75, comprising at least one modi�ed nucleotide.

77. A method for treating a patient suffering from SARS, comprising: administering to the patient a therapeutically effective dose of a molecule of less than 1000 g/mol.

78. The method of claim 77, wherein the molecule has an aromatic region and greater than one heteroatom selected from O, S, or N.

79. A method for treating a patient suffering from SARS, comprising: administering to the patient a therapeutically effective dose of a compound selected from: a nucleoside

analog, a peptoid, an oligopeptide, a polypeptide a protease inhibitor, a 3C-like protease inhibitor, a papain-like protease inhibitor, or an inhibitor of an RNA dependent RNA

polymerase.

80. A method for treating a patient suffering from SARS, comprising: administering to the patient a steroidal anti-in�ammatory drug in combination with at least one antiviral

compound.

81. A method for treating a patient suffering from SARS, comprising: administering to the patient a therapeutically effective dose of a compound selected from: acyclovir,

gancyclovir, vidarabidine, foscamet, cidofovir, amantidine, ribavirin, tri�uorothymidine, zidovudine, didanosine, zalcitabine, an antiviral compound listed in Table 1; an antiviral

compound listed in Table 2; or an interferon.

82. The method of claim 81, wherein the interferon is an interferon-α or an interferon-β.

83. The method of any one of claims 77 to 82, wherein the molecule or compound is delivered by inhalation.

84. A method of identifying a therapeutically active agent comprising the steps of: (a) contacting a therapeutically active agent with a cell infected with the SARS virus; (b)

measuring attenuation of a SARS related enzyme.

85. A viral vector or particle for in vivo delivery of a nucleic acid of claim 9 or claim 10.

86. The viral vector of claim 85, wherein the vector is an adenovirus vector, a poxvirus vector or an alphavirus vector.

87. An alphavirus replicon particle comprising one or more SARS viral antigens.

88. The replicon particle of claim 87, wherein said SARS viral antigen is a spike protein.

89. The replicon particle of claim 87, wherein said particle comprises a replicon derived from Venezuelan Equine Encephalitis (VEE) and further comprises an envelope

derived from Sindbus virus (SIN) or Semliki Forest Virus (SFV).

90. A vaccine comprising one or more SARS virus antigens and one or more respiratory virus antigens.

91. The vaccine of claim 90, wherein said respiratory virus antigens are selected from the group consisting of in�uenza virus, human rhinovirus (HRV), parain�uenza virus

(PIV), respiratory syncytial virus (RSV), adenovirus, metapneumovirus, and rhinovirus.
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FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION

92. The vaccine of claim 91, wherein said respiratory virus antigen is from in�uenza virus.

93. The vaccine of claim 90, wherein said respiratory virus antigen is from a coronavirus other than the SARS virus.

94. A polypeptide comprising an immunogenic, surface exposed fragment of the amino acid sequence SEQ ID NO: 6042.

95. The polypeptide of claim 94, wherein said fragment does not include the last 50 amino acids of the C-terminus of SEQ ID NO: 6042.

96. The polypeptide of claim 94, wherein said fragment does not include a transdomain region of SEQ ID NO: 6042.

97. The polypeptide of claim 94, wherein said fragment does not include a C-terminus cytoplasmic domain of SEQ ID NO: 6042.

98. The polypeptide of claim 94, wherein said fragment does not include a N-terminus signal sequence.

99. An isolated polynucleotide comprising a nucleic acid sequence selected from the group consisting of SEQ ID NOS: 9968 and 10066.

100. The polynucleotide of claim 99, wherein the polynucleotide comprising a nucleic acid sequence having >80% sequence identity to a polynucleotide sequence

selected from the group consisting of SEQ ID NOS: 9968 and 10066.

101. An isolated polynucleotide comprising a fragment of at least 15 consecutive nucleic acids of a nucleic acid sequence selected from the group consisting of SEQ ID NOS:

9968 and 10066 and wherein said fragment does not consist entirely of SEQ ID NO: 10033.

102. An isolated polypeptide comprising an amino acid sequence encoded by any one of claims 99-101.

103. The polypeptide of claim 102, comprising an amino acid sequence selected from the group consisting of SEQ ID NOS: 9969-10032, 10067, and 10015.

104. The polypeptide of claim 103, wherein the amino acid sequence is selected from the group consisting of SEQ ID NOS: 9997, 9998 and 10015.

105. An expression construct for recombinant expression of a SARS virus spike protein wherein said construct comprises a nucleic acid sequence selected from the group

consisting of SEQ ID NOS: 6578-6583.

106. A mammalian cell line stably expressing a SARS viral antigen.

107. The cell line of claim 106, wherein said cell line is a Chinese Hamster Ovary (CHO) cell.

108. The cell line of claim 106, wherein the SARS viral antigen is a spike protein or fragment thereof.

109. The cell line of claim 106, wherein the spike protein is truncated to remove the transmembrane sequence.

110. A method of identifying a therapeutically active agent comprising the steps of: (a) contacting a therapeutically active agent with a buffer comprising SARS enzyme; and (b)

measuring attenuation of the SARS enzyme.

111. The method of claim 110 wherein the SARS enzyme is a SARS protease.

112. The method of claim 111 wherein the buffer further comprises a peptide with a SARS protease cleave site.

113. The method of claim 110 wherein the measurement is made by the measurement of �uorescence.

114. A vaccine of one of claims 22 to 37, and 90 to 93 further comprising an adjuvant.

115. The vaccine of claim 114 wherein the adjuvant is a SMIP.

116. The vaccine of claim 115 wherein the SMIP compound is selected from the group consisting of an acylpiperazine, a tryptanthrin, an indoledione, a

tetrahydroisoquinoline, a benzocyclodione, an amino azavinyl compound, a thiosemicarbazone, a lactam, an aminobenzimidazole quinolinone, a hydropthalamide, a

benzophenone, an isoxazole, a sterol, a quinazolinone, a pyrole, an anthraquinone, a quinoxaline, a triazine, an benzazole, and a pyrazolopyrimidine, or a pharmaceutically

acceptable salt, ester, or prodrug thereof.

117. A method of vaccinating a subject comprising administering a vaccine of one of claims 22 to 37, and 90 to 93.

118. The method of claim 117 further comprising administering a SMIP.

119. A method for treating a patient of one of claims 77 to 82 further comprising administering at least one SMEP compound.

120. A method for treating a patient of one of claims 77 to 82 further comprising administering at least one SMIS compound.

All documents cited herein are incorporated by reference in their entirety.[0001]

This application incorporates by reference in its entirety U.S. provisional patent application 60/462,218, Attorney Reference No. PP20474.001, �led on Apr. 10,

2003 via Express Mail with the US post o�ce, U.S. provisional patent application 60/462,465, Attorney Reference No. PP20480.001, �led on Apr. 11, 2003 via

Express Mail with the US post o�ce, U.S. provisional patent application 60/462,418, Attorney Reference No. PP20480.002, �led on Apr. 12, 2003 via Express Mail

with the US post o�ce, U.S. provisional patent application 60/462,748, Attorney Reference No. PP20480.003, �led on Apr. 13, 2003 via Express Mail with the US

post o�ce, U.S. provisional patent application 60/463,109, Attorney Reference No. PP20480.004, �led on Apr. 14, 2003 via Express Mail with the US post o�ce,

U.S. provisional patent application 60/463,460, Attorney Reference No. PP20480.005, �led on Apr. 15, 2003 via Express Mail with the US post o�ce, U.S.

provisional patent application 60/463,668, Attorney Reference No. PP20480.006, �led on Apr. 16, 2003 via Express Mail with the US post o�ce, U.S. provisional

patent application 60/463,983, Attorney Reference No. PP20480.007, �led on Apr. 17, 2003 via Express Mail with the US post o�ce, U.S. provisional patent

application 60/463,971, Attorney Reference No. PP20480.008, �led on Apr. 18, 2003 via Express Mail with the US post o�ce, U.S. provisional patent application

60/464,899, Attorney Reference No. PP20480.009, �led on Apr. 22, 2003 via Express Mail with the US post o�ce, U.S. provisional patent application 60/464,838,

Attorney Reference No. PP20507.001, �led on Apr. 22, 2003 via Express Mail with the US post o�ce, U.S. provisional patent application 60/465,273, Attorney

Reference No. PP20518.001, �led on Apr. 23, 2003 via Express Mail with the US post o�ce, U.S. provisional patent application 60/465,535, Attorney Reference

No. PP20518.002, �led on Apr. 24, 2003 via Express Mail with the US post o�ce, U.S. provisional patent application 60/468,312, Attorney Reference No.

PP20480.010, �led on May 5, 2003 via Express Mail with the US post o�ce, and U.S. provisional patent application 60/473,144, Attorney Reference No.

PP20480.011, �led on May 22, 2003, U.S. provisional patent application 60/495,024, Attorney Reference No. PP20480.012, �led on Aug. 14, 2003 via Express

Mail with the US post o�ce, U.S. provisional patent application 60/505,652, Attorney Reference No. PP20480.013, �led on Sep. 23, 2003 via Express Mail with

the US post o�ce, U.S. provisional patent application 60/510,781, Attorney Reference No. PP20480.014, �led on Oct. 11, 2003 via Express Mail with the US post

o�ce, U.S. provisional patent application 60/529,464, Attorney Reference No. PP20480.015, �led on Dec. 11, 2003 via Express Mail with the US post o�ce, U.S.

provisional patent application 60/536,177, Attorney Reference No. PP20480.016, �led on Jan. 12, 2004 via Express Mail with the US post o�ce, and U.S.

provisional patent application 60/______, Attorney Reference No. PP20480.017, �led on Apr. 7, 2004 via Express Mail with the US post o�ce.

[0002]

The invention relates to nucleic acids and proteins from Severe Acute Respiratory Syndrome (SARS) Virus. These nucleic acids and proteins can be used in the

preparation and manufacture of vaccine formulations for the treatment or prevention of SARS. The invention also relates to diagnostic reagents, kits (comprising

such reagents) and methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention also

relates to methods for the treatment or prevention of SARS utilizing small molecule viral inhibitors and combinations of small molecule viral inhibitors and kits

for the treament of SARS.

[0003]
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SUMMARY OF THE INVENTION

An outbreak of a virulent respiratory virus, now known as Severe Acute Respiratory Syndrome (SARS), was identi�ed in Hong Kong, China and a number of other

countries around the world in 2003. Patients typically had symptoms including fever, dry cough, dyspnea, headache, and hypoxemia. Isolates of the SARS virus

appear to have homology with at least the RNA polymerase gene of several known coronaviruses. A phylogenetic analysis of this homology is presented in Peiris

et al., “Coronavirus as a possible cause of severe acute respiratory syndrome”, Lancet, published online Apr. 8, 2003 at http://image.thelancet.com/extras

/03art3477web.pdf, incorporated herein by reference in its entirety. Other sequenced fragments of the SARS virus genome appear to overlap with the open

reading frame 1b of coronaviruses. See, Drosten et al., “Identi�cation of a Novel Coronavirus in Patients with Severe Acute Respiratory Syndrome”, New England

Journal of Medicine, published online at http://www.nejm.org on Apr. 10, 2003, incorporated herein by reference in its entirety.

[0004]

The Genome Science Center in British Colombia, Canada published on its website (http://www.bcgsc.ca/bioinfo/SARS/) a draft genome assembly of 29,736

base pairs of a virus believed to be a SARS virus, referred to as the TOR2 isolate. This draft genome assembly is given herein as SEQ ID NO: 1.

[0005]

The Centers for Disease Control (CDC) published a nucleotide sequence of a SARS-CoV strain (SEQ ID NO: 2) on its website (http://www.cdc.gov/ncidod

/sars/pdf/nucleoseq.pdj). The CDC has also published a phylogenetic tree of the predicted N, S and M proteins (attached as FIG. 6). This tree places the SARS

virus outside any of the previously known coronavirus groups.

[0006]

There is a growing need for prophylactic or therapeutic vaccines against the SARS virus as well as diagnostic and screening methods and compositions to

identify the presence of the virus in, e.g., mammalian tissue or serum.

[0007]

The invention relates to nucleic acids and proteins from Severe Acute Respiratory Syndrome (SARS) virus. These nucleic acids and proteins can be used in the

preparation and manufacture of vaccine formulations for the treatment or prevention of SARS. Such vaccine formulations may include an inactivated (or killed)

SARS virus, an attenuated SARS virus, a split SARS virus preparation and a recombinant or puri�ed subunit formulation of one or more SARS viral antigens.

Expression and delivery of the polynucleotides of the invention may be facilitated via viral vectors and/or viral particles.

[0008]

The invention also relates to diagnostic reagents, kits (comprising such reagents) and methods which can be used to diagnose or identify the presence or

absence of a SARS virus in a biological sample. The invention further includes non-coding SARS viral polynucleotide sequences, SARS viral sequences encoding

for non-immunogenic proteins, conserved and variant SARS viral polynucleotide sequences for use in such diagnostic compositions and methods.

[0009]

The invention further relates to vaccine formulations comprising one or more SARS virus antigens and one or more other respiratory virus antigens. Additional

respiratory virus antigens suitable for use in the invention include antigens from in�uenza virus, human rhinovirus (HRV), parain�uenza virus (PIV), respiratory

syncytial virus (RSV), adenovirus, metapneumovirus, and rhinovirus. The additional respiratory virus antigen could also be from a coronavirus other than the

SARS coronavirus. Preferably, the additional respiratory virus antigen is an in�uenza viral antigen.

[0010]

The compositions of the invention may further comprise one or more adjuvants. Adjuvants suitable for use in the invention include mucosal, transdermal or

parenteral adjuvants. Mucosal adjuvants suitable for use in the invention include detoxi�ed bacterial ADP-ribosylating toxins, such as E. coli heat labile toxoids

(e.g., LTK63), chitosan and derivatives thereof, and non-toxic double mutant forms of Bordetella pertussis toxoids. Parenteral adjuvants suitable for use in the

invention include MF59 and aluminum or aluminum salts.

[0011]

The invention also provides methods for treating SARS by administering small molecule compounds, as well as methods of identifying potent small molecules

for the treatment of SARS.

[0012]

In one aspect of the invention a method of identifying a therapeutically active agent is provided comprising: (a) contacting the therapeutically active agent with a

cell infected with the SARS virus; (b) measuring attenuation of a SARS related enzyme.

[0013]

In a more particular embodiment, the therapeutically active agent is a small molecule. In another more particular embodiment, the therapeutically active agent is

a nucleoside analog. In another more particular embodiment the therapeutically active agent is a peptoid, oligopeptide, or polypeptide. In another embodiment

the SARS related enzyme is SARS protease. In another embodiment the SARS related enzyme is SARS polymerase. In still another embodiment the SARS related

enzyme is a kinase. Methods of identifying therapeutically active agents for treatment of SARS virus infection are further discussed in Section V below.

[0014]

In another aspect of the invention a method of treating a human infected with SARS is provided comprising administering a small molecule to a patient in need

thereof. In one embodiment the small molecule is an inhibitor of SARS protease. In another embodiment the small molecule is an inhibitor of SARS polymerase.

In another embodiment the SARS related enzyme is a kinase. In still another embodiment the small molecule is administered orally or parenterally.

[0015]

The invention also provides the use of such small molecules in the manufacture of a medicament for the treatment of severe acute respiratory syndrome.[0016]

Small molecule compounds of the present invention include those of less than 1000 g/mol, preferably with an aromatic region and greater than one heteroatom

selected from O, S, or N. Preferred small molecules include, but are not limited to acyclovir, gancyclovir, vidarabidine, foscamet, cidofovir, amantidine, ribavirin,

tri�uorothymidine, zidovudine, didanosine, zalcitabine, and combinations thereof. Interferons may also be used for treating patients, including interferon-α and

interferon-β. Interferon treatment has shown promise in treating SARS in monkeys (Enserink (2004) Science 303:1273-1275), particularly when pegylated

(Haagmans et al. (2004) Nature Medicine 10:290-293).

[0017]

One aspect of the present invention relates to methods for identifying individuals exposed to, and biological samples containing SARS virus (SARSV), and to kits

for carrying out the methods. Such methods can utilize nucleic acid detection techniques such as PCR, RT-PCR (the Coronaviridae are RNA viruses),

transcription-mediated ampli�cation (TMA), ligase chain reaction (LCR), branched DNA signal ampli�cation assays, isothermal nucleic acid sequence based

ampli�cation (NASBA), other self-sustained sequence replication assays, boomerang DNA ampli�cation, strand-displacement activation, cycling probe

technology, or combinations of such ampli�cation methods. Such nucleic acid detection techniques utilize oligonucleotides having nucleotide sequence similar

to, or complementary to, the SARS viral genome, as primers (e.g., for ampli�cation) and as probes (e.g., for capture or detection), as is well known in the art.

[0018]

Alternatively, or in addition to the nucleic acid detection methods described supra, the methods of the present invention can utilize various immunoassay

techniques for detection of SARSV antigens and/or antibodies.

[0019]

Accordingly, the present invention relates to methods of identifying individuals exposed to SARSV, or biological samples containing SARSV, by detecting the

presence of SARSV antigens using antibodies which speci�cally bind to the same. The antibodies are preferably monoclonal antibodies. Quanti�cation of the

amount of viral antigens present in a sample of an individual may be used in determining the prognosis of an infected individual. Preferably, the SARSV antigens

to be detected are generally one of the structural proteins, particularly those present on the surface of the viral particles and include, for example, the spike

glycoprotein (S), also called E2; the envelope (small membrane) protein (E), also called sM; the membrane glycoprotein (M), also called E1 ; the hemagglutinin-

esterase glycoprotein (HE); also called E3; and the nucleocapsid phosphoprotein (N). In preferred embodiments, the antigens to be detected are the S, E and M

proteins using antibodies to the same.

[0020]

The present invention relates to kits for identifying individual SARSV and reagents used in such kits. The kits comprise a �rst container which contains

antibodies which speci�cally bind to a SARSV antigen and a second container which contains the SARSV antigen. The antibodies are preferably monoclonal

antibodies. The kits may be adapted for quantifying the amount of antigen in a sample of an individual. Such information may be used in determining the

prognosis of an infected individual.

[0021]

The present invention relates to methods of identifying individuals exposed to SARS virus, or biological samples containing SARSV, by detecting the presence of

antibodies against SARS virus antigen in a sample using SARS antigen. Quanti�cation of the amount of anti-SARS protein from SARS antibodies present in a

sample of an individual may be used in determining the prognosis of an infected individual. Any one or more of the viral proteins (structural proteins or

nonstructural proteins) may be used as antigen to detect the SARSV antibodies; preferably a SARSV antigen that is conserved amoung SARSV isolates is

preferred. In this regard, nonstructural protein (e.g., Pol, Hel, 3CLp, MP, PLP1, PLP2) may be particularly useful.

[0022]

The present invention relates to kits for identifying individuals exposed to SARS and reagents used therein. The kits comprise a �rst container which contains

antibodies which were produced in response to exposure to an antigen from SARS virus and a second container which contains the SARS antigen(s). The kits

may be adapted for quantifying the amount of anti-SARS antibodies present in a sample of an individual. Such information may be used in determining the

prognosis of an infected individual.

[0023]

The present invention relates to methods of identifying individuals exposed to SARS virus, or biological samples containing SARSV, by detecting the presence of

nucleic acid from SARS virus. Quanti�cation of the amount of SARS nucleic acid present in a sample of an individual may be used in determining the prognosis

of an infected individual. The methods utilize oligonucleotide probes and/or primers that are similar or complementary in sequence to the SARSV genome or

transcription or replication products. Preferred probes and primers are described herein. Also included in the present invention are kits for carrying out the

methods of detecting the SARSV nucleic acid.

[0024]

The invention further includes a method for the treatment and/or prevention of SARS through the administration of a therapeutically effective amount of at least

one antiviral compound from among those described in the US patents and published international patent applications listed in Table 1 and Table 2. In one

embodiment of the method, the antiviral compound is a small molecule. In another embodiment, the antiviral compound is a protease inhibitor. In a further

embodiment, the antiviral protease inhibitor is a 3C-like protease inhibitor and/or a papain-like protease inhibitor. In another embodiment, the antiviral compound

is an inhibitor of an RNA-dependent RNA polymerase. In another embodiment, a �rst antiviral compound which is a protease inhibitor is administered with a

second antiviral compound which is an RNA-dependent RNA polymerase inhibitor. The invention further provides for the administration of a steroidal anti-

in�ammatory drug in combination with at least one antiviral compound, for example, from the antiviral compounds described in the documents listed in Table 1

and Table 2.

[0025]
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The invention further provides for a method for the treatment and/or prevention of SARS through the administration of a therapeutically effective amount of at

least one antiviral compound from among those described in the US patents and published international patent applications listed in Table 1 and Table 2 by

inhalation. In one embodiment of the method, the antiviral compound is a small molecule. In another embodiment, the antiviral compound is a protease inhibitor.

In a further embodiment, the antiviral protease inhibitor is a 3C-like protease inhibitor and/or a papain-like protease inhibitor. In another embodiment, the antiviral

compound is an inhibitor of an RNA dependent RNA polymerase. In another embodiment, a �rst antiviral compound which is a protease inhibitor is administered

with a second antiviral compound which is an RNA-dependent RNA polymerase inhibitor. The invention further provides for the administration of a steroidal anti-

in�ammatory drug in combination with at least one antiviral compound, for example, from the antiviral compounds described in the documents listed in Table 1

and Table 2 by inhalation. The steroidal anti-in�ammatory drug may be administered by inhalation for a local effect or administered for systemic absorption such

as via an oral or intravenous route.

[0026]

The invention further provides the use of an antiviral compound, as de�ned above, in the manufacture of a medicament for the treatment of severe acute

respiratory syndrome.

[0027]

The invention further provides for a kit for use by a consumer for the treatment and/or prevention of SARS. Such a kit comprises: (a) a pharmaceutical

composition comprising a therapeutically effective amount of at least one antiviral compound from among those described in the US patents and published

international patent applications listed in Table 1 and Table 2 and a pharmaceutically acceptable carrier, vehicle or diluent; (b) a container for holding the

pharmaceutical composition; and, optionally; (c) instructions describing a method of using the pharmaceutical compositions for the treatment and or the

prevention of SARS. The kit may optionally contain a plurality of antiviral compounds for the treatment of SARS wherein the anti viral compounds are selected

from 3C-like protease inhibitors and papain-like protease inhibitors. In a further embodiment, the kit contains an antiviral compound which is an RNA-dependent

RNA polymerase inhibitor. When the kit comprises more than one antiviral compound, the antiviral compounds contained in the kit may be optionally combined

in the same pharmaceutical composition.

[0028]

An additional aspect of the invention provides for the use of at least one of the antiviral compounds described in the US patents and published international

patent applications listed in Table 1 and Table 2 for the manufacture of a medicament for the treatment or prevention of SARS.

[0029]

FIG. 1: Schematic of coronavirus genome organization.[0030]

FIG. 2: Schematic of coronavirus ORF1a/ORF1b gene products.[0031]

FIG. 3(A-C): Alignment of coronavirus polynucleotide sequences for selected genes (including nucleocapsid (N), matrix (M), and hemagluttinin-esterase (HE)).[0032]

FIG. 4(A-F): Alignment of coronavirus polypeptide sequences (including ORF1a/ORF1b, nucleocapsid (NP), hemagluttinin-esterase (HE), envelope (Sm or E),

matrix (M), and spike (S).

[0033]

FIG. 5: Alignment of spike (S) polypeptide sequences, taken from FIG. 4, in the region of the junction of the S1 and the S2 domains, and protease cleavage site

for selected coronaviruses.

[0034]

FIG. 6: CDC phylogenetic tree of SARS-CoV strain (Clustalx 1.82, neighbor-joining tree).[0035]

FIG. 6A shows coronavirus N protein analysis,[0036]

FIG. 6B shows coronavirus S protein analysis, and[0037]

FIG. 6C shows coronavirus M protein analysis.[0038]

FIG. 7: Conserved and speci�c sequence of the SARS virus.[0039]

FIGS. 7A-7D show multiple sequence alignments (CLUSTAL W 1.82) of the structural proteins of the SARS virus genome (7A: PEP4 Spike protein; 7B: PEP7 small

membrane protein; 7C: PEP8 matrix glycoprotein; 7D: PEP13 nucleocapsid protein), which have counterparts in all or some of the other known coronaviruses.

[0040]

FIGS. 7E-7H show dendrograms reporting the protein distances among the sequences in alignments 7A-7D. Labels 229E: human coronavirus; MEV: murine

hepatitis virus; TGV: transmissible gastroenteritis virus; AIBV: avian infectious bronchitis virus; BOVINE: Bovine coronavirus; PEDV: porcine epidemic diarrhea

virus.

[0041]

FIG. 8: Alignment of the 5′UTR of several coronaviruses, to show consensus nucleotide sequence at the 5′UTR.[0042]

FIG. 9: Sequences of preferred primers for ampli�cation of the 5′UTR. F and R denote forward and reverse PCR primers, and the numbers indicate nucleotide

positions withing FIG. 8.

[0043]

FIG. 10: Alignment of the 3′UTR of several coronaviruses, to show consensus nucleotide sequence at the 3′UTR.[0044]

FIG. 11: Sequences of preferred primers for ampli�cation of the 3′UTR. F and R denote forward and reverse PCR primers, and numbers indicate nucleotide

positions within FIG. 10.

[0045]

FIG. 12: Coiled-coil prediction for SEQ ID NO: 6042, using Coils program (FIG. 12A) or LearrCoil (FIG. 12B).[0046]

FIG. 13: Example of insertion of a reporter gene-of-interest at a site between exisiting SARS virus genes. Small nonstructural gene products are not depicted

schematically.

[0047]

FIG. 14: Schematic depicting representative examples of SARS virus replicons. Small nonstructural gene products are not depicted schematically.[0048]

FIG. 15: SARS virus nsp2 proteinase (3CLp) and identi�cation of catalytic and substrate sites.[0049]

FIG. 16: alignment of SARS virus nsp2 proteinase (3CLp) with that of avian IBV, MHV, and BCoV. Residues in dotted boxes are key residues the substrate sites (F,

Y & H); residues in solid boxes are catalytic cysteine (C) and histidine (H) residues.

[0050]

FIG. 17: Genome organization of SARS coronavirus. Replicase and structural regions are shown, along with the predicted products of cleavage within ORF1a and

ORF1b. The position of the 5′ RNA leader sequence (L), the 3′ poly(A) tract and the ribosomal frame-shift consensus between ORF1a and ORF1b are also

indicated. Each box represent a protein product. They are shaded according to the level of amino acid identity with corresponding proteins of other

coronaviruses (see also Table 2). The SARS-speci�c genes are white. Positions of the 9 SARS-speci�c six-base IG sequences (5′-ACGAAC-3′; SEQ ID NO 7293)

are indicated by arrows.

[0051]

FIG. 18: Genome organization of Coronaviruses representative of group 1 (HCoV-229E, accession number: AF304460), group 2 (mouse hepatitis virus MHV,

accession number: NC—001846), group 3 (avian infectious bronchitis virus AIBV, accession number: NC—001451) and SARS coronavirus. Other completely

sequenced coronaviruses used in this study are available at the following accession numbers: porcine epidemic diarrhea virus (PEDV), AF353511; transmissible

gastroenteritis virus (TGV), ND—002306; Bovine coronavirus (BCoV): AF220295. Red boxes represent group-speci�c genes. The position of the leader RNA

sequence and poly(A) tract is also indicated in genomes where they are reported. The position of speci�c IG sequences is indicated by circles of different

shades. In the SARS genome, we also �nd three IG sequences speci�c for group 2 coronavirus.

[0052]

FIG. 19: Topological model predicted for the spike protein anchored to the viral membrane. Structural and predicted functional domains are indicated. The

N-terminal region (S1) is predicted to contain the receptor binding domain. Two coiled coil regions within the S2 domain, partially superimposed to leucine zipper

motifs are presumably involved in oligomerization. The hydrophobic domain is responsible for membrane anchoring.

[0053]

FIG. 20: Phylogenetic tree obtained from the multiple sequence alignment of a 922 bp internal region of the pol gene from 12 coronaviruses and SARS. Numbers

at the nodes represent the result of a bootstrap analysis and strongly support the branches. Sequences not available within the complete coronavirus genomes

have been retrieved from GenBank at the following accession numbers: hemagglutinating encephalomyelitis virus of swine (PHEV), AF124988, Human OC43

virus (OC43), AF124989, canine coronavirus (CCV), AF124986, feline infectious peritonitis virus (FIPV), AF124987, turkey coronavirus (TCV), AF124991,

syaloacryoadenitis virus of rats (SDAV), AF124990.

[0054]

FIG. 21: 21A. Unrooted tree obtained from the alignment of consensus sequences of the group I and group II S1 domain of spike proteins (G1_cons and

G2_cons) with those of a group 3 spike (AIBV) and the spike of SARS virus. The number indicates the result of a bootstrap analysis. The sequences used to

generate the consensus pro�le from group 1 are: HcoV-229E, accession number P15423; porcine epidemic diarrhea virus (PEDV), acc no: NP—598310;

transmissible gastroenteritis virus (TGV), acc no: NP—058424; Canine coronavirus (CCV), acc no: S41453; porcine respiratory virus (PRV), acc no: S24284; feline

infectious peritonitis virus (FIPV), acc no: VGIH79. The sequences used to generate the consensus pro�le from group 2 are: mouse hepatitis virus (MHV), acc no:

NP—045300; Bovine coronavirus (BCoV), acc no: NP—150077; Human coronavirus OC43, acc no: P36334; hemagglutinating encephalomyelitis virus of swine

(PHEV), acc no: AAL80031; for group 3, only the sequence of the spike protein of avian infectious bronchitis virus (AIBV), acc no: AAO34396 was used. 21B:

Schematic representation of cysteine positions in S1 domains of group 1, 2 and 3, compared to the SARS spike. Horizontal bars represent the S1 amino acid

sequences (in the case of SARS and AIBV) or the consensus pro�les (generated from group 1, G1 _cons, and from group 2, G2_cons). The length of the bars are

not to scale. Relative cysteine positions are indicated by rectangle bars. Only cysteines perfectly conserved within each consensus are reported. Lines connect

cysteines conserved between the SARS S1 domain and the consensus sequences as shown.

[0055]

FIG. 22: illustration of a Neisseria Adhesin A protein (NadA).[0056]

FIG. 23: Raw translation from SARS coronavirus genome (reading frame +1).[0057]

FIG. 24: Raw translation from SARS coronavirus genome (reading frame +3)[0058]

FIG. 25: 1b and Spike open reading frames, separated by *.[0059]

FIG. 26: SARS growth in vero cells.[0060]

FIG. 27: chromatogram of the capture step of SARS coronavirus on Matrix Cellu�ne Sulfate Superformance 150/10. Analysis was on 100 ml coronoavirus[0061]
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harvest. The left Y axis shows absorbance at 280 nm. The right Y axis shows the gradient (% B). The X axis shows the volume (ml).

FIG. 28: Silver-stained MCS chromatography fractions. Lanes are: (1) marker; (2) coronavirus vero cell harvest; (3) coronavirus vero cell harvest, after 0.65 μm

�ltration; (4) �owthrough; (5) wash; (6) 20% peak (virus peak). Lanes were loaded with 1 μg of test protein.

[0062]

FIG. 29: Western Blot of MCS chromatography fractions. Lanes are as described for FIG. 28.[0063]

FIG. 30: Linear density gradient ultracentrifugation, 15-60% sucrose (SW28, 2 hours, 20000 rpm). The graph shows protein concentration (▪) and sucrose

concentration (♦).

[0064]

FIG. 31: Silver-stained density gradient fractions on NuPage 4-12% Bis-Tris-Ge (Novex), reduced conditions, heated for 10 minutes at 70° C. Lanes are: (1) marker;

(2) 20% peak MCS; (3) density gradient fraction 11; (4) density gradient fraction 12; (5) density gradient fraction 13; (6) density gradient fraction 14; (7) density

gradient fraction 15; (8) density gradient fraction 16; (9) density gradient fraction 17. The bulk of proteins was in fractions 15 to 17. Lanes 2, 8 and 9 were loaded

with 1 μg protein.

[0065]

FIG. 32: Chromatogram of the Capture Step of SARS coronavirus on MCS. Details are as for FIG. 27, except that 200 ml harvest was used.[0066]

FIG. 33: Silverstain (left) and Western Blot (right) of chromatographic fractions. Lanes are as described for FIGS. 28 and 29, except that lane (6) is the 5% peak.

Treatment before SDS-PAGE was at room temperature for 30 minutes.

[0067]

FIG. 34: Density Gradient Ultracentrifugation, 15-40% sucrose (SW28, 2 hours, 20000 rpm). The graph shows protein concentration (▪) and sucrose concentration

(♦).

[0068]

FIG. 35: Silverstain (left) and Western Blot (right) of Density Gradient Ultracentrifugation fractions on NuPage 4-12% Bis-Tris-Ge (Novex), reduced conditions.

Lanes are: (1) marker; (2) density gradient fraction 6; (3) density gradient fraction 7; (4) density gradient fraction 8; (5) density gradient fraction 9; (6) density

gradient fraction 10; (7) density gradient fraction 15. Fractions 7-10 (lanes 3-6) contained pure coronavirus proteins. The bulk of impurities was in fraction 15

(lane 7). Lanes 2, 8 and 9 were loaded with ˜1 μg protein. Treatment before SDS-PAGE was at room temperature for 30 minutes.

[0069]

FIG. 36: EM pictures of Density Gradient Fractions 8-10. FIG. 36A shows fraction 8; FIG. 36B shows fraction 9; FIG. 36C shows fraction 10.[0070]

FIG. 37: Spike/NadA fusion constructs.[0071]

FIGS. 38 and 39: Results of the expression in E. coli of S1L, S1L-NadA and S1L-NadAΔanchor.[0072]

FIG. 38 shows SDS-PAGE analysis of total lysates from BL21(DE3)/pET, BL21(DE3)/pET-S1L and BL21 (DE3)/pET-S1L-NadAΔanchor. The bands are indicated by an

arrow, and the three lanes are, from left to right: BL21(DE3)/pET; BL21(DE3)/pET-S1L; BL21(DE3)/pET-S1L-NadAΔanchor.

[0073]

FIG. 39 shows (39A) SDS-PAGE and (39B) western blot analyses of total lysates from BL21(DE3)/pET, BL21(DE3)/pET-S1L-NadA (grown under un-induced

condition) and BL21(DE3)/pET-S1L-NadA (grown under induced condition). The bands are indicated by an arrow, and lanes are, from left to right: BL21(DE3)/pET;

BL21(DE3)/pET-S1L-NadA; BL21(DE3)/pET-S1L-NadA. The western blot shows the presence of oligomeric forms of the protein.

[0074]

FIG. 40: Schematic of SARS Spike clones.[0075]

FIG. 41: Transient Expression of SARS Spike Proteins (western blot of COS7 cell lysate). Each lane of the 4-20% TG SDS gel was loaded with 20 μg cell lysate

(total 1.2 mg). The labeling antibodies are shown.

[0076]

FIG. 42: Western blot analyses of COS7 cell lysates on 4% TG SDS gel showing oligomerization state of intracellular S molecules.[0077]

FIG. 43: Western blot analyses of COS7 cell lysates on 4-20% TG SDS gel showing Transient Expression of SARS Spike Proteins. Lanes are: (1) mock, AF; (2)

mock, DF; (3) nSh, AF; (4) nSh, DF; (5) nShΔTC, AF; (6) nShΔTC, DF. Each lane was loaded with 5 μl of each sample, 400 μl total. The blot was labeled with

antibody against the His-tagged protein.

[0078]

FIG. 44: Western blot analyses of COS7 cell medium on 4-20% TG SDS gel showing Transient Expression of SARS Spike Proteins. Truncated spike protein is

secreted. Spike proteins were puri�ed from the culture medium (from a 10 cm plate), �rst by a ConA column and then �nally by His·tag Magnetic beads. Each

lane was loaded with one third of the material.

[0079]

FIG. 45: Western blot analyses of COS7 cell lysates on 4-20% TG SDS gel showing glycoslation of SARS spike proteins. In the two left-hand blots (lanes 1-5),

samples were boiled in SDS and β-mercaptoethanol; in the two right-hand blots (lanes 6-11), samples were in SDS only, with no boiling. Lanes 1-8 were labeled

with a monoclonal raised against the His-tag protein; labes 9-11 were labeled with rabbit anti-SARS antibody.

[0080]

FIG. 46: Effect of SARS spike protein expression on cell viability.[0081]

FIG. 47: Western blot analyses of COS7 cell lysates on 4% TG SDS gels showing oligomerization state of intracellular spike molecules. Blots were labeled with

anti-His-tag mAb. The membrane fraction of COS7 cell lysate was fractionated by a sizing column before loading the lanes. Fractions 7 to 14 show bands with

kDa values of: 71000, 1400, 898, 572, 365, 232, 148 and 99, respectively.

[0082]

FIG. 48: Fractionation of cells into aqueous and detergent fractions.[0083]

FIG. 49: Schematic of constructs for use in OMV preparation.[0084]

FIG. 50: SARS HR1 and HR2 constructs.[0085]

FIG. 51: Vaccine protection froms SARS in Balb/c mouse model.[0086]

FIG. 52: Expressed on Spike protein in transfected 293 cell lysates (52A) or COS7 cell culture supernatants (52B). Proteins were separated on 4-20% TG SDS

gels. The label was anti-His-tag, except for the right-hand three lanes of 52B, where the label was rabbit anti-SARS serum.

[0087]

In FIG. 52A, the left-hand three lanes were treated with DTT and were boiled, but neither treatment was used for the right-hand three lanes. In FIG. 52B, no DTT

was used, but all lanes were heated to 80° C. for 5 minutes.

[0088]

FIG. 53: Western blot of Spike proteins expressed in COS7 cells. Proteins were incubated at room temperature (RT), 80° C. or 100° C. to check for any effect on

molecular weight. FIG. 54 shows similar experiments on SARS virions.

[0089]

FIG. 55: Results of a pulse chase experiment, showing expression and processing of SARS spike protein following infection with alphavirus replicon particles.

Cells were treated with or without EndoH as shown.

[0090]

FIG. 56: Effect of heating on Spike protein trimers.[0091]

FIG. 57: Coomassie blue-stained gel of yeast-expressed proteins. Lanes are: 1-See Blue Standard (10 μl); 2-pAB24 gbl (20 μg); 3-SARS Spike S1 c.1 gbl (20 μg);

4-SARS Spike S1 c.2 gbl (20 μg); 5-See Blue Standard (10 μl ); 6-pAB24 ip (5 μl ); 7-SARS Spike S1 c.1 (5 μl ); 8-SARS Spike S1 c.2 (5 μl).

[0092]

FIGS. 58 to 64: Schematics of preparation of yeast expression constructs.[0093]

FIGS. 65 to 66: Yeast-expressed sequences for Spike.[0094]

FIG. 67: Western blots showing expression of SARS spike protein from alphavirus replicon particles and replicon RNA.[0095]

FIG. 67A was run under non-reducing conditions and at room temperature (i.e. no heating), with lanes: (1) VEE/SIN-spike infection; (2) VEE/SIN-GFP infection; (3)

Replicon-spike RNA transfection; (4) Replicon-GFP RNA transfection.

[0096]

FIG. 67B was run with SARS virions at different temperatures, as shown.[0097]

FIG. 68: induction of antibody responses in mice. Vaccine groups are: (1) Inactivated SARS Virus; (2) Truncated Recombinant Spike Protein; (3) Full length Spike:

DNA+DNA.PLG+ Alphavirus; (4) Full length Spike: Alphavirus particles only.

[0098]

FIG. 69: Binding of human monoclonal antibody S3.2 to puri�ed truncated Spike protein. The X-axis shows antibody concentration, and the Y-axis shows ELISA

absorbance. The interpolation result is 2158.13.

[0099]

FIG. 70: Geometric mean ELISA titers of antibodies induced by the SARS-CoV spike protein delivered as different vaccines (left to right: inactivated virus; 3 μg

truncated spike protein; 75 μg DNA encoding truncated spike protein.

[0100]

FIG. 71: Neutralization titers after immunization with (left) nSdΔTC protein or (right) DNA encoding nSdΔTC, delivered on PLG.[0101]

FIG. 72: Correlation between the spike antigen binding and neutralizing antibodies[0102]

FIG. 73: Western blot of CHO cell lines expressing Spike protein in full-length form (left) or in truncated form (right). Proteins were separated by 4-12% SDS-PAGE,

with boiling in DTT and staining by polyclonal serum.

[0103]

FIG. 74: Structural components of SARS-CoV spike glycoprotein and expression construct. L denotes leader peptide (residues 1-13), TM the transmembrane, and

Cy the cytoplasmic tail segments. The hexa-His tags are not shown.

[0104]

FIG. 75: Western blot analysis of SARS spike proteins expressed in COS7 cells.[0105]

In FIG. 75A, COS7 cells were transfected with indicated plasmid constructs and the expressed proteins in cell lysates 48 hr post-transfection were analysed by

SDS-PAGE (4-20% polyacrylamide) in reducing and denaturing condtions, with proteins visualized by anti-histidine Mab.

[0106]

In FIG. 75B, proteins were collected from cell culture medium 48 hr post-transfection and puri�ed �rst by a ConA column and then by His-tag magnetic beads.

Purifed proteins were analysed by SDS-PAGE (4-20% polyacrylamide) and were visualized by anti-SARS rabbit serum.

[0107]

FIG. 76: Endo H sensitivity of C-terminal truncated spike protein (SΔ) found in cell lysate (lanes 1,2) and culture medium (lanes 3,4). Positions of internal SΔ

protein and secreted SΔ protein are marked with arrow heads.

[0108]

FIG. 77: Oligomeric status of the SARS spike protein. Recombinant S protein oligomer in COS7 cells transfected with the full-length spike construct (nSh). The

cell lysates were treated with DTT and/or heat as indicated above each lane. The different forms of S protein in treated and untreated samples were visualized by

SDS-PAGE (4% polyacrylamide) and Western blot analysis using anti-histidine MAb.

[0109]
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FIG. 78: Effect of heat denaturation on the oligomeric status of recombinant S protein in the absence of DTT. The COS7 cell lysates were heated before the

electrophoresis as indicated and the S proteins were visualized as described fogi FIG. 77.

[0110]

FIG. 79: Effect of heat denaturation on the oligomeric status of spike protein in SARS virion particles. SARS-CoV were grown in Vero cells, puri�ed and solubilized

from the virion particles by SDS, heat-denatured as indicated and visualized as described in FIG. 77, except that rabbit antiserum against the puri�ed virus was

used as a probe.

[0111]

FIG. 80: Analysis of the oligomeric status of SARS virion spike protein by cross-linking experiment. Solubilized SARS virion proteins were treated with DMS. Both

untreated (−) and DMS treated (+) virion proteins were heat denatured in the absence of DTT and visualized by 4% PAGE followed by silver staining.

[0112]

FIGS. 81 & 82: Analysis of the oligomeric status of truncated spike protein by heat denaturation. Truncated spike protein within COS7 cell lysates (81) or

secreted into culture medium (82) were heat denatured as indicated in the absence of DTT and visualized by Western blot analysis.

[0113]

FIG. 83: Reactivity of deglycosylated full-length spike oligomer with conformational and non-conformational antibody. The full-length recombinant spike oligomer

was partially deglycosylated with PNGase F in non denaturating condition and visualized by Western blot analysis using anti-histidine Mab ( lane 1,2,3) or rabbit

antiserum against puri�ed SARS CoV ( lane 4,5,6).

[0114]

FIG. 84: Localization of expressed SARS spike proteins in fractionated COS7 cell lysate visualized by western blot. Cells were transfected with indicated plasmids

and lysed with Dounce homogeniser in hypotonic buffer 48 hr post transfection. Cell lysate was centrifuged to obtain soluble cytosol and insoluble membrane

fraction that was further solublized by 4% Triton X-100. Proteins were heated with SDS at 80 C and analysed by SDS-PAGE (4-20% polyacrylamide) in reducing

condtion. Proteins were visualized by anti-histidine Mab. The cytosol fractions were loaded in lanes 1, 3, and 5 and the membrane fractions were loaded in lanes

2, 4, and 6.

[0115]

FIG. 85: Intracellular and surface expression of recombinant full-length (A,D) or truncated (B,E) spike protein in COS7 cells. The cells were �xed at 48 hrs

posttransfection and either treated with detergent (Cyto�x/perm, BD Biosciences) for intracellular immuno�uorescence (A,B,C) or with 2% paraformaldehyde for

cell surface immuno�uorescence observation (D,E,F) at ×40 magni�cation. Mock transfected cells (C,F) were included as controls.

[0116]

FIGS. 86-105: SDS-PAGE od E. coli expressed proteins. Tot=total protein; Sol=soluble protein fraction. Labels are protein names (Tables 26-30).[0117]

FIG. 106: Immuno�uorescence after administration of vector encoding optimsed N antigen.[0118]

FIG. 107: Immuno�uorescence of (A) native and (B) codon-optimsed M sequences.[0119]

FIG. 108: Immuno�uorescence of (A) native and (B) codon optimsed E sequences.[0120]

FIGS. 109-111: Western blots of Vero cells using rabbit antibodies obtained after immunization with spike proteins expressed in E. coli.[0121]

FIG. 112: Spike protein expression in 293 cells. Lanes: (M) Markers; (1) Mock transfected; (2,6) cells expressing nS protein, lysate; (3,7) cells expressing nSdTC

protein, lysate; (4,8) cells expressing nS protein, supernatant; (5,9) (4) cells expressing nSdTC protein, supernatant. Staining antibody: (2 to 5) mouse serum

obtained after DNA immunization; (6 to 9) rabbit serum obtained after immunization with whole killed virus.

[0122]

FIG. 113: Six reading frames of SEQ ID NO: 9968.[0123]

FIG. 114: Six reading frames of SEQ ID NO: 10033.[0124]

FIG. 115: Alignment of bovine coronavirus pol 1ab (top row; SEQ ID NO: 10068), avian infectious bronchitis pol 1ab (second row; SEQ ID NO: 10069), murine

hepatitis virus pol 1ab (third row; SEQ ID NO: 10070), SEQ ID NOS: 9997/9998 (fourth row) and a consensus sequence (bottom row; SEQ ID NO: 10071).

[0125]

FIG. 116: Schematic of coronavirus genome organization.[0126]

FIG. 117: Schematic of coronavirus ORF1a/ORF1b gene products, including “*” region.[0127]

FIG. 118: Alignment.[0128]

FIG. 119: Alternative start codons within SEQ ID NO: 10080.[0129]

FIG. 120: Six reading frames of SEQ ID NO: 10084.[0130]

FIG. 121: Alignment of SEQ ID NO: 10033 and SEQ ID NO: 10084.[0131]

FIG. 122: Reading frames in SEQ ID NO: 10084.[0132]

FIG. 123: Start codon analysis for SEQ ID NO: 10084.[0133]

FIG. 124: BLAST analysis of SEQ ID NO: 10210.[0134]

FIG. 125: Epitope analysis of SEQ ID NO: 10210 by either (13A) Hopp & Woods or (13B) Kyte & Doolittle.[0135]

FIG. 126: Reading frames in SEQ ID NO: 10299.[0136]

FIG. 127: Reading frames in SEQ ID NO: 10505.[0137]

FIG. 128: Reading frames in SEQ ID NO: 11563.[0138]

FIG. 129: Reading frames in SEQ ID NO: 10033.[0139]

FIG. 130: Alignment of SEQ ID NO: 9997 and SEQ ID NO: 10033.[0140]

FIG. 131: Reading frames in SEQ ID NO: 10299.[0141]

FIG. 132: Reading frames in SEQ ID NO: 10505.[0142]

FIG. 133: Western Blot of SARS protease puri�cation fractions.[0143]

FIG. 134: Cleavage of DABCYL-EDANS (a �uorescent tagged peptide with a SARS protease cleavage site) by SARS protease at different concentrations. The

graph shows activity/concentration correlations with no protease (♦), 0.95 uM protease (▪) and 2.86 uM protease (●).

[0144]

In the event of a discrepancy between a sequence in the sequence listing and a sequence in the drawings, the drawings should take precedence.[0145]

The practice of the present invention will employ, unless otherwise indicated, conventional methods of chemistry, biochemistry, molecular biology, immunology

and pharmacology, within the skill of the art. Such techniques are explained fully in the literature. See, e.g., Remington's Pharmaceutical Sciences, Mack

Publishing Company, Easton, Pa., 19th Edition (1995); Methods In Enzymology (S. Colowick and N. Kaplan, eds., Academic Press, Inc.); and Handbook of

Experimental Immunology, Vols. I-IV (D. M. Weir and C. C. Blackwell, eds., 1986, Blackwell Scienti�c Publications); Sambrook, et al., Molecular Cloning: A

Laboratory Manual (2nd Edition, 1989); Handbook of Surface and Colloidal Chemistry (Birdi, K. S. ed., CRC Press, 1997); Short Protocols in Molecular Biology, 4th

ed. (Ausubel et al. eds., 1999, John Wiley & Sons); Molecular Biology Techniques: An Intensive Laboratory Course, (Ream et al., eds., 1998, Academic Press); PCR

(Introduction to Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer Verlag); Peters and Dalrymple, Fields Virology (2d ed), Fields et al. (eds.),

B.N. Raven Press, New York, N.Y.

[0146]

All publications, patents and patent applications cited herein, are hereby incorporated by reference in their entireties.[0147]

Severe Acute Respiratory Syndrome (SARS) virus has recently been identi�ed as a new viral species. The SARS viral species includes the following isolates.[0148]

two virus isolates described in Peiris et al. “Coronavirus as a possible cause of severe acute respiratory syndrome” Lancet published online at

http://image.thelancet.com/extras/03art3477web.pdf on Apr. 8 2003, incorporated herein by reference in its entirety and the sequences

deposited with GenBank at accession number AY268070.

the isolates and viral sequences described in Drosten et al., “Identi�cation of a Novel Coronavirus in Patients with Severe Acute Respiratory

Syndrome”, New England Journal of Medicine, published online at http://www.nejm.org on Apr. 10, 2003.

the isolates and viral sequences described on the website of the WHO network on Mar. 25 and 24, 2003.

the isolates and viral sequences described in Tsang et al., “A Cluster of Cases of Severe Acute Respiratory Syndrome in Hong Kong” New

England Journal of Medicine, published online at http://www.nejm.org on Mar. 31, 2003.

the isolates and viral sequences described in Poutanen et al., “Identi�cation of Severe Acute Respiratory Syndrome in Canada” New England

Journal of Medicine, published online at http://www.nejm.org on Mar. 31, 2003.

As described in the Lancet article, a 646 base pair polynucleotide from the SARS virus has weak homology to viruses of the family

Cornoaviridae. The Lancet article further reports that a deduced amino acid sequence (of 215 amino acids) from this sequence has about 57%

sequence homology to the RNA polymerase of bovine coronavirus and murine hepatitis virus. Phylogenetic analysis of the protein sequences

are also presented in the Lancet article showing that the polymerase sequence is most closely related to the group II coronaviruses.

Additional SARS viral isolates can be identi�ed, isolated and/or sequenced by virologists skilled in the art. Virologists can readily identify new viral isolates as a

SARS virus. Criteria which a virologist may use to identify new SARS isolates include: sequence homology of the new isolate to known SARS viral isolates; similar

genomic organization of the new viral isolate to known SARS viral isolates; immunological (serologic) similarity or identity with known SARS viral isolates;

pathology; and similarity of virion morphology with known SARS viral isolates; and similarity of infected cell morphology as that caused by known SARS viral

isolates (visualized, for instance, by electron microscopy).

[0154]

Methods for isolating and sequencing SARS viral isolates include the methods described by Peiris et al. in the Lancet paper. As reported in the Lancet paper, RNA

from clinical samples can be reverse transcribed with random hexamers and cDNA can be ampli�ed with primers having sequences of SEQ ID NOS: 6584 & 6585

in the presence of 2.5 mmol/L magnesium chloride (94° C. for 1 min, 50° C. for 1 min, and 72° C. for 1 min).

[0155]

Reverse transcription of a viral isolate using random hexamers can be accomplished in an RT-PCR assay as follows. Virus isolates are propagated on

mammalian cells, particularly fetal rhesus kidney cells. Total RNA from virus-infected and virus-uninfected fetal rhesus kidney cells is then isolated. RNA

[0156]
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samples are reverse transcribed with a primer having SEQ ID NO: 6586. cDNA can be ampli�ed by a primer having SEQ ID NO: 6587. Unique PCR products (in

size) in the infected cell preparation are then cloned and sequenced, and genetic homology of the sequence compared with those in GenBank.

One skilled in the art would be able to identify and clone additional genomic regions using a variety of standard cloning techniques, such as, for example, using

random primer RT-PCR and detection of sequences overlapping one or more of the above sequences, and/or using oligonucleotide primers, e.g., degenerate

primers, based on the sequences provided herein (see FIGS. 1-5, FIGS. 8-11, SEQ ID NOS: 3-20).

[0157]

Cloning, sequencing and identi�cation of SARS virus by one skilled in the art can be further facilitated by the use of polynucleotide sequences, particularly RNA

polymerase sequences, from related Coronaviruses.

[0158]

Sequence homology of new viral isolates with the known SARS isolates described above can be readily determined by one skilled in the art. New SARS isolates

may be identi�ed by a percent homology of viral nucleotide sequences of 99%, 95%, 92%, 90%, 85%, or 80% homology of the new virus to known SARS viral

polynucleotide sequences. New SARS isolates may also be identi�ed by percent homology of 99%, 95%, 92%, 90%, 85%, or 80% homology of the polypeptides

encoded by the polynucleotides of the new virus and the polypeptides encoded by known SARS virus.

[0159]

New SARS isolates may also be identi�ed by a percent homology of 99%, 95%, 92%, 90%, 85%, or 80% homology of the polynucleotide sequence for speci�c

genomic regions for the new virus with the polynucleotide sequence for speci�c genomic regions of the known SARS viruses. Additionally, new SARS isolates

may be identi�ed by a percent homology of 99%, 95%, 92%, 90%, 85%, or 80% homology of the polypeptide sequence encoded by the polynucleotide of speci�c

genomic regions of the new SARS virus to the polypeptide sequence encoded by the polynucleotides of speci�c regions of the known SARS virus. These

genomic regions may include regions (e.g., gene products) which are typically in common among numerous coronaviruses, as well as group speci�c regions

(e.g., antigenic groups), such as, for example, any one of the following genomic regions which could be readily identi�ed by a virologist skilled in the art:

5′untranslated region (UTR), leader sequence, ORF1a, ORF1b, nonstructural protein 2 (NS2), hemagglutinin-esterase glycoprotein (HE) (also referred to as E3),

spike glycoprotein (S) (also referred to as E2), ORF3a, ORF3b, ORF3x, nonstructural protein 4 (NS4), envelope (small membrane) protein (E) (also referred to as

sM), membrane glycoprotein (M) (also referred to as E1), ORF5a, ORF5b, nucleocapsid phosphoprotein (N), ORF7a, ORF7b, intergenic sequences, 3′UTR, or RNA

dependent RNA polymerase (pol). The SARS virus may have identi�able genomic regions with one or more the above-identi�ed genomic regions. A SARS viral

antigen includes a protein encoded by any one of these genomic regions. A SARS viral antigen may be a protein or a fragment thereof, which is highly conserved

with coronaviruses. A SARS viral antigen may be a protein or fragment thereof, which is speci�c to the SARS virus (as compared to known cornaviruses). (See,

FIGS. 1-5, FIGS. 8-11, SEQ ID NOS: 3-20).

[0160]

One skilled in the art could also recognize electron microscopy of a SARS virus infected mammalian cell. Electron microscopy of SARS infected cells are shown

in the Lancet paper. As discussed in the paper, electron microscopy of negative stained (3% potassium phospho-tungstate, pH 7.0) ultracentrifuged cell-culture

extracts of SARS infected fetal rhesus kidney cells show the presence of pleomorphic enveloped virus particles of around 80-90 nm (range 70-130 nm) in

diameter with surface morphology compatible with a coronavirus (see Lancet paper, FIG. 1). Thin-section electron microscopy of infected cells reveals virus

particles of 55-90 nm diameter within smooth walled vesicles in the cytoplasm (see Lancet paper, FIG. 2B). Electron microscopy can also be used to observe

virus particles at the cell surface. Electron microscopy of a human lung biopsy sample depicts similar viral morphology. See Lancet paper FIG. 2A.

[0161]

I. SARS Polypeptides and Polynucleotides

The invention relates to nucleic acids and proteins from SARS virus. Such polynucleotides and polypeptides are exempli�ed further below.[0162]

In one embodiment, the polynucleotides of the invention do not include one of the following �ve primers, disclosed at http://content.nejm.org/cgi/reprint

/NEJMoa030781v2.pdf: SEQ ID NOs: 6034-38.

[0163]

The invention also includes polynucleotide sequences which can be used as probes for diagnostic reagents, kits (comprising such reagents) and methods which

can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide sequence

comprising one or more of the primer sequences identi�ed in SEQ ID NOS: 21-1020. The invention further includes polynucleotide sequence comprising the

complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 21-1020.

[0164]

The invention includes a polypeptide sequence comprising an amino acid sequence from the sequence shown in FIG. 23. Such amino acid sequences are SEQ ID

NOS: 6588-6809. The invention includes polypeptides comprising an amino acid sequence having sequence identity to these sequences, and the invention

includes a fragment of a polypeptide comprising one of these sequences.

[0165]

The invention includes a polypeptide comprising an amino acid sequence from the sequence shown in FIG. 24. Such amino acid sequences are SEQ ID NOS:

6810-7179. The invention includes a protein comprising an amino acid sequence having sequence identity to these sequences, and the invention includes a

fragment of a protein comprising one of these sequences.

[0166]

The invention includes a protein comprising SEQ ID NO: 6039. The invention includes a polypeptide comprising an amino acid sequence having sequence

identity to SEQ ID NO: 6039. The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6039. The invention includes a diagnostic kit comprising

a polypeptide comprising SEQ ID NO: 6039, or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding SEQ ID

NO: 6039, or a fragment thereof. The invention includes an immunogenic composition comprising a polypeptide comprising SEQ ID NO: 6039, or a fragment

thereof. The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 6039, or a fragment thereof. SEQ ID NO: 6039 demonstrates

functional homology with ORF1a of coronaviruses.

[0167]

Predicted transmembrane or hydrophobic regions of SEQ ID NO: 6039 are identi�ed below. Although the polyprotein of coronaviruses is proteolytically cleaved

into numerous smaller proteins, hydrophobic domains in the polyprotein are known to mediate the membrane association of the replication complex and to be

able to dramatically alter the architecture of host cell membranes. Accordingly, the hydrophobic domains of the polyprotein are targets for genetic mutation to

develop attenuated SARS virus vaccines. The hydrophobic domains are also targets for small molecule inhibitors of the SARS virus. The hydrophobic domains

may also be used to generate antibodies speci�c to those regions to treat or prevent SARS virus infection.

[0168]

Predicted Transmembrane Helices in SEQ ID NO: 6039

The sequence positions in brackets denominate the core region.[0169]

from to score center

Inside to outside helices: 43 found

100 (100) 118 (116) 103 107

473 (473) 488 (488) 1003 481

529 (532) 549 (549) 541 539

584 (584) 606 (601) 1049 594

773 (773) 791 (789) 514 782

1071 (1071) 1089 (1086) 243 1078

1121 (1121) 1137 (1137) 459 1130

1679 (1679) 1696 (1696) 404 1686

2098 (2102) 2119 (2116) 509 2109

2145 (2145) 2160 (2160) 797 2153

2206 (2209) 2224 (2224) 2686 2216

2316 (2316) 2332 (2332) 2123 2325

2335 (2339) 2358 (2354) 2101 2346

2373 (2373) 2390 (2390) 532 2380

2597 (2600) 2615 (2615) 307 2607

2753 (2753) 2770 (2768) 2242 2760

2831 (2833) 2854 (2851) 759 2841

2879 (2882) 2900 (2897) 526 2889

2990 (2996) 3012 (3010) 1289 3003

3024 (3024) 3042 (3039) 2281 3032

3054 (3058) 3075 (3072) 2536 3065

3105 (3109) 3127 (3123) 2010 3116

Only scores above 500 are considered signi�cant.[0170]

[0171]
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3143 (3143) 3163 (3159) 184 3152

3253 (3255) 3272 (3272) 319 3262

3346 (3346) 3366 (3366) 203 3356

3375 (3375) 3392 (3392) 305 3384

3438 (3438) 3455 (3453) 1021 3445

3559 (3567) 3584 (3581) 1885 3574

3589 (3589) 3606 (3604) 2018 3596

3611 (3611) 3629 (3629) 2304 3621

3659 (3659) 3674 (3674) 1561 3667

3756 (3758) 3777 (3774) 2352 3767

3890 (3890) 3904 (3904) 485 3897

3916 (3919) 3934 (3934) 241 3926

4035 (4035) 4051 (4051) 335 4044

4217 (4217) 4232 (4232) 272 4224

4239 (4239) 4257 (4254) 402 4247

Outside to inside helices: 43 found

94 (97) 118 (112) 291 104

400 (400) 418 (415) 243 407

473 (473) 488 (488) 1113 481

523 (528) 548 (548) 285 538

583 (583) 606 (601) 662 593

776 (776) 791 (791) 1435 783

1068 (1071) 1089 (1086) 370 1078

1121 (1121) 1137 (1137) 455 1130

1679 (1679) 1696 (1694) 340 1686

2098 (2098) 2119 (2116) 678 2109

2148 (2148) 2163 (2163) 434 2155

2208 (2210) 2231 (2226) 2389 2219

2309 (2309) 2332 (2326) 1773 2318

2342 (2342) 2368 (2360) 1666 2353

2373 (2373) 2390 (2390) 254 2380

2753 (2755) 2770 (2770) 2119 2763

2832 (2835) 2854 (2851) 687 2844

2858 (2858) 2873 (2873) 253 2866

2879 (2882) 2899 (2899) 400 2889

2990 (2990) 3005 (3005) 875 2998

3020 (3024) 3042 (3042) 2795 3032

3059 (3059) 3075 (3075) 2137 3067

3105 (3108) 3127 (3123) 1902 3115

3142 (3145) 3162 (3162) 540 3152

3343 (3351) 3366 (3366) 496 3358

3437 (3437) 3453 (3453) 848 3444

3489 (3491) 3508 (3505) 302 3498

3560 (3560) 3577 (3577) 1460 3569

3591 (3591) 3606 (3606) 2193 3598

3610 (3610) 3627 (3627) 1484 3620

3656 (3658) 3678 (3675) 1240 3668

3681 (3684) 3701 (3699) 590 3691

3710 (3713) 3738 (3728) 1696 3721

3723 (3723) 3738 (3738) 1670 3730

3760 (3760) 3777 (3775) 2367 3767

3881 (3884) 3902 (3900) 249 3892

4099 (4099) 4114 (4114) 389 4106

4234 (4234) 4254 (4249) 325 4241

4338 (4341) 4360 (4360) 505 4348

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6039, wherein said fragment comprises an amino acid sequence

including one or more of the hydrophobic transmembrane sequences identi�ed above. The invention includes a polypeptide comprising a fragment of SEQ ID

NO: 6039 wherein said fragment comprises one or more of the following polypeptide sequences of SEQ ID NO: 6039: 473-488; 529-549, 584-606, 773-791,

2098-2119, 2145-2160, 2206-2224, 2316-2332, 2335-2358, 2373-2390, 2753-2770, 2831-2854, 2879-2990, 2990-3012, 3024-3042, 3054-3075, 3105-3127,

3438-3455, 3559-3584, 3589-3606, 3611-3629, 3659-3674, 3756-3777, 473-488, 583-606, 776-791, 2098-2119, 2208-2231, 2309-2332, 2342-2368, 2753-2770,

2832-2854, 2990-3005, 3020-3042, 3059-3075, 3105-3127, 3142-3162, 3437-3453, 3560-3577, 3591-3606, 3610-3627, 3656-3678, 3710-3738, 3723-3738, and

3760-3777. Preferably, the fragment comprises one or more of the following polypeptide sequences of SEQ ID NO: 6039: 2206-2224, 2316-2332, 2335-2358,

2753-2770, 3024-3042, 3054-3075, 3105-3127, 3589-3606, 3611-3629, 3756-3777, 2208-2231, 2753-2770, 3020-3042, 3059-3075, and 3591-3606. Preferably, the

fragment comprises one or more of the following polypeptide sequences of SEQ ID NO: 6039: 2206-2224 and 3020-3042. The invention also includes

polynucleotides encoding each of the polypeptide fragments identi�ed above.

The invention includes an attenuated SARS virus wherein said attenuated SARS virus contains an addition, deletion or substitution in the polynucleotides

encoding for one of the hydrophobic domains identi�ed above. The invention also includes a method for creating an attenuated SARS virus comprising mutating

a SARS virus by adding, deleting or substituting the viral genome of the SARS virus to alter the coding of one or more of the hydrophobic domains of SEQ ID NO:

6039 identi�ed above.

[0172]

The invention includes an antibody which speci�cally identi�es one or more of the hydrophobic regions of SEQ ID NO: 6039 identi�ed above. The invention

includes a small molecule which binds to, interferes with the hydrophobicity of or otherwise disrupts one or more of the hydrophobic regions of SEQ ID NO: 6039

identi�ed above.

[0173]

Predicted N-glycosylation sites of SEQ ID NO: 6039 are identi�ed in the chart below.[0174]

Jury NGlyc

Position Potential agreement result

Prediction of N-glycosylation Sites in SEQ ID NO: 6039[0175]

[0176]
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48 NGTC SEQ ID NO: 7180 0.6371 (7/9) +

389 NHSN SEQ ID NO: 7181 0.6132 (6/9) +

916 NFSS SEQ ID NO: 7182 0.5807 (7/9) +

1628 NHTK SEQ ID NO: 7183 0.5610 (7/9) +

1696 NKTV SEQ ID NO: 7184 0.5297 (5/9) +

2031 NPTI SEQ ID NO: 9764 0.5299 (5/9) + WARNING: PRO-

X1.

2249 NSSN SEQ ID NO: 7185 0.6329 (9/9) ++

2459 NPTD SEQ ID NO: 9765 0.5599 (6/9) + WARNING: PRO-

X1.

2685 NVSL SEQ ID NO: 7186 0.6071 (8/9) +

4233 NATE SEQ ID NO: 7187 0.6144 (7/9) +

Accordingly, the invention comprises a fragment of SEQ ID NO: 6039 wherein said fragment comprises an amino acid sequence which includes one or more of

the N-glycosylation sites identi�ed above. Preferably, the fragment comprises one or more sequences selected from the group consisting of SEQ ID NOS:

7180-7187 & 9764-9765. Preferably, the fragment comprises the amino acid sequence NSSN (SEQ ID NO: 7185).

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6039 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0177]

T-epitopes for SEQ ID NO: 6039 are identi�ed in Table 13. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed as SEQ ID NOS: 7400-7639; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed as SEQ ID NOS: 7400-7639, or a polynucleotide encoding such a

polypeptide.

[0178]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus.

[0179]

The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a mammal (typically a human) against SARS viral infection

wherein the polypeptide is as de�ned above.

[0180]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0181]

   gggttttacacttagaaacacagtctgtaccgtctgcggaatgtggaaaggttatggctgtagttgtga

+1   G  F  T  L  R  N  T  V  C  T  V  C  G  M  W  K  G  Y  G  C  S  C  D

+3  G  F  Y  T  -  K  H  S  L  Y  R  L  R  N  V  E  R  L  W  L  -  L  -

   ccaactccgcgaacccttgatgcagtctgcggatgcatcaacgtttttaaacgggtttgcggtgtaagt

+1   Q  L  R  E  P  L  M  Q  S  A  D  A  S  T  F  L  N  G  F  A  V  -  V

+3  P  T  P  R  T  L  D  A  V  C  G  C  I  N  V  F  K  R  V  C  G  V  S

   gcagcccgtcttacaccgtgcggcacaggcactagtactg   (SEQ ID NO: 7224)

+1   Q  P  V  L  H  R  A  A  Q  A  L  V  L    (SEQ ID NOS: 7225-7226)

+3  A  A  R  L  T  P  C  G  T  G  T  S  T     (SEQ ID NOS: 7227-7229)

The ORF1a and ORF1b sequences of coronaviruses are typically translated as a single ORF1ab polyprotein. Slippage of the ribosome during translation

generates an a-1 frameshift. One region of such slippage is illustrated below:

[0182]

ccaactccgcgaacccttgatgcagtctgcggatgcatcaacgtttttaaacgggtttgcggtgtaagt

 Q  L  R  E  P  L  M  Q  S  A  D  A  S  T  F  L  N  R  V  C  G  V  S

which would generate the following translational slippage (SEQ ID NOS: 7230-7231):

[0183]

Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 7232. The invention includes a polypeptide comprising an amino acid sequence having

sequence identity to SEQ ID NO: 7232. The invention includes a fragment of a polypeptide comprising SEQ ID NO: 7232 The invention includes a diagnostic kit

comprising a polypeptide comprising SEQ ID NO: 7232 or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding SEQ ID NO: 7232 or a fragment thereof. The invention includes an immunogenic composition comprising a polypeptide comprising SEQ ID NO: 7232 or

a fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 7232 or a fragment thereof.

[0184]

The invention also includes a polypeptide comprising amino acid sequence X1—X2—X3, where X1 is SEQ ID NO: 7233, X2 is from one to ten amino acids, and X3 is

SEQ ID NO: 7234. X2 can comprise any sequence of one to ten amino acids (SEQ ID NOS: 7235-7244) but, in preferred embodiments, X2 is selected from the

group consisting of F, FL, FLN, FLNR (SEQ ID NO: 7245), FLNRV (SEQ ID NO: 7246) and FLNRVC (SEQ ID NO: 7247). Preferably, X2 is SEQ ID NO: 7247. These

preferred embodiments are shown as SEQ ID NOS: 7248-7253.

[0185]

The invention includes a polypeptide comprising an amino acid sequence having sequence identity to said amino acid sequences X1—X2—X3. The invention

includes a fragment of a polypeptide comprising said amino acid sequences X1—X2—X3. The invention includes a diagnostic kit comprising a polypeptide

comprising said amino acid sequences X1—X2—X3 or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence

encoding said amino acid sequences X1—X2—X3 or a fragment thereof. The invention includes an immunogenic composition comprising a polypeptide

comprising said amino acid sequences X1—X2—X3 or a fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising said

amino acid sequences X1—X2—X3 or a fragment thereof.

[0186]

Coordinates in

Mouse virus protein Coordinates in Mouse virus SEQ ID NO: 7240

Nsp2 3334-3636 3241-3546

Nsp3 3637-3923 3547-3836

Nsp4 3924-4015 (or 4012) 3837-3919

Nsp5 4016 (or 4013)-4209 3920-4117

Nsp6 4210-4319 4118-4230

Nsp7 4320-4456 4231-4369

Nsp9 4457-5384 4370-5301

Nsp10 5385-5984 5302-5902

Nsp11 5985-6505 5903-6429

Nsp12 6506-6879 6430-6775

Nsp13 6880-7178 6776-7073

The amino acid sequences X1—X2—X3 (i.e. SEQ ID NOS: 7235-7244) demonstrate functional homology with the polyprotein of murine hepatitis virus. This

polyprotein is cleaved to produce multiple proteins. Proteins which can be generated from the X1—X2—X3 polyprotein, where X2 is six amino acids (SEQ ID NO:

7240) are listed below.

[0187]

The invention includes a fragment of the amino acid sequence X1—X2—X3 (i.e. SEQ ID NOS: 7235-7244) wherein the fragment comprises one of the polypeptide

[0188]
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sequences identi�ed in the above table. The invention further includes a fragment of the amino acid sequence X1—X2—X3 wherein said fragment comprises a

polypeptide sequence which has a serine at its N-terminus and a glutamine at its C-terminus. The invention further includes a fragment of the amino acid

sequence X1—X2—X3 wherein said fragment comprises a polypeptide sequence which has an Alanine at its N-terminus and a glutamine at its C-terminus. The

invention further includes a fragment of the amino acid sequence X1—X2—X3 wherein said fragment comprises a polypeptide sequence which has a Asparagine

at its N-terminus and a glutamine at its C-terminus. The invention further includes a fragment of the amino acid sequence X1—X2—X3 wherein said fragment

comprises a Cysteine at its N-terminus and a Glutamine at its C-terminus. Each of the fragments identi�ed above can be used in fusion proteins.

The invention includes a diagnostic kit comprising a polypeptide comprising at least one of the fragments of the amino acid sequence X1—X2—X3 (i.e. SEQ ID

NOS: 7235-7244) identi�ed in the above paragraph. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding at least one of the

fragments of the amino acid sequence X1—X2—X3 identi�ed in the above paragraph. The invention includes an immunogenic composition comprising a

polypeptide comprising at least one of the fragments of the amino acid sequence X1—X2—X3 identi�ed in the above paragraph. The invention includes an

antibody which recognizes a polypeptide comprising at least one of the fragments of the amino acid sequence X1—X2—X3 identi�ed in the above paragraph.

[0189]

Predicted N-glycosylation sites of the amino acid sequence X1—X2—X3 when X2 is six amino acids are identi�ed at the asparagines located at the following

amino acid positions 48; 389; 556; 916; 1628; 1696; 1899; 2079; 2249; 2252; 2507; 2685; 3303; 3373; 3382; 3720; 4150; 4233; 4240; 5016; 5280; 5403; 5558;

5650; 5905; 6031; 6130; 6474; 6918; 6973. Accordingly, the invention comprises a fragment of SEQ ID NO: 7239 wherein said fragment is at least ten amino

acids and wherein said fragment comprises one or more of the asparagines from the amino acid positions of SEQ ID NO: 7239 selected from the group

consisting of 8; 389; 556; 916; 1628; 1696; 1899; 2079; 2249; 2252; 2507; 2685; 3303; 3373; 3382; 3720; 4150; 4233; 4240; 5016; 5280; 5403; 5558; 5650; 5905;

6031; 6130; 6474; 6918; and 6973.

[0190]

A zinc binding region 2 site within SEQ ID NOS: 7235-7244 is identi�ed at amino acid residues 2102-2112 (SEQ ID NO: 7254 HGIAAINSVPW). The polypeptide of

SEQ ID NOS: 7235-7244 will be processed by the SARS virus into multiple peptides. This zinc binding region falls within the nsp1 region of the polypeptide. SEQ

ID NO: 7254 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 7254. The invention

includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 7254. The invention includes a method of screening SEQ ID NO: 7254 for an

inhibitor. The invention includes the recombinant expression of SEQ ID NO: 7254 in a host cell. The invention includes a fragment of SEQ ID NOS: 7235-7244,

wherein said fragment comprises SEQ ID NO: 7254. The invention includes a polypeptide comprising SEQ ID NO: 7254 wherein said polypeptide is complexed

with a zinc ion. The invention includes a small molecule which prevents a zinc ion from complexing with the polypeptide of SEQ ID NO: 7254. The invention

includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 7254.

[0191]

The polyprotein encoded by the SARS virus will contain at least two protease domains: a papain-like cystein protease (PLP) and a chymotrypsin-picornavirus 3C-

like protease (3CLp). (There may be more than one copy of the PLP domain). These proteases function to cleave the polyprotein into multiple smaller proteins.

The 3C-like protease, also known as the “main protease” or Mpro, is itself cleaved from the polyprotein by its own autoprotease activity. See generally, Chapter 35

of Fields Virology (2nd ed), Fields et al. (eds.), B.N. Raven Press, New York, N.Y., and Anand et al., EMBO Journal (2002) 21 (13): 3213-3224. This 3CLp generally

corresponds with the Nsp2 region identi�ed above.

[0192]

The SARS virus 3CLp protein is further characterized by SEQ ID NO: 6569 (also SEQ ID NO: 9769), as shown in FIG. 15.[0193]

FIG. 16 also illustrates the SARS virus 3CLp, in allignment with the 3CLp of avian infectious bronchitis (IBV; SEQ ID NO: 6570), mouse hepatitis virus (MHV; SEQ

ID NO: 6571), and bovine coronavirus (BCoV; SEQ ID NO: 6572). Accordingly, the invention includes a polypeptide sequence comprising SEQ ID NO: 6569, or a

fragment thereof, or a polypeptide sequence having sequence identity thereto. The invention further includes a polynucleotide sequence encoding SEQ ID NO:

6569, or a fragment thereof. The invention includes a polynucleotide sequence encoding a polypeptide sequence having sequence identity to SEQ ID NO: 6569.

[0194]

The invention further includes a method of screening for an inhibitor of the SARS virus 3CLp protein. In one embodiment, the invention includes a method of

screening for an inhibitor of SEQ ID NO: 6569. The invention includes a method of recombinantly expressing the SARS virus 3CLp protein in a host cell. The

invention includes a method of recombinantly expressing a polypeptide sequence comprising SEQ ID NO: 6569 or an enzymatically active fragment thereof or a

polypeptide sequence having sequence identity thereto. The invention includes a small molecule which inhibits or reduces the proteolytic activity of the SARS

virus 3CLp protein. The invention includes a small molecule which inhibits or reduced the proteolytic activity of the polypeptide comprising SEQ ID NO: 6569.

[0195]

Catalytic residues of the SARS virus 3CLp are identi�ed in FIG. 15 and 16. Speci�cally, a catalytic histidine and a catalytic cysteine are identi�ed. Such catalytic

sites are targets for small molecules which could inhibit or reduce the protease activity of 3CLp. Accordingly, the invention includes a polypeptide comprising a

fragment of SEQ ID NO: 6569, wherein said fragment comprises at least one catalytic site. Preferably, the catalytic site is selected from the group consisting of

the indicated catalytic histidine and the catalytic cysteine in FIG. 15 and 16. The invention includes a polynucleotide encoding a polypeptide, wherein said

polypeptide comprises a fragment of SEQ ID NO: 6569, wherein said fragment comprises at least one catalytic site. Preferably, the catalytic site is selected from

the group consisting of the indicated catalytic histidine and the catalytic cysteine.

[0196]

The invention further includes a method of screening a compound library to identify a small molecule which inhbits a catalytic site of a SARS virus 3CLp.

Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence having sequence identity thereto. The catalytic site is preferably selected

from the group consisting of the indicated catalytic histidine and the catalytic cysteine in FIG. 15 and 16.

[0197]

The invention includes a small molecule which inhibits the catalytic site of a SARS virus 3CLp. Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment

thereof, or a sequence having sequence identity thereto. The catalytic site is preferably selected from the group consisting of the indicated catalytic histidine and

the catalytic cysteine in FIG. 15 and 16.

[0198]

Residues of the substrate site of the SARS virus 3CLp are identi�ed in FIG. 15 and 16. Speci�cally, a substrate site is indicated at a phenylalanine, a tyrosine and

a histidine. Such substrate sites are targets for small molecules which could inhibit or reduce the protease activity of 3CLp. Accordingly, the invention includes a

polypeptide comprising a fragment of SEQ ID NO: 6569, wherein said fragment comprises at least one substrate site. Preferably, the substrate site is selected

from the group consisting of the indicated substrate phenylalanine, tyrosine and histidine in FIG. 15 and 16. The invention includes a polynucleotide encoding a

polypeptide, wherein said polypeptide comprises a fragment of SEQ ID NO: 6569, wherein said fragment comprises at least one substrate site. Preferably, the

substrate site is selected from the group consisting of the indicated substrate phenylalanine, tyrosine and histidine in FIG. 15 and 16.

[0199]

The invention further includes a method of screening a compound library to identify a small molecule which blocks a substrate site of a SARS virus 3CLp.

Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment thereof, or a sequence having sequence identity thereto. The substrate site is preferably selected

from the group consisting of the indicated substrate phenylalanine, tyrosine and histidine in FIG. 15 and 16.

[0200]

The invention includes a small molecule which inhibits the substrate site of a SARS virus 3CLp. Preferably, the 3CLp comprises SEQ ID NO: 6569, or a fragment

thereof, or a sequence having sequence identity thereto. The substrate site is preferably selected from the group consisting of the indicated substrate

phenylalanine, tyrosine and histidine in FIG. 15 and 16.

[0201]

The invention further includes a diagnostic kit comprising a polynucleotide encoding a SARS virus 3CLp or a fragment thereof. Preferably, the SARS virus 3CLp

comprising SEQ ID NO: 6569 or a fragment thereof or a polypeptide sequence having sequence identity thereto. Preferably, the fragment comprising one or more

sites selected from the group consisting of a catalytic site and a substrate site. Preferably, the catalytic site is selected from the group consisting of one or more

of the sites identi�ed in FIG. 15 and 16. Preferably, the substrate site is selected from the group consisting of one or more of the sites identi�ed in FIG. 15 and

16.

[0202]

The invention further comprises a diagnostic kit comprising an antibody speci�c to a SARS virus 3CLp or a fragment thereof. Preferably, the antibody is speci�c

to the polypeptide comprising SEQ ID NO: 6569 or a fragment thereof or a polypeptide sequence having sequence identity thereto. Preferably, the antibody is

speci�c to one or more sites of a SARS virus 3CLp selected from the group consisting of a catalytic site and a substrate site. Preferably, the catalytic site is

selected from the group consisting of one or more of the sites identi�ed in FIG. 15 and 16. Preferably, the substrate site is selected from the group consisting of

one or more of the sites identi�ed in FIG. 15 and 16.

[0203]

The invention includes a polypeptide comprising an amino acid sequence from the sequence shown in FIG. 25. The two amino acid sequences within FIG. 25,

separated by a *, are SEQ ID NOS: 7188 & 7189. The invention includes a polypeptide comprising an amino acid sequence having sequence identity to the FIG. 25

translation. The invention includes a fragment of a polypeptide comprising the FIG. 25 sequence. The invention includes a diagnostic kit comprising a

polypeptide comprising the FIG. 25 translation, or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding the

FIG. 25 translation, or a fragment thereof. The invention includes an immunogenic composition comprising a polypeptide comprising the FIG. 25 translation, or a

fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising the FIG. 25 sequence, or a fragment thereof. The FIG. 25

sequence demonstrates functional homology with ORF1b of coronaviruses.

[0204]

SEQ ID NO: 7188 is an open reading frame within FIG. 25. The invention includes a polypeptide comprising SEQ ID NO: 7188. The invention includes a

polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 7188. The invention includes a fragment of a polypeptide comprising

SEQ ID NO: 7188. The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 7188, or a fragment thereof. The invention includes a

diagnostic kit comprising a polynucleotide sequence encoding SEQ ID NO: 7188, or a fragment thereof. The invention includes an immunogenic composition

comprising a polypeptide comprising SEQ ID NO: 7188, or a fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising

SEQ ID NO: 7188, or a fragment thereof.

[0205]
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SEQ ID NO: 7190 is an open reading frame within SEQ ID NO: 7188. The invention includes a polypeptide comprising SEQ ID NO: 7190, a fragment thereof or a

polypeptide having sequence identity thereto. The invention further includes a polynucleotide encoding SEQ ID NO: 7190, a fragment thereof or a polypeptide

sequence having sequence identity thereto. An example of a polynucleotide encoding SEQ ID NO: 7190 is given as SEQ ID NO: 7191.

[0206]

SEQ ID NO: 7188 also contains an open reading frame comprising SEQ ID NO: 6042. The invention includes a polypeptide comprising SEQ ID NO: 6042. The

invention includes a polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 6042. The invention includes a fragment of a

polypeptide comprising SEQ ID NO: 6042. The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6042, or a fragment thereof.

The invention includes a diagnostic kit comprising a polynucleotide sequence encoding SEQ ID NO: 6042, or a fragment thereof. The invention includes an

immunogenic composition comprising a polypeptide comprising SEQ ID NO: 6042, or a fragment thereof. The invention includes an antibody which recognizes a

polypeptide comprising SEQ ID NO: 6042, or a fragment thereof. SEQ ID NO: 6042 demonstrates functional homology to a coronavirus spike protein.

[0207]

Predicted transmembrane regions of SEQ ID NO: 6042 are identi�ed below.[0208]

Predicted Transmembrane Helices of SEQ ID NO: 6042

The sequence positions in brackets denominate the core region.[0209]

from to score center

Inside to outside helices: 18 found

1 (1) 16 (16) 959 9

233 (237) 257 (252) 905 244

345 (347) 364 (361) 490 354

345 (354) 369 (369) 420 362

497 (497) 513 (513) 239 506

573 (573) 588 (588) 811 580

645 (648) 666 (663) 302 656

690 (696) 714 (711) 428 704

857 (860) 882 (874) 1508 867

1031 (1031) 1046 (1046) 446 1039

1199 (1203) 1219 (1217) 2667 1210

Outside to inside helices: 13 found

1 (1) 17 (17) 684 10

222 (222) 240 (237) 238 229

244 (247) 264 (264) 613 254

349 (355) 369 (369) 314 362

496 (496) 511 (511) 488 503

573 (573) 591 (591) 712 581

650 (652) 666 (666) 474 659

674 (679) 702 (696) 190 686

691 (696) 713 (711) 210 704

866 (868) 886 (886) 1172 876

1198 (1201) 1215 (1215) 3221 1208

Only scores above 500 are considered signi�cant.[0210]

SEQ ID NO: 6042, the spike protein, is a surface exposed polypeptide. Recombinant expression of a protein can be hindered by hydrophobic transmembrane

regions. Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 6042 wherein one or more of the hydrophobic regions identi�ed above is

removed. The invention further includes a polynucleotide encoding such a polypeptide. The invention includes recombinantly expressing the protein in a host

cell. Primers for amplifying the gene for spike protein and fragments thereof, such as fragments encoding the soluble ectodomain, include SEQ ID NOS:

9753-9763 (Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164).

[0211]

PSORT --- Prediction of Protein Localization Sites

version 6.4(WWW)

SEQ ID NO: 6042 - 1255 Residues

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 2

    Position of the most N-terminal TMS: 496 at i = 2

MTOP: membrane topology (Hartmann et al.)

    I(middle): 503 Charge di�rence(C − N): 1.0

McG: Examining signal sequence (McGeoch)

    Length of UR:  13

    Peak Value of UR:  3.28

    Net Charge of CR: 0

    Discriminant Score:   8.66

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 5.94

    Possible cleavage site: 13

>>> Seems to have a cleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 14

ALOM new cnt: 1 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 1  value: −12.26  threshold: −2.0

    INTEGRAL Likelihood = −12.26  Transmembrane 1202-1218 (1194-1228)

    PERIPHERAL Likelihood = 0.16

    modi�ed ALOM score:  2.55

>>> Seems to be a Type Ia membrane protein

    The cytoplasmic tail is from 1219 to 1255 (37 Residues)

Rule: vesicular pathway

Further characterization of SEQ ID NO: 6042 is set forth below.[0212]

[0213]
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Rule: vesicular pathway

Rule: vesicular pathway

(14) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 14

    Uncleavable? Ipos set to: 24

Discrimination of mitochondrial target seq.:

    positive (2.18)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 24)  from: 1  to: 10  Score: 8.0

SKL motif (signal for peroxisomal protein):

    pos: 964(1255), count: 1 SRL

    SKL score (peroxisome): 0.1

Amino Acid Composition Tendency for Peroxisome: 1.37

    AAC not from the N-term., score modi�ed

Peroxisomal proteins? Status: notclr

    AAC score (peroxisome): 0.079

Amino Acid Composition tendency for lysosomal proteins

    score: 0.39 Status: notclr

GY motif in the tail of typeIa? (lysosomal)

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Type Ia is favored for plasma memb. proteins

Checking the NPXY motif..

Checking the YXRF motif..

Checking N-myristoylation..

----- Final Results -----

plasma membrane --- Certainty = 0.460(A�rmative) <succ>

microbody (peroxisome) --- Certainty = 0.171(A�rmative) <succ>

endoplasmic reticulum (membrane) --- Certainty = 0.100(A�rmative) <succ>

endoplasmic reticulum (lumen) --- Certainty = 0.100(A�rmative) <succ>

SEQ ID

NO:

6042

appears

to have

a

N-terminus signaling region, followed by a surface exposed region, followed by a transmembrane region followed by a C-terminus cytoplasmic domain region.

Accordingly, the invention includes an immunogenic, surface exposed fragment of SEQ ID NO: 6042. Preferably, said fragment comprises an amino acid

sequence which does not include the last 50 amino acids of the C-terminus of SEQ ID NO: 6042. Preferably, said fragment comprises an amino acid sequence

which does not include the last 70 amino acids of the C-terminus of SEQ ID NO: 6042. Preferably, said fragment does not include a transdomain region of SEQ ID

NO: 6042. Preferably, said fragment does not include a C-terminus cytoplasmic domain of SEQ ID NO: 6042. Preferably, said fragment does not include a

N-terminus signal sequence. Preferably, said fragment does not include amino acids 1-10 of the N-terminus of SEQ ID NO: 6042. Preferably, said fragment does

not include amino acids 1-14 of the N-terminus of SEQ ID NO: 6042. Two oligopeptide fragments of SEQ ID NO: 6042 that are able to elicit anti-spike antibodies

are SEQ ID NOS: 7398 & 7399, as described (with additional C-terminus cysteines) by Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164. C-terminal

truncations of spike protein, with removal of part of the cytoplasmic region, or removal up to and including the transmembrane region, are described by Yang et

al. (2004) Nature 428:561-564.

A variant of SEQ ID NO: 6042 that is included within the invention is SEQ ID NO: 9962. Compared to SEQ ID NO: 6042, this sequence has Ser at residue 581

instead of Ala, and has Phe at residue 1152 instead of Leu.

[0214]

The spike protein of coronaviruses may be cleaved into two separate chains into S1 and S2. The chains may remain associated together to form a dimer or a

trimer. Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 6042 wherein said polypeptide has been cleaved into S1 and S2 domains. The

invention further includes a polypeptide comprising SEQ ID NO: 6042 wherein amino acids 1-10, preferably amino acids 1-14 of the N-terminus are removed and

further wherein SEQ ID NO: 6042 is cleaved into S1 and S2 domains. Preferably the polypeptide is in the form of a trimer.

[0215]

The spike protein appears to form an alpha-helical structure in the transmembrane region of the protein, preferably in the S2 domain. This alpha-helical structure

is thought to associate with at least two additional spike proteins to form a trimer. Helical or coiled regions of the spike protein are identi�ed below. Predicted

coiled-coils of SEQ ID NO: 6042 (spike protein) are at amino acids 900-1005 and 1151-1185 (see FIG. 12).

[0216]

Accordingly, the invention comprises a polypeptide sequence comprising a fragment of SEQ ID NO: 6042 wherein said fragment includes a coiled region of SEQ

ID NO: 6042. Said fragment preferably includes the amino acid sequences selected from the group consisting of amino acid positions 900 to 1005 and amino

acid positions 1151 to 1185 of SEQ ID NO: 6042. The invention comprises a polypeptide sequence comprising a fragment of SEQ ID NO: 6042, wherein said

fragment does not include a coiled region of SEQ ID NO: 6042. Said fragment preferably includes the amino acid sequences selected from the group consisting

of amino acid positions 900 to 1005 and amino acid positions 1151 and 1185 of SEQ ID NO: 6042.

[0217]

The spike protein is believed to play an integral role in fusion and infection of Coronaviruses with mammalian host cells. Analysis of coronavirus spike proteins

as well as similar surface proteins in other viruses has identi�ed at least two structural motifs, typically located within the S2 domain, associated with this fusion

event: heptad repeats (HR) and membrane fusion peptides.

[0218]

At least two 4,3 hydrophobic heptad repeat (HR) domains are typically found in the ectodomain of the S2 domain of Coronaviruses. One heptad repeat region

(HR1) is typically located adjacent to a fusion peptide while a second heptad region (HR2) is typically located near the C-terminus of the S2 domain, close to the

transmembrane anchor. Heptad repeats are characteristic of coiled-coil structures and the heptad repeats found in viral surface proteins (such as coronavirus

spike protein) are thought to form bundled helix structures which are involved in viral entry. See Bosch et al., J. Virology (2003) 77:8801-8811 (FIG. 1B of this

reference illustrates an alignment of the HR1 and HR2 regions of �ve coronaviruses along with SARS, annotated “HCov-SARS”).

[0219]

Heptad repeats generally contain a repeating structure of seven amino acids, designated a-b-c-d-e-f-g, where hydrophobic sidechains of residues a and d

typically form an apolar stripe, and electrostatic interactions are found in residues e and g. Position a is most frequently Leu, Ile or Ala and position d is usually

Leu or Ala. Residues e and g are often Glu or Gln, with Arg and Lys also prominent at position g. Charged residues are common to positions b, c and f as these

residues may be in contact with solvent. Exceptions to these general parameters are known. For instance Pro residues are sometimes found within the heptad.

[0220]

The HR1 and HR2 sequences of an MHV strain have been postulated to assemble into a thermostable, oligomeric, alphahelical rold-like complex, with the HR1

and HR2 helices oriented in an antiparallel manner. Id. In this same study, HR2 was asserted to be a strong inhitibor of both virus entry into the cell and cell-cell

fusion.

[0221]

HR1 and HR2 sequences have been identi�ed in the SARS virus genome. The SARS virus HR1 region comprises approximately amino acids 879 to 1005 of SEQ[0222]
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ID NO: 6042 or fragments thereof capable of forming at least one alpha-helical turn. Preferably, said fragments comprise at least 7 (e.g., at least 14, 21, 28, 35,

42, 49 or 56) amino acid residues. SEQ ID NO: 7192, includes amino acids 879 to 1005 of SEQ ID NO: 6042.

A preferred fragment of HR1 comprises amino acid residues 879 to 980 of SEQ ID NO: 6042. This preferred fragment is SEQ ID NO: 7193.[0223]

Another preferred fragment of HR1 comprises amino acid residues 901 to 1005 of SEQ ID NO: 6042. This preferred fragment is SEQ ID NO: 7194.[0224]

The SARS virus HR2 region comprises approximately amino acids 1144 to 1201 of SEQ ID NO: 6042, or fragments thereof capable of forming at least one alpha-

helical turn. Preferably, said fragments comprise at least 7 (e.g., at least 14, 21, 28, 35, 42, 49 or 56) amino acid residues. SEQ ID NO: 7195 includes amino acids

1144 to 1201. A preferred fragment of HR2 comprises amino acids 1144 to 1195 of SEQ ID NO: 6042. This preferred fragment is SEQ ID NO: 7196.

[0225]

Membrane Fusion peptides sequences within the spike protein are also believed to participate in fusion (and infection) of the virus with a host cell. Fusion

peptides generally comprise about 16 to 26 amino acid residues which are conserved within viral families. These Membrane Fusion peptides are relatively

hydrophobic and generally show an asymmetric distribution of hydrophobitiy when modeled into an alpha helix. They are also generally rich in alanine and

glycine.

[0226]

At least three hydrophobic Membrane Fusion peptide regions have been identi�ed within coronaviruses (PEP1, PEP2, and PEP3). See, Luo et al., “Roles in Cell-

Cell Fusion of Two Conserved Hydrophobic Regions in the Murine Coronavirus Spike Protein”, Virology (1998) 244:483-494. FIG. 1 of this paper shows an

alignment of Membrane Fusion peptide sequences of Mouse Hepatitis Viris, Bovine Corona Virus, Feline Infectious Peritonitis Virus, Transmissible

Gastroenteritis Virus and Infectious Bronchitis Virus. See also, Bosch et al., “The Coronavirus Spike Protein is a Class I Virus Fusion Protein: Structural and

Functional Characterization of the Fusion Core Complex” Journal of Virology (2003) 77(16):8801-8811.

[0227]

PEP1 (SEQ ID NO: 7197), PEP2 (SEQ ID NO: 7198) and PEP3 (SEQ ID NO: 7199) sequences within the SARS spike protein have been identi�ed.[0228]

The coronavirus spike proteins (and other similar surface viral proteins) are thought to undergo a conformational change upon receptor binding to the target cell

membrane. One or more of the hydrophobic Membrane Fusion peptides are thought to become exposed and inserted into the target membrane as a result of

this conformational change. The free energy released upon subsequent refolding of the spike protein to its most stable conformation is believed to play a role in

the merger of the viral and cellular membranes.

[0229]

One or more SARS HR sequences, preferably HR2, or a fragment thereof may be used to inhibit viral entry and membrane fusion with a target mammalian host

cell. The invention provides a method of inhibiting viral infection comprising administering a composition comprising one or more SARS HR polypeptides or a

fragment thereof. Preferably, the composition comprises a SARS HR2 sequence.

[0230]

In another embodiment, the invention includes a composition comprising a SARS HR1 sequence, or a fragment thereof and a SARS HR2 sequence, or a fragment

thereof. The HR1 and HR2 sequences may optionally be associated together in an oligomer. The composition may comprise the intermediate domain sequence

between the HR1 and HR2 domains. The use of such an intermediate sequence may facilitate oligomerization or other structural interaction between the HR

regions.

[0231]

HR sequences for use in the invention may be produced recombinantly by methods known in the art. The SARS HR sequences may be modi�ed to facilitate

bacterial expression. In particular, the HR sequences may be modi�ed to facilitate transport of the recombinant protein to the surface of the bacterial host cell.

For example, leader sequences to a bacterial membrane protein may be added to the N terminus of the recombinant HR sequences. HR sequences for use in the

invention may alternatively be produced by chemical synthesis by methods known in the art (see below).

[0232]

As discussed in more detail later in the speci�cation, Applicants have identi�ed structural similarities between the SARS spike protein and the surface protein of

Neisseria meningitidis, NadA (and other similar bacterial adhesion proteins). Another means of facilitating bacterial expression of HR sequences includes the

addition of the stalk and/or anchor sequences of a NadA-like protein to the C-terminus of the recombinant HR sequences. Recombinant sequences containing

the bacterial anchor sequence may preferably be prepared in outer membrane vesicles (the preparation of which is discussed in more detail later in the

application). Recombinant sequences missing the bacterial anchor sequences may be secreted and isolated from the supernatant.

[0233]

The invention includes a polypeptide sequence comprising a �rst sequence and a second sequence, wherein said �rst sequence comprises a leader sequence

for a bacterial membrane protein and wherein said second sequence comprises a HR sequence of a coronavirus. Preferably, said �rst sequence comprises the

leader sequence for a bacterial adhesin protein. More preferably, said bacterial adhesion protein is NadA. Preferably said second sequence comprises HR1, HR2

or both. In one embodiment, the second sequence comprises HR1, HR2 and the intermediate domain sequence present in the naturally occrding spike protein.

For example, the second sequence may comprise a fragment of a coronavirus spike protein comprising the amino acids starting with the N-terminus of the HR1

region and ending with the C-terminus of the HR2 region.

[0234]

The invention further includes a polypeptide sequence comprising a �rst, second, third and fourth sequence, wherein the �rst sequence comprises a leader

sequence for a bacterial membrane protein; wherein said second sequence comprises a HR sequence of a coronavirus; wherein said third sequence comprises a

stalk domain of a bacterial adhesion protein; and wherein said fourth sequence comprises an anchor domain of a bacterial adhesion protein. In one

embodiment, the �rst sequence comprising the leader peptide sequence is removed. In another embodiment, the third sequence comprising the stalk domain is

removed. In another embodiment, the fourth sequence comprising the anchor domain is removed.

[0235]

The polypeptide sequences of the above described constructs may be linked together by means known in the art, including, for example, via glycine linkers.[0236]

Examples of constructs which may be used in such bacterial expression systems are shown in FIG. 50. Polypeptide sequences of each of the constructs

illustrated in FIG. 50 are given as SEQ ID NOS: 7200 to 7206.

[0237]

7200 Leader NadA (1-29)—HR1 (879-980)—6× gly—HR2 (1144-1195)—stalk+anchor NadA (88-405)[0238]

7201 Leader NadA (1-29)—HR1 (879-980)—6× gly—HR2 (1144-1196)—stalk NadA (88-351)[0239]

7202 Leader NadA (1-29)—HR1—HR2 (879-1196)—stalk+anchor NadA (88-405)[0240]

7203 Leader NadA (1-29)—HR1—HR2 (879-1196)—stalk NadA (88-351)[0241]

7204 HR1—HR2 (879-1196)—stalk NadA (88-351)-6× his[0242]

7205 Leader NadA (1-29)—HR1—HR2 (879-1196)-anchor NadA (351-405)[0243]

7206 Leader NadA (1-29)—HR1—HR2 (879-1196)[0244]

Administration of one of more of these Membrane Fusion sequences may also interfere with the ability of a coronavirus to fuse to a host cell membrane.

Accordingly, the invention includes an isolated polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 7197, SEQ ID

NO: 7198 and SEQ ID NO: 7199. The invention further includes an isolated polypeptide comprising an amino acid sequence having sequence homology to an

amino acid sequence selected from the group consisting of SEQ ID NO: 7197, SEQ ID NO: 7198 and SEQ ID NO: 7199.

[0245]

Two or more of these SARS Membrane Fusion peptides can be combined together. The invention includes a composition comprising two SARS Membrane

Fusion peptides wherein said peptides are selected from at least two of the amino acids selected from the group consisting of SEQ ID NO: 7197, SEQ ID NO:

7198 and SEQ ID NO: 7199, or a sequence having sequence identity thereto.

[0246]

Two or more of the SARS Membrane Fusion peptides may be linked together. Accordingly, the invention includes a polypeptide comprising a �rst amino acid

sequence and a second amino acid sequence, wherein said �rst and second amino acid sequences are selected from the group consisting of SEQ ID NO: 7197,

SEQ ID NO: 7198 and SEQ ID NO: 7199, or a sequence having sequence identity thereto. Preferably, said �rst amino acid sequence and said second amino acid

sequence are different SARS Membrane Fusion peptides, i.e., they are not the same.

[0247]

The invention also includes a method of treating or preventing SARS virus infection comprising administering one or more of the SARS Membrane Fusion

peptide compositions described above.

[0248]

As discussed above, the spike protein is capable of forming trimers. The invention further includes a polypeptide comprising SEQ ID NO: 6042 in trimeric form.

The invention includes a composition comprising at least polypeptides wherein each polypeptide comprises at least the alpha-helical coiled region of a SARS

virus spike protein. Preferably, the spike protein comprises SEQ ID NO: 6042 or a fragment thereof.

[0249]

The invention further includes a composition comprising a SARS virus spike protein or a fragment thereof wherein said protein is associated with a

transmembrane and wherein said fragment comprises the alpha-helical region of the SARS virus spike protein. Preferably, the composition comprises at least

three SARS virus spike proteins or a fragment thereof, wherein the fragment comprises the alpha-helical region of the SARS virus spike protein.

[0250]

The invention further includes an antibody which speci�cally binds to a trimeric form of SARS virus spike proteins. Preferably, the spike protein comprises SEQ ID

NO: 6042 or a fragment thereof. The invention includes an antibody which speci�cally binds to a trimeric form of SARS virus spike proteins wherein said proteins

are associated with a transmembrane.

[0251]

The invention further includes an antibody which speci�cally binds to a monomeric form of SARS virus spike protein or a fragment thereof. Preferably, the

antibody speci�cally binds to a monomeric form of SEQ ID NO: 6042 or a fragment thereof.

[0252]

The invention further includes a small molecule which interferes with or disrupts the coiling of a SARS viral spike protein trimer.[0253]

The invention further includes an attenuated SARS virus for use as a vaccine wherein said attenuated virus contains a polynucleotide insertion, deletion or

substitution which does not disrupt the trimeric conformation of the SARS virus spike protein. The invention further includes an attenuated SARS virus for use as

a vaccine wherein said attenuated virus contains a polynucleotide insertion, deletion or substitution which does not disrupt the alpha-helical formation of the

SARS virus spike protein.

[0254]

The spike protein may be recombinantly produced. In one embodiment, the spike protein is expressed in virus like particles so that the protein is attached to a[0255]
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cell membrane. Such attachment may facilitate presentation of immunogenic epitopes of the spike protein. Preferably, the alpha-helical portion of the spike

protein is associated with the cell membrane. Preferably, the spike proteins form a trimer within the transmembrane region of attachment.

Jury NGlyc

Position Potential agreement result

29 NYTQ SEQ ID NO: 7207 0.7751 (9/9) +++

65 NVTG SEQ ID NO: 7208 0.8090 (9/9) +++

109 NKSQ SEQ ID NO: 7209 0.6081 (7/9) +

119 NSTN SEQ ID NO: 7210 0.7039 (9/9) ++

158 NCTF SEQ ID NO: 7211 0.5808 (7/9) +

227 NITN SEQ ID NO: 7212 0.7518 (9/9) +++

269 NGTI SEQ ID NO: 7213 0.6910 (9/9) ++

318 NITN SEQ ID NO: 7214 0.6414 (9/9) ++

330 NATK SEQ ID NO: 7215 0.6063 (8/9) +

357 NSTF SEQ ID NO: 7216 0.5746 (8/9) +

589 NASS SEQ ID NO: 7217 0.5778 (6/9) +

602 NCTD SEQ ID NO: 7218 0.6882 (9/9) ++

699 NFSI SEQ ID NO: 7219 0.5357 (7/9) +

783 NFSQ SEQ ID NO: 7220 0.6348 (9/9) ++

1080 NGTS SEQ ID NO: 7221 0.5806 (7/9) +

1116 NNTV SEQ ID NO: 7222 0.5106 (5/9) +

1176 NESL SEQ ID NO: 7223 0.6796 (9/9) ++

Predicted N-glycosylation sites of SEQ ID NO: 6042 are identi�ed below:[0256]

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein said fragment comprises one or more of the glycosylation

sites identi�ed above (SEQ ID NOS: 7207-7223). The invention further includes a polynucleotide encoding one or more of the fragments identi�ed above. This

glycosylation site can be covalently attached to a saccharide. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042

wherein said fragment comprises one or more of the glycosylation sites identi�ed above and wherein said polypeptide is glycosylated at one or more of the sites

identi�ed above.

[0257]

Residue No. Potential Threshold Assignment

Thr

698 0.8922 0.7696 T

Thr 706 0.9598 0.7870 T

Thr 922 0.9141 0.7338 T

Ser

36 0.8906 0.7264 S

Ser

703 0.8412 0.7676 S

Predicted O-glycosylation sites are identi�ed below:[0258]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein said fragment comprises one or more of the O-glycosylation sites

identi�ed above. The invention further includes a polynucleotide encoding one or more of the fragments identi�ed above. The invention further includes a

polypeptide comprising a fragment of SEQ ID NO: 6042 wherein said fragment comprises one or more of the O-glycosylation sites identi�ed above and further

wherein the polypeptide is covalently bonded to a saccharide at one or more of the included glycosylation sites.

[0259]

The invention further includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein said fragment comprises one or more of the N-glycosylation

sites identi�ed above and further wherein said fragment comprises one or more of the O-glycosylation sites identi�ed above.

[0260]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6042 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0261]

Predicted phosphorylation sites of SEQ ID NO: 6042 are Ser-346, Tyr-195, and Tyr-723. Accordingly, the invention comprises a polypeptide comprising a fragment

of SEQ ID NO: 6042 wherein said fragment comprises at least ten amino acid residues and wherein said fragment comprises one or more of the amino acids

selected from the group consisting of Ser-346, Tyr-195, and Tyr-723. In one embodiment, one or more of the amino acids selected from the group consisting of

Ser-346, Tyr-195, and Tyr-723 are phosphorylated.

[0262]

Expression and functional characterization of the spike glycoprotein has been described by Xiao et al. (2003) Biochem Biophys Res Comm 312:1159-1164.[0263]

T-epitopes for SEQ ID NO: 6042 are identi�ed in Table 16. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed as SEQ ID NOS: 8041-8280; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 8041-8280, or a polynucleotide encoding such a

polypeptide.

[0264]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0265]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0266]

The invention includes a polypeptide comprising SEQ ID NO: 6040. The invention includes a polypeptide comprising an amino acid sequence having sequence

identity to SEQ ID NO: 6040. The invention includes a fragment of a polypeptide comprising SEQ ID NO: 6040. The invention includes a polynucleotide encoding

SEQ ID NO: 6040 or a fragment thereof. The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6040 or a fragment thereof. The

invention includes a diagnostic kit comprising a polynucleotide sequence encoding SEQ ID NO: 6040 or a fragment thereof. The invention includes an antibody

which recognizes a polypeptide comprising SEQ ID NO: 6040 or a fragment thereof.

[0267]

SEQ ID NO: 6040 demonstrates functional homology with a membrane protein of coronaviruses. Predicted transmembrane helices of SEQ ID NO: 6040 are

identi�ed below:

[0268]

Predicted Transmembrane Helices

The sequence positions in brackets denominate the core region.[0269]

from to score center

Inside to outside helices: 3 found

27 (30) 48 (45) 1138 38

137 (139) 153 (153) 486 146

Outside to inside helices: 3 found

Only scores above 500 are considered signi�cant.[0270]

[0271]
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28 (31) 45 (45) 819 38

71 (73) 90 (90) 210 81

136 (142) 156 (156) 272 149

The

amino

acid

region

with the highest predicted transmembrane helical region is from amino acid position 27 to 48 of SEQ ID NO: 6040. Such transmembrane regions are often

di�cult to express recombinantly. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6040 wherein said fragment does not

include the amino acid sequence between positions 27 to 48. The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6040 wherein said

fragment does not include the amino acid sequence between positions 28 to 45. The invention also includes a polynucleotide sequence encoding any of the

above-identi�ed polypeptides.

SEQ ID NO: 6040 is predicted to be a hypothetical protein of the SARS virus. A prediction of the protein localization of SEQ ID NO: 6040 is set forth below. SEQ ID

NO: 6040 is predicted to be located in one of the following locations: mitochondrial matrix space, microbody (peroxisome), nucleus, and mitochondrial inner

membrane. SEQ ID NO: 6040 is predicted to be associated with an organelle inside an infected cell.

[0272]

PSORT --- Prediction of Protein Localization Sites

                  version 6.4(WWW)

SEQ ID NO: 6040     163 Residues

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 0

McG: Examining signal sequence (McGeoch)

    Length of UR:  9

    Peak Value of UR:  1.75

    Net Charge of CR: 1

    Discriminant Score:   −2.56

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 1.94

    Possible cleavage site: 53

>>> Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

ALOM new cnt: 0 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 0  value: 1.32  threshold: −2.0

    PERIPHERAL  Likelihood = 1.32

    modi�ed ALOM score:  −1.16

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 156

    HRSVTI

Discrimination of mitochondrial target seq.:

    notclr (0.88)

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

*** Reasoning Step: 2

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 156)  from: 27  to: 44  Score: 5.0

Mitochondrial matrix? Score: 0.36

SKL motif (signal for peroxisomal protein):

    pos: 99(163), count: 1 SKL

    SKL score (peroxisome): 0.3

Amino Acid Composition Tendency for Peroxisome: −4.28

Peroxisomal proteins? Status: notclr

Amino Acid Composition tendency for lysosomal proteins

    score: 0.02 Status: notclr

Modi�ed score for lysosome: 0.152

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

    Found: pos: 132 (5) KRKR

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

nuc modi�ed. Score: 0.60

Nuclear Signal Status: notclr (0.30)

Checking CaaX motif..

Checking N-myristoylation..

Checking CaaX motif..

----- Final Results -----

mitochondrial matrix space --- Certainty = 0.480(A�rmative) <succ>

Accordingly, SEQ ID NO: 6040 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6040

or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6040 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6040 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6040 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6040 from associating with an organelle inside of an infected cell. The

invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6040.

[0273]

[0274]
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microbody (peroxisome) --- Certainty = 0.300(A�rmative) <succ>

nucleus --- Certainty = 0.300(A�rmative) <succ>

mitochondrial inner membrane --- Certainty = 0.188(A�rmative) <succ>

Jury NGlyc

Position Potential agreement result

2 NKTG (SEQ ID NO: 7255) 0.7804 (9/9) +++

106 NLTL (SEQ ID NO: 7256) 0.6123 (7/9) +

Predicted N-glycosylation sites of SEQ ID NO: 6040 are identi�ed below.

Accordingly, the invention comprises a fragment of SEQ ID NO: 6040 wherein said fragment is at least ten amino acids and wherein said fragment comprises one

or more of the asparagines from the amino acid positions of SEQ ID NO: 6040 selected from the group consisting of 2 and 106. The invention includes a

fragment of SEQ ID NO: 6040 wherein said fragment comprises one or more amino acid sequences selected from the group consisting of SEQ ID NO: 7255 and

SEQ ID NO: 7256. Preferably, the fragment comprises the amino acid sequence NKTG (SEQ ID NO: 7255).

[0275]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6040 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0276]

T-epitopes for SEQ ID NO: 6040 are identi�ed in Table 14. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 7640-7800; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 7640-7800, or a polynucleotide encoding such a

polypeptide.

[0277]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus.

[0278]

The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a mammal (typically a human) against SARS viral infection

wherein the polypeptide is as de�ned above.

[0279]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0280]

The invention includes a polypeptide comprising SEQ ID NO: 6041. SEQ ID NO: 6041 demonstrates functional homology with a portion of an ORF 1ab polyprotein.

The invention includes a polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 6041. The invention includes a fragment of a

polypeptide comprising SEQ ID NO: 6041. The invention includes a polynucleotide sequence encoding an amino acid sequence having sequence identity to SEQ

ID NO: 6041. The invention includes a polynucleotide encoding a fragment of a polypeptide comprising SEQ ID NO: 6041.

[0281]

The invention includes a diagnostic kit comprising a polypeptide comprising SEQ ID NO: 6041 or a fragment therof. The invention includes a diagnostic kit

comprising a polynucleotide encoding SEQ ID NO: 6041 or a fragment thereof. The invention includes an immunogenic composition comprising a polypeptide

comprising SEQ ID NO: 6041 or a fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 6041 or a

fragment thereof.

[0282]

The polyproteins of coronaviruses are associated with enzymatic activity. Accordingly, SEQ ID NO: 6041 is a target for screening of chemical inhibitors to the

SARS virus. The invention includes a polypeptide comprising SEQ ID NO: 6041 or a fragment thereof. The invention includes a polynucleotide encoding the

polypeptide sequence of SEQ ID NO: 6041 or a fragment thereof. The invention includes a method of screening SEQ ID NO: 6041 for an inhibitor. The invention

includes the recombinant expression of SEQ ID NO: 6041 in a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ ID NO:

6041 from performing enzymative activity. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6041.

[0283]

Predicted transmembrane or hydrophobic regions of SEQ ID NO: 6041 are identi�ed below. Although the polyprotein of coronaviruses is proteolytically cleaved

into numerous smaller proteins, hydrophobic domains in the polyprotein are known to mediate the membrane association of the replication complex and to be

able to dramatically alter the architecture of host cell membranes. Accordingly, the hydrophobic domains of the polyprotein are targets for genetic mutation to

develop attenuated SARS virus vaccines. The hydrophobic domains are also targets for small molecule inhibitors of the SARS virus. The hydrophobic domains

may also be used to generate antibodies speci�c to those regions to treat or prevent SARS virus infection.

[0284]

Possible Transmembrane Helices of SEQ ID NO: 6041

The sequence positions in brackets denominate the core region.[0285]

from to score center

Inside to outside helices: 18 found

234 (234) 254 (250) 1046 241

256 (256) 272 (270) 252 263

319 (319) 334 (334) 227 327

503 (505) 522 (519) 405 512

613 (615) 633 (629) 619 622

677 (679) 703 (696) 467 689

849 (851) 869 (865) 229 858

1080 (1080) 1097 (1094) 306 1087

1147 (1149) 1163 (1163) 354 1156

1557 (1557) 1581 (1577) 817 1567

1954 (1954) 1971 (1971) 832 1964

2369 (2372) 2395 (2387) 300 2379

2513 (2513) 2532 (2529) 690 2522

Outside to inside helices: 14 found

239 (239) 254 (254) 924 247

239 (248) 272 (263) 468 256

311 (314) 334 (328) 267 321

499 (503) 522 (519) 485 512

617 (617) 634 (631) 425 624

849 (853) 872 (872) 572 864

1147 (1147) 1162 (1162) 765 1155

1564 (1564) 1581 (1579) 883 1572

1951 (1951) 1968 (1966) 657 1958

2513 (2522) 2539 (2537) 711 2529

Only scores above 500 are considered signi�cant.[0286]

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6041, wherein said fragment comprises an amino acid sequence

including one or more of the hydrophobic transmembrane sequences identi�ed above. The invention includes a polypeptide comprising a fragment of SEQ ID

NO: 6041 wherein said fragment comprises one or more of the following polypeptide sequences of SEQ ID NO: 6041: 234-254, 613-633, 1557-1581, 1954-1971,

[0287]
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2513-2532, 239-254, 1564-1581, 1951-1968, 2513-2539. Preferably, the fragment comprises one or more of the following polypeptide sequences of SEQ ID NO:

6041: 234-254 and 239-254. The invention also includes polynucleotides encoding each of the polypeptide fragments identi�ed above.

The invention includes an attenuated SARS virus wherein said attenuated SARS virus contains an addition, deletion or substitution in the polynucleotides

encoding for one of the hydrophobic domains identi�ed above. The invention also includes a method for creating an attenuated SARS virus comprising mutating

a SARS virus by adding, deleting or substituting the viral genome of the SARS virus to alter the coding of one or more of the hydrophobic domains of SEQ ID NO:

6041 identi�ed above.

[0288]

The invention includes an antibody which speci�cally identi�es one or more of the hydrophobic regions of SEQ ID NO: 6041 identi�ed above. The invention

includes a small molecule which binds to, interferes with the hydrophobicity of or otherwise disrupts one or more of the hydrophobic regions of SEQ ID NO: 6041

identi�ed above.

[0289]

Jury NGlyc

Position Potential agreement result

571 NLSH (SEQ ID NO: 7257) 0.6598 (8/9) +

835 NTSR (SEQ ID NO: 7258) 0.5762 (7/9) +

958 NVTD (SEQ ID NO: 7259) 0.7494 (9/9) ++

1113 NISD (SEQ ID NO: 7260) 0.7259 (8/9) +

1205 NSTL (SEQ ID NO: 7261) 0.6296 (9/9) ++

1460 NVTG (SEQ ID NO: 7262) 0.6844 (9/9) ++

1685 NHSV (SEQ ID NO: 7263) 0.5181 (5/9) +

2029 NKTT (SEQ ID NO: 7264) 0.5423 (5/9) +

Predicted N-glycosylation sites of SEQ ID NO: 6041 are identi�ed below:[0290]

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6041, wherein said fragment comprises

one or more of the N-glycosylation sites identi�ed above. The invention comprises a polypeptide comprising a fragment of SEQ ID NO: 6041 wherein said

fragment comprises one or more of sequences SEQ ID NOS: 7257-7264. Preferably, the fragment comprises one or more of the sequences SEQ ID NOS: 7257,

7259, 7260, 7261 and 7262. The invention further comprises a polynucleotide encoding one or more of the polypeptides identi�ed above.

[0291]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6041 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0292]

T-epitopes for SEQ ID NO: 6041 are identi�ed in Table 15. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 7801-8040; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 7801-8040, or a polynucleotide encoding such a

polypeptide.

[0293]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus.

[0294]

The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a mammal (typically a human) against SARS viral infection

wherein the polypeptide is as de�ned above.

[0295]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0296]

The invention includes a polypeptide sequence SEQ ID NO: 6043 or a fragment thereof. The invention includes a polypeptide comprising an amino acid sequence

having sequence identity to SEQ ID NO: 6043. The invention includes a polynucleotide sequence encoding the amino acid sequence of SEQ ID NO: 6043 or a

fragment thereof.

[0297]

from to score center

Inside to outside helices: 4 found

41 (41) 56 (56) 1789 49

76 (79) 99 (99) 2142 89

105 (105) 125 (125) 1250 115

Outside to inside helices: 3 found

41 (41) 59 (56) 2053 49

76 (82) 98 (96) 1580 89

103 (105) 125 (123) 1257 115

Predicted transmembrane regions of SEQ ID NO: 6043 are set forth below.[0298]

The amino acid region with the highest predicted transmembrane helical region is from amino acid position 76 to 99 of SEQ ID NO: 6043. Such transmembrane

regions are often di�cult to express recombinantly. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6043 wherein said

fragment does not include one or more of the hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids

between positions 27 to 48. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

[0299]

SEQ ID NO: 6043 is predicted to be a hypothetical protein of the SARS virus. A prediction of the protein localization of SEQ ID NO: 6043 is set forth below. SEQ ID

NO: 6043 is predicted to be located in one of the following locations: mitochondrial inner membrane, plasma membrane, Golgi body, and mitochondrial

intermembrane space. SEQ ID NO: 6043 may be associated with an organelle inside an infected cell.

[0300]

PSORT --- Prediction of Protein Localization Sites for SEQ ID NO: 6043

                    version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 3

    Position of the most N-terminal TMS: 40 at i = 2

MTOP: membrane topology (Hartmann et al.)

    I(middle): 47  Charge di�rence(C − N): 3.5

McG: Examining signal sequence (McGeoch)

    Length of UR:  12

    Peak Value of UR:  1.41

    Net Charge of CR: 0

    Discriminant Score:   −4.67

Accordingly, SEQ ID NO: 6043 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6043

or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6043 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6043 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6043 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6043 from associating with an organelle inside of an infected cell. The

invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6043.

[0301]

[0302]
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GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 3.44

    Possible cleavage site: 15

>>> Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

ALOM new cnt: 2 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 2  value: −6.90  threshold: −2.0

    INTEGRAL Likelihood = −6.90  Transmembrane  83-99 (78-101)

    INTEGRAL Likelihood = −5.04  Transmembrane  40-56 (37-60)

    PERIPHERAL Likelihood = −0.32

    modi�ed ALOM score:  1.48

>>> Likely a Type IIIb membrane protein (Nexo Ccyt)

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 128

    MRCWLC

Discrimination of mitochondrial target seq.:

    notclr (0.76)

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

*** Reasoning Step: 2

Type IIIa or IIIb is favored for ER memb. proteins

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 128)  from: 39  to: 56  Score: 11.5

>>> Seems to have an intramitochondrial signal

Mitochondrial inner membrane? Score: 0.59

Mitochondrial intermemb.space? Score: 0.22

SKL motif (signal for peroxisomal protein):

    pos: 92(274), count: 1 SHL

    SKL score (peroxisome):  0.3

Amino Acid Composition Tendency for Peroxisome:  4.78

Peroxisomal proteins? Status: positive

Amino Acid Composition tendency for lysosomal proteins

    score: 1.16 Status: notclr

Type III proteins may be localized at Golgi

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Check the Number of TMSs for typeIII (plasma memb.)

Checking N-myristoylation..

----- Final Results -----

mitochondrial inner membrane --- Certainty = 0.664(A�rmative) <succ>

plasma membrane --- Certainty = 0.600(A�rmative) <succ>

Golgi body --- Certainty = 0.400(A�rmative) <succ>

mitochondrial intermembrane space --- Certainty = 0.362(A�rmative) <succ>

Jury NGlyc

Position Potential agreement result

227 NATF (SEQ ID NO: 7265) 0.6328 (7/9) +

Residue No. Potential Threshold Assignment

Thr

28 0.9095 0.6280 T

Thr

32 0.8740 0.6595 T

Thr

34 0.9058 0.6655 T

Thr

170 0.6816 0.6600 T

Thr 267 0.9240 0.5779 T

Thr 268 0.7313 0.5708 T

Thr

269 0.9859 0.5583 T

Thr

270 0.8023 0.5492 T

Predicted N— and O-glycosylation sites of SEQ ID NO: 6043 are identi�ed below.

[0303]
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Ser

27 0.6930 0.6091 S

Ser

252 0.6457 0.5977 S

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6043, wherein said fragment comprises the

N-glycosylation sites or O-glycosylation sites identi�ed above. The invention comprises a polypeptide comprising a fragment of SEQ ID NO: 6043 wherein said

fragment comprises one or more of the N-glycosylation sites or O-glycosylation sites identi�ed above. The invention further comprises a polynucleotide

encoding one or more of the polypeptides identi�ed above.

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6043 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0304]

T-epitopes for SEQ ID NO: 6043 are identi�ed in Table 17. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 8281-8486; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 8281-8486, or a polynucleotide encoding such a

polypeptide.

[0305]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0306]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0307]

The invention includes a polypeptide comprising SEQ ID NO: 6044. The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6044 or a

sequence having sequence identity to SEQ ID NO:206. The invention includes a polynucleotide encoding SEQ ID NO: 6044.

[0308]

from to score center

Inside to outside helices: 3 found

1 (1) 17 (15) 891 8

47 (47) 66 (63) 221 56

Outside to inside helices: 4 found

1 (4) 21 (19) 599 11

SEQ ID NO: 6044 is identi�ed as a hypothetical protein. Predicted hydrophobic or transmembrane regions of SEQ ID NO: 6044 are identi�ed below:[0309]

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6044 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids between positions 1 to 19. The invention also

includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

[0310]

SEQ ID NO: 6044 is predicted to be a hypothetical protein of SARS virus. A prediction of the protein localization of SEQ ID NO: 6044 is set forth below. SEQ ID NO:

6044 is predicted to be located in one of the following locations: nucleus, mitochondrial matrix, lysosome (lumen), and microbody (peroxisome). SEQ ID NO:

6044 may be associated with an organelle inside an infected cell.

[0311]

PSORT --- Prediction of Protein Localization Sites for SEQ ID NO: 6044

                version 6.4(WWW)

154 Residues

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 0

McG: Examining signal sequence (McGeoch)

    Length of UR:  7

    Peak Value of UR:  1.06

    Net Charge of CR: 1

    Discriminant Score:   −7.97

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): −3.28

    Possible cleavage site: 34

>>> Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

ALOM new cnt: 0 ** thrshld changed to −2

Accordingly, SEQ ID NO: 6044 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6044

or a fragment thereof The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6044 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6044 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6044 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6044 from associating with an organelle inside of an infected cell. The

invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6044.

[0312]

[0313]
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Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 0  value:  1.43  threshold: −2.0

    PERIPHERAL  Likelihood = 1.43

    modi�ed ALOM score:  −1.19

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 151

    FRKKQV

Discrimination of mitochondrial target seq.:

    notclr (−0.46)

*** Reasoning Step: 2

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 151)  from: 46  to: 50  Score: 5.0

Mitochondrial matrix? Score: 0.36

SKL motif (signal for peroxisomal protein):

    pos: −1(154), count: 0

Amino Acid Composition Tendency for Peroxisome: 0.61

Peroxisomal proteins? Status: notclr

    AAC score (peroxisome): 0.149

Amino Acid Composition tendency for lysosomal proteins

    score: 0.81 Status: notclr

Modi�ed score for lysosome: 0.231

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

    Found: pos: 134 (3) KHKK

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

    Found: pos: 136 (3) KK VSTNLCTHSF RKKQV

Final Robbins Score (nucleus): 0.60

Checking the RNA binding motif (nucleus or cytoplasm)

nuc modi�ed.  Score: 0.90

Nuclear Signal  Status: positive (0.70)

Checking CaaX motif..

Checking N-myristoylation..

Checking CaaX motif..

----- Final Results -----

nucleus --- Certainty = 0.880(A�rmative) <succ>

mitochondrial matrix space --- Certainty = 0.360(A�rmative) <succ>

lysosome (lumen) --- Certainty = 0.231(A�rmative) <succ>

microbody (peroxisome) --- Certainty = 0.149(A�rmative) <succ>

Residue No. Potential Threshold Assignment

Thr

4 0.6839 0.6484 T

One

predicted O-glycosylation site of SEQ ID NO: 6044 is identi�ed at residue 4:

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6044, wherein said fragment comprises the

O-glycosylation site identi�ed above. The invention further comprises a polynucleotide encoding one or more of the polypeptides identi�ed above.

[0314]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6044 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0315]

T-epitopes for SEQ ID NO: 6044 are identi�ed in Table 18. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 8487-8665; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 8487-8665, or a polynucleotide encoding such a

polypeptide.

[0316]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0317]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0318]

The invention includes a polypeptide sequence comprising SEQ ID NO: 6045. The invention includes a polypeptide sequence comprising an amino acid sequence

having sequence identity to SEQ ID NO: 6045. The invention includes a polypeptide sequence comprising a fragment of SEQ ID NO: 6045. The invention includes

a polynucleotide sequence encoding any of these polypeptides.

[0319]

SEQ ID NO: 6045 demonstrates functional homology with the envelope or small membrane protein of coronaviruses. The invention includes a diagnostic kit

comprising a polypeptide comprising SEQ ID NO: 6045 or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide encoding SEQ

ID NO: 6045 or a fragment thereof. The invention includes an immunogenic composition comprising SEQ ID NO: 6045 or a fragment thereof. The invention

includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 6045 or a fragment thereof.

[0320]

from to score center

Inside to outside helices: 1 found

17 (19) 33 (33) 2881 26

Outside to inside helices: 1 found

17 (17) 34 (34) 2981 27

Predicted transmembrane regions of SEQ ID NO: 6045 are identi�ed below:[0321]

[0322]
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Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6045 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids between positions 17 to 34. The invention also

includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides. In one embodiment, the invention includes a polypeptide comprising a

fragment of SEQ ID NO: 6045 wherein said fragment does not include amino acid residues 1-34 of SEQ ID NO: 6045.

PSORT --- Prediction of Protein Localization Sites for SEQ ID NO: 6045

                        version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 2

    Position of the most N-terminal TMS: 17 at i = 1

MTOP: membrane topology (Hartmann et al.)

    I(middle): 24  Charge di�rence(C-N): 2.0

McG: Examining signal sequence (McGeoch)

    Length of UR: 29

    Peak Value of UR: 3.40

    Net Charge of CR: −2

    Discriminant Score: 13.07

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 4.37

    Possible cleavage site: 32

... positive value of mtop ...

>>> Seems to have an uncleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

ALOM new cnt: 1 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 1  value: −15.12  threshold: −2.0

    INTEGRAL Likelihood = −15.12  Transmembrane  17-33 (8-44)

    PERIPHERAL Likelihood =  0.47

    modi�ed ALOM score:  3.12

>>> Seems to be a Type Ib (Nexo Ccyt) membrane protein

    The cytoplasmic tail is from 34 to 76 (44 Residues)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

(6) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 6

    Uncleavable? Ipos set to: 16

Discrimination of mitochondrial target seq.:

    notclr (0.19)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

> Relative position of the end of the tail: 44%

Memb.protein with uncleavable signl is often at ER

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 16)  from: 70  to: 99  Score: 21.5

>>> Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):

    pos: −1(76), count: 0

Amino Acid Composition Tendency for Peroxisome: −4.11

Peroxisomal proteins? Status: negative

Amino Acid Composition tendency for lysosomal proteins

    score: 0.68 Status: notclr

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Check cytoplasmic tail for typeIb (plasma memb.)

Checking the NPXY motif..

Predicted protein Localization Site of SEQ ID NO: 6045 is below.[0323]

[0324]
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Checking the YXRF motif..

Checking N-myristoylation..

----- Final Results -----

plasma membrane --- Certainty = 0.730(A�rmative) <succ>

endoplasmic reticulum (membrane) --- Certainty = 0.640(A�rmative) <succ>

endoplasmic reticulum (lumen) --- Certainty = 0.100(A�rmative) <succ>

outside --- Certainty = 0.100(A�rmative) <succ>

Jury NGlyc

Position Potential agreement result

48 NVSL 0.6514 (9/9) ++ (SEQ ID NO: 7266)

66 NSSE 0.5880 (7/9) + (SEQ ID NO: 7267)

Predicted N-glycosylation sites of SEQ ID NO: 6045 are identi�ed at residues 48 and 66:

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6045, wherein said fragment comprises

one or more of the N-glycosylation sites identi�ed above. The invention comprises a polypeptide comprising a fragment of SEQ ID NO: 6045 wherein said

fragment comprises one or more of the N-glycosylation sites identi�ed above. The invention further comprises a polynucleotide encoding one or more of the

polypeptides identi�ed above.

[0325]

The invention includes a polypeptide comprising a fragment of SEQ ID NO: 6045 wherein said fragment does not include one or more of the glycosylation sites

identi�ed above. The invention also includes a polynucleotide encoding such a polypeptide.

[0326]

T-epitopes for SEQ ID NO: 6045 are identi�ed in Table 19. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 8666-8820; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 8666-8820, or a polynucleotide encoding such a

polypeptide.

[0327]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0328]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0329]

The invention includes a polypeptide sequence comprising SEQ ID NO: 6046. The invention includes polypeptide sequences comprising an amino acid sequence

having sequence identity to SEQ ID NO: 6046. The invention includes a polypeptide sequence comprising a fragment of SEQ ID NO: 6046. The invention includes

a polynucleotide encoding one of these polypeptides.

[0330]

SEQ ID NO: 6046 has functional homology with a matrix protein of a coronavirus. The invention includes a diagnostic kit comprising a polypeptide comprising

SEQ ID NO: 6046 or a fragment thereof. The invention includes a diagnostic kit comprising a polynucleotide encoding SEQ ID NO: 6046 or a fragment thereof.

The invention includes an immunogenic composition comprising SEQ ID NO: 6046 or a fragment thereof. The invention includes an antibody which recognizes a

polypeptide comprising SEQ ID NO: 6046 or a fragment thereof.

[0331]

from to score center

Inside to outside helices: 3 found

21 (21) 38 (36) 2412 29

51 (53) 69 (69) 2645 60

74 (82) 96 (96) 2464 89

Outside to inside helices: 3 found

18 (21) 38 (38) 2363 28

52 (52) 67 (67) 2363 60

76 (76) 95 (92) 2605 84

Predicted transmembrane regions of SEQ ID NO: 6046 are identi�ed below.[0332]

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6046 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids between positions selected from the group

consisting of 18 to 38, 52 to 67 and 76 to 95. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

[0333]

PSORT --- Prediction of Protein Localization Sites

                    version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 3

    Position of the most N-terminal TMS: 21 at i = 1

MTOP: membrane topology (Hartmann et al.)

    I(middle): 28  Charge di�rence(C − N): 6.0

McG: Examining signal sequence (McGeoch)

    Length of UR:  1

    Peak Value of UR:  3.16

    Net Charge of CR: −3

    Discriminant Score:   2.21

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 4.29

    Possible cleavage site: 39

... positive value of mtop ...

>>> Seems to have an uncleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 3  value:  −7.64  threshold: 0.5

Predicted protein localization of SEQ ID NO: 6046 is set forth below.[0334]

[0335]
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    INTEGRAL Likelihood = −7.64  Transmembrane  21-37 (18-39)

    INTEGRAL Likelihood = −7.59  Transmembrane  50-66 (43-72)

    INTEGRAL Likelihood = −5.04  Transmembrane  79-95 (72-99)

    PERIPHERAL Likelihood =   2.38

    modi�ed ALOM score:  2.13

>>> Likely a Type IIIb membrane protein (Nexo Ccyt)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

(2) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 2

    Uncleavable? Ipos set to: 12

Discrimination of mitochondrial target seq.:

    negative (−4.16)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

Type IIIa or IIIb is favored for ER memb. proteins

Memb.protein with uncleavable signl is often at ER

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

SKL motif (signal for peroxisomal protein):

    pos: −1(221), count: 0

Amino Acid Composition Tendency for Peroxisome:  5.01

Peroxisomal proteins? Status: notclr

Amino Acid Composition tendency for lysosomal proteins

    score: 2.30  Status: positive

Type III proteins may be localized at Golgi

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Check the Number of TMSs for typeIII (plasma memb.)

Checking N-myristoylation..

----- Final Results -----

endoplasmic reticulum (membrane) --- Certainty = 0.685(A�rmative) <succ>

plasma membrane --- Certainty = 0.640(A�rmative) <succ>

Golgi body --- Certainty = 0.460(A�rmative) <succ>

endoplasmic reticulum (lumen) --- Certainty = 0.100(A�rmative) <succ>

One

predicted N-glycosylation sites of SEQ ID NO: 6046 is identi�ed at residue 4:

Jury NGlyc

Position Potential agreement result

4 NGTI 0.8430 (9/9) +++ (SEQ ID NO: 7268)

Prediction of N-glycosylation Sites[0336]

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6046, wherein said fragment comprises the

N-glycosylation site identi�ed above. The invention further comprises a polynucleotide encoding one or more of the polypeptides identi�ed above.

[0337]

The invention further comprises a polypeptide comprising a fragment of amino acid sequence SEQ ID NO: 6046, wherein said fragment does not include the

N-glycosylation site identi�ed above. The invention includes a polynucleotide encoding such a fragment.

[0338]

A variant of SEQ ID NO: 6046 that is included within the invention is SEQ ID NO: 9963. Compared to SEQ ID NO: 6046, this sequence has Val at residue 72 instead

of Ala.

[0339]

T-epitopes for SEQ ID NO: 6046 are identi�ed in Table 20. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 8821-9018; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 8821-9018, or a polynucleotide encoding such a

polypeptide.

[0340]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0341]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0342]

from to score center

Inside to outside helices: 2 found

 7 (10) 29 (27) 729 17

21 (24) 41 (41) 640 34

Outside to inside helices: 2 found

4 (4) 22 (19) 874 12

The invention includes a polypeptide sequence comprising SEQ ID NO: 6047 or a fragment thereof or an amino acid sequence having sequence identity thereto.

Predicted transmembrane regions of SEQ ID NO: 6047 are identi�ed below.

[0343]

[0344]
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22 (24) 41 (41) 499 31

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6047 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids between positions selected from the group

consisting of 4 to 22 and 22 to 41. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

SEQ ID NO: 6047 is predicted to be a hypothetical protein of SARS virus. A prediction of the protein localization of SEQ ID NO: 6047 is set forth below. SEQ ID NO:

6047 is predicted to be located in one of the following locations: plasma membrane, endoplasmic reticulum, Golgi body, and microbody (peroxisome). SEQ ID

NO: 6047 may be associated with an organelle inside an infected cell or with viral entry to a host cell.

[0345]

PSORT --- Prediction of Protein Localization Sites

                    version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 1

    Position of the most N-terminal TMS: 2 at i = 1

MTOP: membrane topology (Hartmann et al.)

    I(middle): 9  Charge di�rence(C − N): 0.5

McG: Examining signal sequence (McGeoch)

    Length of UR:  6

    Peak Value of UR:  3.08

    Net Charge of CR: 0

    Discriminant Score:   5.12

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): −4.45

    Possible cleavage site: 34

>>> Seems to have an uncleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 1

ALOM new cnt: 1 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 1  value: −2.44  threshold: −2.0

    INTEGRAL Likelihood = −2.44  Transmembrane  2-18 (1-20)

    PERIPHERAL Likelihood =  1.22

    modi�ed ALOM score:  0.59

>>> Seems to be a Type II (Ncyt Cexo) membrane protein

    The cytoplasmic tail is from 1 to 1 (1 Residues)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

(5) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 5

    Uncleavable? Ipos set to: 15

Discrimination of mitochondrial target seq.:

    notclr (1.48)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

Relative position of the cytoplasmic tail: 1%

    Larger value (>30%) is favared for ER memb. proteins

Memb.protein with uncleavable signl is often at ER

KDEL   Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 15)  from: 64  to: 93  Score: 30.0

>>> Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):

    pos: −1(63), count: 0

Amino Acid Composition Tendency for Peroxisome: 1.91

Peroxisomal proteins? Status: notclr

    AAC score (peroxisome): 0.161

Amino Acid Composition tendency for lysosomal proteins

Accordingly, SEQ ID NO: 6047 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6047

or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6047 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6047 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6047 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6047 from associating with an organelle inside of an infected cell or

interacting with a host cell membrane. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6047. Predicted protein

localization of SEQ ID NO: 6047 is set forth below.

[0346]

[0347]
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    score: 0.04 Status: notclr

Checking the consensus for Golgi

Checking the consensus for Golgi

Checking the cytoplasmic tail of type II (Golgi)

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Check mitochondrial signal for typeII (plasma memb.)

Type II is favored for plasma memb. proteins

Checking the NPXY motif..

Checking the YXRF motif..

Checking N-myristoylation..

----- Final Results -----

plasma membrane --- Certainty = 0.685(A�rmative) <succ>

endoplasmic reticulum (membrane) --- Certainty = 0.640(A�rmative) <succ>

Golgi body --- Certainty = 0.370(A�rmative) <succ>

microbody (peroxisome) --- Certainty = 0.161(A�rmative) <succ>

T-epitopes for SEQ ID NO: 6047 are identi�ed in Table 21. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 9019-9131; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 9019-9131, or a polynucleotide encoding such a

polypeptide.

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0348]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0349]

from to score center

Inside to outside helices: 2 found

3 (3) 18 (18) 1857 10

100 (100) 117 (115) 2904 107

The invention includes a polypeptide comprising SEQ ID NO: 6048, a fragment thereof or an amino acid sequence having sequence identity thereto. Predicted

transmembrane regions of SEQ ID NO: 6048 are identi�ed below.

[0350]

[0351]
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Outside to inside helices: 2 found

1 (1) 15 (15) 1299 8

100 (100) 117 (115) 3009 107

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6048 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. Preferably, the fragment does not include the amino acids between positions selected from the group

consisting of 1 to 15 and 100 to 117. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

SEQ ID NO: 6048 is predicted to be a hypothetical protein of SARS virus. A prediction of the protein localization of SEQ ID NO: 6048 is set forth below. SEQ ID NO:

6048 is predicted to be located in one of the following locations: plasma membrane, lysosome (membrane), microbody (peroxisome), and endoplasmic

reticulum (membrane). SEQ ID NO: 6048 may be associated with an organelle inside an infected cell or may interact with a host cell plasma membrane during

viral entry to the host cell.

[0352]

PSORT --- Prediction of Protein Localization Sites

                    version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 2

    Position of the most N-terminal TMS: 3 at i = 2

MTOP: membrane topology (Hartmann et al.)

    I(middle): 10  Charge di�rence(C − N): −2.5

McG: Examining signal sequence (McGeoch)

    Length of UR:  13

    Peak Value of UR:  3.38

    Net Charge of CR: 1

    Discriminant Score:   10.02

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 2.56

    Possible cleavage site: 15

>>> Seems to have a cleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 16

ALOM new cnt: 2 ** thrshld change to −2

Cleavable signal was detected in ALOM?: 1B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 1  value: −14.75  threshold: −2.0

    INTEGRAL Likelihood = −14.75  Transmembrane 101-117 (95-120)

    PERIPHERAL Likelihood =  6.63

    modi�ed ALOM score:  3.05

>>> Seems to be a Type Ia membrane protein

    The cytoplasmic tail is from 118 to 122 (5 Residues)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

(15) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 15

    Uncleavable? Ipos set to: 25

Discrimination of mitochondrial target seq.:

    notclr (0.73)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

KDEL Count: 0

Checking apolar signal for intramitochondrial sorting

  (Gavel position 25)  from: 3  to: 12  Score: 8.5

SKL motif (signal for peroxisomal protein):

    pos: −1(122), count: 0

Amino Acid Composition Tendency for Peroxisome: 2.46

    AAC not from the N-term., score modi�ed

Peroxisomal proteins? Status: notclr

    AAC score (peroxisome): 0.115

Amino Acid Composition tendency for lysosomal proteins

    score: −0.40  Status: negative

GY motif in the tail of typeIa? (lysosomal)

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Accordingly, SEQ ID NO: 6048 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6048

or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6048 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6048 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6048 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6048 from associating with an organelle inside of an infected cell or prevents

the polypeptide from associating with the cell membrane of a host cell. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO:

6048. Predicted protein localization of SEQ ID NO: 6048 is set forth below.

[0353]

[0354]
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Nuclear Signal  Status: negative (0.00)

Type Ia is favored for plasma memb. proteins

Checking the NPXY motif..

Checking the YXRF motif..

Checking N-myristoylation..

Checking GPI anchor..

>>> Seems to be GPI-anchored (0.85)

----- Final Results -----

plasma membrane --- Certainty = 0.919(A�rmative) <succ>

lysosome (membrane) --- Certainty = 0.200(A�rmative) <succ>

microbody (peroxisome) --- Certainty = 0.115(A�rmative) <succ>

endoplasmic reticulum (membrane) --- Certainty = 0.100(A�rmative) <succ>

T-epitopes for SEQ ID NO: 6048 are identi�ed in Table 22. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 9132-9308; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 9132-9308, or a polynucleotide encoding such a

polypeptide.

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0355]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0356]

from to score center

The invention includes a polypeptide comprising SEQ ID NO: 6049, a fragment thereof or an amino acid sequence having sequence identity thereto. Predicted

transmembrane or hydrophobic regions of SEQ ID NO: 6049 are identi�ed below.

[0357]

[0358]
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from to score center

Inside to outside helices: 1 found

13 (13) 30 (28) 3532 20

Outside to inside helices: 1 found

 9 (11) 29 (26) 3395 19

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6049 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

SEQ ID NO: 6049 is predicted to be a hypothetical protein of SARS virus. A prediction of the protein localization of SEQ ID NO: 6049 is set forth below. SEQ ID NO:

6049 is predicted to be located in one of the following locations: outside, microbody (peroxisome), endoplasmic reticulum (membrane) and endoplasmic

reticulum (lumen). The highest ranking indicates that SEQ ID NO: 6049 is located on the outside of a cell. Accordingly, SEQ ID NO: 6049 may be a surface

exposed protein.

[0359]

Accordingly, SEQ ID NO: 6049 may be used in an immunogenic composition to raise an immune response against the SARS virus. It also may be used to

generate antibodies speci�c to the SARS virus. Such antibodies may be used in a method of treatment or prevention of a SARS virus infection. Such antibodies

may further be used in a diagnostic test to identify the presence or absence of SARS virus in a biological sample.

[0360]

PSORT --- Prediction of Protein Localization Sites

                    version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

    count: 1

    Position of the most N-terminal TMS: 11 at i = 1

MTOP: membrane topology (Hartmann et al.)

    I(middle): 18 Charge di�rence(C − N): −2.0

McG: Examining signal sequence (McGeoch)

    Length of UR:  24

    Peak Value of UR:  3.69

    Net Charge of CR: −2

    Discriminant Score:   13.56

GvH: Examining signal sequence (von Heijne)

    Signal Score (−3.5): 0.52

    Possible cleavage site: 25

>>> Seems to have a cleavable N-term signal seq.

Amino Acid Composition of Predicted Mature Form:

   calculated from 26

ALOM new cnt: 1 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 1B

ALOM: �nding transmembrane regions (Klein et al.)

    count: 0  value: 14.80  threshold: −2.0

    PERIPHERAL  Likelihood = 14.80

    modi�ed ALOM score: −3.86

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

(2) or uncleavable?

Gavel: Examining the boundary of mitochondrial targeting seq.

     motif at: 2

    Uncleavable? Ipos set to: 12

Discrimination of mitochondrial target seq.:

    notclr (1.42)

Rule: vesicular pathway

Rule: vesicular pathway

Rule: vesicular pathway

*** Reasoning Step: 2

KDEL   Count: 0

Number of Potential N-glycosylation Sites: 0

Out: score 0.800

Checking apolar signal for intramitochondrial sorting

  (Gavel position 12)  from: 44  to: 73  Score: 30.0

>>> Seems to have an intramitochondrial signal

SKL motif (signal for peroxisomal protein):

    pos: −1(44), count: 0

Amino Acid Composition Tendency for Peroxisome: 9.47

    AAC not from the N-term., score modi�ed

Peroxisomal proteins? Status: notclr

    AAC score (peroxisome): 0.320

Amino Acid Composition tendency for lysosomal proteins

    score: −6.47  Status: negative

Number of NX(S/T) motif: 0

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

The invention includes a polypeptide comprises SEQ ID NO: 6049 or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide

sequence of SEQ ID NO: 6049 or a fragment thereof. The invention includes a method of screening SEQ ID NO: 6049 for an inhibitor. The invention includes the

recombinant expression of SEQ ID NO: 6049 in a host cell. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6049.

Predicted protein localization of SEQ ID NO: 6049 is set forth below.

[0361]

[0362]
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Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal  Status: negative (0.00)

Checking CaaX motif..

Checking N-myristoylation..

Checking CaaX motif..

----- Final Results -----

outside --- Certainty = 0.820(A�rmative) <succ>

microbody (peroxisome) --- Certainty = 0.320(A�rmative) <succ>

endoplasmic reticulum (membrane) --- Certainty = 0.100(A�rmative)

<succ>

endoplasmic reticulum (lumen) --- Certainty = 0.100(A�rmative) <succ>

T-epitopes for SEQ ID NO: 6049 are identi�ed in Table 23. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 9309-9437; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 9309-9437, or a polynucleotide encoding such a

polypeptide.

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0363]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0364]

from to score center

Inside to outside helices: 1 found

13 (15) 32 (30) 558 23

The invention includes a polypeptide comprising SEQ ID NO: 6050 or a fragment thereof or an amino acid sequence having sequence identity thereto. Predicted

transmembrane or hydrophobic regions are identi�ed below.

[0365]

[0366]
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Outside to inside helices: 1 found

16 (16) 30 (30) 364 23

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6050 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

SEQ ID NO: 6050 is predicted to be a hypothetical protein of SARS virus. A prediction of the protein localization of SEQ ID NO: 6050 is set forth below. SEQ ID NO:

6050 is predicted to be located in one of the following locations: lysosome (lumen), mitochondrial matrix space, mitochondrial inner membrane, and

mitochondrial intermembrane space. SEQ ID NO: 6050 may be associated with an organelle inside an infected cell during the viral replication cycle.

[0367]

PSORT --- Prediction of Protein Localization Sites

version 6.4(WWW)

MYSEQ    84 Residues

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

 count: 0

McG: Examining signal sequence (McGeoch)

 Length of UR:  3

 Peak Value of UR:  1.46

 Net Charge of CR: 2

 Discriminant Score:   −5.73

GvH: Examining signal sequence (von Heijne)

 Signal Score (−3.5): −0.12

 Possible cleavage site: 29

>>> Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

 calculated from 1

ALOM new cnt: 0 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

 count: 0 value: 8.43 threshold: −2.0

 PERIPHERAL Likelihood = 8.43

 modi�ed ALOM score: −2.59

Gavel: Examining the boundary of mitochondrial targeting seq.

  motif at: 61

 ARCWYL

Discrimination of mitochondrial target seq.:

 positive (1.66)

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

Rule: mitochondrial protein

*** Reasoning Step: 2

KDEL Count: 0

Checking apolar signal for intramitochondrial sorting

 (Gavel position 61) from: 52 to: 58 Score: 6.0

Mitochondrial matrix? Score: 0.38

SKL motif (signal for peroxisomal protein):

 pos: −1(84), count: 0

Amino Acid Composition Tendency for Peroxisome: 1.47

Peroxisomal proteins? Status: notclr

 AAC score (peroxisome): 0.263

Amino Acid Composition tendency for lysosomal proteins

 score: 2.86 Status: positive

Modi�ed score for lysosome: 0.850

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

Checking the RNA binding motif (nucleus or cytoplasm)

Nuclear Signal Status: negative (0.00)

Checking CaaX motif..

Checking N-myristoylation..

Checking CaaX motif..

----- Final Results -----

lysosome (lumen) --- Certainty = 0.850(A�rmative) < succ>

mitochondrial matrix space --- Certainty = 0.544(A�rmative) < succ>

mitochondrial inner membrane --- Certainty = 0.266(A�rmative) < succ>

mitochondrial intermembrane space --- Certainty = 0.266(A�rmative)

< succ>

Accordingly, SEQ ID NO: 6050 is a target for screening of chemical inhibitors to the SARS virus. The invention includes a polypeptide comprises SEQ ID NO: 6050

or a fragment thereof. The invention includes a polynucleotide encoding the polypeptide sequence of SEQ ID NO: 6050 or a fragment thereof. The invention

includes a method of screening SEQ ID NO: 6050 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6050 in a host cell. The

invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6050 from associating with an organelle inside of an infected cell or prevents

the polypeptide from associating with the cell membrane of a host cell. The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO:

6050. Predicted protein localization of SEQ ID NO: 6050 is set forth below.

[0368]

One predicted N-glycosylation sites of SEQ ID NO: 6050 is identi�ed at residue 43:

[0369]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

32 of 328 03.08.23, 17:42



Jury NGlyc

Position Potential agreement result

43 NVTI 0.6713 (9/9) ++ (SEQ ID NO: 7269)

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6050 wherein said fragment comprises the

N-glycosylation site identi�ed above. The invention further comprises a polynucleotide encoding one or more of the polypeptides identi�ed above.

[0370]

The invention further comprises a polypeptide comprising a fragment of amino acid sequence SEQ ID NO: 6050 wherein said fragment does not include the

N-glycosylation site identi�ed above. The invention includes a polynucleotide encoding such a fragment.

[0371]

T-epitopes for SEQ ID NO: 6050 are identi�ed in Table 24. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 9438-9538; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 9438-9538, or a polynucleotide encoding such a

polypeptide.

[0372]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0373]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0374]

The invention includes a polypeptide sequence comprising SEQ ID NO: 6051 or a fragment thereof or an amino acid sequence having sequence identity thereto.

The invention includes a polypeptide sequence comprising SEQ ID NO: 6052 or a fragment thereof or an amino acid sequence having sequence identity thereto.

[0375]

SEQ ID NO: 6051 and SEQ ID NO: 6052 demonstrate functional homology with a nucleocapsid protein of a coronavirus. The invention includes a diagnostic kit

comprising a polypeptide comprising SEQ ID NO: 6051, SEQ ID NO: 6052 or a fragment thereof. The invention includes a diagnostic kit comprising a

polynucleotide encoding SEQ ID NO: 6051, SEQ ID NO: 6052 or a fragment thereof. The invention includes an immunogenic composition comprising SEQ ID NO:

6051, SEQ ID NO: 6052 or a fragment thereof. The invention includes an antibody which recognizes a polypeptide comprising SEQ ID NO: 6051, SEQ ID NO: 6052

or a fragment thereof.

[0376]

SEQ ID NO: 6051 is predicted to be phosphorylated at Ser-79; Thr-92; Ser-106; Thr-116; Thr-142; Ser-184; Ser-188; Ser-202; Ser-236; Thr-248; Ser-251; Ser-256;

Thr-377. Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6051 wherein said fragment includes one or more of the amino

acid residues of SEQ ID NO: 6051 selected from the group consisting of Ser-79; Thr-92; Ser-106; Thr-116; Thr-142; Ser-184; Ser-188; Ser-202; Ser-236; Thr-248;

Ser-251; Ser-256; Thr-377. The invention further includes a polypeptide comprising a fragment of SEQ ID NO: 6051 wherein said fragment does not include one or

more of the amino acid residues of SEQ ID NO: 6051 selected from the group consisting of Ser-79; Thr-92; Ser-106; Thr-116; Thr-142; Ser-184; Ser-188; Ser-202;

Ser-236; Thr-248; Ser-251; Ser-256; Thr-377. Two further useful fragments of the N protein (e.g. for immunoassay) are SEQ ID NOS: 9783 & 9784, which are

lysine-rich and can be used to distinguish the SARS virus from other coronaviruses.

[0377]

from to score center

Inside to outside helices: 1 found

304 (304) 323 (319) 495 312

Outside to inside helices: 2 found

304 (304) 319 (319) 597 312

Predicted transmembrane regions of SEQ ID NO: 6051 are identi�ed below.[0378]

Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 6051 wherein said fragment does not include one or more of the

hydrophobic amino acid sequences identi�ed above. The invention also includes a polynucleotide sequence encoding any of the above-identi�ed polypeptides.

[0379]

Predicted protein localization of SEQ ID NO: 6051 is set forth below. SEQ ID NO: 6051 is predicted to be localized near the nucleus, lysosome (lumen),

mitochondrial matrix space, and microbody (peroxisome). The highest ranking is for localization near the nucleus. Coronavirus nucleocapsid proteins are known

to bind to viral RNA. Coronavirus nucleocapsid proteins are also thought to be important for cell mediated immunity. Accordingly, the invention includes a

polynucleotide comprising SEQ ID NO: 6051. The invention further includes a viral vector or particle suitable for in vivo delivery of the polynucleotide sequence

comprising a SARS virus nucleocapsid polynucleotide sequence or a fragment thereof. In one embodiment, the polynucleotide comprises SEQ ID NO: 6051 or a

fragment thereof. The invention further includes a method for eliciting a cell mediated immune response comprising delivering a polynucleotide encoding a

SARS virus nucleocapsid protein or a fragment thereof to a mammal. In one embodiment, the polynucleotide comprising SEQ ID NO: 6051 or a fragment thereof.

[0380]

PSORT --- Prediction of Protein Localization Sites

version 6.4(WWW)

Species classi�cation: 4

*** Reasoning Step: 1

Preliminary Calculation of ALOM (threshold: 0.5)

 count: 0

McG: Examining signal sequence (McGeoch)

 Length of UR: 3

 Peak Value of UR: 0.19

 Net Charge of CR: 0

 Discriminant Score:  −15.98

GvH: Examining signal sequence (von Heijne)

 Signal Score (−3.5): −6.36

 Possible cleavage site: 58

>>> Seems to have no N-terminal signal seq.

Amino Acid Composition of Predicted Mature Form:

 calculated from 1

ALOM new cnt: 0 ** thrshld changed to −2

Cleavable signal was detected in ALOM?: 0B

ALOM: �nding transmembrane regions (Klein et al.)

 count: 0 value: 5.04 threshold: −2.0

 PERIPHERAL Likelihood = 5.04

 modi�ed ALOM score: −1.91

Gavel: Examining the boundary of mitochondrial targeting seq.

  motif at: 17

 PRITFG

The invention further includes a method of screening SEQ ID NO: 6051 for an inhibitor. The invention includes the recombinant expression of SEQ ID NO: 6051 in

a host cell. The invention includes a small molecule which prevents the polypeptide of SEQ ID NO: 6051 from binding to SARS virus RNA during viral replication.

The invention includes a fusion protein wherein said fusion protein comprises SEQ ID NO: 6051. Predicted protein localization of SEQ ID NO: 6051 is set forth

below.

[0381]

[0382]
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Discrimination of mitochondrial target seq.:

 negative (−3.97)

*** Reasoning Step: 2

KDEL Count: 0

Checking apolar signal for intramitochondrial sorting

Mitochondrial matrix? Score: 0.10

SKL motif (signal for peroxisomal protein):

 pos: −1(399), count: 0

Amino Acid Composition Tendency for Peroxisome: 0.04

Peroxisomal proteins? Status: notclr

 AAC score (peroxisome): 0.072

Amino Acid Composition tendency for lysosomal proteins

 score: 0.96 Status: notclr

Modi�ed score for lysosome: 0.246

Checking the amount of Basic Residues (nucleus)

Checking the 4 residue pattern for Nuclear Targeting

 Found: pos: 256 (4) KKPR

 Found: pos: 372 (5) KKKK

Checking the 7 residue pattern for Nuclear Targeting

Checking the Robbins & Dingwall consensus (nucleus)

 Found: pos: 372 (3) KK KKTDEAQPLP QRQKK

Found: pos: 373 (3) KK KTDEAQPLPQ RQKKQ

Final Robbins Score (nucleus): 0.80

Checking the RNA binding motif (nucleus or cytoplasm)

nuc modi�ed. Score: 0.90

Nuclear Signal Status: positive (0.90)

Checking CaaX motif..

Checking N-myristoylation..

Checking CaaX motif..

----- Final Results -----

nucleus --- Certainty = 0.980(A�rmative) < succ>

lysosome (lumen) --- Certainty = 0.246(A�rmative) < succ>

mitochondrial matrix space --- Certainty = 0.100(A�rmative) < succ>

microbody (peroxisome) --- Certainty = 0.072(A�rmative) < succ>

Jury NGlyc

Position Potential agreement result

 48 NNTA 0.6879 (9/9) ++ (SEQ ID NO: 7270)

270 NVTQ 0.7684 (9/9) +++ (SEQ ID NO: 7271)

Predicted N-glycosylation sites of SEQ ID NO: 6051 are identi�ed below.

Residue No. Potential Threshold Assignment

Thr

166 0.8547 0.6439 T

Thr

367 0.5575 0.5403 T

Thr 394 0.8217 0.5821 T

[0383]

Accordingly, the invention comprises a polypeptide comprising a fragment of the amino acid sequence of SEQ ID NO: 6051 wherein said fragment comprises one

or more of the N-glycosylation sites identi�ed above. The invention further comprises a polynucleotide encoding one or more of the polypeptides identi�ed

above.

[0384]

The invention further comprises a polypeptide comprising a fragment of amino acid sequence SEQ ID NO: 6051 wherein said fragment does not include one or

more of the N-glycosylation sites identi�ed above. The invention includes a polynucleotide encoding such a fragment.

[0385]

T-epitopes for SEQ ID NO: 6052 are identi�ed in Table 25. The invention includes a polypeptide for use as an antigen, wherein the polypeptide comprises: (a) an

amino acid sequence selected from the group consisting of the T-epitope sequences identi�ed in SEQ ID NOS: 9539-9752; (b) an amino acid sequence having

sequence identity to an amino acid sequence of (a). The invention further comprising a polynucleotide sequence encoding the polypeptides of (a) or (b). The

invention further comprising a method of expression or delivery of such polynucleotides through viral vectors and/or viral particles. The invention further

comprises a polypeptide comprising two or more of the T-epitope sequences identi�ed in SEQ ID NOS: 9539-9752, or a polynucleotide encoding such a

polypeptide.

[0386]

A variant of SEQ ID NO: 6052 that is included within the invention is SEQ ID NO: 9964. Compared to SEQ ID NO: 6052, this sequence has Ile at residue 54 instead

of Thr.

[0387]

The use as an antigen is preferably a use: (1) as a T-cell antigen; (2) for generating a complex between a class I MHC protein (e.g. a class I HLA) and a fragment

of said antigen; (3) as an antigen for raising a cell-mediated immune response; and/or (4) as an antigen for raising a CTL response. The use preferably protects

or treats disease and/or infection caused by a SARS virus. The invention provides the use of a polypeptide in the manufacture of a medicament for immunising a

mammal (typically a human) against SARS viral infection wherein the polypeptide is as de�ned above.

[0388]

The invention provides a method of raising an immune response in a mammal (typically a human), comprising the step of administering to the mammal a

polypeptide as de�ned above, wherein said immune response is a cell-mediated immune response and, preferably, a CTL response. The immune response is

preferably protective or therapeutic.

[0389]

The invention includes a composition comprising a SARS virus nucleocapsid protein or a fragment thereof and further comprising a SARS virus membrane

protein or a fragment thereof. The composition may further comprising one or more adjuvants discussed below.

[0390]

The invention further includes a composition comprising a polypeptide comprising SEQ ID NO: 6051 or a fragment thereof or a sequence having sequence

identity thereto and further comprising a polypeptide comprising SEQ ID NO: 6040, or a fragment thereof or a sequence having sequence identity thereto. Such

composition may be used, for instance, in a vaccine. Such composition may further comprise one or more adjuvants discussed below.

[0391]

The invention includes a composition comprising a SARS virus nucleocapsid protein or a fragment thereof and a SARS virus spike protein or a fragment thereof.

In one embodiment the nucleocapsid protein comprises a polypeptide sequence comprising SEQ ID NO: 6051 or a fragment thereof or a sequence having

sequence identity thereto. In one embodiment, the spike protein comprises a polynucleotide comprising SEQ ID NO: 6042 or a fragment thereof or a sequence

having sequence identity thereto. The composition may further comprise one or more of the adjuvants discussed below.

[0392]

The invention further includes a composition comprising antibodies speci�c to a SARS virus nucleocapsid protein and comprising antibodies speci�c to a SARS

virus spike protein. In one embodiment the antibody is speci�c to a nucleocapsid protein comprises a polypeptide sequence comprising SEQ ID NO: 6051 or a

fragment thereof or a sequence having sequence identity thereto. In one embodiment, the antibody is is speci�c to a spike protein comprises a polynucleotide

[0393]
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comprising SEQ ID NO: 6042 or a fragment thereof or a sequence having sequence identity thereto.

The invention further includes polynucleotide sequences, and fragments thereof, of a SARS virus which are conserved among coronaviruses, and polypeptides

encoded thereby. Such conserved sequences can be identi�ed in the alignments shown in FIG. 7. Such conserved sequences may be used in the vaccines of the

invention or in the diagnostic reagents, kits and methods of the invention.

[0394]

The invention further includes polynucleotide sequences, and fragments thereof, of a SARS virus which are speci�c to SARS virus and not shared with

coronaviruses. Such SARS speci�c sequences are also identi�ed as SEQ ID NOS: 6040, 6043, 6044, 6047, 6048, 6049 and 6050. Such SARS speci�c sequences

may be used in the vaccines of the invention or in the diagnostic reagents, kits and methods of the invention.

[0395]

The invention also includes polynucleotide sequences which can be used as probes or primers for diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide

sequence comprising one or more of the primer sequences identi�ed in SEQ ID NOS: 6076-6265 (Table 5). The invention further includes polynucleotide

sequence comprising the complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 6076-6265.

[0396]

The invention also includes polynucleotide sequences which can be used as probes or primers for diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide

sequence comprising one or more of the primer sequences identi�ed in SEQ ID NOS: 6266-6343 (Table 6). The invention further includes polynucleotide

sequence comprising the complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 6266-6343.

[0397]

The invention also includes polynucleotide sequences which can be used as probes or primers for diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide

sequence comprising one or more of the primer sequences identi�ed in SEQ ID NOS: 6344-6392 (Table 7). The invention further includes polynucleotide

sequence comprising the complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 6344-6392.

[0398]

The invention also includes polynucleotide sequences which can be used as probes or primers for diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide

sequence comprising one or more of the primer sequences identi�ed in SEQ ID NOS: 6393-6559 (Tables 8 & 9). The invention further includes polynucleotide

sequence comprising the complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 6393-6559.

[0399]

The invention also includes polynucleotide sequences which can be used as probes or primers for diagnostic reagents, kits (comprising such reagents) and

methods which can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide

sequence comprising one or more of the primer and probe sequences identi�ed in SEQ ID NOS: 6560-6568. The invention further includes polynucleotide

sequence comprising the complement of one or more of the primer sequences identi�ed in SEQ ID NOS: 6560-6568.

[0400]

The invention includes a polypeptide sequence comprising any one of even-numbered SEQ ID NOS: 7272-7290, or a fragment thereof, or a sequence having

sequence identity thereto. The invention further includes a polynucleotide sequence encoding any one of even-numbered SEQ ID NOS: 7272-7290, or a fragment

thereof, or a sequence having sequence identity thereto. Examples of such polynucleotide sequences are odd-numbered SEQ ID NOS: 7273-7291.

[0401]

The invention includes a polynucleotide sequence comprising an intergenic sequence which is common to each open reading frame of the SARS virus. The SARS

virus is thought to use this sequence to signal translation of the open reading frame. The intergenic sequence comprises a 10 mer SEQ ID NO: 7292, or optionally

a hexamer SEQ ID NO: 7293. When the virus transcribes its positive (+) RNA strand to (−) RNA strand, the virus replicating structure uses the (−) strand template

to transcribe nucleotides at the 5′ end prior to the �rst intergenic sequence, followed by the intergenic sequence, followed by the selected open reading frame.

The virus then creates multiple mRNAs comprising the 5′ end, the intergenic sequence and coding sequence. For more details on Nidovriales replication

(including Coronavirus) see e.g., Ziebuhr et al., “Virus-encoded proteinases and proteolytic processing in the Nidovirales”, Journal of General Virology 81:853-879

(2000), incorporated herein by reference in its entirety.

[0402]

The invention comprising a polynucleotide sequence comprising SEQ ID NO: 7292 or the complement thereof. The invention comprising a polynucleotide

sequence comprising SEQ ID NO: 7293 or the complement thereof. The invention further comprises a polynucleotide sequence comprising nucleotides from the

5′ end of the SARS viral genome, or its reverse complement, and farther comprising an intergenic sequence or its reverse complement. The polynucleotide may

further comprise one or more of the SARS virus open reading frames. Examples of polynucleotide sequences comprising nucleotides from the 5′ end of the

SARS virus genome followed by the intergenic sequence are SEQ ID NOS: 7294-7301.

[0403]

The invention includes a polynucleotide sequence comprising a sequence selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO:

7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301, or a fragment thereof, or a

sequence having sequence identity thereto. In one embodiment, the polynucleotide does not consist entirely of a known SARS virus sequence.

[0404]

The SARS virus intergenic sequence can be used to create a RNAi molecule. Such a SARS virus speci�c RNAi molecule can be used to treat SARS virus infection.

The invention includes a RNAi molecule comprising a double stranded RNA molecule wherein one RNA strand comprises a sequence selected from the group

consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ

ID NO: 7300 and SEQ ID NO: 7301, or a fragment thereof. Preferably, said RNA strand comprises a sequence selected from the group consisting of SEQ ID NO:

7292 and SEQ ID NO: 7293. Preferably, the other RNA strand comprises the reverse complement of the �rst strand or a polynucleotide sequence which

hybridizes to the �rst strand.

[0405]

The invention includes the use of RNAi in a method of treatment for SARS virus infection comprising administering to a mammal an effective amount of the si

RNA molecule. Preferably, the RNAi molecule comprises the molecule described above. Further discussion of the RNAi applications of the intergenic sequence is

included in section IV of the speci�cation below.

[0406]

The invention also includes the use of a SARS virus antisense nucleotide sequence, preferably antisense directed to the SARS virus intergenic sequence. Such an

antisense sequence may be used in the treatment of a subject infected with the SARS virus. The antisense of the SARS virus intergenic sequence can be

designed to bind to the SARS viral polynucleotides to block access of the viral replication machinery to the intergenic sequence. Such an antisense sequence

may also be used to identify the presence or absence of a SARS virus in a biological sample. The antisence can itself be labeled or the antisense associated with

viral polynucleotides can be detected by means known in the art.

[0407]

Antisense nucleic acids are designed to speci�cally bind to RNA, resulting in the formation of RNA-DNA or RNA-RNA hybrids, with an arrest of DNA replication,

reverse transcription or messenger RNA translation. Antisense polynucleotides based on a selected sequence can interfere with expression of the corresponding

gene. Antisense polynucleotides will bind and/or interfere with the translation of the corresponding mRNA.

[0408]

The invention also includes the use of the intergenic region with a ribozyme.[0409]

Trans-cleaving catalytic RNAs (ribozymes) are RNA molecules possessing endoribonuclease activity. Ribozymes are speci�cally designed for a particular target,

and the target message must contain a speci�c nucleotide sequence. They are engineered to cleave any RNA species site-speci�cally in the background of

cellular RNA. The cleavage event renders the mRNA unstable and prevents protein expression. Importantly, ribozymes can be used to inhibit expression of a

gene of unknown function for the purpose of determining its function in an in vitro or in vivo context, by detecting the phenotypic effect.

[0410]

One commonly used ribozyme motif is the hammerhead, for which the substrate sequence requirements are minimal. Design of the hammerhead ribozyme is

disclosed in Usman et al., Current Opin. Struct. Biol. (1996) 6:527-533. Usman also discusses the therapeutic uses of ribozymes. Ribozymes can also be prepared

and used as described in Long et al., FASEB J. (1993) 7:25; Symons, Ann. Rev. Biochem. (1992) 61:641; Perrotta et al., Biochem. (1992) 31:16-17; Ojwang et al.,

Proc. Natl. Acad. Sci. (USA) (1992) 89:10802-10806; and U.S. Pat. No. 5,254,678. Ribozyme cleavage of HIV-I RNA is described in U.S. Pat. No. 5,144,019;

methods of cleaving RNA using ribozymes is described in U.S. Pat. No. 5,116,742; and methods for increasing the speci�city of ribozymes are described in U.S.

Pat. No. 5,225,337 and Koizumi et al., Nucleic Acid Res. (1989) 17:7059-7071. Preparation and use of ribozyme fragments in a hammerhead structure are also

described by Koizumi et al., Nucleic Acids Res. (1989) 17:7059-7071. Preparation and use of ribozyme fragments in a hairpin structure are described by Chowrira

& Burke, Nucleic Acids Res. (1992) 20:2835. Ribozymes can also be made by rolling transcription as described in Daubendiek & Kool, Nat. Biotechnol. (1997)

15(3):273-277.

[0411]

The hybridizing region of the ribozyme may be modi�ed or may be prepared as a branched structure as described in Horn & Urdea, Nucleic Acids Res. (1989)

17:6959-67. The basic structure of the ribozymes may also be chemically altered in ways familiar to those skilled in the art, and chemically synthesized

ribozymes can be administered as synthetic oligonucleotide derivatives modi�ed by monomeric units. In a therapeutic context, liposome mediated delivery of

ribozymes improves cellular uptake, as described in Birikh et al., Eur. J. Biochem. (1997) 245:1-16.

[0412]

Therapeutic and functional genomic applications of ribozymes proceed beginning with knowledge of a portion of the coding sequence of the gene to be

inhibited. In the present invention, the target sequence preferably comprises the intergeneic sequence of the SARS virus. Preferably, the sequence is selected

from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. A target cleavage site is selected in the target sequence, and a ribozyme is constructed

based on the 5′ and 3′ nucleotide sequences that �ank the cleavage site. Preferably, the 5′ nucleotide sequence includes the 5′ untranslated region of the SARS

virus. The ribozyme may then further be constructed from one or more of the polynucleotide sequences selected from the group consisting of SEQ ID NO: 7294,

SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301.

[0413]

Antisense treatment of HIV infection is described in the following references, each of which is incorporated herein by reference in their entirety. (antisense RNA

complementary to the mRNA of gag, tat, rev, env) (Sezakiel et al., 1991, J. Virol. 65:468-472; Chatterjee et al., 1992, Science 258:1485-1488; Rhodes et al., 1990,

[0414]
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J. Gen. Virol. 71:1965. Rhodes et al., 1991, AIDS 5:145-151; Sezakiel et al., 1992, J. Virol. 66:5576-5581; Joshi et al., 1991, J. Virol. 65:5524-5530).

The invention includes the use of decoy RNA to disrupt the SARS virus replication and life cycle. Methods of making and using such decoy RNA for treatment of

a viral infection are known in the art. The invention includes delivery of genes encoding, for example, the SARS virus intergenic sequence, to infected cells.

Preferably, the sequence comprises one or more of the sequences selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294,

SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301. Preferably, the sequence

comprises one or more of the sequences selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the sequence comprises SEQ

ID NO: 7293.

[0415]

In the present invention, delivery of intergenic sequence which is not linked to the SARS virus open reading frames disrupts the translation process of the viral

RNA and decreases the production of vial proteins. Similar methods of treatment for HIV viral infection have been described. The following references discuss

the use of decoy RNA of HIV TAR or RRE for treatment of HIV infection. Each of these references is incorporated herein by reference in their entirety. (Sullenger

et al., 1990, Cell 63:601-608; Sullenger et al., 1991, J. Virol. 65:6811-6816; Lisziewicz et al., 1993, New Biol. 3:82-89; Lee et al., 1994, J. Virol. 68:8254-8264),

ribozymes (Sarver et al., 1990, Science 247:1222-1225; Wecrasinghe et al., 1991, J. Virol. 65:5531-5534; Dropulic et al., 1992, J. Virol. 66:1432-1441; Ojwang et

al., 1992, Proc. Natl. Acad. Sci. USA. 89:10802-10806; Yu et al., 1993, Proc. Natl. Acad. Sci. USA. 90:6340-6344; Yu et al., 1995, Proc. Natl. Acad. Sci. USA.

92:699-703; Yamada et al., 1994, Gene Therapy 1:38-45).

[0416]

The invention includes the use of the SARS virus intergenic sequence in diagnostic reagents, kits (comprising such reagents) and methods which can be used to

diagnose or identify the presence or absence of a SARS virus in a biological sample. Such diagnostic reagents, kits, and methods are further discussed in

Section II of the speci�cation.

[0417]

The invention includes a pair of primers for amplifying a SARS polynucleotide sequence comprising (i) a �rst primer comprising a sequence which is

substantially identical to a portion of a sequence selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295,

SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301 and (ii) a second primer comprising a sequence

which is substantially complementary to a portion of a sequence selected from the group consisting of the sequence SEQ ID NO: 1 and the sequence SEQ ID NO:

2, such that the primer pair (i) and (ii) de�nes a template sequence within a sequence from the group consisting of the sequence SEQ ID NO: 1 and the sequence

SEQ ID NO: 2. Preferably, the (i) �rst primer comprises a sequence which is substantially identical to a portion of a sequence selected from the group consisting

of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the (i) �rst primer comprises a sequence which is substantially identical to a portion of the sequence of

SEQ ID NO: 7293. The amplicon de�ned by said �rst and second primers is preferably between 50 and 250 nucleotides in length. The primers may optionally be

labeled to facilitate their detection. Methods and compositions for use in labeling primers are discussed further in the application in Section III.

[0418]

The invention further includes a pair of primers for amplifying a SARS polynucleotide sequence comprising (i) a �rst primer comprising a sequence which is

substantially identical to a portion of the complement of a portion of a sequence selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ

ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301 and (ii) a second

primer comprising a sequence which is substantially complementary to a portion of the complement of a sequence selected from the group consisting of the

sequence SEQ ID NO: 1 and the sequence SEQ ID NO: 2, such that the primer pair de�nes a template sequence within a sequence selected from the group

consisting of the sequence SEQ ID NO: 1 and the sequence SEQ ID NO: 2. The amplicon de�ned by said �rst and second primers is preferably between 50 and

250 nucleotides in length. The primers may optionally be labeled to facilitate their detection. Methods and compositions for use in labeling primers are

discussed further in the application in Section III.

[0419]

The invention includes a kit comprising (i) a �rst primer comprising a sequence which is substantially identical to a portion of a sequence selected from the

group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO: 7298, SEQ ID NO:

7299, SEQ ID NO: 7300 and SEQ ID NO: 7301 and (ii) a second primer comprising a sequence which is substantially complementary to a portion of a sequence

selected from the group consisting of the sequence SEQ ID NO: 1 and the sequence SEQ ID NO: 2, such that the primer pair (i) and (ii) de�nes a template

sequence within a sequence from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2. Preferably, the (i) �rst primer comprises a sequence which is

substantially identical to a portion of a sequence selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the (i) �rst primer

comprises a sequence which is substantially identical to a portion of the sequence of SEQ ID NO: 7293. The primers may optionally be labeled to facilitate their

detection. Methods and compositions for use in labeling primers are discussed further in the application in Section III.

[0420]

Other preferred kits comprise (i) a �rst primer comprising a sequence which is substantially identical to a portion of the complement of a portion of a sequence

selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO:

7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301 and (ii) a second primer comprising a sequence which is substantially complementary to a

portion of the complement of a sequence selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2, such that the primer pair de�nes a template

sequence within a sequence selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2.

[0421]

The invention further includes an attenuated SARS virus for use as a vaccine wherein the intergenic region has been mutated to reduce expression of the viral

structural or nonstructural proteins. The attenuated SARS virus may comprises one or more additions, deletions or insertion in one or more of the intergenic

regions of the viral genome. Preferably, the attenuated SARS virus comprises an addition, deletion or insertion in one or more occurrences of the sequence

selected from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the addition, deletion or insertion occurs in one or more occurrences of

SEQ ID NO: 7293.

[0422]

The invention further comprises a small molecule which inhibits binding or association of the SARS viral replication machinery, such as a ribonucleoprotein, with

the intergenic region of the viral genome. Preferably, the small molecule inhibits binding or association of the SARS viral machinery with a sequence selected

from the group consisting of SEQ ID NO: 7292 and SEQ ID NO: 7293. Preferably, the small molecule inhbiits binding or association of the SARS viral machinery

with SEQ ID NO: 7293. The invention further includes a method of screening for a small molecule for treatment of SARS viral infection comprising using an assay

to identify a small molecule which interferes with the association of the SARS viral replication machinery with the intergenic region of the SARS viral genome.

[0423]

The invention further provides a novel SARS polynucleotide sequence SEQ ID NO: 9968. All six reading frames of this 690 mer sequence are shown in FIG. 113.

The constituent amino acid sequences from FIG. 113, having at least 4 amino acids, are listed as SEQ ID NOS: 9969 to 10032.

[0424]

Accordingly the invention includes a polynucleotide sequence comprising SEQ ID NO: 9968. It also provides polynucleotide sequences having sequence identity

to SEQ ID NO: 9968. The degree of sequence identity is preferably greater than 50% (e.g., 60%, 70%, 80%, 85%, 88%, 90%, 92%, 95%, 99% or more).

[0425]

The invention includes an amino acid sequence encoded by the polynucleotide sequence of SEQ ID NO: 9968, including the amino acid sequences selected from

the group consisting of SEQ ID NOS: 9969 to 10032. Preferably, the amino acid sequence comprises SEQ ID NO: 9997 or comprises SEQ ID NO: 9998.

[0426]

The invention also provides amino acid sequences having sequence identity to an amino acid sequence encoded by SEQ ID NO: 9968. The invention provides

amino acids having sequence identity to an amino acid sequence selected from the group consisting of SEQ ID NOS: 9969 to 10032. The degree of sequence

identity is preferably greater than 50% (e.g., 60%, 70%, 80%, 85%, 88%, 90%, 92%, 95%, 99% or more).

[0427]

A portion of SEQ ID NO: 9968 matches with approximately 98% identity to a previously published SARS polynucleotide sequence, commonly referred to as

“BNI-1” (SEQ ID NO: 10033). BNI-1 was sequenced at Bernhard Nocht Institute for Tropical Medicine, National Reference Center for Tropical Infectious Diseases

in Hamburg, Germany. The BNI-1 sequence was published on the WHO website on Apr. 4, 2003 at http://www.who.int/csr/sars/primers/en and in Dorsten et al.,

“Identi�cation of a Novel Coronavirus in Patients with Severe Acute Respiratory Syndrome”, New England Journal of Medicine, published online at

http://www.nejm.org on Apr. 10, 2003. Both references are incorporated herein by reference in their entirety. The six reading frames of this 302 mer sequence are

shown in FIG. 114 (see also FIG. 129). The constituent amino acid sequences from FIG. 114, having at least 4 amino acids, are listed as SEQ ID NOS: 10034 to

10065. An alignment of SEQ ID NO: 10034 with SEQ ID NO: 9997 is shown in FIG. 130.

[0428]

The invention provides for polynucleotide sequences comprising fragments of SEQ ID NO: 9968. In one embodiment, the fragment does not consist entirely of

SEQ ID NO: 10033 or of a known coronavirus.

[0429]

The invention provides for amino acid sequences comprising fragments of an amino acid sequence encoded by SEQ ID NO: 9968. In one embodiment, the

fragment does not consist entirely of an amino acid sequence encoded by SEQ ID NO: 10033 or a known coronavirus.

[0430]

The invention provides for amino acids comprising fragments of an amino acid sequence selected from the group consisting of SEQ ID NOS: 9969 to 10032. In

one embodiment, the fragment does not consist entirely of an amino acid sequence encoded by the polynucleotide sequence of SEQ ID NO: 10033 or a known

coronavirus.

[0431]

Approximately 100 nucleotides at the 5′ end of SEQ ID NO: 9968 do not match any portion of the BNI-1 polynucleotide sequence (SEQ ID NO: 10033). This

unmatched portion is set forth as SEQ ID NO: 10066. The invention thus further provides a polynucleotide comprising the sequence comprising SEQ ID NO:

10066, polynucleotide sequences having sequence identity to SEQ ID NO: 10066, or polynucleotide sequences comprising fragments of SEQ ID NO: 10066.

[0432]

The invention further comprises an amino acid sequence encoded by SEQ ID NO: 10066, an amino acid sequence having sequence identity to an amino acid

sequence encoded by SEQ ID NO: 10066, or an amino acid sequence comprising fragments of an amino acid sequence encoded by SEQ ID NO: 10066.

Preferably, the amino acid sequence comprises SEQ ID NO: 10067.

[0433]

SEQ ID NO: 9997/9998 demonstrates homology with the a region of pol 1ab of several coronaviruses. FIG. 115 shows an alignment of SEQ ID NOS: 9997/9998 to[0434]
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amino acid sequences for pol 1ab of bovine coronavirus (SEQ ID NO: 10068), avian infectious bronchitis virus (SEQ ID NO: 10069) and murine hepatitis virus

(SEQ ID NO: 10070). A consensus amino acid sequence of SEQ ID NOS: 9997/9998, SEQ ID NO: 10068, SEQ ID NO: 10069, and SEQ ID NO: 10070 is shown in the

bottom row of the alignment in FIG. 115 (e.g. SEQ ID NO: 10071).

As shown in FIG. 113, the polynucleotide sequence encoding SEQ ID NO: 9997 has a stop codon after codon 205, between SEQ ID NOS: 9997 and 9998.

Optionally, the stop codon can be removed and the amino acid sequence continued (SEQ ID NO: 10072). Accordingly, the invention provides for an amino acid

sequence comprising SEQ ID NO: 9997 and/or SEQ ID NO: 9998, or SEQ ID NO: 10072, and further comprising an amino acid sequence encoding for the

C-terminus of a coronavirus pol 1ab gene or a fragment thereof.

[0435]

As shown in FIG. 115, SEQ ID NOS: 10068, 10069, 10070 and 10071 contain amino acids prior to the N-terminus of SEQ ID NO: 9997. The invention also provides

for an amino acid sequence comprising SEQ ID NO: 9997 and further comprising an amino acid sequence encoding for the N-terminus of a coronavirus pol1ab

protein or a fragment thereof.

[0436]

The pol1ab sequences on FIG. 115 contain a coding region indicated on the schematic of FIG. 117 by a “*”. In FIG. 115, the beginning of this genomic region is

designated by the arrow crossing in front of amino acid 6080 of the consensus sequence SEQ ID NO: 10071. The end of this genomic region is designated by the

arrow crossing in front of amino acid 6604 of the consensus sequence. The invention provides for an amino acid sequence comprising SEQ ID NO: 9997 and/or

SEQ ID NO: 9998, or SEQ ID NO: 10072, and further comprising a �rst amino sequence prior to the N-terminus of said SEQ ID NO: 9997 and/or SEQ ID NO: 9998,

or SEQ ID NO: 10072, wherein said �rst amino acid sequence has homology to an N-terminus sequence of a known coronavirus pol 1ab “*” protein or a fragment

thereof.

[0437]

The invention further provides for an amino acid sequence comprising SEQ ID NO: 9997 and SEQ ID NO: 9998, wherein the stop codon after SEQ ID NO: 9971 is

removed (i.e. SEQ ID NO: 10072), and further comprising a second amino acid sequence following the C terminus of SEQ ID NO: 9998, wherein said second

amino acid sequence is homologous with a C terminus of a known coronavirus pol 1ab “*” protein or a fragment thereof.

[0438]

Examples of such proteins are shown aligned in FIG. 118, and are SEQ ID NOS: 10073 to 10077. SEQ ID NO: 10073 comprises SEQ ID NO: 9997 and further

comprises amino acids prior to the N-terminus and subsequent to the C-terminus from the pol 1ab “*” protein of avian infectious bronchitis virus. SEQ ID NO:

10074 comprises SEQ ID NO: 9997 and further comprises amino acids prior to the N-terminus and subsequent to the C-terminus from the pol1ab “*” protein of

bovine coronavirus. SEQ ID NO: 10075 comprises SEQ ID NO: 9997 and further comprises amino acids prior to the N-terminus and subsequent to the C-terminus

from the pol 1ab “*” protein of murine hepatitis virus. SEQ ID NO: 10076 comprises SEQ ID NO: 9997 and further comprises amino acids prior to the N-terminus

and subsequent to the C-terminus from the consensus of the pol1ab “*” protein of avian infectious bronchitis virus, bovine coronavirus, and murine hepatitis

virus (FIG. 115). SEQ ID NO: 10077 comprises the consensus sequence of SEQ ID NOS: 10073 to 10076.

[0439]

The invention comprises an amino acid sequence selected from the group consisting of SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077. The invention

further includes an amino acid sequence comprising fragments of an amino acid sequence selected from the group consisting of SEQ ID NOS: 10073, 10074,

10075, 10076 and 10077. The invention further comprises an amino acid sequence with sequence identity to a sequence selected from the group consisting of

SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077.

[0440]

The invention comprises polynucleotides encoding for the amino acid sequences selected from the group consisting of SEQ ID NOS: 10073, 10074, 10075,

10076 and 10077. The invention comprises polynucleotides having sequence identity to polynucleotides encoding for the amino acid sequences selected from

the group consisting of SEQ ID NOS: 10073, 10074, 10075, 10076 and 10077. The invention comprises fragments of polynucleotides encoding SEQ ID NOS:

10073, 10074, 10075, 10076 and 10077.

[0441]

As shown in FIG. 113, SEQ ID NO: 9968 includes a sequence that encodes SEQ ID NO: 10020 followed by a stop codon, giving a C-terminus threonine (Thr)

residue. The corresponding sequence from an amino acid sequence encoded by BNI-1 is SEQ ID NO: 10078, which continues past the C-terminus of SEQ ID NO:

10020. Accordingly, the invention includes a protein comprising amino acid sequence SEQ ID NO: 10020 or an amino acid sequence having sequence identity to

SEQ ID NO: 10020 or an amino acid sequence comprising a fragment of SEQ ID NO: 10020, wherein the C-terminus residue of said protein is a threonine.

Preferably, the C-terminus of said protein is -ST. Still more preferably, the C-terminus of said protein is -EST. The invention also includes a protein comprising

amino acid sequence SEQ ID NO: 10078 or an amino acid sequence having sequence identity to SEQ ID NO: 10078 or an amino acid sequence comprising a

fragment of SEQ ID NO: 10078, wherein the C-terminus residue of said protein is Thr. Preferably, the C-terminus of said protein is -ST. Still more preferably, the

C-terminus of said protein is -EST.

[0442]

SEQ ID NO: 9968 also encodes a 54 mer amino acid sequence SEQ ID NO: 10015. The polynucleotide encoding SEQ ID NO: 10015 encodes two stop codons at

its C-terminus (FIG. 113). The corresponding region from the BNI-1 sequence does not contain this 54 mer. Accordingly, the invention includes a protein

comprising amino acid sequence SEQ ID NO: 10015, or an amino acid sequence having sequence identity to SEQ ID NO: 10015 or an amino acid sequence

comprising a fragment of SEQ ID NO: 10015. The invention further includes a polypeptide comprising SEQ ID NO: 10015 and further comprising a �rst amino

acid sequence prior to the N-terminus of SEQ ID NO: 10015.

[0443]

SEQ ID NO: 9968 encodes the amino acid sequence SEQ ID NO: 9969. The polynucleotide sequence contains a stop codon at the C-terminus of SEQ ID NO: 9969.

Accordingly, the invention includes a protein comprising amino acid sequence SEQ ID NO: 9969, or an amino acid sequence having sequence identity to SEQ ID

NO: 9969. The invention further includes a polypeptide comprising SEQ ID NO: 9969 and further comprising a �rst amino acid sequence prior to the N-terminus

of SEQ ID NO: 9969. The invention further includes a polypeptide comprising the sequence SEQ ID NO: 10079.

[0444]

SEQ ID NO: 9968 encodes amino acid sequence QRT (FIG. 113), followed by a stop codon. Accordingly, the invention includes a protein comprising amino acid

sequence QRT. The invention further includes a polypeptide comprising amino acid sequence QRT and further comprising a �rst amino acid sequence prior to

the N-terminus of the sequence QRT.

[0445]

SEQ ID NO: 9968 encodes amino acid sequence SEQ ID NO: 10022, followed by a stop codon at its C-terminus. Accordingly, the invention includes a protein

comprising amino acid sequence SEQ ID NO: 10022, or an amino acid sequence having sequence identity to SEQ ID NO: 10022. The invention further includes a

polypeptide comprising SEQ ID NO: 10022 and further comprising a �rst amino acid sequence prior to the N-terminus of SEQ ID NO: 10022.

[0446]

SEQ ID NO: 9968 encodes amino acid sequence SEQ ID NO: 10027. Within the SEQ ID NO: 10027 coding sequence there are at least three start codons, identi�ed

with underlining in FIG. 119. The open reading frame indicated by the �rst start codon is SEQ ID NO: 10081. The open reading frame indicated by the second

start codon is SEQ ID NO: 10082. The open reading frame indicated by the third start codon is SEQ ID NO: 10083.

[0447]

The invention provides a novel SARS polynucleotide sequence SEQ ID NO: 10084. All six reading frames of this 1463 mer sequence are shown in FIG. 120 (see

also FIG. 122). The constituent amino acid sequences from FIG. 120, having at least 4 amino acids, are listed as SEQ ID NOS: 10085 to 10209 (see FIGS. 120A to

120F).

[0448]

The invention includes a polynucleotide sequence comprising SEQ ID NO: 10084. The invention also provides polynucleotide sequences having sequence

identity to SEQ ID NO: 10084. The invention also provides for polynucleotide sequences comprising fragments of SEQ ID NO: 10084. In one embodiment, the

polynucleotide fragment does not consist entirely of SEQ ID NO: 10033 or a known coronavirus polynucleotide sequence or a known SARS polynucleotide

sequence.

[0449]

The invention includes an amino acid sequence encoded by the polynucleotide sequence of SEQ ID NO: 10084, including the amino acid sequences of FIGS.

120A to 120F e.g. selected from the group consisting of SEQ ID NOS: 10085 to 10209. Preferably, the amino acid sequence comprises SEQ ID NO: 10149.

[0450]

The invention also provides amino acid sequences having sequence identity to an amino acid sequence encoded by SEQ ID NO: 10084. The invention provides

amino acids having sequence identity to an amino acid sequence from FIGS. 120A to 120F e.g. selected from the group consisting of SEQ ID NOS: 10085 to

10209.

[0451]

The invention also provides fragments of amino acid sequences encoded by SEQ ID NO: 10084. The invention also provides fragments of amino acid sequences

selected from the group consisting of SEQ ID NOS: 10085 to 10209. In one embodiment, the fragment does not consist entirely of an amino acid sequence

encoded by SEQ ID NO: 10033 or an amino acid sequence of a known coronavirus or an amino acid sequence of a known SARS virus. An alignment of the

matching portion of SEQ ID NO: 10033 and SEQ ID NO: 10084 is included in FIG. 121.

[0452]

In one embodiment, the invention comprises an amino acid sequence comprising SEQ ID NO: 10149. An alignment of the polynucleotide sequence SEQ ID NO:

10084 to the encoded SEQ ID NO: 10149 is shown in FIG. 122 (5′3′ Frame 3). Analysis of the 5′3 ′ Frame 3 translation by a computer program to predict start

codon methionines (NetStart 1.0) (FIG. 123) reveals SEQ ID NOS: 10210 to 10215.

[0453]

The invention includes a protein comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211, SEQ ID NO:

10212, SEQ ID NO: 10213, SEQ ID NO: 10214 and SEQ ID NO: 10215. The invention includes a protein having sequence identity to an amino acid sequence

selected from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211, SEQ ID NO: 10212, SEQ ID NO: 10213, SEQ ID NO: 10214 and SEQ ID NO: 10215. In

one embodiment, the protein does not consist entirely of an amino acid sequence of a known SARS virus or of a known coronavirus.

[0454]

The invention includes a fragment of a protein comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10210, SEQ ID NO: 10211,

SEQ ID NO: 10212, SEQ ID NO: 10213, SEQ ID NO: 10214 and SEQ ID NO: 10215. In one embodiment, the fragment does not consist entirely of an amino acid

sequence of a known SARS virus or of a known coronavirus.

[0455]
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In one embodiment, the invention includes a polypeptide comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 10210, SEQ ID

NO: 10211 and SEQ ID NO: 10212. Partial results of a BLAST of SEQ ID NO: 10210 against GenBank is included in FIG. 124. These results indicate that SEQ ID

NOS: 10210, 10211 and 10212 have functional similarities to a Coronavirus RNA polymerase, particularly the RNA polymerase of murine hepatitis virus, bovine

coronavirus, and avian infectious bronchitis.

[0456]

In one embodiment, the invention is directed to a polypeptide comprising a �rst amino acid sequence selected from the group consisting of SEQ ID NO: 10210,

SEQ ID NO: 10211 and SEQ ID NO: 10212 and a second amino acid sequence from the C-terminus of a coronavirus ORF1ab sequence. Preferably, the second

amino acid sequence is from a bovine coronavirus. One example of this embodiment is shown below as SEQ ID NO: 10216. Amino acids 1-481 of SEQ ID NO:

10216 are the �rst amino acid sequence of SEQ ID NO: 10210, and amino acids 482-1152 are the second amino acid sequence of the C-terminus of a bovine

coronavirus orf1ab polyprotein (Gi 26008080) (NP—150073.2) (SEQ ID NO: 10217).

[0457]

Accordingly, the invention includes a polypeptide comprising SEQ ID NO: 10216. The invention further includes a polypeptide comprising a �rst amino acid

sequence of SEQ ID NO: 10210 and a second amino acid sequence of SEQ ID NO: 10217. The invention further includes a polypeptide comprising a �rst amino

acid sequence having greater than x % identity to SEQ ID NO: 10210 and a second amino acid sequence having greater than y % identity to SEQ ID NO: 10217,

wherein x is greater than or equal to 85% (e.g., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more) and wherein y is greater than or

equal to 60% (e.g., 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or more).

[0458]

The invention also includes a polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment includes an epitope. Computer-predicted epitopes

of SEQ ID NO: 10210, using a 17 mer window, are included in FIG. 125A (Hopp & Woods) and FIG. 125B (Kyte & Doolittle).

[0459]

The amino acid sequence of SEQ ID NO: 10210 also contains two predicted glycosylation sites at amino acids 81-84 (NNTE; SEQ ID NO: 10218) and at 180-183

(NHSV; SEQ ID NO: 10219). Accordingly, the invention includes a polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment includes a

glycosylation site. The invention further includes a polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment includes the Asn at position

81. Preferably, said Asn is glycosylated. The invention further includes a polypeptide comprising a fragment of SEQ ID NO: 10210, wherein said fragment

includes the Asn at position 180. Preferably, said Asn is glycosylated.

[0460]

In one embodiment, the invention includes a polypeptide comprising an amino acid sequence from within FIG. 120D and/or SEQ ID NOS: 10150 to 10160 e.g.

from SEQ ID NOS: 10154, 10155, 10158 and 10160. Within SEQ ID NO: 10154 the following amino acid sequences starting with a Met and ending at a stop codon

can be identi�ed: SEQ ID NOS: 10220 to 10227.

[0461]

Accordingly, the invention includes a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10220, SEQ ID NO:

10221, SEQ ID NO: 10222, SEQ ID NO: 10223, SEQ ID NO: 10224, SEQ ID NO: 10225, SEQ ED NO: 10226 and SEQ ID NO: 10227, or a fragment thereof or an amino

acid sequence having sequence identity thereto.

[0462]

In one embodiment, the invention includes a polypeptide comprising the amino acid sequence within FIG. 120E e.g. from SEQ ID NOS: 10161 to 10182, and in

particular SEQ ID NOS: 10171 and 10176. Within SEQ ID NOS: 10171 and 10176 the following amino acid sequences starting with a Met and ending at a stop

codon can be identi�ed: SEQ ID NO: 10228 and SEQ ID NO: 10229.

[0463]

Accordingly, the invention includes a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10228 and SEQ ID NO:

10229, or a fragment thereof or an amino acid sequence having sequence identity thereto.

[0464]

In one embodiment, the invention includes a polypeptide comprising an amino acid sequence from FIG. 120F e.g. SEQ ID NOS: 10183 to 10209. Within FIG. 120F

the following amino acid sequence starting with a Met and ending at a stop codon can be identi�ed: SEQ ID NO: 10187. Accordingly, the invention includes a

polypeptide comprising an amino acid sequence of SEQ ID NO: 10187, or a fragment thereof or an amino acid sequence having sequence identity thereto.

[0465]

5′GGGTTGGGACTATCCTAAGTGTGA3′ (SEQ ID NO: 10230)

5′TAACACACAACICCATCATCA3′ (SEQ ID NO: 10231)

5′CTAACATGCTTAGGATAATGG3′ (SEQ ID NO: 10232)

5′GCCTCTCTTGTTCTTGCTCGC3′ (SEQ ID NO: 10233)

5′CAGGTAAGCGTAAAACTCATC3′ (SEQ ID NO: 10234)

In one embodiment, the polynucleotides of the invention do not include one of the following primers, disclosed at http://content.nejm.org/cgi/reprint

/NEJMoa030781v2.pdf.

[0466]

The invention also includes polynucleotide sequences which can be used as probes for diagnostic reagents, kits (comprising such reagents) and methods which

can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes the polynucleotide primers identi�ed

in Table 31 (SEQ ID NOS: 10235 to 10258), the forward primers SEQ ID NOS: 10259 to 10281 and the reverse primers SEQ ID NOS: 10282 to 10298. The invention

further includes polynucleotide sequences which are complementary to any one of these primer sequences disclosed herein.

[0467]

The invention provides a SARS polynucleotide sequence SEQ ID NO: 10299. All six reading frames of this sequence are included in FIG. 126 (See also FIG. 131).

The constituent amino acid sequences from FIG. 126, having at least 4 amino acids, are listed as SEQ ID NOS: 10300 to 10337.

[0468]

Accordingly, the invention includes a polynucleotide sequence comprising SEQ ID NO: 10299. It also provides polynucleotide sequences having sequence identity

to SEQ ID NO: 10299. The invention also provides for polynucleotide sequences comprising fragments of SEQ ID NO: 10299. In one embodiment, the

polynucleotide fragment does not consist entirely of a known polynucleotide sequence of a SARS virus or a known polynucleotide sequence of a coronavirus.

[0469]

The invention includes an amino acid sequence encoded by the polynucleotide sequence of SEQ ID NO: 10299, including the amino acid sequences shown in

FIG. 126, and the amino acid sequences selected from the group consisting of SEQ ID NOS: 10300 to 10337. Preferably, the amino acid sequence comprises SEQ

ID NO: 10316.

[0470]

The invention also provides amino acid sequences having sequence identity to an amino acid sequence encoded by SEQ ID NO: 10299. The invention provides

amino acid sequences having identity to an amino acid sequence selected from the group consisting of SEQ ID NOS: 10300 to 10337.

[0471]

The invention also provides fragments of amino acid sequences encoded by SEQ ID NO: 10299. The invention also provides fragments of amino acid sequences

selected from the group consisting of SEQ ID NOS: 10300 to 10337. In one embodiment, the fragment does not consist entirely of a known amino acid sequence

of a SARS virus or a known amino acid sequence of a coronavirus.

[0472]

In one embodiment, the invention comprises an amino acid sequence comprising SEQ ID NO: 10316. Encoded open reading frames within SEQ ID NO: 10316

include SEQ ID NO: 10338 and SEQ ID NO: 10339.

[0473]

In one embodiment, the invention comprises an amino acid sequence comprising a sequence from within the 5′3 ′ Frame 1 translation of SEQ ID NO: 10299. The

following encoded open reading frame is found within this translation: SEQ ID NO: 10340.

[0474]

In one embodiment, the invention comprises an amino acid sequence comprising a sequence from within the 3′5 ′ Frame 1 translation of SEQ ID NO: 10299. An

encoded open reading frame within this translation is SEQ ID NO: 10341.

[0475]

In one embodiment, the invention comprises an amino acid sequence comprising a sequence from within the 3′5 ′ Frame 2 translation of SEQ ID NO: 10299. An

encoded open reading frame within this translation is SEQ ID NO: 10342.

[0476]

The invention includes a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10338, SEQ ID NO: 10339, SEQ ID

NO: 10340, SEQ ID NO: 10341 and SEQ ID NO: 10342. The invention includes a polypeptide having sequence identity to an amino acid sequence selected from

the group consisting of SEQ ID NO: 10338, SEQ ID NO: 10339, SEQ ID NO: 10340, SEQ ID NO: 10341 and SEQ ID NO: 10342. The invention includes a fragment of

a polypeptide comprising an amino acid sequence elected from the group consisting of SEQ ID NO: 10338, SEQ ID NO: 10339, SEQ ID NO: 10340, SEQ ID NO:

10341 and SEQ ID NO: 10342. In one embodiment, the fragment does not consist entirely of a known SARS virus amino acid sequence or of a known coronavirus

amino acid sequence.

[0477]

In one embodiment, SEQ ID NOS: 10338-10342 are used in fusion proteins. Accordingly, the start codon methionines may be removed. The invention comprises

a amino acid sequence selected from the group consisting of SEQ ID NO: 10343, SEQ ID NO: 10344, SEQ ID NO: 10345, SEQ ID NO: 10346 and SEQ ID NO: 10347.

[0478]

>gi|133593|sp|P18457|RRPB_CVPFS   RNA-DIRECTED RNA POLYMERASE (ORF1B)

 gi|93934|pir||A43489   RNA-directed RNA polymerase (EC 2.7.7.48) - porcine

transmissible gastroenteritis virus (fragment)

 gi|833161|emb|CAA37284.1|       polymerase  [Transmissible gastroenteritis

virus]

          Length = 533

In one embodiment, the invention comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 10338 and SEQ ID NO: 10339. Partial

BLAST results of SEQ ID NO: 10338 against GenBank are given below:

[0479]

[0480]
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 Score = 131 bits (329), Expect = 3e−30

 Identities = 55/89 (61%), Positives = 69/89 (77%), Gaps = 1/89 (1%).

Query: 1   MLWCKDGHVETFYPKLQASQAWQPGVAMPNLYKMQRMLLEKCDLQNYGENAVIPKGIMMN 60

           MLWC++ H++TFYP+LQ+++ W PG +MP LYK+QRM LE+C+L NYG    +P GI  N

Sbjct: 217 MLWCENSHIKTFYPQLQSAE-WNPGYSMPTLYKIQRMCLERCNLYNYGAQVKLPDGITTN 275

Query: 61  VAKYTQLCQYLNTLTLAVPSNMRVIHFGA 89

           V KYTQLCQYLNT TL VP  MRV+H GA

Sbjct: 276 VVKYTQLCQYLNTTTLCVPHKMRVLHLGA 304

These

results

indicate

that SEQ

ID NO:

10338

has

functional similarities to an RNA-directed RNA polymerase of porcine transmissible gastroenteritis virus.

>gb|AAL57305.1|replicase [bovine coronavirus]

          Length = 7094

 Score = 139 bits (351), Expect = 7e−33

 Identities = 64/108 (59%), Positives = 78/108 (72%)

Query:    1  MSVISKVVKVTIDYAEISFMLWCKDGHVETFYPKLQASQAWQPGVAMPNLYKMQRMLLEK 60

             M+ +SKVV V +D+ +  FMLWC D  V TFYP+LQA+  W+PG +MP LYK     +E+

Sbjct: 6760  LNCVSKVVNVNVDFKDFQFMLWCNDEKVMTFYPRLQAASDWKPGYSMPVLYKYLNSPMER 6819

Query:   61  CDLQNYGENAVIPKGIMMNVAKYTQLCQYLNTLTLAVPSNMRVIHFGA 108

             L NYG+   +P G MMNVAKYTQLCQYLNT TLAVP NMRV+H GA

Sbjct: 6820  VSLWNYGKPVTLPTGCMMNVAKYTQLCQYLNTTTLAVPVNMRVLHLGA 6867

Partial BLAST results of SEQ ID NO: 10339 against GenBank are given below:[0481]

These results indicate that SEQ ID NO: 10339 has functional similarities to a replicase of bovine coronavirus.

[0482]

The SARS virus may contain polymorphism at the Glu-20 residue of SEQ ID NO: 10338. The invention includes a polypeptide comprising an amino acid sequence

having sequence identity to SEQ ID NO: 10338, wherein said polypeptide includes an amino acid sequence selected from the group consisting of ASQAW (SEQ ID

NO: 10348) and ASRAW (SEQ ID NO: 10349). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 10338, wherein said fragment includes

an amino acid sequence selected from the group consisting of SEQ ID NO: 10348 and SEQ ID NO: 10349.

[0483]

The SARS virus may contain polymorphism at the Ser-80 residue of SEQ ID NO: 10338. below. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to SEQ ID NO: 10338, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

VPSNM (SEQ ID NO: 10350) and VPTNM (SEQ ID NO: 10351). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 10338, wherein said

fragment includes an amino acid sequence selected from the group consisting of SEQ ID NO: 10350 and SEQ ID NO: 10351.

[0484]

The invention also includes polynucleotide sequences which can be used as probes for diagnostic reagents, kits (comprising such reagents) and methods which

can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide sequence

comprising one or more of the primer sequences identi�ed in Table 32. The invention further includes polynucleotide sequence comprising the complement of

one or more of the primer sequences identi�ed in Table 32.

[0485]

The invention provides a SARS polynucleotide sequence SEQ ID NO: 10505. All six reading frames of this sequence are shown in FIG. 127 (see also FIG. 132).

The constituent amino acid sequences from FIG. 127, having at least 4 amino acids, are listed as SEQ ID NOS: 10506 to 10570.

[0486]

The invention includes a polynucleotide sequence comprising SEQ ID NO: 10505. The invention also provides polynucleotide sequences having sequence

identity to SEQ ID NO: 10505. The invention also provides for polynucleotide sequences comprising fragments of SEQ ID NO: 10505. In one embodiment, the

polynucleotide fragment does not consist entirely of a known SARS virus polynucleotide sequence or of a known coronavirus polynucleotide sequence.

[0487]

The invention includes an amino acid sequence encoded by the polynucleotide sequence of SEQ ID NO: 10505, including the amino acid sequences shown in

FIG. 127, and particularly those selected from the group consisting of SEQ ID NOS: 10506 to 10570. Preferably, the amino acid sequence comprises SEQ ID NO:

10532 and/or SEQ ID NO: 10533.

[0488]

The invention also provides amino acid sequences having sequence identity to an amino acid sequence encoded by SEQ ID NO: 10505. The invention provides

amino acid sequences having sequence identity to an amino acid sequence selected from the group consisting of the sequences shown in FIG. 127, and in

particular SEQ ID NOS: 10506 to 10570.

[0489]

The invention also provides fragments of amino acid sequences encoded by SEQ ID NO: 10505. The invention also provides fragments of amino acid sequences

selected from the group consisting of SEQ ID NOS: 10506 to 10570. In one embodiment, the fragment does not consist entirely of a known amino acid sequence

of a SARS virus or a known amino acid sequence of a coronavirus.

[0490]

In one embodiment, the invention includes a polypeptide comprising an amino acid sequence from the 5′3′ Frame 3 of FIG. 127. Some encoded open reading

frames within this translation are: SEQ ID NO: 10533; SEQ ID NO: 10571; SEQ ID NO: 10572; SEQ ID NO: 10573; SEQ ID NO: 10574.

[0491]

The invention includes a polypeptide sequence comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10533, SEQ ID NO: 10571,

SEQ ID NO: 10572, SEQ ID NO: 10573 and SEQ ID NO: 10574. The invention includes a polypeptide having sequence identity to the amino acid sequence selected

from the group consisting of SEQ ID NO: 10533, SEQ ID NO: 10571, SEQ ID NO: 10572, SEQ ID NO: 10573 and SEQ ID NO: 10574. The invention includes a

fragment of a polypeptide sequence comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10533, SEQ ID NO: 10571, SEQ ID

NO: 10572, SEQ ID NO: 10573 and SEQ ID NO: 10574.

[0492]

>gi|7739601|gb|AAF68926.1|AF207902_11     nucleocapsid protein [murine

hepatitis virus strain ML-11]

          Length = 451

 Score = 147 bits (370), Expect = 3e−34

 Identities = 102/252 (40%), Positives = 137/252 (54%), Gaps = 18/252 (7%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E +F +GQGVPI +     +Q GY+ R  RR  +  DG+ K+L PRW

Sbjct: 63  SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYWYRHNRRSFKTPDGQHKQLLPRW 122

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLP 166

           YFYYLGTGP A   YG + EG+VWVA++ A       +  R+P+++ A   +   GT LP

Sbjct: 123 YFYYLGTGPHAGAEYGDDIEGVVWVASQQADTKTTADVVERDPSSHEAIPTRFAPGTVLP 182

Query: 167 KGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRLN 226

           +GFY EGS   + AS   S        N    SS    PA          +A L+L +L

Sbjct: 183 QGFYVEGSGRSAPASRSGSRSQSRGPNNRARSSSNQRQPASAVKPDMAEEIAALVLAKLG 242

Query: 227 QLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQTQG 282

           +        GQ +Q   VTK+SA E  +    KPRQKRT  KQ  V Q FG+RGP Q

Sbjct: 243 K------DAGQPKQ---VTKQSAKEVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ--- 290

Query: 283 NFGDQDLIRQGT 294

           NFG  ++++ GT

Sbjct: 291 NFGGSEMLKLGT 302

>gi|3132999|gb|AAC16422.1|     nucleocapsid protein [murine hepatitis virus

strain 2]

Partial BLAST results of SEQ ID NO: 10533 against GenBank are given below:[0493]
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          Length = 451

 Score = 147 bits (370), Expect = 3e−34

 Identities = 102/252 (40%), Positives = 137/252 (54%), Gaps = 18/252 (7%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E +F +GQGVPI +     +Q GY+ R  RR  +  DG+ K+L PRW

Sbjct: 63  SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYWYRHNRRSFKTPDGQHKQLLPRW 122

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLP 166

           YFYYLGTGP A   YG + EG+VWVA++ A       +  R+P+++ A   +   GT LP

Sbjct: 123 YFYYLGTGPHAGAEYGDDIEGVVWVASQQADTKTTADVVERDPSSHEAIPTKFAPGTVLP 182

Query: 167 KGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRLN 226

           +GFY EGS   + AS   S        N    SS    PA          +A L+L +L

Sbjct: 183 QGFYVEGSGKSAPASRSGSRSQSRGPNNRARSSSNQRQPASAVKPDMAEEIAALVLAKLG 242

Query: 227 QLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQTQG 282

           +        GQ +Q   VTK+SA E  +    KPRQKRT  KQ  V Q FG+RGP Q

Sbjct: 243 K------DAGQPKQ---VTKQSAKEVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ--- 290

Query: 283 NFGDQDLIRQGT 294

           NFG  ++++ GT

Sbjct: 291 NFGGSEMLKLGT 302

>gi|127877|sp|P03417|NCAP_CVMJH   Nucleocapsid protein

 gi|174859|pir||VHIHMJ     nucleocapsid protein - murine hepatitis virus

(strain JHM)

 gi|58973|emb|CAA25497.1|   nucleocapsid protein [Murine hepatitis virus]

          Length = 455

 Score = 146 bits (369), Expect = 4e−34

 Identities = 110/254 (43%), Positives = 142/254 (55%), Gaps = 22/254 (8%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E +F +GQGVPI        Q GY+ R  RR  +  DG+ K+L PRW

Sbjct: 67  SWFSGITQFQKGKEFQFAQGQGVPIANGIPASQQKGYWYRHNRRSFKTPDGQQKQLLPRW 126

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLP 166

           YFYYLGTGP A   YG + EG+VWVA++ A       I  R+P+++ A   +   GT LP

Sbjct: 127 YFYYLGTGPYAGAEYGDDIEGVVWVASQQAETRTSADIVERDPSSHEAIPTRFAPGTVLP 186

Query: 167 KGFYAEGSRGGSQASSRSSSR--SRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDR 224

           +GFY EGS G S  +SRS SR  SRG   N    SS    PA          +A L+L +

Sbjct: 187 QGFYVEGS-GRSAPASRSGSRPQSRG-PNNRARSSSNQRQPASTVKPDMAEEIAALVLAK 244

Query: 225 LNQLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQT 280

           L +        GQ +Q   VTK+SA E  +    KPRQKRT  KQ  V Q FG+RGP Q

Sbjct: 245 LGK------DAGQPKQ---VTKQSAKEVRQKILNKPRQKRTPNKQCPVQQCFGKRGPNQ- 294

Query: 281 QGNFGDQDLIRQGT 294

             NFG  ++++ GT

Sbjct: 295 --NFGGPEMLKLGT 306

>gi|6625766|gb|AAF19389.1|AF201929_7           nucleocapsid protein [murine

hepatitis virus strain 2]

 gi|7769348|gb|AAF69338.1|AF208066_11          nucleocapsid protein [murine

hepatitis virus]

          Length = 451

 Score = 146 bits (368), Expect = 5e−34

 Identities = 102/252 (40%), Positives = 137/252 (54%), Gaps = 18/252 (7%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E +F +GQGVPI +     +Q GY+ R  RR  +  DG+ K+L PRW

Sbjct: 63  SWFSGITQFQKGKEFQFAQGQGVPIASGIPASEQKGYWYRHNRRSFKTPDGQHKQLLPRW 122

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNAATVLQLPQGTTLP 166

           YFYYLGTGP A   YG + EG+VWVA++ A       +  R+P+++ A   +   GT LP

Sbjct: 123 YFYYLGTGPHAGAEYGDDIEGVVWVASQQADTKTTADVVERDPSSHEAIPTRFAPGTVLP 182

Query: 167 KGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRLN 226

           +GFY EGS   + AS   S        N    SS    PA          +A L+L +L

Sbjct: 183 QGFYVEGSGRSAPASRSGSRSQSRGPNNRARSSSNQRQPASAVKPDMAEEIAALVLAKLG 242

Query: 227 QLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQTQG 282

           +        GQ +Q   VTK+SA E  +    KPRQKRT  KQ  V Q FG+RGP Q

Sbjct: 243 K------DAGQPKQ---VTKQSAKEVRQKILTKPRQKRTPNKQCPVQQCFGKRGPNQ--- 290

Query: 283 NFGDQDLIRQGT 294

           NFG  ++++ GT

Sbjct: 291 NFGGSEMLKLGT 302

>gi|21734854|gb|AAM77005.1|AF481863_7   phosphorylated nucleocapsid protein

N [porcine hemagglutinating encephalomyelitis virus]

          Length = 449

 Score = 145 bits (366), Expect = 8e−34

 Identities = 107/253 (42%), Positives = 145/253 (57%), Gaps = 18/253 (7%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E  F  GQGVPI       +  GY+ R  RR  +  DG  ++L PRW

Sbjct: 64  SWFSGITQFQKGKEFEFAEGQGVPIAPGVPATEAKGYWYRHNRRSFKTADGNQRQLLPRW 123
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These results indicate that SEQ ID NO: 10533 has functional similarities to a coronavirus nucleocapsid protein.

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGA-LNTPKDHIGTRNPNNNAATVLQLPQGTTL 165

           YFYYLGTGP A   YG + +G+ WVA+  A +NTP D I  R+P+++ A   + P GT L

Sbjct: 124 YFYYLGTGPHAKHQYGTDIDGVFWVASNQADINTPAD-IVDRDPSSDEAIPTRFPPGTVL 182

Query: 166 PKGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRL 225

           P+G+Y EGS G S  +SRS+SR+  N   S    SR NS  R ++ G    +A    D++

Sbjct: 183 PQGYYIEGS-GRSAPNSRSTSRA-PNRAPSAGSRSRANSGNRTSTPGVTPDMA----DQI 236

Query: 226 NQLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQTQ 281

             L     GK    + Q VTK++A E  +    KPRQKR+  KQ  V Q FG+RGP Q

Sbjct: 237 ASLVLAKLGK-DATKPQQVTKQTAKEVRQKILNKPRQKRSPNKQCTVQQCFGKRGPNQ-- 293

Query: 282 GNFGDQDLIRQGT 294

            NFG  ++++ GT

Sbjct: 294 -NFGGGEMLKLGT 305

>gi|23295765|gb|AAL80036.1|             nucleocapsid    protein    [porcine

hemagglutinating encephalomyelitis virus]

          Length = 449

 Score = 145 bits (365), Expect = 1e−33

 Identities = 107/253 (42%), Positives = 145/253 (57%), Gaps = 18/253 (7%)

Query: 49  SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRRATRR-VRGGDGKMKELSPRW 106

           SWF+ +TQ  K +E  F  GQGVPI       +  GY+ R  RR  +  DG  ++L PRW

Sbjct: 64  SWFSGITQFQKGKEFEFAEGQGVPIAPGVPSTEAKGYWYRHNRRSFKTADGNQRQLLPRW 123

Query: 107 YFYYLGTGPEASLPYGANKEGIVWVATEGA-LNTPKDHIGTRNPNNNAATVLQLPQGTTL 165

           YFYYLGTGP A   YG + +G+ WVA+  A +NTP D I  R+P+++ A   + P GT L

Sbjct: 124 YFYYLGTGPHAKDQYGTDIDGVFWVASNQADINTPAD-IVDRDPSSDEAIPTRFPPGTVL 182

Query: 166 PKGFYAEGSRGGSQASSRSSSRSRGNSRNSTPGSSRGNSPARMASGGGETALALLLLDRL 225

           P+G+Y EGS G S  +SRS+SR+  N   S    SR NS  R ++ G    +A    D++

Sbjct: 183 PQGYYIEGS-GRSAPNSRSTSRA-PNRAPSAGSRSRANSGNRTSTPGVTPDMA----DQI 236

Query: 226 NQLESKVSGKGQQQQGQTVTKKSAAEASK----KPRQKRTATKQYNVTQAFGRRGPEQTQ 281

             L     GK    + Q VTK++A E  +    KPRQKR+  KQ  V Q FG+RGP Q

Sbjct: 237 ASLVLAKLGK-DATKPQQVTKQTAKEVRQKILNKPRQKRSPNKQCTVQQCFGKRGPNQ-- 293

Query: 282 GNFGDQDLIRQGT 294

            NFG  ++++ GT

Sbjct: 294 -NFGGGEMLKLGT 305

In one

embodiment, the invention comprises an amino acid sequence from the 5′3′ Frame 1 of FIG. 127 e.g. SEQ ID NOS: 10506-10514. Some encoded open reading

frames within this region are SEQ ID NOS: 10575 to 10578.

[0494]

Accordingly, the invention includes a polypeptide comprising the amino acid sequence selected from the group consisting of SEQ ID NO: 10575, SEQ ID NO:

10576, SEQ ID NO: 10577 and SEQ ID NO: 10578. The invention includes a polypeptide comprising an amino acid sequence having sequence identity to a

sequence selected from the group consisting of SEQ ID NO: 10097, SEQ ID NO: 10576, SEQ ID NO: 10577 and SEQ ID NO: 10578. The invention includes a

fragment of a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 10097, SEQ ID NO: 10576, SEQ ID NO: 10577

and SEQ ID NO: 10578.

[0495]

In one embodiment, the invention includes a polypeptide comprising an amino acid sequence from the 3′5′ Frame 2 of FIG. 127 e.g. SEQ ID NOS: 10547-10559.

An open reading frame within this region is SEQ ID NO: 10579.

[0496]

The invention includes a polypeptide comprising an amino acid sequence of SEQ ID NO: 10579. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to SEQ ID NO: 10579. The invention includes a fragment of a polypeptide comprising an amino acid sequence of SEQ ID NO:

10579.

[0497]

The invention also includes polynucleotide sequences which can be used as probes for diagnostic reagents, kits (comprising such reagents) and methods which

can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide sequence

comprising one or more of the primer sequences identi�ed in Table 33. The invention further includes polynucleotide sequence comprising the complement of

one or more of the primer sequences identi�ed in Table 33.

[0498]

The invention includes a polynucleotide sequence comprising SEQ ID NO: 11323. A polypeptide encoded by SEQ ID NO: 11323 is SEQ ID NO: 11324.[0499]

The invention includes a polypeptide comprising SEQ ID NO: 11324, sequence having sequence identity to SEQ ID NO: 11324 and fragments of SEQ ID NO:

11324. The invention includes a fragment of SEQ ID NO: 11324, wherein said polypeptide fragment begins with a Methionine.

[0500]

Accordingly, the invention includes a polynucleotide sequence comprising SEQ ID NO: 11323. It also provides polynucleotide sequences having sequence identity

to SEQ ID NO: 11323. The invention also provides for polynucleotide sequences comprising fragments of SEQ ID NO: 11323. In one embodiment, the

polynucleotide fragment does not consist entirely of a known SARS polynucleotide sequence or a known coronavirus polynucleotide sequence.

[0501]

The invention includes an amino acid sequence encoded by the polynucleotide sequence SEQ ID NO: 11323, including the amino acid sequence of SEQ ID NO:

11324.

[0502]

The invention also provides amino acid sequences having sequence identity to an amino acid sequence encoded by SEQ ID NO: 11323. The invention provides

amino acid sequences having sequence identity to SEQ ID NO: 11324.

[0503]

The invention provides fragments of amino acid sequences encoded by SEQ ID NO: 11323. The invention also provides fragments of amino acid sequences of

SEQ ID NO: 11324. In one embodiment, the fragment does not consist entirely of a known SARS amino acid sequence or a known coronavirus amino acid

sequence.

[0504]

The invention also includes polynucleotide sequences which can be used as probes for diagnostic reagents, kits (comprising such reagents) and methods which

can be used to diagnose or identify the presence or absence of a SARS virus in a biological sample. The invention includes a polynucleotide sequence

comprising one or more of the primer sequences identi�ed as SEQ ID NOS: 11325-11440 (left part) and SEQ ID NOS: 11441-11551 (right part). The invention

further includes polynucleotide sequence comprising the complement of one or more of the primer sequences identi�ed as SEQ ID NOS: 11325-11551.

[0505]

The invention includes a polypeptide comprising SEQ ID NO: 11552. The SARS virus contains polymorphism at the Isoleucine residue Ile-324. The invention

includes a polypeptide comprising an amino acid sequence having sequence identity to SEQ ID NO: 11552, wherein said polypeptide includes an amino acid

sequence selected from the group consisting of YSYAI (SEQ ID NO: 11553), SYAIH (SEQ ID NO: 11554), YAIHH (SEQ ID NO: 11555), IHHDK (SEQ ID NO: 11556),

SYAI (SEQ ID NO: 11557), YAIH (SEQ ID NO: 11558), AIHH (SEQ ID NO: 11559), IHHD (SEQ ID NO: 11560), YAI, AIH, and IHH. The invention includes a fragment of

a polypeptide comprising SEQ ID NO: 11552, wherein said fragment includes an amino acid sequence selected from the group consisting of YSYAI (SEQ ID NO:

11553), SYAIH (SEQ ID NO: 11554), YAIHH (SEQ ID NO: 11555), IHHDK (SEQ ID NO: 11556), SYAI (SEQ ID NO: 11557), YAIH (SEQ ID NO: 11558), AIHH (SEQ ID

NO: 11559), IHHD (SEQ ID NO: 11560), YAI, AIH, and IHH.

[0506]

The invention includes a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 11561 and SEQ ID NO: 11562. The

invention includes a fragment of a polypeptide comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 11561 and SEQ ID NO:

11562.

[0507]

The invention includes a diagnostic kit comprising a polypeptide comprising at least one of the amino acid sequences selected from the group consisting of SEQ

ID NOS: 11561 and 11562. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding a polypeptide comprising at least one of the

[0508]
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amino acid sequences selected from the group consisting of SEQ ID NOS: 11561 and 11562. The invention includes an immunogenic composition comprising a

polypeptide comprising at least one of the amino acid sequences selected from the group consisting of SEQ ID NOS: 11561 and 11562. The invention includes

an antibody which recognizes a polypeptide comprising at least one of the amino acid sequences selected from the group consisting of SEQ ID NOS: 11561 and

11562.

The invention includes a polynucleotide sequence SEQ ID NO: 11563 or a fragment thereof or a sequence having sequence identity thereto. Polypeptide

sequences which can be translated from SEQ ID NO: 11563 are shown in FIG. 128. The constituent amino acid sequences from FIG. 128, having at least 4 amino

acids, are listed as SEQ ID NOS: 11564 to 11617.

[0509]

The invention includes a polypeptide sequence selected from the group consisting of the sequences of FIG. 128, or a fragment thereof or a sequence having

sequence identity thereto e.g. SEQ ID NOS: 11563 to 11617.

[0510]

A polypeptide sequence within SEQ ID NO: 11600 is SEQ ID NO: 11618. The invention includes a polypeptide comprising SEQ ID NO: 11618, or a fragment thereof

or a sequence having sequence identity thereto.

[0511]

A polypeptide sequence within SEQ ID NO: 11602 is SEQ ID NO: 11641. The invention includes a polypeptide comprising SEQ ID NO: 11641, or a fragment thereof

or a sequence having sequence identity thereto.

[0512]

A polypeptide sequence within SEQ ID NO: 11609 is SEQ ID NO: 11619.[0513]

The invention includes a polynucleotide encoding (i) an amino acid sequence selected from the group consisting of: (1) the amino acid sequences of FIG. 128,

and in particular SEQ ID NOS: 11564-11617; (2) SEQ ID NO: 11618; and (3) SEQ ID NO: 11619, or (ii) a fragment thereof. The invention includes a diagnostic kit

comprising a one or more of these proteins. The invention includes a diagnostic kit comprising a polynucleotide sequence encoding one or more of these

polypeptide sequences. The invention includes an antibody which recognizes one or more of the polypeptide sequences.

[0514]

The SARS virus may contain polymorphism at isoleucine residue Ile-326 in SEQ ID NO: 11620 (Chi-PEP3). The invention includes a polypeptide comprising an

amino acid sequence having sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino acid sequence selected from the group

consisting of YAIHH (SEQ ID NO: 11621) and YATHH (SEQ ID NO: 11622). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11620,

wherein said fragment includes an amino acid sequence selected from the group consisting of YAIHH (SEQ ID NO: 11621) and YATHH (SEQ ID NO: 11622).

[0515]

The SARS virus may contain polymorphism at glutamine residue Gln-830 in SEQ ID NO: 11620. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

ASQAW (SEQ ID NO: 11623) and ASRAW (SEQ ID NO: 11624). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11620, wherein said

fragment includes an amino acid sequence selected from the group consisting of ASQAW (SEQ ID NO: 11623) and ASRAW (SEQ ID NO: 11624).

[0516]

The SARS virus may contain polymorphism at aspartic acid residue Asp-935 in SEQ ID NO: 11620. The invention includes a polypeptide comprising an amino

acid sequence having sequence identity to SEQ ID NO: 11620, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

DADST (SEQ ID NO: 11625) and DAYST (SEQ ID NO: 11626). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11620, wherein said

fragment includes an amino acid sequence selected from the group consisting of DADST (SEQ ID NO: 11625) and DAYST (SEQ ID NO: 11626).

[0517]

The SARS virus may contain polymorphism at serine residue Ser-577 in SEQ ID NO: 11627 (Chi-PEP4). The invention includes a polypeptide comprising an amino

acid sequence having sequence identity to SEQ ID NO: 11627, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

PCSFG (SEQ ID NO: 11628) and PCAFG (SEQ ID NO: 11629). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11627, wherein said

fragment includes an amino acid sequence selected from the group consisting of PCSFG (SEQ ID NO: 11628) and PCAFG (SEQ ID NO: 11629).

[0518]

The SARS virus may contain polymorphism at valine residue Val-68 in SEQ ID NO: 11630 (Chi-PEP8). The invention includes a polypeptide comprising an amino

acid sequence having sequence identity to SEQ ID NO: 11630, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

LAVVY (SEQ ID NO: 11631) and LAAVY (SEQ ID NO: 11632). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11630, wherein said

fragment includes an amino acid sequence selected from the group consisting of LAVVY (SEQ ID NO: 11631) and LAAVY (SEQ ID NO: 11632).

[0519]

The SARS virus may contain polymorphism at isoleucine residue Ile-50 in SEQ ID NO: 11633 (Chi-PEP13). The invention includes a polypeptide comprising an

amino acid sequence having sequence identity to SEQ ID NO: 11633, wherein said polypeptide includes an amino acid sequence selected from the group

consisting of NNIAS (SEQ ID NO: 11634) and NNTAS (SEQ ID NO: 11635). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11633,

wherein said fragment includes an amino acid sequence selected from the group consisting of NNIAS (SEQ ID NO: 11634) and NNTAS (SEQ ID NO: 11635).

[0520]

The SARS virus may contain a polymorphism at Serine residue Ser-943 in SEQ ID NO: 11636. The invention includes a polypeptide comprising an amino acid

sequence having sequence identity to SEQ ID NO: 11636, wherein said polypeptide includes an amino acid sequence selected from the group consisting of

AVSAC (SEQ ID NO: 11637) and AVGAC (SEQ ID NO: 11638). The invention includes a fragment of a polypeptide comprising SEQ ID NO: 11636, wherein said

fragment includes an amino acid seuence selected from the group consisting of AVSAC (SEQ ID NO: 11637) and AVGAC (SEQ ID NO: 11638).

[0521]

The invention includes a polynucleotide SEQ ID NO: 11639, or a fragment thereof or a sequence having sequence identity thereto. The invention includes a

polypeptide encoded by the polynucleotide sequence set forth in SEQ ID NO: 11639, or a fragment thereof or a polypeptide sequence having sequence identity

thereto.

[0522]

The invention includes a polynucleotide set forth in SEQ ID NO: 11640, or a fragment thereof or a sequence having sequence identity thereto. The invention

includes a polypeptide encoded by the polynucleotide sequence set forth in SEQ ID NO: 11640, or a fragment thereof or a polypeptide sequence having sequence

identity thereto.

[0523]

The invention includes each of the polynucleotides identi�ed above. The invention includes each of the polynucleotides set forth in the sequence listing. The

invention further includes polynucleotides having sequence identity to each of the polynucleotides identi�ed above. The degree of sequence identity is preferably

greater than 50% (e.g., 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more).

[0524]

The invention includes polynucleotide sequences comprising fragments of each of the polynucleotide sequences identi�ed above. The fragments should

comprise at least n consecutive polynucleotides from a particular SEQ ID NO:, and, depending on the sequence, n is 7 or more (e.g., 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120, 130, 140, 150, 160, 170, 180, 190,

200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300 or more).

[0525]

The invention includes each of the amino acid sequences encoded by each of the polynucleotide sequences identi�ed above. The invention includes each of the

amino acid sequences encoded by each of the polynucleotide sequences set forth in the sequence listing. The invention further includes amino acid sequences

having sequence identity to the amino acid sequences encoded by each of the polynucleotide sequences identi�ed above. The degree of sequence identity is

preferably greater than 50% (e.g., 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more). The invention further includes fragments of amino acid sequences

encoded by each of the polynucleotide sequences identi�ed above. The fragments should comprise at least n consecutive amino acids from a particular SEQ ID

NO:, and, depending on the sequence, n is 7 or more (e.g., 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,

37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300 or more).

[0526]

The invention includes each of the amino acid sequences identi�ed above. The invention includes each of the amino acid sequence set forth in the sequence

listing. The invention further includes amino acid sequences having sequence identity to each of the amino acid sequences identi�ed above. The degree of

sequence identity is preferably greater than 50% (e.g., 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,

80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more).

[0527]

The invention further includes fragments of the amino acid sequences identi�ed above. The fragments should comprise at least n consecutive amino acids from

a particular SEQ ID NO:, and, depending on the sequence, n is 7 or more (e.g., 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,

31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300

or more).

[0528]

The invention includes polynucleotides encoding each of the amino acid sequences identi�ed above. The invention includes polynucleotides encoding each of

the amino acid sequences set forth in the sequence listing. The invention further includes polynucleotides having sequence identity with each of the

polynucleotides encoding each of the amino acid sequences identi�ed above. The degree of sequence identity is preferably greater than 50% (e.g., 60%, 61%,

62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99% or more).

[0529]

The invention further includes fragments of polynucleotides encoding each of the amino acid sequences identi�ed above. The fragments should comprise at

least n consecutive polynucleotides from a particular SEQ ID NO:, and, depending on the sequence, n is 7 or more (e.g., 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 80, 90, 100, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220,

230, 240, 250, 260, 270, 280, 290, 300 or more).

[0530]

As described in more detail below, polynucleotides for use as primers and/or as probes may contain at least 4 or 8 contiguous nucleotides from a polynucleotide

sequence of the invention e.g. at least 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous nucleotides and up to about 50, 75, 100, 200

[0531]
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contiguous nucleotides or more. While 6-8 nucleotides may be a workable length, sequences of 10-12 nucleotides are preferred, and about 13, 14, 15, 16, 17, 18,

19, 20, or 21 or more nucleotides or more appears optimal for hybridisation.

In one embodiment, the invention is directed to polynucleotides and amino acid sequences that do not consist entirely of a known SARS virus polynucleotide or

amino acid sequence or of a known coronavirus polynucleotide or amino acid sequence. In one embodiment, the polynucleotides and amino acid sequences of

the invention do not consist entirely of the sequence SEQ ID NO: 1. In another embodiment, the polynucleotides and amino acid sequences of the invention do

not consist entirely of the sequence SEQ ID NO: 2. SEQ ID NO: 9967 is a SARS genome sequence of the Frankfurt (FRA) isolate (GenBank: AY310120). Compared

to SEQ ID NO: 1, it differs at nucleotides 2546, 2590, 11437, 18954, 19073, 20585, 20899, 23209, 24922, 26589 & 28257; compared to SEQ ID NO:2, it differs at

nucleotides 2560, 7922, 11451, 16625, 18968 & 19067. Further genome sequences have become available from GenBank, since this application was originally

�led, under accession numbers including AY559097, AY559096, AY559095, AY559094, AY559093, AY559092, AY559091, AY559090, AY559089, AY559088,

AY559087, AY559086, AY559085, AY559084, AY559083, AY559082, AY559081, AY274119, AY323977, AY291315, AY502932, AY502931, AY502930, AY502929,

AY502928, AY502927, AY502926, AY502925, AY502924, AY502923, AY291451, AY390556, AY395003, AY395002, AY395001, AY395000, AY394999, AY394998,

AY394997, AY394996, AY394995, AY394994, AY394993, AY394992, AY394991, AY394990, AY394989, AY394987, AY394986, AY394985, AY394983, AY394979,

AY394978, AY508724, AY394850, AY463059, AY463060, AY313906, AY310120, AY461660, AY485278, AY485277, AY345988, AY345987, AY345986, AY282752,

AY357076, AY357075, AY350750, AY304495, AY304488, AY304486, AY427439, AY283798, AY278491, AY278489, AY362699, AY362698, AY283797, AY283796,

AY283795, AY283794, AY278741, AY351680, AP006561, AP006560, AP006559, AP006558, AP006557, AY278554, AY348314, AY338175, AY338174, AY321118,

AY279354, AY278490, AY278487, AY297028, AY278488, and ND—004718.

[0532]

In another embodiment, the invention is directed to polynucleotides that encode proteins which are not immunologically cross reactive with a protein of a mouse

hepatitis virus, a bovine coronavirus or an avian infectious bronchitis virus. In another embodiment, the invention is directed to proteins which are not

immunologically cross reactive with a protein of a mouse hepatitis virus, a bovine coronavirus or an avian infectious bronchitis virus.

[0533]

Each of the polynucleotides identi�ed above may be used to encode a portion of a fusion protein. Accordingly, the invention compries one or more of the

polynucleotides identi�ed above wherein the polynucleotides encoding for the start codon are removed. The invention further comprises one or more of the

amino acids identi�ed above wherein the starting methionine is removed.

[0534]

Any of the polynucleotide or amino acid sequences discussed above may be used in vaccines for the treatment or prevention of SARS virus infection, including

as a SARS viral antigen. Additionally, any of the polynucleotides or amino acid sequences discussed above may be used as diagnostic reagents, or in kits

(comprising such reagents) or in methods used to diagnose or identify the presence or absence of a SARS virus in a biological sample.

[0535]

SARS viral antigens of the invention may include a polypeptide with 99%, 95%, 90%, 85%, or 80% homology to one or more of the group consisting of the

following proteins: nonstructural protein 2 (NS2); hemagglutinin-esterase glycoprotein (HE) (also referred to as E3), spike glycoprotein (S) (also referred to as

E2), nonstructural region 4 (NS4), envelope (small membrane) protein (E) (also referred to as sM), membrane glycoprotein (M) (also referred to as E1),

nucleocapsid phosphoprotein (N) or RNA dependent RNA polymerase (pol).

[0536]

A detailed discussion of Coroavirus biology can be found in Fields Virology (2nd ed), Fields et al. (eds.), B.N. Raven Press, New York, N.Y., Chapter 35.[0537]

Another example of a SARS virus isolate is set forth in Example 1 below. The invention includes each of the polypeptide and polynucleotide sequences identi�ed

in Example 1. In addition, the invention includes vaccine formulations comprising one or more of the polypeptide or polynucleotide sequences identi�ed in

Example 1. The invention includes diagnostic regaents, kits (comprising such reagents) and methods which can be used to diagnose or identify the presence or

absence of a SARS virus in a biological sample using one or more of the polypeptide or polynucleotide sequences identi�ed in Example 1. The invention includes

methods for the treatment or prevention of SARS virus infection utilizing small molecule viral inhibitors and combinations of small molecule viral inhibitors and

kits for the treatment of SARS. The small molecule inhibitors may speci�cally target one or more of the polypeptides or polynucleotides identi�ed in Example 1.

[0538]

Further discussion of terms used in the application follows below.[0539]

“Respiratory Virus” as used herein refers to a virus capable of infecting the human respiratory tract. Respiratory Viral Antigens suitable for use in the invention

include Severe Acute Respiratory Syndrome virus, coronavirus, in�uenza virus, human rhinovirus (HRV), parain�uenza virus (PWV), respiratory syncytial virus

(RSV), adenovirus, metapneumovirus, and rhinovirus.

[0540]

The terms “polypeptide”, “protein” and “amino acid sequence” as used herein generally refer to a polymer of amino acid residues and are not limited to a

minimum length of the product. Thus, peptides, oligopeptides, dimers, mulimers, and the like, are included within the de�nition. Both full-length proteins and

fragments thereof are encompassed by the de�nition. Minimum fragments of polypeptides useful in the invention can be at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,

14, or even 15 amino acids. Typically, polypeptides useful in this invention can have a maximum length suitable for the intended application. Generally, the

maximum length is not critical and can easily be selected by one skilled in the art.

[0541]

Polypeptides of the invention can be prepared in many ways e.g. by chemical synthesis (at least in part), by digesting longer polypeptides using proteases, by

translation from RNA, by puri�cation from cell culture (e.g. from recombinant expression), from the organism itself (e.g. after viral culture, or direct from

patients), from a cell line source etc. A preferred method for production of peptides <40 amino acids long involves in vitro chemical synthesis (Bodanszky (1993)

Principles of Peptide Synthesis (ISBN: 0387564314); Fields et al. (1997) Methods in Enzymology 289: Solid-Phase Peptide Synthesis. ISBN: 0121821900). Solid-

phase peptide synthesis is particularly preferred, such as methods based on t-Boc or Fmoc (Chan & White (2000) Fmoc Solid Phase Peptide Synthesis ISBN:

0199637245) chemistry. Enzymatic synthesis (Kullmann (1987) Enzymatic Peptide Synthesis. ISBN: 0849368413) may also be used in part or in full. As an

alternative to chemical synthesis, biological synthesis may be used e.g. the polypeptides may be produced by translation. This may be carried out in vitro or in

vivo. Biological methods are in general restricted to the production of polypeptides based on L-amino acids, but manipulation of translation machinery (e.g. of

aminoacyl tRNA molecules) can be used to allow the introduction of D-amino acids (or of other non natural amino acids, such as iodotyrosine or

methylphenylalanine, azidohomoalanine, etc.) (Ibba (1996) Biotechnol Genet Eng Rev 13:197-216.). Where D-amino acids are included, however, it is preferred to

use chemical synthesis. Polypeptides of the invention may have covalent modi�cations at the C-terminus and/or N-terminus, particularly where they are for in

vivo administration e.g by attachment of acetyl or carboxamide, as in the Fuzeon™ product.

[0542]

Reference to polypeptides and the like also includes derivatives of the amino acid sequences of the invention. Such derivatives can include postexpression

modi�cations of the polypeptide, for example, glycosylation, acetylation, phosphorylation, and the like. Amino acid derivatives can also include modi�cations to

the native sequence, such as deletions, additions and substitutions (generally conservative in nature), so long as the protein maintains the desired activity. These

modi�cations may be deliberate, as through site-directed mutagenesis, or may be accidental, such as through mutations of.hosts which produce the proteins or

errors due to PCR ampli�cation. Furthermore, modi�cations may be made that have one or more of the following effects: reducing toxicity; facilitating cell

processing (e.g., secretion, antigen presentation, etc.); and facilitating presentation to B-cells and/or T-cells.

[0543]

“Fragment” or “Portion” as used herein refers to a polypeptide consisting of only a part of the intact full-length polypeptide sequence and structure as found in

nature. For instance, a fragment can include a C-terminal deletion and/or an N-terminal deletion of a protein.

[0544]

A “recombinant” protein is a protein which has been prepared by recombinant DNA techniques as described herein. In general, the gene of interest is cloned and

then expressed in transformed organisms, as described further below. The host organism expressed the foreign gene to produce the protein under expression

conditions.

[0545]

The term “polynucleotide”, as known in the art, generally refers to a nucleic acid molecule. A “polynucleotide” can include both double- and single-stranded

sequences and refers to, but is not limited to, cDNA from viral, prokaryotic or eukaryotic mRNA, genomic RNA and DNA sequences from viral (e.g. RNA and DNA

viruses and retroviruses) or prokaryotic DNA, and especially synthetic DNA sequences. The term also captures sequences that include any of the known base

analogs of DNA and RNA, and includes modi�cations such as deletions, additions and substitutions (generally conservative in nature), to the native sequence, so

long as the nucleic acid molecule encodes a therapeutic or antigenic protein. These modi�cations may be deliberate, as through site-directed mutagenesis, or

may be accidental, such as through mutations of hosts that produce the antigens. Modi�cations of polynucleotides may have any number of effects including,

for example, facilitating expression of the polypeptide product in a host cell.

[0546]

Polynucleotides of the invention may be prepared in many ways e.g. by chemical synthesis (e.g. phosphoramidite synthesis of DNA) in whole or in part, by

digesting longer nucleic acids using nucleases (e.g. restriction enzymes), by joining shorter nucleic acids or nucleotides (e.g. using ligases or polymerases),

from genomic or cDNA libraries, etc.

[0547]

A polynucleotide can encode a biologically active (e.g., immunogenic or therapeutic) protein or polypeptide. Depending on the nature of the polypeptide encoded

by the polynucleotide, a polynucleotide can include as little as 10 nucleotides, e.g., where the polynucleotide encodes an antigen.

[0548]

By “isolated” is meant, when referring to a polynucleotide or a polypeptide, that the indicated molecule is separate and discrete from the whole organism with

which the molecule is found in nature or, when the polynucleotide or polypeptide is not found in nature, is su�ciently free of other biological macromolecules so

that the polynucleotide or polypeptide can be used for its intended purpose. The polynucleotides and polypeptides of the invention are preferably isolated

polynucleotides and isolated polypeptides.

[0549]

“Antibody” as known in the art includes one or more biological moieties that, through chemical or physical means, can bind to or associate with an epitope of a

polypeptide of interest. The antibodies of the invention include antibodies which speci�cally bind to a SARS viral antigen. The term “antibody” includes

antibodies obtained from both polyclonal and monoclonal preparations, as well as the following: hybrid (chimeric) antibody molecules (see, for example, Winter

et al. (1991) Nature 349: 293-299; and U.S. Pat. No. 4,816,567; F(ab′)2 and F(ab) fragments; Fv molecules (non-covalent heterodimers, see, for example, Inbar et

[0550]
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al. (1972) Proc Natl Acad Sci USA 69:2659-2662; and Ehrlich et al. (1980) Biochem 19:4091-4096); single-chain Fv molecules (sFv) (see, for example, Huston et

al. (1988) Proc Natl Acad Sci USA 85:5897-5883); dimeric and trimeric antibody fragment constructs; minibodies (see, e.g., Pack et al. (1992) Biochem

31:1579-1584; Cumber et al. (1992) J Immunology 149B: 120-126); humanized antibody molecules (see, for example, Riechmann et al. (1988) Nature

332:323-327; Verhoeyan et al. (1988) Science 239:1534-1536; and U.K. Patent Publication No. GB 2,276,169, published 21 Sep. 1994); and, any functional

fragments obtained from such molecules, wherein such fragments retain immunological binding properties of the parent antibody molecule. The term “antibody”

further includes antibodies obtained through non-conventional processes, such as phage display.

As used herein, the term “monoclonal antibody” refers to an antibody composition having a homogeneous antibody population. The term is not limited regarding

the species or source of the antibody, nor is it intended to be limited by the manner in which it is made. Thus, the term encompasses antibodies obtained from

murine hybridomas, as well as human monoclonal antibodies obtained using human rather than murine hybridomas. See, e.g., Cote, et al. Monoclonal Antibodies

and Cancer Therapy, Alan R. Liss, 1985, p 77.

[0551]

An “immunogenic composition” as used herein refers to a composition that comprises an antigenic molecule where administration of the composition to a

subject results in the development in the subject of a humoral and/or a cellular immune response to the antigenic molecule of interest. The immunogenic

composition can be introduced directly into a recipient subject, such as by injection, inhalation, oral, intranasal or any other parenteral, mucosal or transdermal

(e.g., intra-rectally or intra-vaginally) route of administration.

[0552]

The term “derived from” is used to identify the source of molecule (e.g., a molecule can be derived from a polynucleotide, polypeptide, an immortalized cell line

can be derived from any tissue, etc.). A �rst polynucleotide is “derived from” a second polynucleotide if it has the same or substantially the same basepair

sequence as a region of the second polynucleotide, its cDNA, complements thereof, or if it displays sequence identity as described above. Thus, a �rst

polynucleotide sequence is “derived from” a second sequence if it has (i) the same or substantially the same sequence as the second sequence or (ii) displays

sequence identity to polypeptides of that sequence.

[0553]

A �rst polypeptide is “derived from” a second polypeptide if it is (i) encoded by a �rst polynucleotide derived from a second polynucleotide, or (ii) displays

sequence identity to the second polypeptides as described above. Thus, a polypeptide (protein) is “derived from” a particular SARS virus if it is (i) encoded by an

open reading frame of a polynucleotide of that SARS virus, or (ii) displays sequence identity, as described above, to polypeptides of that SARS virus.

[0554]

Both polynucleotide and polypeptide molecules can be physically derived from a SARS virus or produced recombinantly or synthetically, for example, based on

known sequences.

[0555]

A cultured cell or cell line is “derived from” another cell, cells or tissue if it is originally obtained from existing cells or tissue. Non-limiting examples of tissue that

cells may be derived from include skin, retina, liver, kidney, heart, brain, muscle, intestinal, ovary, breast, prostate, cancerous tissue, tissue infected with one or

more pathogens (e.g., viruses, bacteria etc.) and the like. The cells described herein may also be derived from other cells including, but not limited to, primary

cultures, existing immortalized cells line and/or other isolated cells.

[0556]

An “antigen” refers to a molecule containing one or more epitopes (either linear, conformational or both) that will stimulate a host's immune system to make a

humoral and/or cellular antigen-speci�c response. The term is used interchangeably with the term “immunogen.” Normally, an epitope will include between about

3-15, generally about 5-15 amino acids. A B-cell epitope is normally about 5 amino acids but can be as small as 3-4 amino acids. A T-cell epitope, such as a CTL

epitope, will include at least about 7-9 amino acids, and a helper T-cell epitope at least about 12-20 amino acids. Normally, an epitope will include between about

7 and 15 amino acids, such as, 9, 10, 12 or 15 amino acids. The term “antigen” denotes both subunit antigens, (i.e., antigens which are separate and discrete

from a whole organism with which the antigen is associated in nature), as well as, killed, attenuated or inactivated bacteria, viruses, fungi, parasites or other

microbes as well as tumor antigens, including extracellular domains of cell surface receptors and intracellular portions that may contain T-cell epitopes.

Antibodies such as anti-idiotype antibodies, or fragments thereof, and synthetic peptide mimotopes, which can mimic an antigen or antigenic determinant, are

also captured under the de�nition of antigen as used herein. Similarly, an oligonucleotide or polynucleotide that expresses an antigen or antigenic determinant in

vivo, such as in gene therapy and DNA immunization applications, is also included in the de�nition of antigen herein.

[0557]

An “immunological response” to an antigen or composition is the development in a subject of a humoral and/or a cellular immune response to an antigen

present in the composition of interest. For purposes of the present invention, a “humoral immune response” refers to an immune response mediated by antibody

molecules, including secretory (IgA) or IgG molecules, while a “cellular immune response” is one mediated by T-lymphocytes and/or other white blood cells. One

important aspect of cellular immunity involves an antigen-speci�c response by cytolytic T-cells (“CTL”s). CTLs have speci�city for peptide antigens that are

presented in association with proteins encoded by the major histocompatibility complex (MHC) and expressed on the surfaces of cells. CTLs help induce and

promote the destruction of intracellular microbes, or the lysis of cells infected with such microbes. Another aspect of cellular immunity involves an antigen-

speci�c response by helper T-cells. Helper T-cells act to help stimulate the function, and focus the activity of, nonspeci�c effector cells against cells displaying

peptide antigens in association with MHC molecules on their surface. A “cellular immune response” also refers to the production of cytokines, chemokines and

other such molecules produced by activated T-cells and/or other white blood cells, including those derived from CD4+ and CD8+ T-cells. In addition, a chemokine

response may be induced by various white blood or endothelial cells in response to an administered antigen.

[0558]

II. Vaccine Formulations

The invention relates to vaccine formulations for the treatment or prevention of Severe Acute Respiratory Syndrome (SARS). Vaccine formulations of the

invention include an inactivated (or killed) SARS virus, an attenuated SARS virus, a split SARS virus preparation and a recombinant or puri�ed subunit formulation

of one or more SARS viral antigens. The invention includes polypeptides and polynucleotides encoding for SARS viral antigens and immunogenic fragments

thereof. Expression and delivery of the polynucleotides of the invention may be facilitated via viral vectors and/or viral particles, including Virus Like Particles

(VLPs).

[0559]

A. Inactivated (or Killed) SARS Vaccines

The invention includes a composition comprising an inactivated (or killed) SARS virus and methods for the production thereof. Inactivated SARS viral

compositions can be used as prophylactic or therapeutic SARS virus vaccine. Preferably the inactivated SARS virus vaccine composition comprises an amount

of inactivated SARS virus which, before inactivation, is equivalent to a virus titer of from about 4 to 7 logs plaque forming units (PFU) or 4 to 7 logs tissue culture

infectious dose 50 (TCID50) per milliliter. More preferably, before inactivation the virus titer is from 4 to 11, 7 to 11 or 9 to 11 PFU or TCID50. Still more preferably

the inactivated SARS virus vaccine composition comprises an amount of inactivated SARS virus which, before inactivation, is equivalent to a virus titer of from

about 5 to 9 PFU or 5 to 9 TCID50 per milliliter. In one embodiment, the PFU or TCID50 of the cultured SARS virus at harvest is 6 to 8, more preferably about 7.5

PFU or TCID50 per milliliter. Upon concentration of the viral harvest, the PFU or TCID50 is preferably 8 to 11, still more preferably about 9 PFU or TCID50 per

milliliter. The vaccine composition comprises a su�cient amount of the SARS virus antigen to produce an immunological response in a primate.

[0560]

Methods of inactivating or killing viruses are known in the art to destroy the ability of the viruses to infect mammalian cells. Such methods include both chemical

or physical means. Chemical means for inactivating a SARS virus include treatment of the virus with an effective amount of one or more of the following agents:

detergents, formaldehyde, formalin, β-propiolactone, or UV light. Additional chemical means for inactivation include treatment with methylene blue, psoralen,

carboxyfullerene (C60) or a combination of any thereof. Other methods of viral inactivation are known in the art, such as for example binary ethylamine, acetyl

ethyleneimine, or gamma irradiation.

[0561]

For example formaldehyde may be used at concentrations such as 0.1 to 0.02%, preferably at 0.02 to 0.1%, and still more preferably at 0.04 to 0.05%. The

inactivating agent is added to virus containing culture supernatants, prior to or after harvesting said culture supernatants from vessels used for virus

propagation, either with or without a step of cell disruption for release of cell-associated virus prior to harvesting. Further, the inactivating agent may be added

after said culture supernatants have been stored frozen and thawed, or after one or more steps of puri�cation to remove cell contaminants. Preferably, however,

formaldehyde is added after removal of cells and cellular debris or after one or more puri�cation steps. After addition of formaldehyde, the virus containing

mixture is transferred into an incubation vessel and incubated at refrigeration temperatures (e.g. +2 to 8° C.) or alternatively at elevated temperatures, such as

ambient temperatures between approximately 20 and 30° C. or at 33° C. to 37° C. for a period of 12 hours to 7 days, whereby the temperature chosen should be

adjusted to the duration of incubation. Prefered conditions are e.g. +2-8° C. for 3-7 days (prefered are 3-7days), ambient temperatures and incubation for 16

hours to 3 days (prefered 24-48 hours), or 35-37° C. for 12-36 hours. If it is desirable to remove excess formalin, sodium thiosulfate or sodium metabisul�te at

equimolar or 1.5-fold molar concentration (relative to formaldehyde) may be added after completing the inactivation process.

[0562]

For example, β-propiolactone may be used at concentrations such as 0.01 to 0.5%, preferably at 0.5% to 0.2%, and still more preferably at 0.025 to 0.1%. The

inactivating agent is added to virus containing culture supernatants (virus material) prior to or after harvesting said culture supernatants from vessels used for

virus propagation, either with or without a step of cell disruption for release of cell-associated virus prior to harvesting. Further, the inactivating agent may be

added after said culture supernatants have been stored frozen and thawed, or after one or more steps of puri�cation to remove cell contaminants.

β-propiolactone is added to the virus material, with the adverse shift in pH to acidity being controlled with sodium hydroxide (e.g., 1 N NaOH), a Tris-buffer or

sodium bicarbonate solution. After transfering the mixture to another inactivation vessel, the combined inactivating agent-virus materials are incubated at

temperatures from 4° C. to 37° C., for incubation times of preferably 24 to 72 hours.

[0563]

Another inactivant which may be used is binary ethyleneimine (BEI). Equal volumes of a 0.2 molar bromoethylamine hydrobromide solution and a 0.4 molar

sodium hydroxide solution are mixed and incubated at about 37° C. for 60 minutes. The resulting cyclized inactivant is binary ethyleneimine, which is added to

the virus materials at 0.5 to 4 percent, and preferably at 1 to 3 percent, volume to volume. The inactivating virus materials are held from about 4° C. to 37° C. for

[0564]
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24 to 72 hours with periodic agitation. At the end of this incubation 20 ml. of a sterile 1 molar sodium thiosulfate solution was added to insure neutralization of

the BEI.

In one embodiment, the invention includes an inactivating method is designed to maximize exposure of the virus to the inactivating agent and to minimize long-

term exposure of the temperature sensitive SARS virus particles to elevated temperatures. The invention includes an inactivation method comprising exposing

the virus to the inactivation agent (such as BPL) for 12 to 24 hours at refrigeration temperatures followed by hydrolysis of any residual inactivating agent by

elevating the temperature for only 3 hours. Preferably, the refrigeration temperatures are between 0 and 8° C., more preferably around 4° C. Preferably, the

elevated temperature is between 33 and 41° C., more preferably around 37° C. As assessed by a test for residual infectious virus using 10 ml aliquots of the

inactivated preparation, the method is able to inactivate SARS-CoV in raw cell culture harvests below a theoretical limit of 0.03 infectious units/ml.

[0565]

Diluted and undiluted samples of the inactivated virus materials are added to susceptible cell (tissue) culture (e.g., VERO) to detect any non-inactivated virus.

The cultured cells are passaged multiple times and examined for the presence of SARS virus based on any of a variety of methods, such as, for example,

cytopathic effect (CPE) and antigen detection (e.g., via �uoroscent antibody conjugates speci�c for SARS virus). Such tests allow determination of complete

virus inactivation.

[0566]

Prior to inactivation, the SARS virus will be cultured in a mammalian cell culture. The cell culture may be adherently growing cells or cells growing in suspension.

Preferably the cells are of mammalian origin, but may also be derived from avian (e.g., hens' cells such as hens' embryo cells (CEF cells)), amphibian, reptile,

insect, or �sh sources. Mammalian sources of cells include, but are not limited to, human or non-human primate (e.g., MRC-5 (ATCC CCL-171), WI-38 (ATCC

CCL-75), HeLa cells, human diploid cells, fetal rhesus lung cells (e.g. ATCC CL-160), human embryonic kidney cells (293 cells, typically transformed by sheared

adenovirus type 5 DNA), VERO cells (e.g., from monkey kidneys), horse, cow (e.g., MDBK cells), sheep, dog (e.g., MDCK cells from dog kidneys, ATCC CCL34

MDCK (NBL2) or MDCK 33016, deposit number DSM ACC 2219 as described in WO 97/37001), cat, and rodent (e.g., hamster cells such as BHK21-F, HKCC cells,

or Chinese hamster ovary cells (CHO cells)), and may be obtained from a wide variety of developmental stages, including for example, adult, neonatal, fetal, and

embryo.

[0567]

In certain embodiments the cells are immortalized (e.g., PERC.6 cells are described, for example, in WO 01/38362 and WO 02/40665, incorporated by reference

herein in their entireties, as well as deposited under ECACC deposit number 96022940), or any other cell type immortalized using the techniques described

herein.

[0568]

In preferred embodiments, mammalian cells are utilized, and may be selected from and/or derived from one or more of the following non-limiting cell types:

�broblast cells (e.g., dermal, lung), endothelial cells (e.g., aortic, coronary, pulmonary, vascular, dermal microvascular, umbilical), hepatocytes, keratinocytes,

immune cells (e.g., T cell, B cell, macrophage, NK, dendritic), mammary cells (e.g., epithelial), smooth muscle cells (e.g., vascular, aortic, coronary, arterial,

uterine, bronchial, cervical, retinal pericytes), melanocytes, neural cells (e.g., astrocytes), prostate cells (e.g., epithelial, smooth muscle), renal cells (e.g.,

epithelial, mesangial, proximal tubule), skeletal cells (e.g., chondrocyte, osteoclast, osteoblast), muscle cells (e.g., myoblast, skeletal, smooth, bronchial), liver

cells, retinoblasts, and stromal cells. WO 97/37000 and WO 97/37001, incorporated by reference herein in their entireties, describe production of animal cells

and cell lines that capable of growth in suspension and in serum free media and are useful in the production and replication of viruses.

[0569]

Preferably, the SARS viruses of the invention are grown on VERO cells or fetal rhesus kidney cells.[0570]

Culture conditions for the above cell types are well-described in a variety of publications, or alternatively culture medium, supplements, and conditions may be

purchased commercially, such as for example, as described in the catalog and additional literature of Cambrex Bioproducts (East Rutherford, N.J.).

[0571]

In certain embodiments, the host cells used in the methods described herein are cultured in serum free and/or protein free media. A medium is referred to as a

serum-free medium in the context of the present invention in which there are no additives from serum of human or animal origin. Protein-free is understood to

mean cultures in which multiplication of the cells occurs with exclusion of proteins, growth factors, other protein additives and non-serum proteins. The cells

growing in such cultures naturally contain proteins themselves.

[0572]

Known serum-free media include Iscove's medium, Ultra-CHO medium (BioWhittaker) or EX-CELL (JRH Bioscience). Ordinary serum-containing media include

Eagle's Basal Medium (BME) or Minimum Essential Medium (MEM) (Eagle, Science, 130, 432 (1959)) or Dulbecco's Modi�ed Eagle Medium (DMEM or EDM),

which are ordinarily used with up to 10% fetal calf serum or similar additives. Optionally, Minimum Essential Medium (MEM) (Eagle, Science, 130, 432 (1959)) or

Dulbecco's Modi�ed Eagle Medium (DMEM or EDM) may be used without any serum containing supplement. Protein-free media like PF-CHO (JHR Bioscience),

chemically-de�ned media like ProCHO 4CDM (BioWhittaker) or SMIF 7 (Gibco/BRL Life Technologies) and mitogenic peptides like Primactone, Pepticase or

HyPep™ (all from Quest International) or lactalbumin hydrolyzate (Gibco and other manufacturers) are also adequately known in the prior art. The media

additives based on plant hydrolyzates have the special advantage that contamination with viruses, mycoplasma or unknown infectious agents can be ruled out.

[0573]

The cell culture conditions to be used for the desired application (temperature, cell density, pH value, etc.) are variable over a very wide range owing to the

suitability of the cell line employed according to the invention and can be adapted to the requirements of the SARS virus.

[0574]

The method for propagating the SARS virus in cultured cells (e.g., mammalian cells) includes the steps of inoculating the cultured cells with SARS virus,

cultivating the infected cells for a desired time period for virus propagation, such as for example as determined by SARS virus titer or SARS virus antigen

expression (e.g., between 24 and 168 hours after inoculation) and collecting the propagated virus. The cultured cells are inoculated with a SARS virus (measured

by PFU or TCID50) to cell ratio of 1:10000 to 1:10. A lower range of ratios may also be used e.g. 1:500 to 1:1, preferably 1:100 to 1:5, more preferably 1:50 to 1:10.

The SARS virus is added to a suspension of the cells or is applied to a monolayer of the cells, and the virus is absorbed on the cells for at least 60 minutes but

usually less than 300 minutes, preferably between 90 and 240 minutes at 25° C to 40° C., more preferably 28° C. to 37° C., still more preferably at about 33° C.

The infected cell culture (e.g., monolayers) may be treated either by freeze-thawing or by enzymatic action to increase the viral content of the harvested culture

supernatants. The harvested �uids are then either inactivated or stored frozen.

[0575]

A comparison of SARS infected Vero cells grown with and without fetal calf serum (“FCS”) is shown in FIG. 26A. Brie�y, Vero cells were split the day before

infection and cultivated in T175 �asks. Infection of 90% con�uent Vero cell monolayers the following day was performed with a SARS-CoV seed stock (strain

FRA, passage 4, Accession number AY310120), with or without 3% FCS (FIG. 26A). The addition of FCS to the cell media showed little impact on virus yield.

[0576]

Cultured cells may be infected at a multiplicity of infection (“m.o.i.”) of about 0.0001 to 10, preferably 0.002 to 5, more preferably to 0.001 to 2. Still more

preferably, the cells are infected at a m.o.i of about 0.01. A comparison of viral yield at varying m.o.i. levels is shown in FIG. 26B.

[0577]

Infected cells may be harvested 30 to 60 hours post infection. Preferably, the cells are harvested 34-48 hours post infection. Still more preferably, the cells are

harvested 38 to 40 hours post infection. See FIG. 26C.

[0578]

Methods of puri�cation of inactivated virus are known in the art and may include one or more of, for instance gradient centrifugation, ultracentrifugation,

continuous-�ow ultracentrifugation and chromatography, such as ion exchange chromatography, size exclusion chromatography, and liquid a�nity

chromatography. Additional method of puri�cation include ultra�ltration and dial�ltration. See J P Gregersen “Herstellung von Virussimpfstoffen aus

Zellkulturen” Chapter 4.2 in Pharmazeutische Biotecnology (eds. O. Kayser and R H Mueller) Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000. See also,

O'Neil et al., “Virus Harvesting and A�nity Based Liquid Chromatography. A Method for Virus Concentration and Puri�cation”, Biotechnology (1993) 11:173-177;

Prior et al., “Process Development for Manufacture of Inactivated HIV-1”, Pharmaceutical Technology (1995) 30-52; and Majhdi et al., “Isolation and

Characterization of a Coronavirus from Elk Calves with diarrhea” Journal of Clinical Microbiology (1995) 35(11): 2937-2942.

[0579]

Other examples of puri�cation methods suitable for use in the invention include polyethylene glycol or ammonium sulfate precipitation (see Trepanier et al.,

“Concentration of human respiratory syncytial virus using ammonium sulfate, polyethylene glycol or hollow �ber ultra�ltration” Journal of Virological Methods

(1981) 3(4):201-211; Hagen et al., “Optimization of Poly(ethylene glycol) Precipitation of Hepatitis Virus Used to prepare VAQTA, a Highly Puri�ed Inactivated

Vaccine” Biotechnology Progress (1996) 12:406-412; and Carlsson et al., “Puri�cation of Infectious Pancreatic Necrosis Virus by Anion Exchange

Chromatography Increases the Speci�c Infectivity” Journal of Virological Methods (1994) 47:27-36) as well as ultra�ltration and micro�ltration (see Pay et al.,

Developments in Biological Standardization (1985) 60:171-174; Tsurumi et al., “Structure and �ltration performances of improved cuprammonium regenerated

cellulose hollow �bre (improved BMM hollow �bre) for virus removal” Polymer Journal (1990) 22(12):1085-1100; and Makino et al., “Concentration of live

retrovirus with a regenerated cellulose hollow �bre, BMM”, Archives of Virology (1994) 139(1-2):87-96.).

[0580]

Preferably, the virus is puri�ed using chromatography, such as ion exchange, chromatography. Chromatic puri�cation allows for the production of large volumes

of virus containing suspension. The viral product of interest can interact with the chromatic medium by a simple adsorption/desorption mechanism, and large

volumes of sample can be processed in a single load. Contaminants which do not have a�nity for the adsorbent pass through the column. The virus material

can then be eluted in concentrated form.

[0581]

Preferred anion exchange resins for use in the invention include DEAE, EMD TMAE. Preferred cation exchange resins may comprise a sulfonic acid-modi�ed

surface. In one embodiment, the virus is puri�ed using ion exchange chromatography comprising a strong anion exchange resin (e.g. EMD TMAE) for the �rst

step and EMD-SO3 (cation exchange resin) for the second step. A metal-binding a�nity chromatography step can optionally be included for further puri�cation.

(See, e.g., WO 97/06243).

[0582]

A preferred resin for use in the invention is Fractogel™ EMD. This synthetic methacrylate based resin has long, linear polymer chains (so-called “tentacles”)

covalently attached. This “tentacle chemistry” allows for a large amount of sterically accessible ligands for the binding of biomolecules without any steric

hindrance. This resin also has improved pressure stability.

[0583]

Column-based liquid a�nity chromatography is another preferred puri�cation method for use in the invention. One example of a resin for use in this puri�cation[0584]
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method is Matrex™ Cellu�ne™ Sulfate (MCS). MCS consists of a rigid spherical (approx. 45-105 μm diameter) cellulose matrix of 3,000 Dalton exclusion limit (its

pore structure excludes macromolecules), with a low concentration of sulfate ester functionality on the 6-position of cellulose. As the functional ligand (sulfate

ester) is relatively highly dispersed, it presents insu�cient cationic charge density to allow for most soluble proteins to adsorb onto the bead surface. Therefore

the bulk of the protein found in typical virus pools (cell culture supernatants, e.g. pyrogens and most contaminating proteins, as well as nucleic acids and

endotoxins) are washed from the column and a degree of puri�cation of the bound virus is achieved.

The rigid, high-strength beads of MCS tend to resist compression. The pressure/�ow characteristics the MCS resin permit high linear �ow rates allowing high-

speed processing, even in large columns, making it an easily scalable unit operation. In addition a chromatographic puri�cation step with MCS provides

increased assurance of safety and product sterility, avoiding excessive product handling and safety concerns. As endotoxins do not bind to it, the MCS

puri�cation step allows a rapid and contaminant free depyrogenation. Gentle binding and elution conditions provide high capacity and product yield. The MCS

resin therefore represents a simple, rapid, effective, and cost-saving means for concentration, puri�cation and depyrogenation. In addition, MCS resins can be

reused repeatedly.

[0585]

The inactivated virus may be further puri�ed by gradient centrifugation, preferably density gradient centrifugation. For commercial scale operation a continuous

�ow sucrose gradient centrifugation would be the preferred option. This method is widely used to purify antiviral vaccines and is known to the expert in the �eld

(See J P Gregersen “Herstellung von Virussimpfstoffen aus Zellkulturen” Chapter 4.2 in Pharmazeutische Biotechnology (eds. O. Kayser and R H Mueller)

Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.)

[0586]

The density gradient centrifugation step may be performed using laboratory or commercial scale gradient centrifugation equipment. For example, a swinging

bucket rotor, a �xed angle rotor, or a vertical tube rotor, particularly for laboratory scale production of the virus. Preferably, the gradient centrifugation step is

performed using a swinging bucket rotor. This type of rotor has a su�ciently long pathlength to provide high quality separations, particularly with

multicomponent samples. In addition, swinging bucket rotors have greatly reduced wall effects, and the contents do not reorient during acceleration and

deceleration. Because of their longer pathlength, separations take longer compared to �xed angle or vertical tube rotors. The prepared sucrose solutions are

controlled via refractometer on their sucrose concentration.

[0587]

Sucrose gradients for density gradient centrifugation, such as in a swinging bucket centrifuge tubes may be formed prior to centrifugation by the use of a

gradient former (continuous/linear). The volume of sample which can be applied to the gradient in a swinging bucket rotor tube is a function of the cross-

sectional area of the gradient that is exposed to the sample. If the sample volume is too high, there is not su�cient radial distance in the centrifuge tube for

effective separation of components in a multicomponent sample.

[0588]

An approximate sample volume for swinging bucket rotor SW 28 is 1-5 ml per tube (with a tube diameter of 2.54 cm). The sample is applied to the gradient by

pipetting the volume on top of the gradient. The blunt end of the pipette is placed at 45-60° angle to the tube wall, approximately 2-3 mm above the gradient. The

sample is injected slowly and allowed to run down the wall of the tube onto the gradient. After centrifugation gradient fractions are recovered by carefully

inserting a gauge needle until the bottom of the tube and starting to collect fractions of 2 ml by pumping the liquid from the tube into falcon tubes.

[0589]

Sucrose density gradients suitable for use with this density gradient centrifugation puri�cation step include 0-60%, 5-60%, 15-60%, 0-50%, 5-50%, 15-50%, 0-40%,

5-40%, and 15-40%. Preferably, the sucrose density gradient is 15-40%, 5-40% or 0-40%.

[0590]

Alternatively, a discontinuous sucrose density gradient may be used for puri�cation. A discontinuous sucrose density scheme provides for discrete, overlaying

layers of differing sucrose concentrations. In one example, a �rst layer of 50% sucrose is covered by a second layer of 40% sucrose; the second layer is covered

by a third layer of 20% sucrose; the third layer is covered by a fourth layer of 10% sucrose; and the fourth layer is covered by the solution containing the virus to

be puri�ed.

[0591]

In one embodiment, inactivated virus is puri�ed by a method comprising a �rst step of chromatography puri�cation and a second step of gradient centrifugation.

Preferably the �rst step comprises liquid a�nity chromatography, such as MCS. Preferably, the second step comprises density gradient centrifugation using a

swinging bucket rotor.

[0592]

Additional puri�cation methods which may be used to purify inactivated SARS virus include the use of a nucleic acid degrading agent, preferably a nucleic acid

degrading enzyme, such as a nuclease having DNase and RNase activity, or an endonuclease, such as from Serratia marcescens, commercially available as

Benzonase™, membrane adsorbers with anionic functional groups (e.g. Sartobind™) or additional chromatographic steps with anionic functional groups (e.g.

DEAE or TMAE). An ultra�ltration/dial�ltration and �nal sterile �ltration step could also be added to the puri�cation method.

[0593]

Preferably, the puri�cation includes treatment of the SARS viral isolate with one or more nucleic acid degrading enzymes. These enzymes may be used to reduce

the level of host cell nucleic acid in the viral puri�cation process. Nucleic acid digesting enzymes for use in cell culture are known in the art and include, for

example, Benzonase™.

[0594]

The treatment of the virus with the nucleic acid degrading enzyme and inactivating agent can be performed by a sequential treatment or in a combined or

simultaneous manner. Preferably, the nucleic acid degrading agent is added to the virus preparation prior to the addition of the inactivating agent.

[0595]

The puri�ed viral preparation of the invention is substantially free of contaminating proteins derived from the cells or cell culture and preferably comprises less

than about 1000, 500, 250, 150, 100, or 50 pg cellular nucleic acid/μg virus antigen, preferably less than about 1000, 500, 250, 150, 100, or 50 pg cellular nucleic

acid/dose. Still more preferably, the puri�ed viral preparation comprises less than about 20 pg, and even more preferably, less than about 10 pg. Methods of

measuring host cell nucleic acid levels in a viral sample are known in the art. Standardized methods approved or recommended by regulatory authorities such as

the WHO or the FDA are preferred.

[0596]

The invention includes an inactivated vaccine composition comprising a prophylactically effective amount of SARS viral antigen, preferably spike or an

immunogenic fragment thereof. The SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 μg antigen/dose, more preferably 0.3 to 30

μg antigen/dose. Still more preferably, the antigen is about 15 μg/dose.

[0597]

In one embodiment, a lower concentration of SARS viral antigen is used in inactivated vaccine compositions of the invention. Such lower concentration vaccines

may optionally comprise an adjuvant to boost the host immune response to the antigen. In such a “low dose” vaccine, the SARS viral antigen is preferably

present in a concentration of less than 15 μg antigen/dose, (i.e., less than 10, 7.5, 5 or 3 μg antigen/dose.

[0598]

The inactivated vaccine preparations of the invention may further comprise a stabilizer to preserve the integrity of the immunogenic proteins in the inactivated

viral preparation. Stabilizers suitable for use in vaccines are known in the art and may include, for example, buffers, sugars, sugar alcohols, and amino acids.

Stabilizing buffers are preferably adjusted to a physiological pH range and may include phosphate buffers, Tris buffers, TE (Tris/EDTA), TEN (Tris/NaCl/EDTA)

and Earle's salt solution. Stabilizing sugars may include, for example, one or more of saccharose, glucose, fructose, dextranes, dextranesulphate, and trehalose.

Stabilizing sugar alcohols may include, for example, Xylite/Xylitole, Mannite/Mannitol, Sorbite/Sorbitol, and Glycerol. Amino acids suitable for use in the invention

include, for example, L-glutamine, arginine, cysteine, and lysine. Additional stabilizers which may be used in the invention include Tartaric acid, Pluronic F 68, and

Tween 80.

[0599]

SARS viral isolates which may be used for the inactivated viral preparations of the invention may be obtained and identi�ed by any of the mechanisms described

supra. For example, a SARS isolate may be obtained from a clinical sample and plaque puri�ed. Such methods of viral isolation are known in the art.

[0600]

Further puri�cation procedures can be applied to ensure the seed virus used for preparation of the vaccine does not contain, for example, unwanted adventitious

agents. In one embodiment, viral RNA from the viral isolate can be isolated from the virus, puri�ed (and, optionally, the sequence veri�ed through PCR or other

means) and then introduced into a suitable cell culture.

[0601]

As an example of this technique, a clinical viral sample is plaque puri�ed and ampli�ed on vero cells to generate a su�cient amount of the viral sample for

analysis. Cellular remnants are then cleared from the supernatant by centrifugation. The virus can then be pelleted by ultracentrifugation and the pellet

resuspended in PBS. After further centrifugation puri�cation, the virus containing fraction is treated with a DNase (and optionally also an RNase). Viral RNA is

then isolated from this fraction and transfected into a host cell.

[0602]

Examples 2 and 3 provide an illustration of puri�cation of inactivated whole SARS virus using MCS chromatography resin puri�cation followed by density

gradient ultracentrifugation.

[0603]

Routes and methods of immunization of the vaccines of the invention are discussed in more detail in a section below. Examples 4 and 5 provide illustrations of a

mouse immunization scheme with the inactivated SARS virus of the invention.

[0604]

B. Attenuated SARS Vaccines

The invention includes a composition comprising an attenuated SARS virus. This composition can be used as a prophylactic or therapeutic SARS virus vaccine.

Methods of attenuating viruses are known in the art. Such methods include serial passage of the SARS virus in cultured cells (e.g., mammalian cell culture,

preferably fetal rhesus kidney cells or VERO cells—see the discussion in Section A above regarding culture of SARS virus), until the SARS virus demonstrates

attenuated function. The temperature at which the virus is grown can be any temperature at which with tissue culture passage attenuation occurs. Attenuated

function of the SARS virus after one or more passages in cell culture can be measured by one skilled in the art. As used herein, attenuation refers to the

decreased virulence of the SARS virus in a human subject. Evidence of attenuated function may be indicated by decreased levels of viral replication or by

decreased virulence in an animal model.

[0605]

Other methods of producing an attenuated SARS virus include passage of the virus in cell culture at sub-optimal or “cold” temperatures and introduction of

attenuating mutations into the SARS viral genome by random mutagenesis (e.g., chemical mutagenesis) or site speci�c directed mutagenesis. Preparation and

[0606]
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generation of attenuated RSV vaccines (the methods of which will generally applicable to SARS virus) are disclosed in, for example, EP 0 640 128, U.S. Pat. No.

6,284,254, U.S. Pat. No. 5,922,326, U.S. Pat. No. 5,882,651.

The attenuated derivatives of SARS virus are produced in several ways, such as for example, by introduction of temperature sensitive-mutations either with or

without chemical mutagenesis (e.g., 5-�uorouracil), by passage in culture at “cold” temperatures. Such cold adaptation includes passage at temperatures

between about 20° C. to about 32° C., and preferably between temperatures of about 22° C. to about 30° C., and most preferably between temperatures of about

24° C. and 28° C. The cold adaptation or attenuation may be performed by passage at increasingly reduced temperatures to introduce additional growth

restriction mutations. The number of passages required to obtain safe, immunizing attenuated virus is dependent at least in part on the conditions employed.

Periodic testing of the SARS virus culture for virulence and immunizing ability in animals (e.g., mouse, primate) can readily determine the parameters for a

particular combination of tissue culture and temperature. The attenuated vaccine will typically be formulated in a dose of from about 103 to 106 PFU or TCID50,

or more for maximal e�cacy.

[0607]

Attenuated virus vaccines for SARS-CoV also are produced by creating virus chimeras comprising sequences derived from at least two different coronaviruses,

one of which is a SARS-CoV. For example, a virus chimera is produced that comprises nonstructural protein encoding genes derived from a �rst coronavirus (e.g.,

murine, bovine, porcine, canine, feline, avian coronavirus) and one or more structural protein encoding genes (e.g., spike, E, M) from a SARS-CoV. Alternatively, the

virus chimera may comprise sequences derived from a human coronavirus that is not a SARS-CoV (e.g., OC43, 229E) together with sequences from a SARS-CoV.

Chimeric coronaviruses of the present invention are generated by a variety of methods, including for example allowing for natural RNA recombination in a

eukaryotic (e.g., mammalian) cell that contains RNA from each of the parental coronaviruses (e.g., following infection) or by using standard molecular biology

techniques known to those of skill in the art to engineer desired virus chimeras (or portions thereof) as cDNA clones, which may then be used to produce

infectious virus (see for example, U.S. Pat. No. 6,593,111 B2; Yount et al., 2003, Proc. Natl. Acad. Sci. USA 100(22):12995-13000). An attenuated phenotype of the

coronavirus chimeras described herein can be readily measured by one of skill in the art.

[0608]

Attenuated viruses can be also generated by deleting one or more open reading frames (ORFs) that are not essential for viral replication. Preferably, these

deletions occur in the structural region of the genome, such as ORF 3a, 3b, 6, 7a, 7b, 8a, 8b, 9b. See e.g., Haijema B J, Volders H, Rottier P J. J Virol. (2004)

78(8):3863-71; and de Haan, C. A., P. S. Masters, X. Shen, S. Weiss, and P. J. Rottier, “The group-speci�c murine coronavirus genes are not essential, but their

deletion, by reverse genetics, is attenuating in the natural host.” Virology (2002) 296:177-189. Deletion of such regions within a coronavirus such as SARS can be

achieved, for example, by reverse genetics or “targeted recombination” (See, e.g., Masters, P. S., “Reverse genetics of the largest RNA viruses”, Adv. Virus Res.

(1999) 53:245-264.

[0609]

Methods of puri�cation of attenuated virus are known in the art and may include one or more of, for instance gradient centrifugation and chromatography. See

Gregersen “Herstellung von Virussimpfstoffen aus Zellkulturen” Chapter 4.2 in Pharmazeutische Biotechnology (eds. O. Kayser and R H Mueller)

Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.

[0610]

C. Split SARS Vaccines

The invention includes a composition comprising a split SARS virus formulation and methods for the manufacture thereof. This composition can be used as a

prophylactic or therapeutic SARS virus vaccine.

[0611]

Methods of splitting enveloped viruses are known in the art. Methods of splitting enveloped viruses are disclosed, for example, in WO 02/28422, incorporated

herein by reference in its entirety, and speci�cally including the splitting agents and methods described therein. Methods of splitting in�uenza viruses are

disclosed, for example, in WO 02/067983, WO 02/074336, and WO 01/21151, each of which is incorporated herein by reference in its entirety.

[0612]

The splitting of the virus is carried out by disrupting or fragmenting whole virus, infectious (wild-type or attenuated) or non-infectious (for example inactivated),

with a disrupting concentration of a splitting agent. The disruption results in a full or partial solubilisation of the virus proteins, altering the integrity of the virus.

[0613]

Preferably, the splitting agent is a non-ionic or an ionic surfactant. Accordingly, the split SARS virus formulations of the invention may also comprise at least one

non-ionic surfactant or detergent. Examples of splitting agents useful in the invention include: bile acids and derivatives thereof, non-ionic surfactants,

alkylglycosides or alkylthioglycosides and derivatives thereof, acyl sugars, sulphobetaines, betains, polyoxyethylenealkylethers, N,N-dialkyl-Glucamides,

Hecameg, alkylphenoxypolyethoxyethanols, quaternary ammonium compounds, sarcosyl, CTAB (cetyl trimethyl ammonium bromide) or Cetavlon.

[0614]

Preferably, the ionic surfactant is a cationic detergent. Cationic detergents suitable for use in the invention include detergents comprising a compound of the

following formula:

[0615]

wherein[0616]

R1 , R2 and R3 are the same or different and each signi�es alkyl or aryl, or[0617]

R1and R2, together with the nitrogen atom to which these are attached form a 5- or 6-membered heterocyclic ring, and[0618]

R3 signi�es alkyl or aryl, or[0619]

R1, R2 and R3 together with the nitrogen atom to which these are attached, signify a 5- or 6-membered heterocyclic ring, unsaturated at the nitrogen atom,[0620]

R4 sign�es alkyl or aryl, and[0621]

X signi�es an anion.[0622]

Examples of such cationic detergents are cetyltrimethylammonium salts, such as ceytltrimethylammonium bromide (CTAB) and myristyltrimethylammonium

salt.

[0623]

Additional cationic detergents suitable for use in the invention include lipofectine, lipofectamine, and DOT-MA.[0624]

Non-ionic surfactants suitable for use in the invention include one or more selected from the group consisting of the octyl- or nonylphenoxy polyoxyethanols (for

example the commercially available Triton series), polyoxyethylene sorbitan esters (Tween series) and polyoxyethylene ethers or esters of the general formula:

O(CH2CH2O)n-A-R

[0625]

wherein n is 1-50, A is a bond or —C(O)—, R is C1-50 alkyl or phenyl C1-50 alkyl; and combinations of two or more of these.[0626]

The invention comprises a method of preparing a split SARS virus comprising contacting the SARS virus with a su�cient amount of splitting agent to disrupt the

viral envelope. The loss of integrity after splitting renders the virus non-infectious. Once the disrupted viral envelope proteins are generally no longer associated

with whole intact virions, other viral proteins are preferably fully or partially solubilized and are therefore not associated, or only in part associated, with whole

intact virions after splitting.

[0627]

The method of preparing a split SARS virus may further comprise removal of the splitting agents and some or most of the viral lipid material. The process may

also include a number of different �ltration and/or other separation steps such as ultracentrifugation, ultra�ltration, zonal centrifugation and chromatographic

steps in a variety of combinations. The process may also optionally include an inactivation step (as described above) which may be carried out before or after

the splitting. The splitting process may be carried out as a batch, continuous, or semi-continuous process.

[0628]

Split SARS virus vaccines of the invention may include structual proteins, membrane fragments and membrane envelope proteins. Preferably, the split SARS virus

preparations of the invention comprise at least half of the viral structural proteins.

[0629]

One example of a method of preparing a split SARS virus formulation includes the following steps:[0630]

(i) propagation of the SARS virus in cell culture, such as MRC-5 cells (ATCC CCL-171), WI-38 cells (ATCC CCL-75), fetal rhesus kidney cells or vero cells (See the

discussion in Section A, above, regarding culture of SARS virus);

[0631]

(ii) harvesting of SARS virus-containing material from the cell culture;[0632]

(iii) clari�cation of the harvested material to remove non-SARS virus material;[0633]

(iv) concentration of the harvested SARS virus;[0634]

(v) separation of the whole SARS virus from non-virus material;[0635]

(vi) splitting of the whole SARS virus using a suitable splitting agent in a density gradient centrifugation step; and[0636]

(vii) �ltration to remove undesired materials.[0637]

The above steps are preferably performed sequentially.[0638]

The clari�cation step is preferably performed by centrifugation at a moderate speed. Alternatively, a �ltration step may be used for example with a 0.2 μm

membrane.

[0639]

The concentration step may preferably employ an adsorption method, for instance, using CaHPO4. Alternatively, �ltration may be used, for example ultra�ltration.[0640]

A further separation step may also be used in the method of the invention. This further separation step is preferably a zonal centrifugation separation, and may

optionally use a sucrose gradient. The sucrose gradient may further comprise a preservative to prevent microbial growth.

[0641]

The splitting step may also be performed in a sucrose gradient, wherein the sucrose gradient contains the splitting agent.[0642]

The method may further comprise a sterile �ltration step, optionally at the end of the process. Preferably, there is an inactivation step prior to the �nal �ltration

step.

[0643]
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Methods of preparing split SARS virus formulations may further include treatment of the viral formulation with a DNA digesting enzyme. These enzymes may be

used to reduce the level of host cell DNA in the viral puri�cation process. DNA digesting enzymes for use in cell culture are known in the art and include, for

example, Benzonase®.

[0644]

Treatment of the SARS virus formulation with a DNA digesting enzyme may occur at any time in the puri�cation and splitting process. Preferably, however, the

SARS virus formulation is treated with a DNA digesting enzyme prior to use of a detergent. Still more preferably, the SARS virus formulation is treated with a DNA

digesting enzyme, such as Benzonas, prior to treatment with a cationic detergent, such as CTAB.

[0645]

Methods of puri�cation of split virus are known in the art. See J P Gregersen “Herstellung von Virussimpfstoffen aus Zellkulturen” Chapter 4.2 in

Pharmazeutische Biotecnologie (eds. O. Kayser and R H Mueller) Wissenschaftliche Verlagsgesellschaft, Stuttgart, 2000.

[0646]

The invention includes a split vaccine composition comprising a prophylactically effective amount of SARS viral antigen, preferably spike or an immunogenic

fragment thereof. The SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 μg antigen/dose, more preferably 0.3 to 30 μg

antigen/dose. Still more preferably, the antigen is about 15 μg/dose.

[0647]

In one embodiment, a lower concentration of SARS viral antigen is used in split vaccine compositions of the invention. Such lower concentration vaccines may

optionally comprise an adjuvant to boost the host immune response to the antigen. In such a “low dose” vaccine, the SARS viral antigen is preferably present in a

concentration of less than 15 μg antigen/dose, (i.e., less than 10, 7.5, 5 or 3 μg antigen/dose.

[0648]

D. Subunit SARS Vaccines

The invention includes a composition comprising an isolated or puri�ed SARS viral antigen or a derivative thereof. The composition may further comprise one or

more adjuvants.

[0649]

SARS viral antigens can be isolated or puri�ed from a SARS virus grown in cell culture. Alternatively, SARS viral antigens can be recombinantly produced by

methods known in the art.

[0650]

The SARS viral antigens used in the invention can be produced in a variety of different expression systems which are known in the art; for example those used

with mammalian cells, baculoviruses, bacteria, and yeast. Such expression systems will typically use polynucleotides encoding the viral antigens of the

invention. Such sequences can be obtained using standard techniques of molecular biology, including translating the amino acid sequences listed herein.

Accordingly, the invention includes polynucleotides encoding for the viral antigens of the invention. In addition, the viral antigens of the invention can be

produced (at least in part, preferably in whole) via synthetic chemistry methods.

[0651]

Insect cell expression systems, such as baculovirus systems, are known to those of skill in the art and described in, e.g., Summers and Smith, Texas Agricultural

Experiment Station Bulletin No. 1555 (1987). Materials and methods for baculovirus/insert cell expression systems are commercially available in kit form from,

inter alia, Invitrogen, San Diego Calif. Similarly, bacterial and mammalian cell expression systems are also known in the art and described in, e.g., Yeast Genetic

Engineering (Barr et al., eds., 1989) Butterworths, London.

[0652]

A number of appropriate host cells for use with the above systems are also known. For example, mammalian cell lines are known in the art and include

immortalized cell lines available from the American Type Culture Collection (ATCC), such as, but not limited to, Chinese hamster ovary (CHO) cells, HeLa cells,

baby hamster kidney (BHK) cells, monkey kidney cells (e.g., Hep G2), Madin-Darby bovine kidney (“MDBK”) cells, as well as others. Mammalian sources of cells

include, but are not limited to, human or non-human primate (e.g., MRC-5 (ATCC CCL-171), WI-38 (ATCC CCL-75), fetal rhesus lung cells (ATCC CL-160), human

embryonic kidney cells (293 cells, typically transformed by sheared adenovirus type 5 DNA), VERO cells from monkey kidneys), horse, cow (e.g., MDBK cells),

sheep, dog (e.g., MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK 33016, deposit number DSM ACC 2219 as described in WO 97/37001), cat,

and rodent (e.g., hamster cells such as BHK21-F, HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be obtained from a wide variety of

developmental stages, including for example, adult, neonatal, fetal, and embryo.

[0653]

Similarly, bacterial hosts such as E. coli, Bacillus subtilis, and Streptococcus spp., will �nd use with the present expression constructs. Yeast hosts useful in the

present invention include, inter alia, Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenual polymorpha, Kluyveromyces fragilis, Kluyveromyces

lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells for use with baculovirus expression vectors include,

inter alia, Aedes aegypti, Autographa californica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and Trichoplusia ni.

[0654]

Nucleic acid molecules comprising nucleotide sequences of the viral antigens or antibodies of the invention can be stably integrated into a host cell genome or

maintained on a stable episomal element in a suitable host cell using various gene delivery techniques well known in the art. See., e.g., U.S. Pat. No. 5,399,346.

[0655]

Depending on the expression system and host selected, the molecules are produced by growing host cells transformed by an expression vector under conditions

whereby the protein is expressed. The expressed protein is then isolated from the host cells and puri�ed. If the expression system secretes the protein into

growth media, the product can be puri�ed directly from the media. If it is not secreted, it can be isolated from cell lysates. The selection of the appropriate

growth conditions and recovery methods are within the skill of the art.

[0656]

The invention includes a composition comprising an isolated or puri�ed SARS viral antigen or a derivative thereof. The invention also includes a composition

comprising at least two isolated or puri�ed SARS viral antigens or derivatives thereof, which have been co-puri�ed or puri�ed separately and then combined. In

one embodiment, the SARS viral antigen is a spike (S) protein. In yet another embodiment, the SARS viral antigen is a nucleocapsid (N) protein, a membrane (M)

glycoprotein, or an envelope (E) protein. Preferably, the SARS viral antigen is present in the composition in a purity greater than 75% (e.g., 78%, 80%, 82%, 85%,

88%, 90%, 92%, 95%, 98%).

[0657]

The invention includes a vaccine composition comprising a prophylactically effective amount of SARS viral antigen, preferably spike or an immunogenic

fragment thereof. The SARS viral antigen is preferably present in a concentration amount of 0.1 to 50 μg antigen/dose, more preferably 0.3 to 30 μg

antigen/dose. Still more preferably, the antigen is about 15 μg/dose.

[0658]

In one embodiment, a lower concentration of SARS viral antigen is used in vaccine compositions of the invention. Such lower concentration vaccines may

optionally comprise an adjuvant to boost the host immune response to the antigen. In such a “low dose” vaccine, the SARS viral antigen is preferably present in a

concentration of less than 15 μg antigen/dose, (i.e., less than 10, 7.5, 5 or 3 μg antigen/dose.

[0659]

The following example illustrates a method of preparing a SARS virus spike (S) protein subunit vaccine.[0660]

SARS virus S antigen may be isolated and puri�ed from a variety of sources and using a variety of methods, including, but not limited to, S antigen expressed in

cultured eukaryotic cells (e.g., mammalian cells, such as VERO, CHO) or bacteria (e.g., E. coli). Expression of may be achieved by a variety of means, such as, for

example, from SARS virus infected cell culture or cell culture supernatants, from cultured cells stably transformed with a DNA expression cassette encoding the

SARS virus S protein (e.g., RNA polymerase II promoter operably linked to a SARS virus S gene), or from cultured cells infected with a replication-competent or

replication-incompetent virus-based expression vector (e.g., adenovirus vector, poxvirus vector, alphavirus vector, retrovirus vector) encoding the SARS virus S

protein, as a means to eliminate the need to work with infectious SARS virus.

[0661]

1. Subunit SARS Vaccines Produced from SARS Virus Cultures

The SARS virus may be grown in cultured mammalian celle, such as VERO cells, then separated from the cultured cells. A SARS viral antigen, such as the S

protein, can then be solubilized and separated from the SARS virus, and further isolated and puri�ed.

[0662]

In one example, the SARS virus may be produced as described in the Inactivated SARS vaccine examples, then the desired SARS antigen, such as spike protein,

may be further puri�ed from the end product using techniques known in the art.

[0663]

In another example, a SARS subunit vaccine may be produced as follows. SARS virus may be produced using a desired mammalian cell line on microcarrier

beads in large, controlled fermentors. For example, vaccine quality African Green Monkey kidney cells (VERO cells) at a concentration of 105 cells/mL are added

to 60 to 75 L of CMRL 1969 media, pH 7.2, in a 150 L bioreactor containing 360 g of Cytodex-1 microcarrier beads and stirred for 2 hours. Additional CMRL 1969

is added to give a total volume of 150 L. Fetal bovine serum (FBS) is added to a �nal concentration of 3.5%. Glucose is added to a �nal concentration of 3.0 g/L

and glutamine is added to a �nal concentration of 0.6 g/L. Dissolved oxygen, pH, agitation and temperature are controlled, and cell growth, glucose, lactate and

glutamine levels are monitored. When cells are in logarithmic phases usually on days 3 to 4 reached a density of about 1.0-2.5×106 cells/mL, the culture medium

is drained from the fermentor and 120 L of CMRL 1969, pH 7.2 (no FBS) is added and the culture stirred for 10 minutes. The draining and �lling of the fermentor

is usually repeated once but could be repeated up to three times. After washing the cells, the fermentor is drained and 50 L of CMRL 1969 containing 0.1% (v/v)

FBS is added. The SARS virus inoculum is added at a multiplicity of infection (m.o.i.) of 0.001 to 0.01. Trypsin may be added to promote e�cient infection.

Additional CMRL 1969 with 0.1% FBS is added to give a �nal volume of 150 L. Incubation is continued at 34 C. One viral harvest is obtained from a single

fermentor lot, typically at 2-7 days post-infection. Multiple harvests from a single fermentation may also be obtained.

[0664]

The isolation and puri�cation of S protein may be effected by a variety of means, as described below. For example, collecting S protein-containing �ow-through

from ion exchange chromatography of solubilized SARS virus envelope proteins; loading the �ow through onto a hydroxyapatite matrix, and selectively eluting

the S protein from the hydroxyapatite matrix. The selectively eluted S protein may be further concentrated by tangential �ow ultra�ltration.

[0665]

Alternatively, the isolation and puri�cation may be effected by collecting S protein-containing �ow-through from ion exchange chromatography of the solubilized

SARS virus envelope proteins; loading the �ow through onto a hydroxyapatite matrix and collecting an S protein-containing �ow through, selectively removing

detergent used in the solubilization step from the hydroxyapatite matrix �ow through to provide isolated and puri�ed S protein. The isolated and puri�ed S

protein may be subsequently concentrated by tangential �ow ultra�ltration

[0666]

Nucleic acid contaminants may be removed from the isolated and puri�ed S protein by treatment with a nucleic acid degrading agent as described above in the[0667]
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Inactivation section. Preferably, the nucleic acid degrading agent is a nuclease, such as for example, Benzonase.

The isolated and puri�ed S protein may be applied to a gel �ltration medium and the S protein subsequently collected therefrom to separate the S protein from

contaminants of other molecular weights.

[0668]

Alternatively, the isolation and puri�cation may be effected by loading S protein on a �rst ion-exchange medium while permitting contaminants to pass through

the medium, eluting the S protein from the �rst ion-exchange medium, to separate the S protein from contaminants of other molecular weights. The eluted S

protein is applied to a second ion-exchange medium while allowing contaminants to pass through the second ion-exchange medium. The S protein is

subsequently eluted therefrom, to provide the isolated and puri�ed S protein. The eluted S protein may be concentrated by tangential �ow ultra�ltration.

[0669]

Alternatively, substantially pure SARS virus S protein suitable for use as an immunogen in a subunit vaccine formulation may be prepared from infected cell

lysates, such as for example using a non-denaturing detergent buffer containing 1% Triton X-100 and deoxycholate to lyse infected cells. The cell lysates are

clari�ed by centrifugation and S protein is puri�ed from the cell lysates by immunoa�nity puri�cation. A monoclonal antibody against the S protein is generated

and coupled to beads and a column is constructed with those beads. SARS-infected cell lysates are applied to the column, and the column is washed with PBS

containing 0.1% Triton X-100. Protein bound to the column is eluted with 0.1M glycine, pH 2.5, 0.1% Triton X-100. Elution samples are buffered, such as for

example, with Tris, and analyzed for the presence of protein. Fractions containing the protein are pooled and dialyzed against PBS

[0670]

As discussed above, the present invention includes isolated and puri�ed S protein of SARS virus. In one example, the virus is grown on a vaccine quality cell line,

such as VERO cells, and the grown virus is harvested. The virus harvest is �ltered and then concentrated typically using tangential �ow ultra�ltration using a

membrane of desired molecular weight cut-off and dia�ltered. The virus harvest concentrate may be centrifuged and the supernatant discarded. The pellet from

the centrifugation then is detergent extracted to solubilize the S protein, for example, by resuspending the pellet to the original harvest concentrate volume in an

extraction buffer containing a detergent such as a non-ionic detergent including TRITON X-100.

[0671]

Following centrifugation to remove non-soluble proteins, the S protein extract is puri�ed by chromatographic procedures. The extract may �rst be applied to an

ion exchange chromatography column such as a TMAE-fractogel or S-fractogel column equilibrated to permit the S protein to �ow through while impurities are

retained on the column.

[0672]

Next, the �ow through may be loaded onto a hydroxyapatite column, equilibrated to permit binding of the S protein to the matrix and to permit contaminants to

pass from the column. The bound S protein is then eluted from the column by a suitable elutant. The resulting puri�ed solution of S protein may be further

processed to increase its purity. The eluate �rst may be concentrated by tangential �ow ultra�ltration using a membrane of desired molecular weight cut-off. The

�ltrate may be contacted with a polyethylene glycol of desired molecular weight, for example, about 6000 to 8000, to precipitate the protein. Following

centrifugation and discard of the supernatant, the pellet may be resuspended in PBS and dialyzed to remove the polyethylene glycol. Finally, the dialyzed solution

of S protein may be sterile �ltered. The sterile �ltered solution may be adsorbed onto alum. The polyethylene glycol precipitation and resuspension puri�cation

step may be effected at an earlier stage of the puri�cation operation, if desired.

[0673]

Alternatively, SARS virus is recovered following growth and harvesting of the virus, and a concentrate obtained such as, for example using PEG precipitation or

tangential �ow �ltration. The virus is contacted with detergent to solubilize the S proteins. Following centrifugation, the supernatant is recovered to further

puri�cation of the S protein and the non-soluble proteins discarded.

[0674]

The supernatant is applied to an ion exchange chromatography column, such as a TMAE-fractogel or S-fractogel column, suitably equilibrated to permit retention

of the S protein on the column. The S protein is eluted from the ion-exchange column under suitable conditions. The eluate then may be passed through a gel

�ltration column, such as a Sephacryl S-300 column, to separate the S protein from contaminants of other molecular weights. A hydroxyapatite column may be

employed in place of the Sephacryl column.

[0675]

The S protein may be eluted from the column to provide a puri�ed solution of S protein. The eluate may be concentrated by tangential �ow ultra�ltration using a

membrane of desired molecular weight cut-off. The concentrated S protein solution then may be sterile �ltered.

[0676]

Alternatively, viral harvests may be concentrated by ultra�ltration and the concentrated viral harvests may be subjected to an initial puri�cation step, for example,

by gel �ltration chromatography, polyethylene glycol precipitation or Cellu�ne sulfate chromatography. The puri�ed virus may then be detergent extracted to

solubilize the S protein. Following solubilization of the S protein, the supernatant may be loaded onto an ion-exchange column such as Cellu�ne sulfate

chromatography column equilibrated to permit the protein to bind to the column while permitting contaminants to �ow through. Similarly, a TMAE-fractogel or

S-fractogel column may be used in place of the Cellu�ne sulfate column. The two columns also may be combined in sequential puri�cation steps. The S protein

is eluted from the columns to provide a puri�ed solution of the protein. This solution may be concentrated by tangential �ow ultra�ltration using a membrane of

desired molecular weight cut-off and dia�ltered.

[0677]

Speci�cally, in one method of S protein puri�cation, the virus harvest concentrate is centrifuged at 28,000×g for 30 minutes at 4 C. The supernatant is discarded

and the pellet resuspended in extraction buffer consisting of 10 mM Tris-HCl, pH 7.0, 150 mM NaCl, 2% (w/v) Triton X-100 to the original harvest concentrate

volume. Pefabloc is added to a �nal concentration of 5 mM. The suspension is stirred at room temperature for 30 minutes. The supernatant, containing the

soluble S protein, is clari�ed by centrifugation at 28,000×g for 30 minutes at 4 C. A TMAE--Fractogel column is equilibrated with 10 mM Tris-HCl, pH 7.0, 150 mM

NaCl containing 0.02% Triton X-100. The Triton X-100 supernatant, containing the soluble S protein, is loaded directly onto the TRAE-Fractogel column. The total

volume added plus 2 bed volumes of 10 mM Tris-HCl, pH 7.0, 150 mM NaCl containing 0.02% Triton X-100 are collected. The TMAE-Fractogel �ow-through

containing S protein is diluted 3-fold with 10 mM Tris-HCl, pH 7.0, containing 0.02% Triton X-100.

[0678]

An hydroxyapatite column is equilibrated with 10 mM Tris-HCl, pH 7.0, 50 mM NaCl, 0.02% Triton X-100. After loading the TMAE �ow-through, the column is

washed with 2 column volumes of 10 mM Tris-HCl, pH 7.0, 50 mM NaCl, 0.02% Triton X-100 followed by 4 column volumes of 5 mM sodium phosphate, pH 7.0,

1M NaCl, 0.02% Triton X-100. The proteins are eluted with 4 column volumes of 20 mM sodium phosphate, pH 7.0, 1M NaCl, 0.02% Triton X-100. Fractions are

collected based on A280 and the protein content and antigen concentrations are measured. The puri�ed S protein is ultra�ltered by tangential �ow ultra�ltration

using a 300 kDa NMWL membrane.

[0679]

2. Recombinant Production of Subunit SARS Vaccines

As discussed above, SARS virus proteins may be produced by recombinant expression. Host cells suitable for recombinant expression include bacterial,

mammalian, insect, yeast, etc. Recombinant expression may be used to produce a full length SARS protein, a fragment thereof, or a fusion therewith.

[0680]

Fusion peptides may be used to facilitate the expression and puri�cation of the recombinant SARS protein. For example, recombinant production of the SARS

polypeptides can be facilitated by the addition a tag protein to the SARS antigen to be expressed as a fusion protein comprising the tag protein and the SARS

antigen. Such tag proteins can facilitate puri�cation, detection and stability of the expressed protein. Tag proteins suitable for use in the invention include a

polyarginine tag (Arg-tag), polyhistidine tag (His-tag), FLAG-tag, Strep-tag, c-myc-tag, S-tag, calmodulin-binding peptide, cellulose-binding domain, SBP-tag,,

chitin-binding domain, glutathione S-transferase-tag (GST), maltose-binding protein, transcription termination anti-terminiantion factor (NusA), E. coli thioredoxin

(TrxA) and protein disul�de isomerase I (DsbA). Preferred tag proteins include His-tag and GST. A full discussion on the use of tag proteins can be found at Terpe

et al., “Overview of tag protein fusions: from molecular and biochemical fumdamentals to commercial systems”, Appl Microbiol Biotechnol (2003) 60:523-533.

[0681]

After puri�cation, the tag proteins may optionally be removed from the expressed fusion protein, i.e., by speci�cally tailored enzymatic treatments known in the

art. Commonly used proteases include enterokinase, tobacco etch virus (TEV), thrombin, and factor Xa.

[0682]

Accordingly, the invention further includes a SARS virus subunit vaccine comprising a fusion protein. Preferably, the fusion protein comprises a �rst amino acid

sequence encoded by a SARS virus polynucleotide sequence. SARS virus polynucleotide sequences which may encode said �rst amino acid sequence include

one or more of the SARS virus polynucleotide sequences identi�ed in this application and fragments thereof.

[0683]

The fusion protein may comprise an amino acid sequence of a SARS virus protein or a fragment thereof. Said SARS virus protein may be selected from one or

more of the group consisting of the following SARS virus proteins: P28, P65, Nsp1, Nsp2 (3CL protease), Nsp3, Nsp3, Nsp4, Nsp 5, Nsp6, Nsp 7, Nsp 8, Nsp 9

(RNA polymerase), Nsp 10 (helicase), Nsp 11, Nsp 12, Nsp 13, Spike, Orf 3, Orf 4, Envelope, Matrix, Orf7, Orf8, Orf9, Orf10, Orf11, Nucleocapsid and Orf13.

[0684]

In one embodiment, the fusion protein comprises a �rst amino acid sequence comprising a SARS virus antigen or a fragment thereof. Said SARS virus amino

acid sequence may comprise one or more of the T-epitope sequences identi�ed above.

[0685]

Preferably, the fusion protein comprises an amino acid sequence of a SARS virus spike protein, or a fragment thereof. Speci�c fragments of the spike protein

which may be used in the fusion protein include the S1 domain and the S2 domain. Further fragments of the spike protein which may be used in the fusion

protein include regions of each of the S1 and S2 domains, including the receptor binding region of the S1 domain, the oligomerization domain regions of the S2

domain, the leucine zipper regions of the S2 domain, the membrane anchor region of the S2 domain, the hydrophobic domain region of the S2 domain, the

cystein-rich domain region of the S2 domain, and the cytoplasmic tail region of the S2 domain. (See FIG. 19). Amino acid sequences of the Spike protein

corresponding to these regions can be identi�ed by those skilled in the art, including, for example, using the functional predictions set forth earlier in the

application (predicted transmembrane helices, predicted N-terminus signaling regions, predicted coiled-coil regions, etc.) as well as by homology comparison to

the sequences of other known Coronaviruses (See FIGS. 4F and 5).

[0686]

The fusion protein may further comprise a second amino acid sequence. Said second amino acid sequence may comprise a polypeptide sequence which

facilitates protein expression or puri�cation, preferably one of the tag sequences discussed above. Alternatively, said second amino acid sequence may

comprise a second amino acid sequence from a SARS virus. Alternatively, said second amino acid sequence may comprises an amino acid sequence from

another virus or bacteria, including one or more of the viruses or bacteria identi�ed in Section I, below.

[0687]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

49 of 328 03.08.23, 17:42



Said second amino acid sequence may comprise an amino acid sequence from another respiratory virus. Said second amino acid sequence may comprise an

amino acid sequence from a virus selected from the group consisting of coronavirus, in�uenza virus, rhinovirus, parain�uenza virus (PIV), respiratory syncytial

virus (RSV), adenovirus, and metapneumovirus.

[0688]

In one embodiment, said second amino acid sequence may comprise an amino acid sequence from an adjuvant, including one or more of the adjuvants

identi�ed in section I, below.

[0689]

In one embodiment, the invention includes a fusion protein comprising an amino acid sequence of a SARS virus spike protein or a fragment thereof. The fusion

protein may further comprise a second amino acid sequence comprising an amino acid sequence selected from the group consisting of a second SARS virus

protein, a non-SARS virus protein, a bacterial protein, and an adjuvant.

[0690]

(a) Bacterial Expression of Subunit SARS Vaccines

In one embodiment, bacterial host cells are used for recombinant expression of SARS virus proteins. Bacterial host cells suitable for use in the invention include,

for example, E. coli, Bacillus subtilis, and Streptococcus spp.

[0691]

The SARS viral protein may be modi�ed to facilitate bacterial recombinant expression. In particular, the SARS spike protein may be modi�ed to facilitate

transport of the spike protein to the surface of the bacterial host cell.

[0692]

Applicants have discovered that there is strong structural homology between the SARS virus spike protein and the NadA protein of Neisseria meningitidis. Both

proteins have an N-terminal globular “head” domain (amino acids 24-87), an intermediate alpha-helix region with high propensity to form coiled-coil structures

(amino acids 88-350), and a C-terminal membrane anchor domain formed by four amphipatix transmembrane beta strands (amino acids 351-405 of NadA). In

addition, a leucine zipper motive is present within the coiled-coil segment. See, FIG. 19 depicting the SARS spike protein structure Comanducci et al., “NadA, a

Novel Vaccine Candidate of Neisseria meningitidis”, J. Exp. Med. 195 (11): 1445-1454 (2002). In addition, a leucine zipper motif of NadA is present within the

coiled-coil segment. The NadA protein also forms high molecular weight surface-exposed oligomers (corresponding to three or four monomers) anchored to

meningococcal outer membrane.

[0693]

When the NadA protein is expressed in E. coli, the full-length protein is assembled in oligomers anchored to the outer membrane of E. coli, similar to the way the

protein is presented in meningococcus. The NadA protein devoid of the predicted membrane anchor domain is then secreted into the culture supernatant. This

secreted protein is soluble and still organized in trimers.

[0694]

The invention therefore includes a fusion protein comprising an amino acid sequence of a SARS virus spike protein or a fragment thereof and a second amino

acid sequence of a bacterial adhesion protein or a fragment thereof. Preferably, said adhesion protein is selected from the group consisting of NadA, YadA (of

enteropathogenic Yersinia), and UspA2 (of Moraxella catarrhalis). Additional NadA-like proteins include serum resistance protein DsrA of Haemophilus ducreyi,

the immunoglobulin binding proteins EibA, C, D, and F of E. coli, outer membrane protein 100 of Actinobacillus actinomycetemcomitans, the saa gene carried on

the large virulence plasmid present in shiga toxigenic strains of E. coli (STEC), and each of the bacterial adhesion proteins described in U.K. Patent Application

No. 0315022.4, �led on Jun. 26, 2003, each of which are speci�cally incorporated herein by reference.

[0695]

Preferably, said adhesion protein comprises NadA or a fragment thereof.[0696]

Such fusion proteins may be used to facilitate recombinant expression of immunogenic portions of SARS surface antigens, such as spike. These fusion

constructs may also allow the SARS S1 and/or S2 domains to adapt to a native con�rmation. These fusion proteins are also able to oligomerize and form dimers

or trimers, allowing the S1 and/or S2 domains to associate and adapt conformations as in the native SARS spike protein. Further, these expression constructs

facilitate surface exposure of the SARS spike protein.

[0697]

The fusion proteins of the invention preferably comprise a leader peptide from a NadA like protein, preferably NadA, a polypeptide from the immunogenic “head”

region of the spike protein, and a stalk region from either the NadA like protein or the Spike protein. During expression and processing of the fusion protein, one

or more amino acids may be cleaved off or removed, such as, i.e., the leader peptide or a membrane anchor domain.

[0698]

The stalk regions facilitate oligomerization of the expression protein. Optionally, the fusion proteins of the invention further include an anchor region of a NadA

like protein. This anchor region allows the expression fusion protein to anchor and assemble on the bacterial cell surface.

[0699]

The fusion proteins of the invention include the following constructs:[0700]

(i) the NadA leader peptide (optionally also including the �rst 6 amino acids of the mature NadA protein to facilitate processing of the leader peptide and

appropriate maturation of the protein) followed by the Spike S1 domain. Preferably, this construct comprises amino acids 1-29 of NadA (corresponding to the

NadA leader peptide and the �rst 6 amino acids of the mature NadA protein, as shown in FIG. 22 and as set forth below) followed by amino acids 14-662 of a

SARS virus Spike protein (corresponding to the S1 domain, see FIG. 19 and SEQ ID NO: 6042 and as set forth below). Speci�cally, construct (i) comprises SEQ ID

NO: 7302.

[0701]

(ii) the NadA leader peptide (optionally also including the �rst 6 amino acids of the mature NadA protein to facilitate processing of the leader peptide and

appropriate maturation of the protein) followed by the Spike S1 domain, followed by the stalk and anchor membrane domains of NadA. Preferably, this construct

comprises amino acids 1-29 of NadA (corresponding to the NadA leader peptide and the �rst 6 amino acids of the mature NadA protein, as shown in FIG. 22 and

as set forth below) followed by amino acids 14-662 of a SARS virus Spike protein (corresponding to the S1 domain, see FIG. 19 and SEQ ID NO: 6042 and as set

forth below) followed by amino acids 88-405 of NadA (corresponding to the stalk and the anchor membrane domains). Speci�cally, construct (ii) comprises SEQ

ID NO: 7303.

[0702]

(iii) the NadA leader peptide (optionally also including the �rst 6 amino acids of the mature NadA protein) followed by a SARS virus Spike S1 domain, followed by

the NadA stalk domain. Preferably, this construct-comprises amino acids 1-29 of NadA followed by amino acids 14-662 of a SARS virus Spike protein

(corresponding to the S1 domain), followed by amino acids 88-350 of NadA (corresponding to the stalk domain). Speci�cally, construct (iii) comprises SEQ ID

NO: 7304.

[0703]

(iv) the NadA leader peptide (optionally also including the �rst 6 amino acids of the mature NadA protein), followed by a SARS virus Spike S1 and S2 domain

(excluding the putative transmembrane region), followed by the anchor domain of NadA. Preferably, this construct comprises amino acids 1-29 of NadA,

followed by amino acids 14-1195 of a SARS virus Spike protein (corresponding to S1 and S2, excluding the putative transmembrane region), followed by amino

acids 351-405 of NadA (corresponding to the NadA anchor domain). Speci�cally, construct (iv) comprises SEQ ID NO: 7305. Alternatively, the NadA anchor

domain may comprise amino acids 332-405 of NadA.

[0704]

(v) the NadA leader peptide (optionally also including the �rst 6 amino acids of the mature NadA protein), followed by a SARS virus Spike S1 and S2 domain

(exclusing the putative transmembrane region). Preferably, this construct comprises amino acids 1-29 of NadA, followed by amino acids 14-1195 of a SARS virus

Spike protein. Speci�cally, construct (v) comprises SEQ ID NO: 7306.

[0705]

In each of constructs (i) to (v), the �rst 23 amino acids are the NadA leader peptide, and the GS dipeptide at residues 679-680 arises from the insertion of a

restriction enzyme site.

[0706]

In constructs (i), (ii) and (iii), the NadA “head” is replaced by the Spike S1 domain, and the fusion proteins are anchored to the outer membrane of E. coli or

secreted in the culture supernatant, respectively. In constructs (iv) and (v), the “head” and “stalk” domains of NadA are replaced by S1 and S2 Spike domains;

also in this case, the two fusion proteins are anchored to the outer membrane of E. Coli or secreted in the culture supernatant, respectively.

[0707]

Accordingly, the invention further includes a fusion protein comprising an amino acid sequence of a SARS virus spike protein or a fragment thereof and a second

amino acid sequence of a bacterial adhesion protein or a fragment thereof. Preferably, amino acids corresponding to the “head” of the adhesion protein are

replaced by amino acids corresponding to a SARS virus Spike S1 domain. Alternatively, the amino acids corresponding to the “head” and “stalk” domains of the

bacterial adhesion protein are replaced by amino acids corresponding to the SARS virus spike protein S1 and S2 domains.

[0708]

As discussed above and shown in FIG. 19, the S1 domain of the Spike protein is identi�ed as the globular receptor binding “head” region. The S1 domain of the

Spike protein preferably comprises about amino acids 14-662 of SEQ ID NO: 6042. The S1 domain may comprise a shorter amino acid sequence, wherein amino

acids are removed from either the N-terminal or C-terminal regions. Preferably, 3, 5, 7, 9, 13, 15, 20 or 25 amino acids are removed from either the N-terminal or

C-terminal regions. The S1 domain further includes amino acid sequences having sequence identity to the S1 region of SEQ ID NO: 6042. An example of the S1

domain is SEQ ID NO: 7307:

[0709]

As discussed above and shown in FIG. 19, the S2 domain of the Spike protein is identi�ed as the “stalk” region. The “stalk” region comprises oligomerization

domain regions, a leucine zipper domain regions, membrane anchor regions, hydrophobic domain regions, cystein-rich domain region and a cytoplasmic tail

region. The S2 domain of the Spike protein preferably excludes the transmembrane region and comprises about amino acids 663-1195 of SEQ ID NO: 6042. The

S2 domain may comprise a shorter amino acid sequence, wherein amino acids are removed from either the N-terminal or C-terminal regions. Preferably, 3, 5, 7, 9,

13, 15, 20 or 25 amino acids are removed from either the N-terminal or C-terminal regions. The S2 domain further includes amino acid sequences having

sequence identity to the S2 region of SEQ ID NO: 6042. An example of the S1 domain (with the transmembrane region excluded) is SEQ ID NO: 7308.

[0710]

An example of the NadA protein described above is SEQ ID NO: 7309. As discussed above, the leader sequence of NadA used in the fusion protein preferably

comprises about the �rst 29 amino acids of NadA (including a leader sequence with about 6 amino acids of the NadA head protein). Examples of such a leader

sequences are set forth as SEQ ID NOS: 7310 and 7311 below. The fusion protein may use a leader sequence comprising a shorter amino acid sequence,

wherein amino acids are removed from either the N-terminal or C-terminal regions. Preferably, 1, 2, 3, 4, or 5 amino acids are removed from either the N-terminal

or C-terminal end of the sequence. The leader sequence used in the fusion protein may also include an amino acid sequences having sequence identity to SEQ

[0711]
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ID NO: 7310 or SEQ ID NO: 7311. Preferably, the leader sequence comprises SEQ ID NO: 7311.

Optionally, the fusion peptide comprises about the �rst 6 amino acids of the mature NadA protein to facilitate processing of the leader peptide and appropriate

maturation of the protein. An examples of the �rst 6 amino acids of a mature NadA proteins is SEQ ID NO: 7312.

[0712]

As discussed above, the stalk and anchor sequences of NadA used in the fusion protein preferably comprise about amino acids 88-405 of NadA. An example of

an amino acid sequence comprising NadA stalk and anchor regions is set forth below as SEQ ID NO: 7313 below. An example of an amino acid sequence

comprising a NadA stalk region (without the anchor region) is set forth as SEQ ID NO: 7314 below. An example of an amino acid sequence comprising a NadA

anchor region is set forth as SEQ ID NO: 7315 below. The fusion protein may use a stalk (and/or anchor) sequence comprising a shorter amino acid sequence,

wherein amino acids are removed from either the N-terminal or C-terminal regions. Preferably, 1, 2, 3, 4, 5, 6, 7, 8 or 9 amino acids are removed from either the

N-terminal or C-terminal end of the sequence. The leader sequence used in the fusion protein may also include an amino acid sequences having sequence

identity to the SEQ ID NO: 7313.

[0713]

SEQ ID NO: Restriction site

S1L For 7316 NdeI

S1L Rev 7317 BamHI

S2 For 7318 BamHI

S2 Rev

7319 HindIII

S2-stop Rev 7320 XhoI

NadA88 For 7321 BamHI

NadA350 Rev 7322 XhoI

NadA332 For 7323 HindIII

NadA405 Rev 7324 XhoI

The fusion proteins of the invention, including those described above, may be prepared, for example, as follows. Single fragments (such as the regions described

above) may be ampli�ed by PCR using the oligonucleotide primers set forth in the Table below. (S1L refers to the Spike protein fused to the leader peptide of

NadA; S2 refers to the stalk region of the Spike protein, with and without the stop codon). The oligonucleotides were designed on the basis of the DNA sequence

of NadA from N. meningitidis B 2996 strain and of Spike from SARS virus isolate FRA1. Each oligonucleotide includes a restriction site as a tail in order to direct

the cloning into the expression vector pET21b.

[0714]

The single fragments are sequentially cloned into pET21b vector, in order to express the proteins under the control of inducible T7 promoter. The S1 domain of

the Spike protein fused to the leader peptide of NadA (S1L) was obtained by PCR using the primers S1L-For and S1L-Rev. The forward oligonucleotide primer

contains the NdeI restriction sequence and the sequence coding for the leader peptide of NadA plus the �rst 6 aminoacids of the mature protein. The PCR

fragment was cloned as a NdeI/BamHI fragment in the pET21b vector opened with the same restriction enzymes. This clone (PET-S1L) was then used to

sequentially clone the other different domains, as BamHI/XhoI, BamHI/HindIII or HindIII/XhoI fragments. BamHI and HindIII restriction sites introduce the

aminoacids GS and KL, respectively.

[0715]

The PCR ampli�cation protocol was as follows: 200 ng of genomic DNA from Neisseria meningitidis 2996 or 10 ng of plasmid DNA preparation (plasmid

pCMVnew, containing the entire gene coding of the Spike protein), were used as template in the presence of 40 μM of each oligonucletide primer, 400-800 μM

dNTPs solution, 1× PCR buffer (including 1.5 mM MgCl2), 2.5 units TaqI DNA polymerase (using Perkin-Elmer AmpliTaQ or Invitrogen Platinum Pfx DNA

polymerase).

[0716]

After a preliminary 3 minute incubation of the whole mix at 95° C., each sample underwent a two-step ampli�cation: the �rst 5 cycles were performed using the

hybridisation temperature that excluded the restriction enzyme tail of the primer (Tm1). This was followed by 30 cycles according to the hybridisation

temperature calculated for the whole length oligos (Tm2). Elongation times, performed at 68° C. or 72° C., varied according to the length of the fragment to be

ampli�ed. The cycles were completed with a 10 minute extension step at 68° C. or 72° C.

[0717]

The ampli�ed DNA was either loaded directly on agarose gel and the DNA fragment corresponding to the band of correct size was puri�ed from the gel using the

Qiagen™ Gel Extraction Kit, following the manufacturer's protocol.

[0718]

The puri�ed DNA corresponding to the ampli�ed fragment and the plasmid vectors were digested with the appropriate restriction enzymes, puri�ed using the

QIAquick™ PCR puri�cation kit (following the manufacturer's instructions) and ligation reactions were performed.

[0719]

The ligation products were transformed into competent E. coli DH5α and screening for recombinant clones was performed by growing randomly-selected

colonies and extracting the plasmid DNA using the Qiagen QIAprep Spin Miniprep Kit, following the manufacturer's instructions.

[0720]

Recombinant plasmids were introduced into E. coli BL21(DE3) used as expression host. Single recombinant colonies were inoculated into LB+ ampicillin and

incubated at 37° C. for 14-16 h. Bacteria were directly recovered by centrifugation (uninduced conditions) or diluted in fresh medium and grown at 37° C. until

OD600 between 0.4-0.8. Protein expression was induced by addition of 1 mM Isopropyl-1-thio-β-D-galactopyranoside (IPTG) for three hours (induced conditions).

[0721]

Whole cell lysates were obtained resuspending bacteria in SDS-sample buffer 1× and boiling for 5-10 min. Equal amounts of proteins were separated using

NuPAGE (Invitrogen) or BIORAD Gel System, according to the manufacturer's instructions. Proteins were revealed by Coomassie-blue staining or transferred onto

nitrocellulose membranes for western blot analysis. Western blot was performed using a rabbit polyclonal anti-serum against puri�ed NadAΔ351-405 (diluted

1:3000) and a secondary peroxidase-conjugate antibody (DAKO).

[0722]

Results of the expression in E. coli of S1L, S1L-NadA and S1L-NadΔanchor are shown in FIGS. 38 and 39. Schematics of the fusion constructs are shown in FIG.

37.

[0723]

Bacterial expression of the SARS viral antigens may also be used to prepare compositions comprising outer membrane vesicles wherein said outer membrane

vesicles comprise one or more SARS viral antigens.

[0724]

Outer Membrane Vesicles (“OMV”), also referred to as blebs, refer to vesicles formed or derived from fragments of the outer membrane of a Gram negative

bacterium. OMVs typically comprise outer membrane proteins (OMPs), lipids, phospholipids, periplasmic material and lipopolysaccharide (LPS). Gram negative

bacteria often shed OMVs during virulent infections in a process known as blebbing. OMVs can also be obtained from Gram negative bacteria via a number of

chemical denaturation processes, such as detergent extraction. Synthetic OMVs or liposomes, comprising a lipid bilayer and typically enclosing an aqueous core,

can also be prepared with the SARS viral antigens of the invention.

[0725]

The OMVs of the invention are preferably lipid vesicles comprising a lipid bilayer surrounding an aquous core. Typically the lipid vesicles are of unilamellar

structure (i.e., a single lipid bilayer surrounds the aquous core), although multilammelar lipid vesicles may also be used in the compositions of the invention.

OMVs typically have sizes in the nanomolar to micromolar range, e.g., from 1 nM to 100 μM, more typically from 10 nM to 10 μM and preferably from 30 nM to 1

μM.

[0726]

The OMVs of the invention are preferably prepared from gram negative bacteria. Gram negative bacteria are those bacteria that fail to resist decolorization in the

commonly known Gram staining method. Gram negative bacteria are characterized by a complex multilater cell wall and often possess an outer layer

polysaccharide capsule. Gram negative bacteria suitable for producing OMVs include, for example, species from Neisseria, Moraxella, Kingella, Acinetobacter,

Brucella, Bordetella, Chlamydia, Porphyromonas, Actinobacillus, Borelia, Serratia, Campylobacter, Helicobacter, Haemophilus, Escherichia, Legionella, Salmonella,

Pseudomonas and Yersinia.

[0727]

The OMVs of the invention preferably comprise one or more SARS viral antigens or a fragment thereof. The SARS viral antigens may be recombinantly expressed

in a Gram negative bacterial host cell and then harvested with the OMV.

[0728]

Antigenic components, such as recombinantly expressed SARS viral antigens, may be located in any or all of the three main compartments of the lipid vesicles,

including attached to either the interior or exterior surface of the lipid vesicle, for example via a membrane anchor domain, or attachment to a lipid moiety;

inserted into the lipid bilayer, for example where the antigenic component is itself a hydrophobic or lipid based entity; or located within the aqueous center or

core of the lipid vesicle.

[0729]

Synthetically prepared OMVs, or liposomes, may be used in the invention. Such liposomes may comprise a number of different lipids and fatty acids. Suitable

lipids for inclusion in liposomes of the invention include but are not limited to phophatidylinositol-(4,5)-diphosphate, phosphatidylserine, phosphatidylcholine,

phosphatidylethanolamine, phosphatidyglycerol, cholesterol, beta-oleolyl-gamma-palmitoyl, lipopolysaccharides and galactocerbrosides.

[0730]

Suitable means for extraction of OMVs from bacterial sources include deoxycholate extraction, Tris/HCl/EDTA extraction, and lithium acetate extraction.

Preferably, the extraction process comprises a physical and/or chemical means to disrupt the bacterial cell outer membrane in order to release su�cient OMVs

for puri�cation and isolation. See, e.g., WO 03/051379.

[0731]
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The OMVs of the invention may be enriched and/or supplemented with antigenic components, such as SARS viral antigens, by methods known in the art,

including, for example, direct combination in vitro where an energetic combination step can optionally be applied to facilitate integration of the antigenic

component into a compartment of the liposome. Methods of energetic combination suitable for use in the invention include homogenization, ultrasonication,

extrusion, and combinations thereof.

[0732]

Preferably, the antigenic component, such as the SARS viral antigen, is recombinantly produced by the host cell from which the OMV is derived. In one

embodiment, such OMVs are prepared by introducing nucleic acid sequence encoding for the SARS viral antigen into the recombinant host cell. Preferably the

nucleic acid sequence encoding for the SARS viral antigen is controlled by a strong promoter sequence. Preferably, the nucleic acid sequence encoding the SARS

viral antigen further comprises an outer-membrane targeting signal. For example, the nucleic acid sequence encoding the SARS viral antigen may be fused to a

sequence encoding for a naturally occurring outer membrane protein of the bacterial host. Preferably, the nucleic acid sequence encoding the SARS viral antigen

is fused to the signal peptide sequence of the naturally occurring outer membrane protein of the bacterial host.

[0733]

Methods of preparing an optimizing OMVs for use in vaccines are disclosed in, for example Filip et al., J. Bact. (1973) 115: 717-722; Davies et al., J. Immunol.

Method (1990) 143:215-225; and WO 01/09350.

[0734]

In one embodiment, a bacterial host cell, such as E. coli, are transformed to express the SARS spike protein. As discussed above, the spike protein may be

modi�ed to facilitate bacterial expression and transport of the spike protein to the surface of the host cell. Each of the Spike/NadA fusion constructs discussed

above may be used in the OMV preparations of the invention. Preferably, constructs comprising the spike S1 globular head domain fused to the stalk region of

NadA are used to generate OMVs. The construct may optionally include the NadA leader peptide as well as the NadA anchor peptide. Schematic diagrams of

these preferred OMV constructs are depicted in FIG. 49.

[0735]

Example 6 describes one method of preparing the OMVs of the invention.[0736]

(b) Mammalian Expression of Subunit SARS Vaccine

As discussed above, mammalian host cells may be used for recombinant expression of SARS virus proteins. Mammalian host cells suitable for use in the

invention include, for example, Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (e.g., Hep G2), Madin-Darby

bovine kidney (“MDBK”) cells, as well as others. Mammalian sources of cells include, but are not limited to, human or non-human primate (e.g., MRC-5 (ATCC

CCL-171), WI-38 (ATCC CCL-75), human embryonic kidney cells (293 cells, typically transformed by sheared adenovirus type 5 DNA), VERO cells from monkey

kidneys (including, for example COS7 cells), horse, cow (e.g., MDBK cells), sheep, dog (e.g., MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCK

33016, deposit number DSM ACC 2219 as described in WO 97/37001), cat, and rodent (e.g., hamster cells such as BHK21-F, HKCC cells, or Chinese hamster

ovary cells (CHO cells)), and may be obtained from a wide variety of developmental stages, including for example, adult, neonatal, fetal, and embryo.

[0737]

The polynucleotides encoding the SARS viral proteins may be modi�ed to facilitate or enhance expression. For example, commercial leader sequences known in

the art, such as tPA or IgK or interleukin-2, may be used in the recombinant constructs. Preferably, however, the natural SARS leader sequence is used. Use of the

natural leader sequence can be used to ensure that the protein will be tra�cked in human cells in the same way as during a normal viral infection, which may be

advantageous e.g. for DNA vaccines, where antigen is expressed in situ.

[0738]

As discussed above, tag sequences can be used in the expression constructs to facilitate puri�cation, detection and stability of the expressed protein. Tag

proteins suitable for use in the invention include a polyarginine tag (Arg-tag), polyhistidine tag (His-tag), FLAG-tag, Strep-tag, c-myc-tag, S-tag, calmodulin-binding

peptide, cellulose-binding domain, SBP-tag, chitin-binding domain, glutathione S-transferase-tag (GST), maltose-binding protein, transcription termination anti-

terminiantion factor (NusA), E. coli thioredoxin (TrxA) and protein disul�de isomerase I (DsbA). Preferred tag proteins include His-tag and GST. A full discussion

on the use of tag proteins can be found at Terpe et al., “Overview of tag protein fusions: from molecular and biochemical fundamentals to commercial systems”,

Appl Microbiol Biotechnol (2003) 60:523-533.

[0739]

After puri�cation, the tag proteins may optionally be removed from the expressed fusion protein, i.e., by speci�cally tailored enzymatic treatments known in the

art. Commonly used proteases include enterokinase, tobacco etch virus (TEV), thrombin, and factor Xa.

[0740]

Clone Expression

Name Description Construct

nSh natural leader sequence SEQ ID NO: 6578

full length Spike

histidine tag

nS natural leader sequence SEQ ID NO: 6579

full length Spike

nShΔTC natural leader sequence SEQ ID NO: 6580

Spike without transmembrane sequence

histidine tag

nSΔTC natural leader sequence SEQ ID NO: 6581

Spike without transmembrane sequence

nS1h natural leader sequence SEQ ID NO: 6582

S1 domain

histidine tag

nS1 natural leader sequence SEQ ID NO: 6583

S1 domain

One or more amino acid sequences or amino acid domains of the spike protein may be removed to facilitate mammalian recombinant expression. For instance,

the entire S2 domain or the spike transmembrane region may be removed. Representative examples of some expression constructs of both full length and

truncated spike glycoprotein suitable for mammalian expression are shown in FIG. 40. Polynucleotide sequences representing each construct are shown in SEQ

ID NOS 6578-6583. A description of each annotation is shown below:

[0741]

Cloned cDNA fragments that encompass full-length Spike coding sequences, as well as a Spike construct deleted of the transmembrane and cytoplasmic

domains (TM-Cy-deleted Spike) for secretion were inserted into an expression vector pCMVIII to create nSh and nShΔTC, respectively. Both spike proteins were

tagged with six histidine residues at the end of C-terminus to aid initial characterization of the expressed spike proteins. Similar sequences encoding full-length

Spike or transmembrane and cytoplasmic domain deleted Spike, but without the histidine “tag” are readily substituted by one of skill in the art.

[0742]

The likely locations of the expressed spike constructs was assessed by separating expressed proteins into an aqueous fraction (AF) and a detergent fraction

(DF) using the procedure shown in FIG. 48, with results of western blot analysis shown in FIG. 43. The above described vector constructs were evaluated for

expression after transfection into COS7 cells. The construct expressing the full length spike protein remained in the cell membrane while the construct

expressing the truncated spike protein was located either in the cytosol (FIG. 43) or secreted into the cell medium (FIG. 44). As shown in FIG. 43, full-length spike

protein is found in DF (membrane) in an aggregated form, while the truncated protein is found in AF (cytosol) as a monomer. As shown in FIG. 44, deleted

proteins (ShΔTC) are secreted, and a small fraction of full-length spike protein is detected in the medium by rabbit serum.

[0743]

Recombinantly expressed spike proteins may be oligomerized. When the spike proteins are to be used in a vaccine or to generate antibodies speci�c to the spike

protein, they are preferably oligomerized. In order to obtain oligomerized spike protein, it is preferred to maintain the transmembrane domain in the recombinant

expression construct. For example, FIG. 41 illustrates a western blot of COS7 cell lysates comparing expressed nSh and nShΔTC using both anti-his tag and

rabbit anti-SARS antibodies. As shown full-length (nSh) aggregates, but the truncated (nShΔTC) spike protein does not. Antibody raised against the His-tagged

protein recognizes full-length and truncated spike proteins in native and reduced forms. Rabbit antiserum recognizes spike protein only in non-reducing

conditions. Spike aggregates or oligomers were present in larger amounts in the cell lysates from the expressed nSh constructs. Preferably, the oligomerized

spike proteins form a homotrimer, as indicated in FIG. 47

[0744]

A further experiment, illustrated in FIG. 42, demonstrates that the oligomerization of the expressed nSh constructs is likely due to a non-covalent linkage (and is

likely not due to, for example, a disul�de bond). The oligomer dissociates into monomers at elevated temperature (80-100° C.), but is stable in reducing

conditions if not heated.

[0745]

It is further preferred that recombinantly expressed spike proteins are glycoslyated. Tunicamycin and glycosidases were used to assess glycosylation. FIG. 45

illustrates that glycoslation of expressed spike proteins is not affected by removal of the transmembrane domain region. Both full-length (Sh) and truncated

(ShΔTC) SARS spike proteins are glycosylated.

[0746]

Preferably, expression of the constructs of the invention is not toxic to the mammalian host cell. FIG. 46 demonstrates that expression of the illustrated spike

constructs is not toxic to the COS7 host cell.

[0747]
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Methods for transfecting, expressing, culturing, isolating and purifying recombinant proteins from mammalian cell cultures are known in the art. For example, the

SARS spike constructs of the invention may be expressed in 293 cells. These cells may be cultured and transfected in static or monolayer cultures. For rapid

large-scale production of SARS protein antigens in su�cient quantities for in vitro and in vivo evaluation, including immunogenicity studies, large-scale transient

transfection of 293 (human embryonic kidney) cells may be used to obtain milligram quantities of the recombinant antigen(s). Alternatively, larger scale

transfection of these cells may be performed with 293 cells in suspension culture. Preferably, the expressed SARS proteins are harvested from the transfected

cells between 48 and 72 hours after transfection or even from 72 to 96 or more hours after transfection.

[0748]

Where the host cells are transfected with truncated spike expression constructs, the expressed spike protein is secreted from the host cells and collected from

the cell media. After concentration, the spike protein may be puri�ed from the media using, for example, GNA lectin followed by DEAE and ceramic

hydroxyapatite column chromatography.

[0749]

Where the host cells are transfected with full length spike expression constructs, but rather is retained within the cells, and may be puri�ed from triton X-100

detergent extracted cells. The full-length Spike protein can then be captured on GNA lectin, followed by hydroxyapatite and SP chromatography.

[0750]

Chinese Hamster Ovary (CHO) or other eukaryotic (e.g., mammalian) cells that stably express the SARS viral antigens of the invention may also be derived (e.g.

FIG. 73). Preferably, the cells are CHO cells, and these constructs will comprise one or more marker or selection genes in order to select for the desired CHO

cells. In one embodiment, the constructs comprise a CMV enhancer/promoter, ampicillin resistance gene, and a fused DHFR and attenuated neomycin gene for

selection purposes. Stable cell lines can then be produced using the neomycin selection system in CHOK-1 cells. Selected clones can then be sequenced to

verify the integrity of the insert, and transient transfections can then be performed using Trans-LT1 polyamine transfection reagent (PanVera Corp., Madison,

Wis.) to assess the expression level and also the integrity of the expressed protein by ELISA and western blot analysis.

[0751]

Methods for derivation of CHO cells stably expressing the SARS viral antigens of the invention comprise the steps of transfection and primary screening with

selective medium. Optionally, these steps are followed by subcloning to assure purity of cell lines. Cell culture supernatants can be assayed using an antigen

capture ELISA to quantify expression levels at all stages of selection and ampli�cation.

[0752]

For full-length Spike expression constructs, methanol �xed cells can be screened for internal expression by immuno�uorescent staining using a rabbit anti-SARS

antibody. Successive measurements at the T75-�ask stage of expansion can be employed to assure stability of expression levels. The molecular mass and

integrity of the expressed proteins can be checked by PAGE both under native and reducing and denaturing conditions, followed by immunoprobing.

[0753]

In one embodiment, the pCMV3 vectors expressing SARS-CoV Spike proteins in either full-length or truncated forms is introduced into CHOK-1 cells using the

Trans-LT-1 reagent. On day one, 1×106 cells are plated on 100 mm dishes in non-selective F12 media+10% Fetal Bovine Serum+4 mM Glutamine. On day two, the

cells are transfected with a DNA:LT-1 mixture and the media then replaced with complete F12 media. Twenty-four to forty-eight hours later depending on the cell

density, each 100 mm dish is split to 4-6 100 mm dishes. The medium is changed to complete selective media containing Geneticin (neomycin) at 500 μg/ml. All

bovine serum used in these procedures is from TSE-free sources that meet current FDA standards. Twenty-four hours later the medium is changed to complete

selective medium plus 500 ug/ml neomycin. Ten to fourteen days later, individual colonies are picked and transferred to 96 well plates and cultured in complete

selective medium but without G418. When approximately 80% of the wells are con�uent, twenty-four hour supernatants are screened by spike capture ELISA

positive clones are transferred to twenty-four well plates. For the initial expression of full length Spike protein, methanol �xed cells will be screened by

immuno�ourescent staining using a rabbit anti-SARS antibody. After the low expressing cell lines have been eliminated and there are less than 20-30 cell lines,

capture ELISA and westerns will be used to determine the expression level after cell lysis. A portion of each cell line will be pelleted, weighed and lysed in 1%

triton lysis buffer containing MOPS, NaCl and MgCl2 at the same ratio of cell weight to lysis buffer. After lysis the supernatant is collected and expression level is

determined. Three to four clones producing the highest levels of spike protein in correct structure and conformation will be grown in three-liter bioreactors for

expansion and adaptation to low serum suspension culture conditions for scale-up.

[0754]

The antigen capture ELISA assay for the SARS spike protein can be performed as described in the art. A brief description of this assay follows. 96 well �at-

bottom plates (Corning, Corning, N.Y.) are coated with 250 ng per well of puri�ed immunoglobulin obtained from rabbit sera that were immunized with

inactivated SARS virus. Between steps, the plates are washed in a buffer containing 16% NaCl and 1% Triton X100. 100 μL of supernatant or lysate samples

(diluted in a buffer containing 100 mM NaPO4, 0.1% Casein, 1 mM EDTA, 1% Triton X100, 0.5M NaCl and 0.01% Thiomersal, pH 7.5) are added and incubated for

2 hours at 37° C. Bound antigen is reacted against pooled SARS+ve serum or high a�nity monoclonal antibody either human or mouse against SARS spike

protein (1 hour incubation, 37° C.) and detected using appropriate species-speci�c peroxidase conjugated second antibody (30 minute incubation at 37° C.;

TAGO, Burlingame, Calif.). The plates are developed for 15 minutes at room temperature using TMB substrate (Pierce, Rockford, Ill.) and the reaction stopped

using 4N phosphoric acid. The plates are read at a wavelength of 450 nm and the concentration of protein per ml sample is derived from a standard curve (OD

vs. protein concentration) based on serial dilutions of a known concentration of recombinant spike protein.

[0755]

The immunoprobing analysis can also be performed following the standard methods described elsewhere in the art. A brief description follows. 10-20 μl of the

sample is analyzed on 4-20% SDS PAGE under non-reducing/denaturing conditions with mild heating. The gels are run for 1.5-2.0 hours at 100V constant

voltage. The proteins are then transferred onto nitrocellulose membranes (Millipore, Bedford, Mass.) for 45 min using the semidry western transfer system

(BioRad, Hercules, Calif.) following the manufacturer's instructions. The membrane is then reacted against polyclonal anti-spike rabbit serum, followed by anti-

rabbit Ig conjugated to Alexa 688 (Molecular Probes, Oregon). The blots are scanned using an infrared imaging system (LI-Cor, Inc., Lincoln, Nebr.).

[0756]

The highest expressing candidate cell lines can be screened for spike protein expression and stability in small-scale (3 liter) suspension cultures. The candidate

clone can be further evaluated for level of expression as well as integrity of expressed protein after ampli�cation, and subsequently tested for expression

stability in the absence of selection. The selected clones can also be tested for maintenance of the DNA sequence integrity of the integrated SARS spike protein

gene. To quickly monitor the expression levels in small �ask (T25 or T75) and in the three liter evaluation cultures, a lectin-based process (Gluvanthus Nivalis

lectin) may be used to isolate SARS spike protein to a degree of purity that allows semi-quantitation and characterization of the protein in CHO supernatant. For

full-length spike protein, it will be obtained from triton X-100 detergent extracted cells. Full-length Spike protein will be then captured on GNA lectin, followed by

hydroxyapatite and SP chromatograph. Eluted protein is then characterized by: 1) polyacrylamide gel electrophoresis (PAGE) and Coomassie staining, 2)

Immunoprobing with anti-SARS rabbit sera, 3) structural characterization using size exclusion chromatography (SEC), as well as mass spec analysis using

MALDI-TOF.

[0757]

Routes and methods of immunization of the vaccines of the invention are discussed in more detail in a section below. Examples 7 to 9 illustrate sample

immunization protocols for the recombinant spike proteins.

[0758]

Vaccine Testing

Prior to human administration, it is normal to test vaccines in animal models. A mouse model of SARS coronavirus infection is known (Subbarao et al. (2004) J

Virol 78:3572-77), and other animals that may be used as models of infection and/or disease include ferrets and monkeys. Thus the invention provides a non-

human animal that is infected by the SARS coronavirus, wherein the animal is preferably a ferret or a primate (e.g. a monkey or a macaque). The animal may be

gnotobiotic. The animal is preferably not a cat (Felis domesticus). The animal may or may not display SARS disease symptoms e.g. ferrets (Mustela furo) show

prominent pulmonary pathology after infection. See: Martina et al. (2003) Nature 425:915.

[0759]

E. Polynucleotides Encoding the SARS Antigens of the Invention

The invention includes polynucleotides encoding for the SARS antigens of the invention. In addition, the invention includes polynucleotides which have been

optimized for recombinant production (e.g. codon optimization) of the SARS antigens of the invention, including polynucleotides encoding for each of the SARS

fusion constructs discussed above.

[0760]

F. Viral Vector or Viral Particle Delivery of the SARS Antigens of the Invention

The antigens of the invention may be expressed in vivo or in vitro by polynucleotides encoding the antigens. Expression and delivery of the polynucleotides of the

invention may be facilitated via viral vectors and/or viral particles.

[0761]

Gene-based delivery systems derived from viruses, such as alphaviruses, are useful for the ex vivo and in vivo administration of heterologous genes, including

one or more SARS genes, having therapeutic or prophylactic applications. These systems can also be used for the production of recombinant proteins derived

from the SARS virus in cultured cells. Gene-based delivery systems of the invention include viral vectors (e.g., adenovirus vector, poxvirus vector, alphavirus

vector) and non-viral nucleic acid vectors (e.g., DNA, RNA) encoding one or more SARS virus antigens. Polynucleotides encoding SARS virus antigen(s) are

incorporated into the gene-based vaccines individually or in combination (e.g., as bicistronic constructs).

[0762]

1. Alphavirus

Alphaviruses are members of Togaviridae family and share common structural and replicative properties. Sindbis virus (SIN) is the prototype virus for the

molecular study of other alphaviruses, and together with Venezuelan equine encephalitis virus (VEE) and Semliki Forest virus (SFV), are the most widely utilized

alphaviruses being developed into expression vectors for heterologous genes (Schlesinger and Dubensky (1999) Curr Opin. Biotechnol. 10:434-439; Schlesinger

(2001) Expert Opin. Biol. Ther. 1:177-91).

[0763]

Alphaviruses possess a relatively small single-stranded RNA genome of positive polarity, which is approximately 12 kb in length, capped and polyadenylated. The

RNA interacts with viral capsid protein monomers to form nucleocapsids, which in turn, are surrounded by a host cell-derived lipid envelope from which two viral

glycoproteins, E1 and E2, protrude forming “spike” trimers of heterodimeric subunits. Two open reading frames (ORFs) encode as polyproteins the enzymatic

nonstructural replicase proteins (5′ ORF) and the virion structural proteins (3′ ORF). The structural polyprotein is translated from a highly abundant subgenomic

[0764]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

53 of 328 03.08.23, 17:42



mRNA, which is transcribed from a strong internal alphavirus promoter (Strauss and Strauss (1994) Microbiol. Rev. 58:491-562). Replication of the genome

occurs exclusively within the host cell cytoplasm as RNA.

The most common alphavirus expression vectors have exploited both the positive-stranded nature and modular organization of the RNA genome. These vectors,

termed “replicons” due to their property of self-ampli�cation, permit insertion of heterologous sequences in place of the structural polyprotein genes, while

maintaining the 5′- and 3′-end cis replication signals, the nonstructural replicase genes, and the subgenomic junction region promoter (Xiong et al. (1989)

Science 243:1188-1191; Liljestrom (1991) Bio/Technology 9:1356-1361). Chimeric alphavirus vectors (and particles) from sequences derived from divergent

virus families have also been described. (see, for example U.S. patent application Ser. No. 09/236,140; see also, U.S. Pat. Nos. 5,789,245, 5,842,723, 5,789,245,

5,842,723, and 6,015,694; as well as WO 95/07994, WO 97/38087 and WO 99/18226). Co-owned International Publication WO 02/099035, published Dec. 12,

2002 and incorporated by reference in its entirety herein, describes chimeric alphavirus molecules and modi�ed alphavirus molecules having modi�ed Biosafety

Levels.

[0765]

The absence of structural protein genes renders alphavirus replicon vectors defective, in that RNA ampli�cation and high-level heterologous gene expression

occurs within the target cell, but cell-to-cell spread of vector is not possible due to the inability to form progeny virions. Through the years, several synonymous

terms have emerged that are used to describe alphavirus replicon particles. These terms include recombinant viral particle, recombinant alphavirus particle,

alphavirus replicon particle and replicon particle. However, as used herein, these terms all refer to a virion-like unit containing an alphavirus-derived RNA vector

replicon. Moreover, these terms may be referred to collectively as vectors, vector constructs or gene delivery vectors.

[0766]

Packaging of replicon RNA into particles can be accomplished by introducing the replicon RNA into permissive cells (e.g., RNA or DNA transfection, or particle

infection) that also contain one or more structural protein expression cassettes or “defective helper” constructs encoding the alphavirus structural proteins.

These structural protein encoding constructs may themselves be introduced into the cells by transfection of either RNA or DNA, and most commonly retain the

native alphavirus subgenomic promoter, as well as 5′- and 3′-end cis signals for co-ampli�cation with the replicon, but are devoid of any replicase genes and the

RNA packaging signal (Liljestrom (1991) Bio/Technology 9:1356-1361; Pushko et al. (1997) Virology 239:389-401; Polo et al. (1999) PNAS 96:4598-4603).

Permanent cell lines that are stable transformed with constructs expressing the alphavirus structural proteins (e.g., packaging cell lines) offer a means to avoid

transient transfection production methods (Polo et al. (1999) PNAS 96:4598-4603).

[0767]

The present invention includes compositions and methods for the production of replication defective viral vector particles (e.g., alphavirus replicon particles) for

use in the ex vivo and in vivo administration of heterologous genes encoding proteins having therapeutic or prophylactic application, including genes encoding

for one or more SARS viral antigens.

[0768]

In one aspect, the invention includes a method of producing replication defective viral vector particles (e.g., alphavirus replicon particles) comprising the steps of

introducing at least one nucleic acid molecule comprising a viral vector (e.g., alphavirus replicon RNA) into immortalized cells of the present invention, under

conditions that allow for complementation of the viral vector (e.g., alphavirus replicon RNA) and production of viral vector particles (e.g., alphavirus replicon

particles), and isolating the viral vector particles from the cells or cell culture supernatants. In certain embodiments, the immortalized cells are grown in

suspension, for example PERC.6 cells. In other embodiments, the methods are performed in large-scale volumes, for example, liter volumes or greater, such as

for example in roller bottles, large �asks, Nunc Cell Factories, Corning Cell Cubes, fermentation vessels, etc).

[0769]

In certain embodiments, the viral vector is an alphavirus replicon RNA that requires complementation by providing one or more alphavirus structural proteins in

trans, within the immortalized cell. In such instances, the methods of complementation to produce alphavirus replicon particles may involve the introduction of

one or more nucleic acids (e.g., RNA, DNA) encoding said alphavirus structural protein(s) (e.g., capsid and/or envelope glycoproteins) into the immortalized cells,

either transiently or stably, and either concurrent with or prior to the introduction of the alphavirus replicon RNA. In certain embodiments, the alphavirus replicon

RNA is introduced into the cell by transfection an in vitro transcribed RNA. In other embodiments, the alphavirus replicon RNA is introduced into the cell by

transfection of a DNA (e.g., ELVIS), which is capable of transcribing within the cell, the replicon RNA. In yet other embodiments, the alphavirus replicon RNA is

introduced into the cell by infection with a seed stock of alphavirus replicon particles. In certain embodiments, the nucleic acids encoding said alphavirus

structural protein(s) are defective helper RNA or are DNA that can transcribe within the cell defective helper RNAs.

[0770]

As discussed herein, “alphavirus RNA replicon vector”, “RNA replicon vector”, “replicon vector” or “replicon” refers to an RNA molecule that is capable of directing

its own ampli�cation or self-replication in vivo, within a target cell. To direct its own ampli�cation, the RNA molecule should encode the polymerase(s) necessary

to catalyze RNA ampli�cation (e.g., alphavirus nonstructural proteins nsP1, nsP2, nsP3, nsP4) and also contain cis RNA sequences required for replication which

are recognized and utilized by the encoded polymerase(s). An alphavirus RNA vector replicon should contain the following ordered elements: 5′ viral or cellular

sequences required for nonstructural protein-mediated ampli�cation (may also be referred to as 5′ CSE, or 5′ cis replication sequence, or 5′ viral sequences

required in cis for replication, or 5′ sequence which is capable of initiating transcription of an alphavirus), sequences which, when expressed, code for biologically

active alphavirus nonstructural proteins (e.g., nsP1, nsP2, nsP3, nsP4), and 3′ viral or cellular sequences required for nonstructural protein-mediated

ampli�cation (may also be referred as 3′ CSE, or 3′ viral sequences required in cis for replication, or an alphavirus RNA polymerase recognition sequence). The

alphavirus RNA vector replicon also should contain a means to express one or more heterologous sequence(s), such as for example, an IRES or a viral (e.g.,

alphaviral) subgenomic promoter (e.g., junction region promoter) which may, in certain embodiments, be modi�ed in order to increase or reduce viral

transcription of the subgenomic fragment, or to decrease homology with defective helper or structural protein expression cassettes, and one or more

heterologous sequence(s) to be expressed. Preferably the heterologous sequence(s) comprises a protein-encoding gene, which is the 3′ proximal gene within the

vector replicon. And preferably the replicon further comprises a polyadenylate tract.

[0771]

As discussed herein, “recombinant Alphavirus Particle”, “alphavirus replicon particle” and “replicon particle” refers to a virion-like unit containing an alphavirus

RNA vector replicon. Generally, the recombinant alphavirus particle comprises one or more alphavirus structural proteins, a lipid envelope and an RNA vector

replicon. Preferably, the recombinant alphavirus particle contains a nucleocapsid structure that is contained within a host cell-derived lipid bilayer, such as a

plasma membrane, in which one or more alphaviral envelope glycoproteins (e.g., E2, E1) are embedded. The particle may also contain other components (e.g.,

targeting elements such as biotin, other viral structural proteins or portions thereof, hybrid envelopes, or other receptor binding ligands), which direct the tropism

of the particle from which the alphavirus was derived. Generally the interaction between alphavirus RNA and structural protein(s) necessary to e�ciently form a

replicon particle or nucleocapsid may be an RNA-protein interaction between a capsid protein and a packaging signal or packaging sequence contained within

the RNA.

[0772]

“Alphavirus packaging cell line” refers to a cell which contains one or more alphavirus structural protein expression cassettes and which produces recombinant

alphavirus particles (replicon particles) after introduction of an alphavirus RNA vector replicon, eukaryotic layered vector initiation system, or recombinant

alphavirus particle. The parental cell may be of mammalian or non-mammalian origin. Within preferred embodiments, the packaging cell line is stably

transformed with the structural protein expression cassette(s).

[0773]

“Defective helper RNA” refers to an RNA molecule that is capable of being ampli�ed and expressing one or more alphavirus structural proteins within a

eukaryotic cell, when that cell also contains functional alphavirus nonstructural “replicase” proteins. The alphavirus nonstructural proteins may be expressed

within the cell by an alphavirus RNA replicon vector or other means. To permit ampli�cation and structural protein expression, mediated by alphavirus

nonstructural proteins, the defective helper RNA molecule should contain 5′-end and 3′-end RNA sequences required for ampli�cation, which are recognized and

utilized by the nonstructural proteins, as well as a means to express one or more alphavirus structural proteins. Thus, an alphavirus defective helper RNA should

contain the following ordered elements: 5′ viral or cellular sequences required for RNA ampli�cation by alphavirus nonstructural proteins (also referred to

elsewhere as 5′ CSE, or 5′ cis replication sequence, or 5′ viral sequences required in cis for replication, or 5′ sequence which is capable of initiating transcription

of an alphavirus), a means to express one or more alphavirus structural proteins, gene sequence(s) which, when expressed, codes for one or more alphavirus

structural proteins (e.g., C, E2, E1), 3′ viral or cellular sequences required for ampli�cation by alphavirus nonstructural proteins (also referred to as 3′ CSE, or 3′

viral sequences required in cis for replication, or an alphavirus RNA polymerase recognition sequence), and a preferably a polyadenylate tract. Generally, the

defective helper RNA should not itself encode or express in their entirety all four alphavirus nonstructural proteins (nsP1, nsP2, nsP3, nsP4), but may encode or

express a subset of these proteins or portions thereof, or contain sequence(s) derived from one or more nonstructural protein genes, but which by the nature of

their inclusion in the defective helper do not express nonstructural protein(s) or portions thereof. As a means to express alphavirus structural protein(s), the

defective helper RNA may contain a viral (e.g., alphaviral) subgenomic promoter which may, in certain embodiments, be modi�ed to modulate transcription of the

subgenomic fragment, or to decrease homology with replicon RNA, or alternatively some other means to effect expression of the alphavirus structural protein

(e.g., internal ribosome entry site, ribosomal readthrough element). Preferably an alphavirus structural protein gene is the 3′ proximal gene within the defective

helper. In addition, it is also preferable that the defective helper RNA does not contain sequences that facilitate RNA-protein interactions with alphavirus

structural protein(s) and packaging into nucleocapsids, virion-like particles or alphavirus replicon particles. A defective helper RNA is one speci�c embodiment

of an alphavirus structural protein expression cassette.

[0774]

Alphavirus for use in the invention may be grown in any one of the cell lines discussed above as suitable for the SARS virus.[0775]

Alphavirus replicon particles may be produced according to the present invention by using the above cell lines (e.g., immortalized cell lines) and a variety of

published and accepted alphavirus vector methodologies. Such methodologies include, for example, transient packaging approaches, such as the co-

transfection of in vitro transcribed replicon and defective helper RNA(s) (Liljestrom, Bio/Technology 9:1356-1361, 1991; Bredenbeek et al., J. Virol. 67:6439-6446,

1993; Frolov et al., J. Virol. 71:2819-2829, 1997; Pushko et al., Virology 239:389-401, 1997; U.S. Pat. Nos. 5,789,245 and 5,842,723) or co-transfection of plasmid

[0776]
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Example of Alphavirus-Based Plasmid DNA Expressing SARS Virus Spike (S)

DNA-based replicon and defective helper construct(s) (Dubensky et al., J. Virol. 70:508-519, 1996), as well as introduction of alphavirus structural protein

expression cassettes (e.g., DNA-based defective helper) into immortalized cell lines of the present invention to create stable packaging cell lines (PCL) (Polo et

al., PNAS 96:4598-4603, 1999; U.S. Pat. Nos. 5,789,245, 5,842,723, 6,015,694; WO 97/38087, WO 99/18226, WO 00/61772, and WO 00/39318). Stable packaging

cell lines may then be utilized for alphavirus replicon particle production. The PCL may be transfected with in vitro transcribed alphavirus replicon RNA,

transfected with a plasmid DNA-based replicon (e.g., ELVIS vector), or infected with a seed stock of alphavirus replicon particles, and then incubated under

conditions and for a time su�cient to produce progeny alphavirus replicon particles in the culture supernatant. In addition, progeny replicon particles can

subsequently be passaged in additional cultures of naive PCL by infection, resulting in further expansion and commercial scale preparations. Importantly, by

using defective helper RNA or stable PCL based on the “split” structural gene con�guration, these replicon particle stocks may be produced free from detectable

contaminating RCV.

Following harvest, crude culture supernatants containing the chimeric alphavirus replicon particles may be clari�ed by passing the harvest through a �lter (e.g.,

0.2 uM, 0.45 uM, 0.65 uM, 0.8 uM pore size). Optionally, the crude supernatants may be subjected to low speed centrifugation prior to �ltration to remove large

cell debris. Within one embodiment, an endonuclease (e.g., Benzonase, Sigma #E8263) is added to the preparation of alphavirus replicon particles before or after

a chromatographic puri�cation step to digest exogenous nucleic acid. Further, the preparation may be concentrated prior to puri�cation using one of any widely

known methods (e.g., tangential �ow �ltration). Crude or clari�ed alphavirus replicon particles may be concentrated and puri�ed by chromatographic techniques

(e.g., ion exchange chromatography, size exclusion chromatography, hydrophobic interaction chromatography, a�nity chromatography), such as those described

in WO01/92552, incorporated by reference in its entirety herein. Two or more such puri�cation methods may be performed sequentially.

[0777]

The invention includes compositions and methods for the production of replication defective viral vector particles (e.g., alphavirus replicon particles) for use in

the ex vivo and in vivo administration of heterologous genes encoding proteins having therapeutic or prophylactic application, including genes encoding for one

or more SARS viral antigens.

[0778]

The following example illustrates a method of preparing alphavirus replicon particles encoding SARS virus spike (s) antigen.[0779]

The SARS virus spike gene can be incorporated into alphavirus replicon particles derived from a variety of alphavirus, such as Sindbis virus, Semliki Forest virus

(U.S. Pat. No. 5,739,026), Venezuelan equine encephalitis virus (U.S. Pat. No. 6,531,135), and replicon particle chimeras derived from more than one alphavirus

(U.S. Pat. No. 6,376,236, WO 02/99035). In addition, the SARS virus spike gene can be incorporated in its entirety (encoding full-length spike protein) or in a

modi�ed form that includes, for example, sequence deletions or truncations, such that the encoded a spike protein is of less than full-length (e.g., C-terminal

truncation of one or more (e.g. at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30 etc.) amino acids, deleted of transmembrane region and cytoplasmic tail).

[0780]

For example, the spike gene may be cloned as a full-length gene into the VCR-chim2.1 vector (WO 02/99035) by standard RT-PCR conditions or by standard

subcloning from one of the other plasmids described herein, using commercially available restriction endonucleases. For the reverse transcription step in

standard RT-PCR, the Superscript pre-ampli�cation kit (Invitrogen™) and the primer SEQ ID NO: 7325 (sp-RT-R) are used:

[0781]

For the ampli�cation step, the cDNA polymerase advantage kit (Clonetech) and two primers Sp-F-BbvCI (SEQ ID NO: 7326) and Sp-R-NotI (SEQ ID NO: 7327) are

used:

[0782]

The forward primer is designed to contain the ccacc sequence (Kozak, 1991 JBC 19867-70) in front of the ATG codon to optimize translation e�ciency of the

spike gene. Also, the forward primer contains the BbvCI restriction site and the reverse primer contains the NotI restriction site for subsequent cloning of the

PCR ampli�ed gene.

[0783]

The PCR product is puri�ed using the QIAquick Nucleotide Removal kit (QIAgen), digested with BbvCI and NotI, gel puri�ed with QIAquick Gel Extraction kit

(QIAgen), and ligated to plasmid VCR-Chim2.1 pre-digested with the same enzymes. Clones containing the SARS spike sequence are veri�ed by sequencing and

the new construct is called VCR-Chim2.1-SARSspike.

[0784]

To generate VEErep/SINenv-SARSspike replicon particles the plasmids VCR-Chim2.1-SARSspike, VCR-DH-Scap (WO 02/99035), and VCR-DH-Sglyd1160 (WO

02/99035) are linearized with the restriction enzyme PmeI and used for in vitro transcription as described previously (Polo et al. 1999, PNAS 96: 4598-603;

WO02/99035). The transcripts are co-transfected into BHK cells as previously described (Polo et al., 1999, ibid.; WO02/99035). The transfected cells are

incubated at 34° C., the supernatants collected at 20 and 30 hrs post-electroporation, clari�ed by centrifugation, and puri�ed by chromatography as previously

described (WO 01/92552).

[0785]

Expression of the SARS spike protein from the replicon particle vector is veri�ed by infecting BHK cells overnight with puri�ed VEErep/SINenv-SARSspike or

VEErep/SINenv-GFP (WO 02/99035) replicon particles. In addition, BHK cells also were transfected in parallel with in vitro transcribed VCR-Chim2.1-SARSspike

replicon RNA. At 16 hrs post-infection and transfection cells are lysed and a sample of the lysate analyzed by western blot using an antibody that recognizes

SARS virus spike protein. The proteins on the gel are stained or transferred to a membrane for Western blot analysis with sera from convalescent patients or

alternatively murine or rabbit antisera generated against SARS virus. VEErep/SINenv-SARSspike replicon particles are administered to the vaccine recipient (e.g.,

rodent, non-human primate, human) as described elsewhere in the present invention.

[0786]

FIG. 67 shows data from western blot analysis performed under non-reducing conditions, using a SARS virus speci�c rabbit polyclonal antisera. The western

data demonstrate that not only is SARS spike protein expressed in cells infected with alphavirus replicon particles or transfected with replicon RNA, but the

predominant form of spike is that of a homotrimer (FIG. 67A). Similar homotrimeric association of the spike protein was observed in western blots of SARS

virions puri�ed from SARS virus infected VERO cell supernatants, and this homotrimer is heat labile, as indicated by the dissociation into monomeric forms at

80° C. and 100° C. (FIG. 67B).

[0787]

To further characterize SARS Spike protein expression and processing following expression from alphavirus replicon vectors, BHK-21 cells were infected with

alphavirus replicon particles expressing the full-length Spike. At 6 hr post-infection with an MOI of 5, infected cells were labeled for 1 hr with

L-[35S]methionine/cysteine and chased for the indicated time. The [35S]-labeled spike protein was immunoprecipitated by anti-SARS rabbit serum and digested

with Endo-H. Both digested and undigested proteins were analysed by 4% polyacrylamide-SDS PAGE under reducing conditions. As shown in FIG. 55, the full-

length spike protein is synthesized as an Endo-H sensitive high mannose glycoprotein (gp170, an ER form) that undergoes modi�cation to an Endo-H resistant

glycoprotein with complex oligosaccharides (gp180, a Golgi form). The conversion of gp170 into the gp180 form takes place within 2 hr.

[0788]

Alphavirus replicon particles expressing one or more SARS proteins (e.g., VEErep/SINenv-SARSspike replicon particles) are administered to the vaccine recipient

in order to induce a SARS speci�c immune response (e.g., rodent, ferret, non-human primate, human) as described elsewhere in the present invention.

Immunization may be performed through a variety of routes, including for example, intramuscular, subcutaneous, intradermal, and intranasal. In additon, the

alphavirus replicon particles may be used alone or in combination (e.g., “prime-boost”) with other vaccine approaches of the present invention, or alternatively

the alphavirus replicon particles may co-express antigen from other respiratory pathogens or be co-administered in combination with alphavirus replicon

particles expressing antigens from other respiratory pathogens (e.g., in�uenza virus, parain�uenza virus, respiratory syncytial virus, human metapneumovirus).

For example, the induction of anti-spike protein antibodies in animals immunized IM with VEErep/SINenv-SARSspike replicon particles was demonstrated in

mice (FIG. 68). These mouse studies also included addtional vaccine groups for comparison, including the inactivated SARS virus and recombinant truncated

spike protein vaccines describe elsewhere herein, as well as plasmid DNA used as a prime, followed by alphavirus replicon particles as a boost. The data clearly

show very potent immune responses for all vaccine groups, including the alphavirus replicon particle group. It should be noted that the level of antibody induced

by the inactivated SARS virus vaccine used in these experiments has been shown to be protective in a SARS virus animal challenge model.

[0789]

Similarly, genes encoding other SARS virus antigens (e.g., nucleocapsid protein, membrane glycoprotein) are cloned into alphavirus replicon vectors, either

individually or in combination, to generate alphavirus replicon particles according to the teachings of the present invention and using standard molecular biology

techniques.

[0790]

The invention includes preparation of plasmid DNA expressing a SARS virus antigen for prophylactic or therapeutic immunization against SARS virus infection. In

one embodiment, the SARS viral antigen is a spike (S) protein. In one embodiment, the plasmid DNA is alphavirus-based.

[0791]

The following example illustrates one method for preparing an alphavirus-based plasmid DNA expressing SARS virus spike (S).[0792]

SARS spike gene can be delivered using any of the alphavirus-based plasmid DNA replicons such as ELVS (Dubensky et al, 1996 J Virol. 70: 508-19), SINCP (WO

01/81609), or VCP (PCT WO 02/99035).

[0793]

For example, the SARS spike gene is cloned into SINCP using the standard RT-PCR techniques. The oligo Sp-RT-R is used for the reverse transcription step with

the Superscript pre-ampli�cation kit (Invitrogen). For the ampli�cation step, the cDNA polymerase advantage kit (Clonetech) with the Sp-R-NotI and Sp-F-XhoI

(SEQ ID NO: 7328) primers is used.

[0794]

The Sp-F-XhoI primer was designed to contain the ccacc sequence in front of the ATG codon to optimize translation e�ciency (Kozak 1991, ibid) of the spike

gene. Also, the primer contains the XhoI restriction site for the subsequent cloning of the PCR ampli�ed gene.

[0795]

The PCR product is puri�ed using the QIAquick Nucleotide removal kit, digested with XhoI and NotI, gel puri�ed with QIAquick Gel Extraction kit, and ligated to

plasmid SINCP pre-digested with the same enzymes. Clones containing the SARS spike sequence are veri�ed by sequencing and the new construct is called

SINCP-SARSspike.

[0796]

Expression of the SARS spike gene is veri�ed by transient transfection of BHK cells with 2 μg of either plasmid DNA SINCP-SARSspike or SINCP pre-incubated[0797]
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for 5 minutes with 5 μl of TransIT Polyamine reagent (Mirrus) in low serum medium Optimem (Life Technologies). At 48 hrs pos-transfection cells are lysed and

a sample of the lysate is run on 8% SDS-PAGE. The proteins on the gel are either stained or transferred to a membrane for Western blot analysis with sera from

convalescent patients, or alternatively with sera from mouse or rabbits.

SINCP-SARSspike plasmid replicon is administered to the vaccine recipient (e.g., rodent, non-human primate, human) as a formulated or unformulated plasmid

vaccine, alone or in combination (e.g., “prime-boost”) with other vaccines of the present invention, as described elsewhere herein.

[0798]

Similarly, genes encoding other SARS virus antigens (e.g., nucleocapsid protein, membrane glycoprotein) are cloned into alphavirus plasmid replicon vectors.[0799]

2. Plasmid Expression Vectors

The following example illustrates a method for preparing plasmid DNA expressing SARS virus spike (s).[0800]

The SARS virus spike antigen also may be delivered using other plasmid DNA expression vectors (sometimes referred to as “conventional” DNA vaccines), based

on a polymerase II promoter, such as, for example, a CMV promoter. A DNA vaccine of the spike antigen gene induces an antibody response in mice (Zhao et al.

(2004) Acta Biochim et Biophysica Sinica 36:37-41), and has been found to induce viral neutralization and protective immunity in mice (Yang et al. (2004) Nature

428:561-564), particularly when truncated at the C-terminus.

[0801]

For example, the SARS spike gene is cloned into pCMVKm2 (Zur Megede et al., J. Virol., 74:2628-2635, 2000; SEQ ID NO: 9923) using standard RT-PCR

techniques. The oligo Sp-RT-R is used for the reverse transcription step with the Superscript pre-ampli�cation kit (Invitrogen). For the ampli�cation step, the

cDNA polymerase advantage kit (Clonetech) is used with primers Sp-F-EcoRI (SEQ ID NO: 7329) and Sp-R-XbaI (SEQ ID NO: 7330).

[0802]

The forward primer was designed to contain the CCACC (SEQ ID NO: 7331) sequence in front of the ATG codon to optimize translation e�ciency (Kozak 1991,

ibid.) of the spike gene. Also, the forward primer contains the EcoRI restriction site and the reverse primer contains the XbaI restriction site for the subsequent

cloning of the PCR ampli�ed gene.

[0803]

The PCR product is puri�ed using the QIAquick Nucleotide Removal kit, digested with XhoI and NotI, gel puri�ed with QIAquick Gel Extraction kit, and ligated to

plasmid pCMVKm2 pre-digested with the same enzymes. Clones containing the SARS spike sequence are veri�ed by sequencing and the new construct is called

pCMVKm2-SARSspike.

[0804]

Expression of the SARS spike gene is veri�ed by transient transfection of BHK or 293 cells with 2 μg of either plasmid DNA pCMVKm2-SARSspike or pCMVKm2

pre-incubated for 5 minutes with 5 μl of TransIT Polyamine reagent (Mirrus) in low serum medium Optimem (Life Technologies). At 48 hrs pos-transfection cells

are lysed and a sample of the lysate is run on 8% SDS-PAGE. The proteins on the gel are either stained or transferred to a membrane for Western blot analysis

with sera from convalescent patients, or alternatively using mouse or rabbit antisera.

[0805]

Plasmid pCMVKm2-SARSspike is administered to the vaccine recipient (e.g., rodent, non-human primate, human) as a formulated or unformulated plasmid

vaccine, as described elsewhere in the present invention.

[0806]

Similarly, genes encoding other SARS virus antigens (e.g., nucleocapsid protein, membrane glycoprotein) are cloned into plasmid expression vectors[0807]

3. Virus-Like Particles Comprising SARS Antigens

The SARS viral antigens of the invention may be formulated into Virus Like Particles (“VLPs”). The invention thus includes virus-like particles (or VLPs)

comprising one or more SARS viral antigens. Preferably, the VLPs comprise one or more SARS viral antigens selected from the group consisting of Spike (S),

nucleocapsid (N), membrane (M) and envelope (E). Preferably, the VLPs comprise at least M and E.

[0808]

The VLPs of the invention comprise at least one particle-forming polypeptide. Said particle-forming polypeptide is preferably selected from a Coronavirus

structural protein. In one embodiment, the particle-forming polypeptide is selected from one or more SARS viral antigens. In another embodiment, the particle-

forming polypeptide is selected from the structural protein of a non-SARS Coronavirus, such as, for example, Mouse Hepatitis Virus.

[0809]

VLPs can be formed when viral structural proteins are expressed in eukaryotic or prokaryotic expression systems. Upon expression, the structural proteins self-

assemble to form particles. Alternatively, viral structural proteins may be isolated from whole virus and formulated with phospholipids. Such viral structural

proteins are referred to herein as “particle-forming polypeptides”. VLPs are not infectious because no viral genome is present, however, these non-replicating,

virus capsids mimic the structure of native virions.

[0810]

Due to their structure, VLPs can display a large number of antigenic sites on their surface (similar to a native virus). VLPs offer an advantage to live or attenuated

vaccines in that they are much safer to both produce and administer, since they are not infectious. VLPs have been shown to induce both neutralizing antibodies

as well as T-cell responses and can be presented by both class I and II MHC pathways.

[0811]

Previous work creating VLPs from coronavirus indicates that E and M proteins along may be su�cient for coronavirus VLP formation. See Fischer et al., J. Virol.

(1998) 72:7885-7894 and Vennema et al. EMBO J. (1996) 15:2020-2028.

[0812]

Chimeric VLPs comprising particle-forming polypeptides or portions thereof from non-SARS Coronaviruses are also included in the invention. Such particle-

forming polypeptides may comprise a full length polypeptide from a non-SARS Coronavirus. Alternatively, a particle-forming fragment may be used.

[0813]

In one embodiment, a fragment of a non-SARS particle-forming polypeptide and a fragment of a SARS viral antigen are fused together. For instance, such

chimeric polypeptides may comprise the the endodomain and transmembrane domain of a non-SARS particle-forming polypeptide and the ectodomain of a

SARS viral antigen. In one example, the VLPs of the invention comprise a chimeric spike protein comprising an endodomain and transmembrane domain of the

spike protein of Mouse Hepatitis Virus (MHV) and the chimeric spike protein further comprises the ectodomain of the SARS spike protein. Such VLPs may

further comprise Coronavirus M and E proteins. Said M and E proteins may be selected from any coronavirus, including Mouse Hepatitis Virus (MHV) or SARS.

Sample sequences of S, M and E proteins of MHV are included in the �gures, supra.

[0814]

Chimeric spike proteins derived from the ectodomain of feline infectious peritonitis virus (FIPV) spike protein fused to the endo and transmembrane domains of

MHV spike protein have been previously disclosed. See WO 98/49195 and WO 02/092827. In these chimeric VLP structures, the capsid structure of the VLPs is

formed by the M and E protein of MHV. The chimeric spike protein provides for the surface exposure of the ectodomain of the FIPV spike protein.

[0815]

As used herein, the term “virus-like particle” or “VLP” refers to a non-replicating, empty virus shell. VLPs are generally composed of one or more viral proteins,

such as, but not limited to those proteins referred to as capsid, coat, shell, surface and/or envelope proteins, or particle-forming polypeptides derived from these

proteins. VLPs can form spontaneously upon recombinant expression of the protein in an approrpirate expression system. Alternatively, viral structural proteins

may be isolated from whole virus and formulated with phospholipids. Methods for producing particular VLPs are known in the art and discussed more fully

below. The presence of VLPs in a composition can be detected using conventional techniques known in the art, such as by electron microscopy, x-ray

crystallography, and the like. See, e.g., Baker et al., Biophys. J. (1991) 60:1445-1456; Hagensee et al., J. Virol. (1994) 68:4503-4505. For example, cryoelectron

microscopy can be performed on vitri�ed aqueous samples of the VLP preparation in question, and images recorded under appropriate exposure conditions.

[0816]

The phrase “particle-forming polypeptide” includes a full-length or near full-length viral protein, as well as a fragment thereof, or a viral protein with internal

deletion, which has the ability to form VLPs under conditions that favor VLP formation. Accordingly, the polypeptide may comprise the full-length sequence,

fragments, truncated and partial sequences, as well as analogs and precursor forms of the reference molecule. The term therefore includes deletions, additions

and substitutions to the sequence, so long as the polypeptide retains the ability to form a VLP. Thus, the term includes natural variations of the speci�ed

polypeptide since variations in coat proteins often occur between viral isolates. The term also includes deletions, addition and substitutions that do not naturally

occur in the reference protein, so long as the protein retains the ability to form a VLP.

[0817]

Preferred substitutions are those which are conservative in nature, i.e., those substitutions that take place within a family of amino acids that are related in their

side chains. Speci�cally, amino acids are generally divided into four families: (1) acidic: aspartate and glutamate; (2) basic: lysine, arginine, and histidine; (3) non-

polar: alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar: glycine, asparagine, glutamine, cystine, serine,

theronine, tyrosine. Phenylalanine, tryptophan, and tyrosine are sometimes classi�ed as aromatic amino acids. For example, it is reasonably predictable that an

isolated replacement of leucine with isoleucine or valine, an asparate with a glutamate, a threonine with a serine, or a similar conservative replacement of an

amino acid with a structurally related amino acid, will not have a major effect on the biological activity. Proteins having substantially the same amino acid

sequence as the reference molecule, but possessing minor amino acid substitutions that do not substantially affect the immunogenicity of the protein, are

therefore within the de�nition of the reference polypeptide.

[0818]

The VLPs of the invention can be formed from any viral protein, particle-forming polypeptide derived from the viral protein, or combination of viral proteins or

fragments thereof, that have the capability of forming particles under appropriate conditions. The requirements for the particle-forming viral proteins are that if

the particle is formed in the cytoplasm of the host cell, the protein must be su�ciently stable in the host cell in which it is expressed such that formation of virus-

like structures will result, and that the polypeptide will automatically assemble into a virus-like structure in the cell of the recombinant expression system used. If

the protein is secreted into culture media, conditions can be adjusted such that VLPs will form. Furthermore, the particle-forming protein should not be cytotoxic

in the expression host and should not be able to replicate in the host in which the VLP will be used.

[0819]

Preferred particle-forming polypeptides include coronavirus M and E proteins, preferably SARS M and E proteins.[0820]

Methods and suitable conditions for forming particles from a wide variety of viral proteins are known in the art. VLPs have been produced, for example from

proteins derived from in�uenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E virus, measles virus, Sindbis virus,

Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, Qβ-phage (such as coat proteins), GA-phage, fr-

phage, AP205 phage, and Ty (such as retrotransposon Ty protein p1). VLPs are discussed further in WO 03/024480, WO 03/024481, and Niikura et al., Virology

[0821]
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(2002) 293:273-280; Lenz et al., J. Immunology (2001) 5246-5355; Pinto, et al., J. Infectious Diseases (2003) 188:327-338; and Gerber et al., J. Virology (2001)

75(10):4752-4760.

As explained above, VLPs can spontaneously form when the particle-forming polypeptide of interest is recombinantly expressed in an appropriate host cell.

Thus, the VLPs for use in the present invention may be prepared using recombinant techniques, well known in the art. In this regard, genes encoding the particle-

forming polypeptide in question can be isolated from DNA libraries or directly from cells and tissues containing the same, using known techniques. The genes

encoding the particle-forming polypeptides can also be produced synthetically, based on the known sequences. The nucleotide sequence can be designed with

the appropriate codons for the particular amino sequence desired. In general, one will select preferred codons for the intended host in which the sequence will

be expressed (e.g. human codons for human DNA vaccines). The complete sequence is generally assembled from overlapping oligonucleotides prepared by

standard methods and assembled into a complete coding sequence. See., e.g., Edge, Nature (1981) 292:756; Nambair et al. Science (1984) 223:1299; Jay et al.,

J. Biol. Chem. (1984) 259:6311.

[0822]

Once the coding sequences for the desired particle-forming polypeptides have been isolated or synthesized, they can be cloned into any suitable vector or

replicon for expression. Numerous cloning vectors are known to those of skill in the art, and the selection of an appropriate cloning vector is a matter of choice.

See, generally, Sambrook et al. The vector is then used to transform an appropriate host cell. Suitable expression systems include, but are not limited to,

bacterial, mammalian, bacuolvirus/insect, vaccinia, Semliki Forest virus (SFV), yeast, and Xenopus expression systems, well known in the art.

[0823]

A number of cell lines suitable for use as host cells for producing the VLPs of the invention are known in the art. Suitable mammalian cell lines include, but are

not limited to, Chinese Hamster Ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular carcinoma

cells (e.g., Hep G2), Madin-Darby bovine kidney (“MDBK”) cells, as well as others. Mammalian sources of cells include, but are not limited to, human or non-

human primate (e.g., MRC-5 (ATCC CCL-171), WI-38 (ATCC CCL-75), HUH, human embryonic kidney cells (293 cells, typically transformed by sheared adenovirus

type 5 DNA), VERO cells from monkey kidneys (including, for example COS7 cells), horse, cow (e.g., MDBK cells), sheep, dog (e.g., MDCK cells from dog kidneys,

ATCC CCL34 MDCK (NBL2) or MDCK 33016, deposit number DSM ACC 2219 as described in WO 97/37001), cat, and rodent (e.g., hamster cells such as BHK21-

F, HKCC cells, or Chinese hamster ovary cells (CHO cells)), and may be obtained from a wide variety of developmental stages, including for example, adult,

neonatal, fetal, and embryo.

[0824]

Bacterial hosts suitable for production of VLPs of the invention include E. coli, Bacillus subtilis, and Streptoccocus spp. Yeast hosts suitable for production of

VLPs of the invention include Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenula polymorpha, Kluyveromyces fragilis, Kluyveromyces lactis,

Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells suitable for production of VLPs of the invention (i.e., via

baculovirus expression vectors) include Aedes aegypti, Autographa californica, Bombyx mori, Drosophila melanogaster, Spodptera frugiperda, and Trichoplusia ni.

[0825]

Viral vectors can be used for the production of particles in eukaryotic cells, such as those derived from the pox family of viruses, including vaccinia virus and

avian poxvirus. Additional, vaccinia based infection/transfection systems, such as those as described in Tomei et al., J. Virol (1993) 67:4017-4026 and Selby et

al., J. Gen. Virol. (1993) 74:1103-1113, can also be used to generate the VLPs of the invention. In this system, cells are �rst transfected in vitro with a vaccinia

virus recombinant that encodes the bacteriophage T7 RNA polymerase. This polymerase only transcribes templates bearing T7 promoters. Following infection,

cells are transfected with the DNA of interest, driven by a T7 promoter. The polymerase expressed in the cytoplasm from the vaccinia virus recombinant

transcribes the transfected DNA into RNA which is then translated into protein by the host translation machinery. The method provides for high level, transient,

cytoplasmic production of large quantities of RNA and its translation products.

[0826]

Depending on the expression system and host selected, the VLPs are produced by growing host cells transformed by an expression vector under conditions

whereby the particle-forming polypeptide is expressed and VLPs can be formed. The selection of the appropriate growth conditions is within the skill of the art. If

the VLPs are formed intracellularly, the cells are then disrupted, using chemical, physical or mechanical means, which lyse the cells yet keep the VLPs

substantially intact. Such methods are known the those of skill in the art and are described in, e.g., Protein Puri�cation Applications: A Practical Approach, (E. L. V.

Harris and S. Angal, Eds., 1990).

[0827]

The particles are then isolated using methods that preserve the integrity thereof, such as by gradient centrifugation, e.g., cesium chloride (CsCl) and sucrose

gradients, and the like (see, e.g., Kirnbauer et al., J. Virol. (1993) 67:6929-6936), ion exchange chromatography (including anion exchange chromatography such

as DMAE and TMAE), hydroxyapatitie chromatography (see WO 00/09671), hydrophobic interaction chromatography, gel �ltration chromatography and other

�ltration methods such as nanometric �ltration and ultra�ltration. Preferably at least one anion exchange step is performed during puri�cation, and more

preferably at least two anion exchange steps are used.

[0828]

VLP formulations of the invention may be further processed by methods known in the art to disassemble the VLPs into smaller, protein containing moieties

using a high concentration of reducing agent, followed by reassembly of the VLPs by either removal of the reducing agent or by addition of excess oxidant. The

resulting reassembled VLPs may have improved homogeneity, stability and immunogenic properties. In addition, further therapeutic or prophylactic agents may

be formulated into the VLPs upon reassembly. See McCarthy et al., J. Virology (1998) 72(1):32-41. See also WO 99/13056 and WO 01/42780. Reducing agents

suitable for use in VLP disassembly include sulfhydryl reducing agents (such as glutathion, beta mercaptoethanol, dithiothreitol, dithioerythritol, cysteine,

hydrogen sul�de and mixtures thereof) preferably contained in moderate to low ionic strength buffers. Su�cient exposure time of the VLPs to the reducing agent

will be required to achieve a suitable amount of VLP disassembly.

[0829]

Adjuvants may be added to the VLPs of the invention to enhance the immunogenicity of the SARS viral antigens. Antigens suitable for use with VLPs include

those described, supra. For example, the VLPs of the invention may be adsorbed onto an aluminum adjuvant.

[0830]

The VLPs of the invention may formulated to enhance their stability. Additional components which may enhance the stability of a VLP formulation include salts,

buffers, non-ionic surfactants and other stabilizers such as polymeric polyanion stabilizers. See WO 00/45841.

[0831]

The ionic strength of a solution comprising VLP particles may be maintained by the presence of salts. Almost any salt which can contribute to the control of the

ionic strength may be used. Preferred salts which can be used to adjust ionic strength include physiologically acceptable salts such as NaCl, KCl, Na2SO4,

(NH4)2SO4, sodium phosphate and sodium citrate. Preferably, the salt component is present in concentrations of from about 0.10 M to 1 M. Very high

concentrations are not preferred due to the practical limitations of parenteral injection of high salt concentrations. Instead, more moderate salt concentrations,

such as more physiological concentrations of about 0.15M to about 0.5M with 0.15M-0.32M NaCl are preferred.

[0832]

Buffers may also be used to enhance the stability of the VLP formulations of the invention. Preferably, the buffer optimizes the VLP stability while maintaining

the pH range so that the vaccine formulation will not be irritating to the recipient. Buffers preferably maintain the pH of the vaccine formulation within a range of

p/H 5.5-7.0, more preferably 6.0-6.5. Buffers suitable for vaccine formulations are known in the art and include, for example, histidine and imidazole. Preferably,

the concentration of the buffer will range from about 2 mM to about 100 mM, more preferably 5 mM to about 20 mM. Phosphate containing buffers are generally

not preferred when the VLP is adsorbed or otherwise formulated with an aluminum compound.

[0833]

Non-ionic surfactants may be used to enchance the stability of the VLP formulations of the invention. Surfactants suitable for use in vaccine formulations are

known in the art and include, for example, polyoxyethylene sorbital fatty acid esters (Polysorbates) such as Polysorbate 80 (e.g., TWEEN 80), Polysorbate 20

(e.g., TWEEN 20), polyoxyethylene alkyl ethers (e.g., Brij 35, Brij 58), as well as others, including Triton X-100, Triton X-114, NP-40, Span 85 and the Pluronic series

of non-ionic surfactants (e.g., Pluronic 121). The surfactant is preferably present in a concentration of from about 0.0005% to about 0.5% (wt/vol).

[0834]

Polymeric polyanion stabilizers may also be used to enchance the stability of the VLP formulations of the invention. Suitable polymeric polyanionic stabilizers for

use in the invention comprise either a single long chain or multiple cross linked chains; either type possessing multiple negative charges along the chains when

in solution. Examples of suitable polyanionic polymers include proteins, polyanions, peptides and polynucelic acids. Speci�c examples include carboxymethyl

cellulose, heparin, polyamino acids (such as poly(Glu), poly(Asp), and Poly (Glu, Phe), oxidized glutathione, polynuceltodies, RNA, DNA and serum albumins. The

concentration of the polmeric polyanion stabilizers is preferably from about 0.01% to about 0.5%, particularly about 0.05-0.1% (by weight).

[0835]

G. Passive Immunization via Antibodies to the SARS Antigens of the Invention

The invention includes antibodies speci�c to the SARS antigens of the invention and methods of treatment or prevention of SARS virus related disease by

administrating an effective amount of SARS antibodies to a mammalian subject. Antibodies speci�c the SARS antigens can be produced by one skilled in the art.

Preferably, the antibodies are speci�c to the spike (S) protein of the SARS virus. Potent neutralization of the SARS coronavirus using a human monoclonal anti-

spike antibody has been reported (Sui et al. (2004) PNAS USA 101:2536-2541). A IgG1 form of the monoclonal antibody showed a higher a�nity (1.59 nM) than a

scFv form (32.3 nM).

[0836]

The antibodies of the invention are speci�c and selective to SARS antigens.[0837]

In one embodiment, the antibodies of the invention are generated by administering a SARS antigen to an animal. The method may also include isolating the

antibodies from the animal.

[0838]

The antibodies of the invention may be polyclonal or monoclonal antibody preparations, monospeci�c antisera, human antibodies, or may be hybrid or chimeric

antibodies, such as humanized antibodies, altered antibodies (Fab′)2 fragments, F(ab) fragments, Fv fragments, single-domain antibodies, dimeric or trimeric

antibody fragments or constructs, minibodies, or functional fragments thereof which bind to the antigen in question.

[0839]

Antibodies are produced using techniques well known to those of skill in the art and disclosed in, for example, U.S. Pat. Nos. 4,011,308; 4,722,890; 4,016,043;

3,876,504; 3,770,380; and 4,372,745. For example, polyclonal antibodies are generated by immunizing a suitable animal, such as a mouse, rat, rabbit, sheep, or

goat, with an antigen of interest. In order to enhance immunogenicity, the antigen can be linked to a carrier prior to immunization. Such carriers are well known to

[0840]
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those of ordinary skill in the art. Immunization is generally performed by mixing or emulsifying the antigen in saline, preferably in an adjuvant such as Freund's

complete adjuvant, and injecting the mixture or emulsion parenterally (generally subcutaneously or intramuscularly). The animal is generally boosted 2-6 weeks

later with one or more injections of the antigen in saline, preferably using Freund's incomplete adjuvant. Antibodies may also be generated by in vitro

immunization, using methods known in the art. Polyclonal antiserum is then obtained from the immunized animal.

Monoclonal antibodies are generally prepared using the method of Kohler & Milstein (1975) Nature 256:495-497, or a modi�cation thereof. Typically, a mouse or

rat is immunized as described above. Rabbits may also be used. However, rather than bleeding the animal to extract serum, the spleen (and optionally several

large lymph nodes) is removed and dissociated into single cells. If desired, the spleen cells may be screened (after removal of non-speci�cally adherent cells) by

applying a cell suspension to a plate or well coated with the antigen. B-cells, expressing membrane-bound immunoglobulin speci�c for the antigen, will bind to

the plate, and are not rinsed away with the rest of the suspension. Resulting B-cells, or all dissociated spleen cells, are then induced to fuse with myeloma cells

to form hybridomas, and are cultured in a selective medium (e.g., hypoxanthine, aminopterin, thymidine medium, “HAT”). The resulting hybridomas are plated by

limiting dilution, and are assayed for the production of antibodies which bind speci�cally to the immunizing antigen (and which do not bind to unrelated

antigens). The selected monoclonal antibody-secreting hybridomas are then cultured either in vitro (e.g., in tissue culture bottles or hollow �ber reactors), or in

vivo (e.g., as ascites in mice).

[0841]

Humanized and chimeric antibodies are also useful in the invention. Hybrid (chimeric) antibody molecules are generally discussed in Winter et al. (1991) Nature

349: 293-299 and U.S. Pat. No. 4,816,567. Humanized antibody molecules are generally discussed in Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et

al. (1988) Science 239:1534-1536; and U.K. Patent Publication No. GB 2,276,169, published 21 Sep. 1994). One approach to engineering a humanized antibody

involves cloning recombinant DNA containing the promoter, leader, and variable-region sequences from a mouse antibody gene and the constant-region exons

from a human antibody gene to create a mouse-human chimera, a humanized antibody. See generally, Kuby, “Immunology, 3rd Edition”, W.H. Freeman and

Company, New York (1998) at page 136.

[0842]

Antibody fragments which retain the ability to recognize a SARS antigen are also included within the scope of the invention. A number of antibody fragments are

known in the art which comprise antigen-binding sites capable of exhibiting immunological binding properties of an intact antibody molecule. For example,

functional antibody fragments can be produced by cleaving a constant region, not responsible for antigen binding, from the antibody molecule, using e.g., pepsin,

to produce F(ab′)2 fragments. These fragments will contain two antigen binding sites, but lack a portion of the constant region from each of the heavy chains.

Similarly, if desired, Fab fragments, comprising a single antigen binding site, can be produced, e.g., by digestion of polyclonal or monclonal antibodies with

papain. Functional fragments, includnig only the variable regions of the heavy and light chains, can also be produced, using standard techniques such as

recombinant production or preferential proteolytic cleavage of immunoglobulin molecules. These fragments are known as Fv. See, e.g., Inbar et al. (1972) Proc.

Nat. Acad. Sci USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-2710; and Ehrlich et al. (1980) Biochem 19:4091-4096.

[0843]

A single-chain Fv (“sFv” or scFv”) polypeptide is a covalently linked VH-VL heterodimer which is expressed from a gene fusion including VH- and VL-encoding

genes linked by a peptide-encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883. A number of methods have been described to discern

and develop chemical strucutres (linkers) for converting the naturally aggregated, but chemically separated, light and heavy polypeptide chains from an antibody

V region into an sFv molecule which will fold into a three dimensional structure substantially similar to the structure of an antigen-binding site. See, e.g., U.S. Pat.

Nos. 5,091,513; 5,132,405; and 4,946,778. The sFv molecules may be produced using methods described in thea rt. See, e.g., Huston et al. (1988) Proc. Nat.

Acad. Sci USA 85:5879-5338; U.S. Pat. Nos. 5,091,513; 5,132,405 and 4,946,778. Design criteria include determining the appropriate length to span the distance

between the C-terminus of one chain and the N-terminus of the other, wherein the linker is generally formed from small hydrophilic amino acid residues that do

not coil or form secondary structures. Such methods have been described in the art. See, e.g., U.S. Pat. Nos. 5,091,513; 5,132,405 and 4,946,778. Suitable linkers

generally comprise polypeptide chains of alternating sets of glycine and serine residues, and may include glutamic acid and lysine residues inserted to enhance

solubility. Anti-spike scFv antibodies have been reported (Sui et al. (2004) PNAS USA 101:2536-2541).

[0844]

“Mini-antibodies” or “minibodies” will also �nd use with the present invention. Minibodies are sFv polypeptide chains which include oligomerization domains at

their C-termini, separated from the sFv by a hinge region. Pack et al., (1992) Biochem 31:1579-1584. The oligomerization domain comprises self-associating

α-helices, e.g., leucine zippers, that can be further stabilized by additional disul�de bonds. The oligomerization domain is designed to be compatible with

vectorial folding across a membrane, a process thought to facilitate in vivo folding of the polypeptide into a functional binding protein. Generally, minibodies are

produced using recombinant methods well known in the art. See, e.g., Pack et al., (1992) Biochem 31:1579-1584; Cumber et al. (1992) J. Immunology 149B:

120-126.

[0845]

Non-conventional means can also be used to generate and identify the antibodies of the invention. For example, a phage display library can be screened for

antibodies which bind to the SARS antigens of the invention. See generally, Siegel, “Recombinant Monoclonal Antibody Technology”, Transfus. Clin. Biol. (2002)

9(1): 15-22; Sidhu, “Phage Display in Pharmaceutical Biotechnology”, Curr. Opin. Biotechnol. (2000) 11(6):610-616; Sharon, et al., “Recombinant Polyclonal

Antibody Libraries”, Comb. Chem. High Throughput Screen (2000) 3(3): 185-196; and Schmitz et al., “Phage Display: A Molecular Tool for the Generation of

Antibodies-Review”, Placenta, (2000) 21 SupplA: S106-12.

[0846]

The antibodies of the invention may also be generated by administering the polynucleotide sequence encoding for the SARS antigen into an animal. The SARS

antigen is then expressed in vivo, and antibodies speci�c to the SARS antigen are generated in vivo. Methods for polynucleotide delivery of the SARS antigens of

the invention are discussed in section 4 below.

[0847]

The antibodies of the invention are preferably speci�c to the SARS virus.[0848]

H. Combinations of One or More of any of the Above Approaches in a Vaccine

The compositions of the invention further comprise combinations of one or more of the compositions discussed above. For instance, the invention comprises a

composition comprising an attenuated SARS virus and a subunit SARS viral antigen.

[0849]

I. Combinations of SARS Antigens and Other Respiratory Virus Antigens

The invention further relates to vaccine formulations comprising one or more SARS virus antigens and one or more other respiratory virus antigens. Additional

respiratory virus antigens suitable for use in the invention include antigens from in�uenza virus, human rhinovirus (HRV), parain�uenza virus (PIV), respiratory

syncytial virus (RSV), adenovirus, metapneumovirus, and rhinovirus. The additional respiratory virus antigen could also be from a coronavirus other than the

SARS coronavirus, such as the NL63 human coronavirus (van der Hoek et al. (2004) Nature Medicine 10:368-373). Preferably, the additional respiratory virus

antigen is an in�uenza viral antigen.

[0850]

The invention may also comprise one or more bacterial or viral antigens in combination with the SARS viral antigen. Antigens may be used alone or in any

combination. (See, e.g., WO 02/00249 describing the use of combinations of bacterial antigens). The combinations may include multiple antigens from the same

pathogen, multiple antigens from different pathogens or multiple antigens from the same and from different pathogens. Thus, bacterial, viral, and/or other

antigens may be included in the same composition or may be administered to the same subject separately. It is generally preferred that combinations of

antigens be used to raise an immune response be used in combinations.

[0851]

Non-limiting examples of bacterial pathogens which may be used in the invention include diphtheria (See, e.g., Chapter 3 of Vaccines, 1998, eds. Plotkin &

Mortimer (ISBN 0-7216-1946-0), staphylococcus (e.g., Staphylococcus aureus as described in Kuroda et al. (2001) Lancet 357:1225-1240), cholera, tuberculosis,

C. tetani, also known as tetanus (See, e.g., Chapter 4 of Vaccines, 1998, eds. Plotkin & Mortimer (ISBN 0-7216-1946-0), Group A and Group B streptococcus

(including Streptococcus pneumoniae, Streptococcus agalactiae and Streptococcus pyogenes as described, for example, in Watson et al. (2000) Pediatr. Infect.

Dis. J. 19:331-332; Rubin et al. (2000) Pediatr Clin. North Am. 47:269-284; Jedrzejas et al. (2001) Microbiol Mol Biol Rev 65:187-207; Schuchat (1999) Lancet

353:51-56; GB patent applications 0026333.5; 0028727.6; 015640.7; Dale et al. (1999) Infect Dis Clin North Am 13:227-1243; Ferretti et al. (2001) PNAS USA

98:4658-4663), pertussis (See, e.g., Gusttafsson et al. (1996) N. Engl. J. Med. 334:349-355; Rappuoli et al. (1991) TIBTECH 9:232-238), meningitis, Moraxella

catarrhalis (See, e.g., McMichael (2000) Vaccine 19 Suppl. 1:S101-107) and other pathogenic states, including, without limitation, Neisseria meningitides (A, B, C,

Y), Neisseria gonorrhoeae (See, e.g., WO 99/24578; WO 99/36544; and WO 99/57280), Helicobacter pylori (e.g., CagA, VacA, NAP, HopX, HopY and/or urease as

described, for example, WO 93/18150; WO 99/53310; WO 98/04702) and Haemophilus in�uenza. Hemophilus in�uenza type B (HIB) (See, e.g., Costantino et al.

(1999) Vaccine 17:1251-1263), Porphyromonas gingivalis (Ross et al. (2001) Vaccine 19:4135-4132) and combinations thereof.

[0852]

Non-limiting examples of viral pathogens which may be used in the invention include meningitis, rhinovirus, in�uenza (Kawaoka et al., Virology (1990)

179:759-767; Webster et al., “Antigenic variation among type A in�uenza viruses,” p. 127-168. In: P. Palese and D. W. Kingsbury (ed.), Genetics of in�uenza

viruses. Springer-Verlag, New York), respiratory syncytial virus (RSV), parain�uenza virus (PIV), rotavirus (e.g., VP1, VP2, VP3, VP4, VP6, VP7, NSP1, NSP2, NSP3,

NSP4 or NSP5 and other rotavirus antigens, for example as described in WO 00/26380) and the like. Antigens derived from other viruses will also �nd use in the

present invention, such as without limitation, proteins from members of the families Picomaviridae (e.g., polioviruses, etc. as described, for example, in Sutter et

al. (2000) Pediatr Clin North Am 47:287-308; Zimmerman & Spann (1999) Am Fam Physician 59:113-118; 125-126); Caliciviridae; Togaviridae (e.g., rubella virus,

etc.); Flaviviridae, including the genera �avivirus (e.g., yellow fever virus, Japanese encephalitis virus, serotypes of Dengue virus, tick borne encephalitis virus,

West Nile virus, St. Louis encephalitis virus); pestivirus (e.g., classical porcine fever virus, bovine viral diarrhea virus, border disease virus); and hepacivirus (e.g.,

hepatitis A, B and C as described, for example, in U.S. Pat. Nos. 4,702,909; 5,011,915; 5,698,390; 6,027,729; and 6,297,048); Parvovirus (e.g., parvovirus B19);

Coronaviridae; Reoviridae; Bimaviridae; Rhabodoviridae (e.g., rabies virus, etc. as described for example in Dressen et al. (1997) Vaccine 15 Suppl:s2-6; MMWR

Morb Mortal Wkly Rep. Jan. 16, 1998; 47(1):12, 19); Filoviridae; Paramyxoviridae (e.g., mumps virus, measles virus, respiratory syncytial virus, etc. as described in

[0853]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

58 of 328 03.08.23, 17:42



Chapters 9 to 11 of Vaccines, 1998, eds. Plotkin & Mortimer (ISBN 0-7216-1946-0); Orthomyxoviridae (e.g., in�uenza virus types A, B and C, etc. as described in

Chapter 19 of Vaccines, 1998, eds. Plotkin & Mortimer (ISBN 0-7216-1946-0),); Bunyaviridae; Arenaviridae; Retroviradae (e.g., HTLV-1; HTLV-11; HIV-1 (also known

as HTLV-III, LAV, ARV, HTI,R, etc.)), including but not limited to antigens from the isolates HIVI11b, HIVSF2, HIVLAV, HIVI-AL, I-IIVMN, SF162); HIV-I CM235, HIV-I

US4; HIV-2; simian immunode�ciency virus (SIV) among others. Additionally, antigens may also be derived from human papilloma virus (HPV) and the tick-borne

encephalitis viruses. See, e.g. Virology, 3rd Edition (W. K. Joklik ed. 1988); Fundamental Virology, 2nd Edition (B. N. Fields and D. M. Knipe, eds, 1991), for a

description of these and other viruses.

Proteins may also be derived from the herpesvirus family, including proteins derived from herpes simplex virus (HSV) types 1 and 2, such as HSV-1 and HSV-2

glycoproteins gB, gD and gH; antigens derived from varicella zoster virus (VZV), Epstein-Barr virus (EBV) and cytomegalovirus (CMV) including CMV gB and gH

(See, U.S. Pat. No. 4,689,225 and PCT Publication WO 89/07143); and antigens derived from other human herpesviruses such as HHV6 and HHV7. (See, e.g.

Chee et al., Cytomegaloviruses (J. K. McDougall, ed., Springer-Verlag 1990) pp. 125-169, for a review of the protein coding content of cytomegalovirus; McGeoch

et al., J. Gen. Virol. (1988) 69:1531-1574, for a discussion of the various HSV-1 encoded proteins; U.S. Pat. No. 5,171,568 for a discussion of HSV-1 and HSV-2 gB

and gD proteins and the genes encoding therefor; Baer et al., Nature (1984) 310:207-211, for the identi�cation of protein coding sequences in an EBV genome;

and Davison and Scott, J. Gen. Virol. (1986) 67:1759-1816, for a review of VZV). Herpes simplex virus (HSV) rgD2 is a recombinant protein produced in

genetically engineered Chinese hamster ovary cells. This protein has the normal anchor region truncated, resulting in a glycosylated protein secreted into tissue

culture medium. The gD2 can be puri�ed in the CHO medium to greater than 90% purity. Human immunode�ciency virus (HIV) env-2-3 is a recombinant form of

the HIV enveloped protein produced in genetically engineered Saccharomyces cerevisae. This protein represents the entire protein region of HIV gp120 but is

non-glycosylated and denatured as puri�ed from the yeast. HIV gp120 is a fully glycosylated, secreted form of gp120 produced in CHO cells in a fashion similar

to the gD2 above. Additional HSV antigens suitable for use in immunogenic compositions are described in PCT Publications W0 85/04587 and W0 88/02634, the

disclosures of which are incorporated herein by reference in their entirety. Mixtures of gB and gD antigens, which are truncated surface antigens lacking the

anchor regions, are particularly preferred.

[0854]

Antigens from the hepatitis family of viruses, including hepatitis A virus (HAV) (See, e.g., Bell et al. (2000) Pediatr Infect Dis. J. 19:1187-1188; Iwarson (1995)

APMIS 103:321-326), hepatitis B virus (HBV) (See, e.g., Gerlich et al. (1990) Vaccine 8 Suppl:S63-68 & 79-80), hepatitis C virus (HCV) (See, e.g., PCT/US88/04125,

published European application number 318216), the delta hepatitis virus (HDV), hepatitis E virus (HEV) and hepatitis G virus (HGV), can also be conveniently

used in the techniques described herein. By way of example, the viral genomic sequence of HCV is known, as are methods for obtaining the sequence. See, e.g.,

International Publication Nos. WO 89/04669; WO 90/11089; and WO 90/14436. Also included in the invention are molecular variants of such polypeptides, for

example as described in PCT/US99/31245; PCT/US99/31273 and PCT/US99/31272. The HCV genome encodes several viral proteins, including E1 (also known

as E) and E2 (also known as E2/NSI) and an N-terminal nucleocapsid protein (termed “core”) (see, Houghton et al., Hepatology (1991) 14:381-388, for a

discussion of HCV proteins, including E1 and E2). Similarly, the sequence for the δ-antigen from HDV is known (see, e.g., U.S. Pat. No. 5,378,814) and this antigen

can also be conveniently used in the present composition and methods. Additionally, antigens derived from HBV, such as the core antigen, the surface antigen,

SAg, as well as the presurface sequences, pre-S1 and pre-S2 (formerly called pre-S), as well as combinations of the above, such as SAg/pre-S1, SAg/pre-S2,

SAg/pre-S1/pre-S2, and pre-S1/pre-S2, will �nd use herein. See, e.g., “HBV Vaccines—from the laboratory to license: a case study” in Mackett, M. and Williamson,

J. D., Human Vaccines and Vaccination, pp. 159-176, for a discussion of HBV structure; and U.S. Pat. Nos. 4,722,840, 5,098,704, 5,324,513, incorporated herein by

reference in their entireties; Beames et al., J. Virol. (1995) 69:6833-6838, Birnbaum et al., J. Virol. (1990) 64:3319-3330; and Zhou et al., J. Virol. (1991)

65:5457-5464. Each of these proteins, as well as antigenic fragments thereof, will �nd use in the present composition and methods.

[0855]

In�uenza virus is another example of a virus for which the present invention will be particularly useful. Speci�cally, the envelope glycoproteins HA and NA of

in�uenza A are of particular interest for generating an immune response. Numerous HA subtypes of in�uenza A have been identi�ed (Kawaoka et al., Virology

(1990) 179:759-767; Webster et al., “Antigenic variation among type A in�uenza viruses,” p. 127-168. In: P. Palese and D. W. Kingsbury (ed.), Genetics of in�uenza

viruses. Springer-Verlag, New York). Thus, proteins derived from any of these isolates can also be used in the compositions and methods described herein.

[0856]

Non-limiting examples of parasitic antigens include those derived from organisms causing malaria and Lyme disease.[0857]

The methods of the invention comprise administering an immunogenic composition comprising a SARS viral antigen (including one or more of an inactivated

SARS virus, an attenuated SARS virus, a split SARS virus preparation or a recombinant or puri�ed subunit formulation of one or more SARS viral antigens) to an

animal. The immunogenic compositions used in the invention can comprise an immunologically effective amount of the SARS viral antigen. An “immunologically

effective amount” is an amount su�cient to allow the mammal to raise an immune response to the SARS antigen.

[0858]

The immune response preferably involves the production of antibodies speci�c to the SARS antigen. The amount of antibodies produced will vary depending on

several factors including the animal used, the presence of an adjuvant, etc.

[0859]

The immunogenic compositions of the invention may further comprise one or more adjuvants.[0860]

The immunogenic compositions of the invention may be administered mucosally. Suitable routes of mucosal administration include oral, intranasal, intragastric,

pulmonary, intestinal, rectal, ocular and vaginal routes. The immunogenic composition may be adapted for mucosal administration. For instance, where the

composition is for oral administration, it may be in the form of tablets or capsules, optionally enteric-coated, liquid, transgenic plants, etc. Where the composition

is for intranasal administration, it may be in the form of a nasal spray, nasal drops, gel or powder.

[0861]

The immunogenic compositions of the invention may be administered parenterally. Suitable routes of parenteral administration include intramuscular (IM),

subcutaneous, intravenous, intraperitoneal, intradermal, transcutaneous, and transdermal (see e.g., International patent application WO 98/20734) routes, as well

as delivery to the interstitial space of a tissue. The immunogenic composition may be adapted for parenteral administration, for instance in the form of an

injectable that may be sterile and pyrogen free.

[0862]

Vaccines of the invention may be administered in conjunction with other immunoregulatory agents. In particular, compositions will usually include an adjuvant.

Preferred further adjuvants include, but are not limited to, one or more of the following set forth below:

[0863]

A. Mineral Containing Compositions

Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts, such as aluminium salts and calcium salts. The invention

includes mineral salts such as hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphoshpates, orthophosphates), sulphates, etc. (e.g. see chapters 8 & 9

of Vaccine design: the subunit and adjuvant approach (1995) Powell & Newman. ISBN 0-306-44867-X.), or mixtures of different mineral compounds, with the

compounds taking any suitable form (e.g. gel, crystalline, amorphous, etc.), and with adsorption being preferred. The mineral containing compositions may also

be formulated as a particle of metal salt. See WO00/23105.

[0864]

B. Oil-Emulsions

Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene-water emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and

0.5% Span 85, formulated into submicron particles using a micro�uidizer). See WO90/14837. See also, Frey et al., “Comparison of the safety, tolerability, and

immunogenicity of a MF59-adjuvanted in�uenza vaccine and a non-adjuvanted in�uenza vaccine in non-elderly adults”, Vaccine (2003) 21:4234-4237.

[0865]

Particularly preferred adjuvants for use in the compositions are submicron oil-inwater emulsions. Preferred submicron oil-in-water emulsions for use herein are

squalene/water emulsions optionally containing varying amounts of MTP-PE, such as a submicron oil-in-water emulsion containing 4-5% w/v squalene,

0.25-1.0% w/v Tween 80™ (polyoxyelthylenesorbitan monooleate), and/or 0.25-1.0% Span 85™ (sorbitan trioleate), and, optionally, N-acetylmuramyl-L-alanyl-

D-isogluatminyl-L-alanine-2-(1′-2′-dipalmitoyl-sn-glycero-3-huydroxyphosphophoryloxy)-ethylamine (MTP-PE), for example, the submicron oil-in-water emulsion

known as “MF59” (International Publication No. WO 90/14837; U.S. Pat. Nos. 6,299,884 and 6,451,325, incorporated herein by reference in their entireties; and

Ott et al., “MF59—Design and Evaluation of a Safe and Potent Adjuvant for Human Vaccines” in Vaccine Design: The Subunit and Adjuvant Approach (Powell, M. F.

and Newman, M. J. eds.) Plenum Press, New York, 1995, pp. 277-296). MF59 contains 4-5% w/v Squalene (e.g., 4.3%), 0.25-0.5% w/v Tween 80™, and 0.5% w/v

Span 85™ and optionally contains various amounts of MTP-PE, formulated into submicron particles using a micro�uidizer such as Model 110Y micro�uidizer

(Micro�uidics, Newton, Mass.). For example, MTP-PE may be present in an amount of about 0-500 μg/dose, more preferably 0-250 μg/dose and most preferably,

0-100 μg/dose. As used herein, the term “MF59-0” refers to the above submicron oil-in-water emulsion lacking MTP-PE, while the term MF59-MTP denotes a

formulation that contains MTP-PE. For instance, “MF59-100” contains 100 μg MTP-PE per dose, and so on. MF69, another submicron oil-in-water emulsion for

use herein, contains 4.3% w/v squalene, 0.25% w/v Tween 80™, and 0.75% w/v Span 85™ and optionally MTP-PE. Yet another submicron oil-in-water emulsion is

MF75, also known as SAF, containing 10% squalene, 0.4% Tween 80™, 5% pluronic-blocked polymer L121, and thr-MDP, also micro�uidized into a submicron

emulsion. MF75-MTP denotes an MF75 formulation that includes MTP, such as from 100-400 μg MTP-PE per dose.

[0866]

Submicron oil-in-water emulsions, methods of making the same and immunostimulating agents, such as muramyl peptides, for use in the compositions, are

described in detail in International Publication No. WO 90114837 and U.S. Pat. Nos. 6,299,884 and 6,451,325, incorporated herein by reference in their entireties.

[0867]

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also be used as adjuvants in the invention.[0868]

C. Saponin Formulations

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a heterologous group of sterol glycosides and triterpenoid glycosides that

are found in the bark, leaves, stems, roots and even �owers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria Molina tree have

been widely studied as adjuvants. Saponin can also be commercially obtained from Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and

Saponaria o�cianalis (soap root). Saponin adjuvant formulations include puri�ed formulations, such as QS21, as well as lipid formulations, such as ISCOMs.

[0869]
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Saponin compositions have been puri�ed using High Performance Thin Layer Chromatography (HP-LC) and Reversed Phase High Performance Liquid

Chromatography (RP-HPLC). Speci�c puri�ed fractions using these techniques have been identi�ed, including QS7, QS17, QS18, QS21, QH-A, QH-B and QH-C.

Preferably, the saponin is QS21. A method of production of QS21 is disclosed in U.S. Pat. No. 5,057,540. Saponin formulations may also comprise a sterol, such

as cholesterol (see WO 96/33739).

[0870]

Combinations of saponins and cholesterols can be used to form unique particles called Immunostimulating Complexs (ISCOMs). ISCOMs typically also include

a phospholipid such as phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs. Preferably, the ISCOM includes one or

more of Quil A, QHA and QHC. ISCOMs are further described in EP 0 109 942, WO 96/11711 and WO 96/33739. Optionally, the ISCOMS may be devoid of

additional detergent. See WO00/07621.

[0871]

A review of the development of saponin based adjuvants can be found at Barr, et al., “ISCOMs and other saponin based adjuvants”, Advanced Drug Delivery

Reviews (1998) 32:247-271. See also Sjolander, et al., “Uptake and adjuvant activity of orally delivered saponin and ISCOM vaccines”, Advanced Drug Delivery

Reviews (1998) 32:321-338.

[0872]

D. Bacterial or Microbial Derivatives

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as:[0873]

(1) Non-Toxic Derivatives of Enterobacterial Lipopolysaccharide (LPS)[0874]

Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL). 3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4,

5 or 6 acylated chains. A preferred “small particle” form of 3 De-O-acylated monophosphoryl lipid A is disclosed in EP 0 689 454. Such “small particles” of 3dMPL

are small enough to be sterile �ltered through a 0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS derivatives include monophosphoryl lipid A

mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g. RC-529. See Johnson et al. (1999) Bioorg Med Chem Lett 9:2273-2278.

[0875]

(2) Lipid A Derivatives[0876]

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-174 is described for example in Meraldi et al., “OM-174, a New

Adjuvant with a Potential for Human Use, Induces a Protective Response with Administered with the Synthetic C-Terminal Fragment 242-310 from the

circumsporozoite protein of Plasmodium berghei”, Vaccine (2003) 21:2485-2491; and Pajak, et al., “The Adjuvant OM-174 induces both the migration and

maturation of murine dendritic cells in vivo”, Vaccine (2003) 21:836-842.

[0877]

(3) Immunostimulatory Oligonucleotides[0878]

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include nucleotide sequences containing a CpG motif (a sequence containing

an unmethylated cytosine followed by guanosine and linked by a phosphate bond). Bacterial double stranded RNA or oligonucleotides containing palindromic or

poly(dG) sequences have also been shown to be immunostimulatory.

[0879]

The CpG's can include nucleotide modi�cations/analogs such as phosphorothioate modi�cations and can be double-stranded or single-stranded. Optionally, the

guanosine may be replaced with an analog such as 2′-deoxy-7-deazaguanosine. See Kandimalla, et al., “Divergent synthetic nucleotide motif recognition pattern:

design and development of potent immunomodulatory oligodeoxyribonucleotide agents with distinct cytokine induction pro�les”, Nucleic Acids Research (2003)

31(9): 2393-2400; WO 02/26757 and WO 99/62923 for examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides is further

discussed in Krieg, “CpG motifs: the active ingredient in bacterial extracts?”, Nature Medicine (2003) 9(7): 831-835; McCluskie, et al., “Parenteral and mucosal

prime-boost immunization strategies in mice with hepatitis B surface antigen and CpG DNA”, FEMS Immunology and Medical Microbiology (2002) 32:179-185;

WO 98/40100; U.S. Pat. No. 6,207,646; U.S. Pat. No. 6,239,116 and U.S. Pat. No. 6,429,199.

[0880]

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See Kandimalla, et al., “Toll-like receptor 9: modulation of recognition and

cytokine induction by novel synthetic CpG DNAs”, Biochemical Society Transactions (2003) 31 (part 3): 654-658. The CpG sequence may be speci�c for inducing

a Th1 immune response, such as a CpG-A ODN, or it may be more speci�c for inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs are

discussed in Blackwell, et al., “CpG-A-Induced Monocyte IFN-gamma-Inducible Protein-10 Production is Regulated by Plasmacytoid Dendritic Cell Derived IFN-

alpha”, J. Immunol. (2003) 170(8):4061-4068; Krieg, “From A to Z on CpG”, TRENDS in Immunology (2002) 23(2): 64-65 and WO 01/95935. Preferably, the CpG is

a CpG-A ODN.

[0881]

Preferably, the CpG oligonucleotide is constructed so that the 5′ end is accessible for receptor recognition. Optionally, two CpG oligonucleotide sequences may

be attached at their 3′ ends to form “immunomers”. See, for example, Kandimalla, et al., “Secondary structures in CpG oligonucleotides affect

immunostimulatory activity”, BBRC (2003) 306:948-953; Kandimalla, et al., “Toll-like receptor 9: modulation of recognition and cytokine induction by novel

synthetic GpG DNAs”, Biochemical Society Transactions (2003) 31(part 3):664-658; Bhagat et al., “CpG penta- and hexadeoxyribonucleotides as potent

immunomodulatory agents” BBRC (2003) 300:853-861 and WO 03/035836.

[0882]

(4) ADP-Ribosylating Toxins and Detoxi�ed Derivatives Thereof.[0883]

Bacterial ADP-ribosylating toxins and detoxi�ed derivatives thereof may be used as adjuvants in the invention. Preferably, the protein is derived from E. coli (i.e.,

E. coli heat labile enterotoxin “LT), cholera (“CT”), or pertussis (“PT”). The use of detoxi�ed ADP-ribosylating toxins as mucosal adjuvants is described in WO

95/17211 and as parenteral adjuvants in WO 98/42375. Preferably, the adjuvant is a detoxi�ed LT mutant such as LT-K63, LT-R72, and LTR192G. The use of ADP-

ribosylating toxins and detoxi�ed derivaties thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in the following references, each of which is

speci�cally incorporated by reference herein in their entirety: Beignon, et al., “The LTR72 Mutant of Heat-Labile Enterotoxin of Escherichia coli Enahnces the

Ability of Peptide Antigens to Elicit CD4+ T Cells and Secrete Gamma Interferon after Coapplication onto Bare Skin”, Infection and Immunity (2002)

70(6):3012-3019; Pizza, et al., “Mucosal vaccines: non-toxic derivatives of LT and CT as mucosal adjuvants”, Vaccine (2001) 19:2534-2541; Pizza, et al., “LTK63

and LTR72, two mucosal adjuvants ready for clinical trials” Int. J. Med. Microbiol (2000) 290(4-5):455-461; Scharton-Kersten et al., “Transcutaneous

Immunization with Bacterial ADP-Ribosylating Exotoxins, Subunits and Unrelated Adjuvants”, Infection and Immunity (2000) 68(9):5306-5313; Ryan et al.,

“Mutants of Escherichia coli Heat-Labile Toxin Act as Effective Mucosal Adjuvants for Nasal Delivery of an Acellular Pertussis Vaccine: Differential Effects of the

Nontoxic AB Complex and Enzyme Activity on Th1 and Th2 Cells” Infection and Immunity (1999) 67(12):6270-6280; Partidos et al., “Heat-labile enterotoxin of

Escherichia coli and its site-directed mutant LTK63 enhance the proliferative and cytotoxic T-cell responses to intranasally co-immunized synthetic peptides”,

Immunol. Lett. (1999) 67(3):209-216; Peppoloni et al., “Mutants of the Escherichia coli heat-labile enterotoxin as safe and strong adjuvants for intranasal delivery

of vaccines”, Vaccines (2003) 2(2):285-293; and Pine et al., (2002) “Intranasal immunization with in�uenza vaccine and a detoxi�ed mutant of heat labile

enterotoxin from Escherichia coli (LTK63)” J. Control Release (2002) 85(1-3):263-270. Numerical reference for amino acid substitutions is preferably based on

the alignments of the A and B subunits of ADP-ribosylating toxins set forth in Domenighini et al., Mol. Microbiol (1995) 15(6): 1165-1167, speci�cally

incorporated herein by reference in its entirety.

[0884]

E. Human Immunomodulators

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.),

interferons (e.g. interferon-γ), macrophage colony stimulating factor, and tumor necrosis factor.

[0885]

F. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable bioadhesives include esteri�ed hyaluronic acid microspheres (Singh

et al. (2001) J. Cont. Rele. 70:267-276) or mucoadhesives such as cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,

polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as adjuvants in the invention. E.g., WO99/27960.

[0886]

G. Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle of ˜100 nm to ˜150 μm in diameter, more preferably ˜200 nm to ˜30

μm in diameter, and most preferably ˜500 nm to ˜10 μm in diameter) formed from materials that are biodegradable and non-toxic (e.g. a poly(α-hydroxy acid), a

polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a

negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic detergent, such as CTAB).

[0887]

H. Liposomes

Examples of liposome formulations suitable for use as adjuvants are described in U.S. Pat. No. 6,090,406, U.S. Pat. No. 5,916,588, and EP 0 626 169.[0888]

I. Polyoxyethylene Ether and Polyoxyethylene Ester Formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene esters. WO99/52549. Such formulations further include

polyoxyethylene sorbitan ester surfactants in combination with an octoxynol (WO01/21207) as well as polyoxyethylene alkyl ethers or ester surfactants in

combination with at least one additional non-ionic surfactant such as an octoxynol (WO01/21152).

[0889]

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether (laureth 9), polyoxyethylene-9-steoryl ether,

polyoxytheylene-8-steoryl ether, polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether.

[0890]

J. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in Andrianov et al., “Preparation of hydrogel microspheres by coacervation of aqueous polyphophazene

solutions”, Biomaterials (1998) 19(1-3):109-115 and Payne et al., “Protein Release from Polyphosphazene Matrices”, Adv. Drug. Delivery Review (1998)

31(3):185-196.

[0891]

K. Muramyl peptides
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Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-

normuramyl-L-alanyl-D-isoglutamine (nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1′-2′-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-

ethylaamine MTP-PE).

[0892]

L. Imidazoquinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include Imiquamod and its homologues, described further in Stanley,

“Imiquimod and the imidazoquinolones: mechanism of action and therapeutic potential” Clin Exp Dermatol (2002) 27(7):571-577 and Jones, “Resiquimod 3M”,

Curr Opin Investig Drugs (2003) 4(2):214-218

[0893]

M. Virosomes and Virus Like Particles (VLPs)

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention. These structures generally contain one or more proteins from a virus

optionally combined or formulated with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain any of the native viral

genome. The viral proteins may be recombinantly produced or isolated from whole viruses. These viral proteins suitable for use in virosomes or VLPs include

proteins derived from in�uenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins), Hepatitis E virus, measles virus, Sindbis virus,

Rotavirus, Foot-and-Mouth Disease virus, Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, Qβ-phage (such as coat proteins), GA-phage, fr-

phage, AP205 phage, and Ty (such as retrotransposon Ty protein p1). VLPs are discussed further in WO 03/024480, WO 03/024481, and Niukura et al., “Chimeric

Recombinant Hepatitis E Virus-Like Particles as an Oral Vaccine Vehicle Presenting Foreign Epitopes”, Virology (2002) 293:273-280; Lenz et al., “Papillomarivurs-

Like Particles Induce Acute Activation of Dendritic Cells”, Journal of Immunology (2001) 5246-5355; Pinto, et al., “Cellular Immune Responses to Human

Papillomavirus (HPV)-16 L1 Healthy Volunteers Immunized with Recombinant HPV-16 L1 Virus-Like Particles”, Journal of Infectious Diseases (2003)

188:327-338; and Gerber et al., “Human Papillomavrisu Virus-Like Particles Are E�cient Oral immunogens when Coadministered with Escherichia coli Heat-Labile

Entertoxin Mutant R192G or CpG”, Journal of Virology (2001) 75(10):4752-4760. Virosomes are discussed further in, for example, Gluck et al., “New Technology

Platforms in the Development of Vaccines for the Future”, Vaccine (2002) 20:B10-B16.

[0894]

The invention may also comprise combinations of aspects of one or more of the adjuvants identi�ed above. For example, the following adjuvant compositions

may be used in the invention:

[0895]

(1) a saponin and an oil-in-water emulsion (WO99/11241);[0896]

(2) a saponin (e.g., QS21)+a non-toxic LPS derivative (e.g., 3dMPL) (see WO 94/00153);[0897]

(3) a saponin (e.g., QS21)+a non-toxic LPS derivative (e.g., 3dMPL)+a cholesterol;[0898]

(4) a saponin (e.g. QS21)+3dMPL+IL-12 (optionally +a sterol) (WO98/57659);[0899]

(5) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (See European patent applications 0835318, 0735898 and 0761231);[0900]

(6) SAF, containing 10% Squalane, 0.4 % Tween 80, 5% pluronic-block polymer L121, and thr-MDP, either micro�uidized into a submicron emulsion or vortexed to

generate a larger particle size emulsion.

[0901]

(7) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the group

consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL+CWS (Detox™); and

[0902]

(8) one or more mineral salts (such as an aluminum salt)+a non-toxic derivative of LPS (such as 3dPML).[0903]

Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant bacterial toxins are preferred mucosal adjuvants.[0904]

As mentioned above, adjuvants suitable for use in the invention may also include one or more of the following:[0905]

E. coli heat-labile enterotoxin (“LT”), or detoxi�ed mutants thereof, such as the K63 or R72 mutants;[0906]

cholera toxin (“CT”), or detoxi�ed mutants thereof;[0907]

microparticles (i.e., a particle of ˜100 nm to ˜150 μm in diameter, more preferably ˜200 nm to ˜30 μm in diameter, and most preferably 500 nm to ˜10 μm in

diameter) formed from materials that are biodegradable and non-toxic (e.g. a poly(α-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a

polycaprolactone etc.);

[0908]

a polyoxyethylene ether or a polyoxyethylene ester (see International patent application WO 99/52549);[0909]

a polyoxyethylene sorbitan ester surfactant in combination with an octoxynol (see International patent application WO 01/21207) or a polyoxyethylene alkyl ether

or ester surfactant in combination with at least one additional non-ionic surfactant such as an octoxynol (see International patent application WO 01/21152);

[0910]

chitosan (e.g. International patent application WO 99/27960)[0911]

an immunostimulatory oligonucleotide (e.g. a CpG oligonucleotide) and a saponin (see International patent application WO 00/62800)[0912]

immunostimulatory double stranded RNA.[0913]

aluminum compounds (e.g. aluminum hydroxide, aluminum phosphate, aluminum hydroxyphosphate, oxyhydroxide, orthophosphate, sulfate etc. (e.g. see

chapters 8 & 9 of Vaccine design: the subunit and adjuvant aproach, eds. Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X) (hereinafter “Vaccine

design”), or mixtures of different aluminum compounds, with the compounds taking any suitable form (e.g. gel, crystalline, amorphous etc.), and with adsorption

being preferred;

[0914]

MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into submicron particles using a micro�uidizer) (see Chapter 10 of Vaccine design; see also

International patent application WO 90/14837);

[0915]

liposomes (see Chapters 13 and 14 of Vaccine design);[0916]

ISCOMs (see Chapter 23 of Vaccine design);[0917]

SAF, containing 10% Squalane, 0.4 % Tween 80, 5% pluronic-block polymer L121, and thr-MDP, either micro�uidized into a submicron emulsion or vortexed to

generate a larger particle size emulsion (see Chapter 12 of Vaccine design);

[0918]

Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% Tween 80, and one or more bacterial cell wall components from the group

consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL+CWS (Detox™);

[0919]

saponin adjuvants, such as QuilA or QS21 (see Chapter 22 of Vaccine design), also known as Stimulon™;[0920]

ISCOMs, which may be devoid of additional detergent (WO 00/07621);[0921]

complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA);[0922]

cytokines, such as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.), interferons (e.g. interferon-γ), macrophage colony stimulating factor, tumor necrosis

factor, etc. (see Chapters 27 & 28 of Vaccine design);

[0923]

monophosphoryl lipid A (MPL) or 3-O-deacylated MPL (3dMPL) (e.g. chapter 21 of Vaccine design);[0924]

combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (European patent applications 0835318, 0735898 and 0761231);[0925]

oligonucleotides comprising CpG motifs (see Krieg (2000) Vaccine, 19:618-622; Krieg (2001) Curr. Opin. Mol. Ther., 2001, 3:15-24; WO 96/02555, WO 98/16247,

WO 98/18810, WO 98/40100, WO 98/55495, WO 98/37919 and WO 98/52581, etc.) i.e. containing at least one CG dinucleotide,

[0926]

a polyoxyethylene ether or a polyoxyethylene ester (International patent application WO99/52549);[0927]

a polyoxyethylene sorbitan ester surfactant in combination with an octoxynol (International patent application WO 01/21207) or a polyoxyethylene alkyl ether or

ester surfactant in combination with at least one additional non-ionic surfactant such as an octoxynol (WO 01/21152);

[0928]

an immunostimulatory oligonucleotide (e.g. a CpG oligonucleotide) and a saponin (WO00/62800);[0929]

an immunostimulant and a particle of metal salt (International patent application WO00/23105);[0930]

a saponin and an oil-in-water emulsion (WO 99/11241);[0931]

a saponin (e.g. QS21)+3dMPL+IL-12 (optionally+a sterol) (WO 98/57659).[0932]

Other adjuvants suitable for mucosal or parenteral administration are also available (e.g. see chapter 7 of Vaccine design: the subunit and adjuvant aproach, eds.

Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X).

[0933]

Mutants of LT are preferred mucosal adjuvants, in particular the “K63” and “R72” mutants (e.g. see International patent application WO 98/18928), as these

result in an enhanced immune response.

[0934]

Microparticles are also preferred mucosal adjuvants. These are preferably derived from a poly(a-hydroxy acid), in particular, from a poly(lactide) (“PLA”), a

copolymer of D,L-lactide and glycolide or glycolic acid, such as a poly(D,L-lactide-co-glycolide) (“PLG” or “PLGA”), or a copolymer of D,L-lactide and caprolactone.

The microparticles may be derived from any of various polymeric starting materials which have a variety of molecular weights and, in the case of the copolymers

such as PLG, a variety of lactide:glycolide ratios, the selection of which will be largely a matter of choice, depending in part on the coadministered antigen.

[0935]

The SARS virus (inactivated or attenuated), viral antigens, antibodies or adjuvants of the invention may be entrapped within the microparticles, or may be

adsorbed to them. Entrapment within PLG microparticles is preferred. PLG microparticles are discussed in further detail in Morris et al., (1994), Vaccine, 12:5-11,

in chapter 13 of Mucosal Vaccines, eds. Kiyono et al., Academic Press 1996 (ISBN 012410587), and in chapters 16 & 18 of Vaccine design: the subunit and

adjuvant aproach, eds. Powell & Newman, Plenum Press 1995 (ISBN 0-306-44867-X).

[0936]

LT mutants may advantageously be used in combination with microparticle-entrapped antigen, resulting in signi�cantly enhanced immune responses.[0937]

Aluminium compounds and MF59 are preferred adjuvants for parenteral use.[0938]

The composition may include an antibiotic.[0939]
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The immunogenic compositions of the invention may be administered in a single dose, or as part of an administration regime. The regime may include priming

and boosting doses, which may be administered mucosally, parenterally, or various combinations thereof.

[0940]

The methods of the invention further comprise treating or preventing a SARS virus-related disease by administering to an animal a composition comprising an

effective amount of the antibodies of the invention. An “effective amount” of the antibodies of the invention is an amount su�cient to provide passive

immunization protection or treatment to the animal. Preferably, the antibodies of the invention are speci�c to the SARS viral antigen.

[0941]

Methods of treatment may combine both immunogenic compositions and antibody compositions. Accordingly the invention comprises a method for treating or

preventing a SARS virus-related disease comprising administering an immunogenic composition comprising an immunologically effective amount of a SARS

viral antigen and administering an effective amount of antibodies speci�c to SARS viral antigen. The immunogenic composition and the antibodies may be

administered together or separately. The invention further comprises a composition comprising an immunogenic composition comprising an immunologically

effective amount of a SARS viral antigen and further comprising an effective amount of antibodies speci�c to a SARS viral antigen.

[0942]

The SARS viral antigens and antibodies of the invention may also be administered in polynucleotide form. The SARS viral antigens and/or antibody proteins are

then expressed in vivo.

[0943]

The SARS viral antigens and the antibodies of the invention can also be delivered using one or more gene vectors, administered via nucleic acid immunization or

the like using standard gene delivery protocols. Methods for gene delivery are known in the art. See, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,466. The

constructs can be delivered (e.g., injected) either subcutaneously, epidermally, intradermally, intramuscularly, intravenous, mucosally (such as nasally, rectally

and vaginally), intraperitoneally, orally or combinations thereof. Intramuscular injection of 25 μg plasmid DNA encoding spike antigens, in 200 μl PBS pH 7.4, at

weeks 0, 3 and 6, has been described for mice by Yang et al. (2004) Nature 428:561-564.

[0944]

An exemplary replication-de�cient gene delivery vehicle that may be used in the practice of the present invention is any of the alphavirus vectors, described in,

for example, U.S. Pat. Nos. 6,342,372; 6,329,201 and International Publication WO 01/92552.

[0945]

A number of viral based systems have been developed for gene transfer into mammalian cells. For example, retroviruses provide a convenient platform for gene

delivery systems. Selected sequences can be inserted into a vector and packaged in retroviral particles using techniques known in the art. The recombinant virus

can then be isolated and delivered to cells of the subject either in vivo or ex vivo. A number of retroviral systems have been described (U.S. Pat. No. 5,219,740;

Miller & Rosman, BioTechniques (1989) 7:980-990; Miller, A. D., Human Gene Therapy (1990) 1:5-14; Scarpa et al., Virology (1991) 180:849-852; Burns et al., Proc.

Natl. Acad. Sci. USA (1993) 90:8033-8037; and Boris-Lawrie & Temin, Cur. Opin. Genet. Develop. (1993) 3:102-109.

[0946]

A number of adenovirus vectors have also been described. Unlike retroviruses which integrate into the host genome, adenoviruses persist extrachromosomally

thus minimizing the risks associated with insertional mutagenesis (Haj-Ahmad and Graham, J. Virol. (1986) 57:267-274; Bett et al., J. Virol. (1993) 67:5911-5921;

Mittereder et al., Human Gene Therapy (1994) 5:717-729; Seth et al., J. Virol. (1994) 68:933-940; Barr et al., Gene Therapy (1994) 1:51-58; Berkner, K. L.

BioTechniques (1988) 6:616-629; and Rich et al., Human Gene Therapy (1993) 4:461-476). Adenoviral delivery of codon-optimsed versions of the genes encoding

SARS coronavirus structural antigens spike S1, membrane protein and nucleocapsid protein has been investigated in rhesus macaques and found to invoke a

strong neutralizing antibody response (Gao et al. (2003) Lancet 362(9399):1895-1896).

[0947]

Additionally, various adeno-associated virus (AAV) vector systems have been developed for gene delivery. AAV vectors can be readily constructed using

techniques well known in the art. See, e.g., U.S. Pat. Nos. 5,173,414 and 5,139,941; International Publication Nos. WO 92/01070 (published 23 Jan. 1992) and WO

93/03769 (published 4 Mar. 1993); Lebkowski et al., Molec. Cell. Biol. (1988) 8:3988-3996; Vincent et al., Vaccines 90 (1990) (Cold Spring Harbor Laboratory

Press); Carter, B. J. Current Opinion in Biotechnology (1992) 3:533-539; Muzyczka, N. Current Topics in Microbiol. and Immunol. (1992) 158:97-129; Kotin, R. M.

Human Gene Therapy (1994) 5:793-801; Shelling and Smith, Gene Therapy (1994) 1:165-169; and Zhou et al., J. Exp. Med. (1994) 179:1867-1875.

[0948]

Another vector system useful for delivering polynucleotides, mucosally and otherwise, is the enterically administered recombinant poxvirus vaccines described

by Small, Jr., P. A., et al. (U.S. Pat. No. 5,676,950, issued Oct. 14, 1997, herein incorporated by reference) as well as the vaccinia virus and avian poxviruses. By

way of example, vaccinia virus recombinants expressing the genes can be constructed as follows. The DNA encoding the SARS antigen or antibody or antibody

coding sequence is �rst inserted into an appropriate vector so that it is adjacent to a vaccinia promoter and �anking vaccinia DNA sequences, such as the

sequence encoding thymidine kinase (TK). This vector is then used to transfect cells that are simultaneously infected with vaccinia. Homologous recombination

serves to insert the vaccinia promoter plus the gene encoding the coding sequences of interest into the viral genome. The resulting TK− recombinant can be

selected by culturing the cells in the presence of 5-bromodeoxyuridine and picking viral plaques resistant thereto.

[0949]

Alternatively, avipoxviruses, such as the fowlpox and canarypox viruses, can also be used to deliver genes encoding the SARS viral antigens or antibodies of the

invention. Recombinant avipox viruses, expressing immunogens from mammalian pathogens, are known to confer protective immunity when administered to

non-avian species. The use of an avipox vector is particularly desirable in human and other mammalian species since members of the avipox genus can only

productively replicate in susceptible avian species and therefore are not infective in mammalian cells. Methods for producing recombinant avipoxviruses are

known in the art and employ genetic recombination, as described above with respect to the production of vaccinia viruses. See, e.g., WO 91/12882; WO

89/03429; and WO 92/03545. Picornavirus-derived vectors can also be used. (See, e.g., U.S. Pat. Nos. 5,614,413 and 6,063,384).

[0950]

Molecular conjugate vectors, such as the adenovirus chimeric vectors described in Michael et al., J. Biol. Chem. (1993) 268:6866-6869 and Wagner et al., Proc.

Natl. Acad. Sci. USA (1992) 89:6099-6103, can also be used for gene delivery.

[0951]

A vaccinia based infection/transfection system can be conveniently used to provide for inducible, transient expression of the coding sequences of interest (for

example, a SARS viral antigen or antibody expression cassette) in a host cell. In this system, cells are �rst infected in vitro with a vaccinia virus recombinant that

encodes the bacteriophage T7 RNA polymerase. This polymerase displays exquisite speci�city in that it only transcribes templates bearing T7 promoters.

Following infection, cells are transfected with the polynucleotide of interest, driven by a T7 promoter. The polymerase expressed in the cytoplasm from the

vaccinia virus recombinant transcribes the transfected DNA into RNA that is then translated into protein by the host translational machinery. The method

provides for high level, transient, cytoplasmic production of large quantities of RNA and its translation products. See, e.g., Elroy-Stein and Moss, Proc. Natl. Acad.

Sci. USA (1990) 87:6743-6747; Fuerst et al., Proc. Natl. Acad. Sci. USA (1986) 83:8122-8126.

[0952]

As an alternative approach to infection with vaccinia or avipox virus recombinants, or to the delivery of genes using other viral vectors, an ampli�cation system

can be used that will lead to high level expression following introduction into host cells. Speci�cally, a T7 RNA polymerase promoter preceding the coding region

for T7 RNA polymerase can be engineered. Translation of RNA derived from this template will generate T7 RNA polymerase that in turn will transcribe more

template. Concomitantly, there will be a cDNA whose expression is under the control of the T7 promoter. Thus, some of the T7 RNA polymerase generated from

translation of the ampli�cation template RNA will lead to transcription of the desired gene. Because some T7 RNA polymerase is required to initiate the

ampli�cation, T7 RNA polymerase can be introduced into cells along with the template(s) to prime the transcription reaction. The polymerase can be introduced

as a protein or on a plasmid encoding the RNA polymerase. For a further discussion of T7 systems and their use for transforming cells, see, e.g., International

Publication No. WO 94/26911; Studier and Moffatt, J. Mol. Biol. (1986) 189:113-130; Deng and Wolff, Gene (1994) 143:245-249; Gao et al., Biochem. Biophys.

Res. Commun. (1994) 200:1201-1206; Gao and Huang, Nuc. Acids Res. (1993) 21:2867-2872; Chen et al., Nuc. Acids Res. (1994) 22:2114-2120; and U.S. Pat. No.

5,135,855.

[0953]

The immunogenic compositions of the invention may further comprise diluents, such as water, saline, glycerol, ethanol, etc. Additionally, auxiliary substances,

such as wetting or emulsifying agents, pH buffering substances, and the like may be included in the immunogenic composition.

[0954]

The immunogenic compositions used in the invention can be administered to an animal. Animals suitable for use in the methods of the invention include

humans and other primates, including non-human primates such as chimpanzees, and other apes and monkey species; farm animals such as cattle, sheep, pigs,

goats and horses, domestic animals such as dogs and cats; laboratory animals including rodents such as mice, rats and guinea pigs; birds, including domestic,

wild and game birds such as chickens, turkeys and other gallinaceous birds, ducks, geese and the like. Animals suitable for use in the invention can be of any

age, including both adult and newborn. Transgenic animals can also be used in the invention.

[0955]

The immunogenic compositions of the invention can be-used to treat or prevent SARS virus-related diseases.[0956]

The compositions of the invention are preferably pharmaceutically acceptable and pharmacologically acceptable. In particularly, the compositions are preferably

not biologically or otherwise undesirable, i.e., the material may be administered to an individual in a formulation or composition without causing any undesirable

biological effects or interacting in a deleterious manner with any of the components of the composition in which it is contained.

[0957]

Pharmaceutically acceptable salts can also be used in compositions of the invention, for example, mineral salts such as hydrochlorides, hydrobromides,

phosphates, or sulfates, as well as salts of organic acids such as acetates, proprionates, malonates, or benzoates. Especially useful protein substrates are

serum albumins, keyhole limpet hemocyanin, immunoglobulin molecules, thyroglobulin, ovalbumin, tetanus toxoid, and other proteins well known to those of skill

in the art. Compositions of the invention can also contain liquids or excipients, such as water, saline, glycerol, dextrose, ethanol, or the like, singly or in

combination, as well as substances such as wetting agents, emulsifying agents, or pH buffering agents. Liposomes can also be used as a carrier for a

composition of the invention.

[0958]

SARS speci�c reagents and analytical assays may be used in the manufacture and testing of the vaccines of the invention. Such analytical assays include, for

example: 1) virus titration and plaque assays for quantitation of infectious virus particles, 2) a neutralization assay with constant virus and varying serum

dilutions, 3) a two step RT-PCR system (Light Cycler-Roche) for detection of negative strand viral RNA, with the target sequence located within the N gene,

providing highest possible sensitivity, and 4) ELISA and western blot assays for detection and quali�cation of viral proteins.

[0959]
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In addition, rabbit polyclonal antiserum has been generated to obtain antibody reagents (and demonstrate induction of neutralizing antibodies) against the SARS-

CoV. A sample protocol for generating such reagents is set forth below. The virus is �rst cultivated in suitable cell culture, such as Vero cells, and pelleted

through a 20% sucrose (w/v) cushion. The pellet is then subjected to a glycerol potassium-tartrate gradient for further puri�cation. The virus-containing fraction

is then diluted and pelleted by ultracentrifugation. The pellet is then dissolved in PBS and the virus is inactivated with C3H4O2 (beta-propiolactone, BPL). Two

rabbits are immunized subcutaneously (SC) on day 0, 14, and 2 8 with 1×109 inactivated viral particles mixed with IFA as adjuvant. Rabbits are bled on days 0

(p,re-inoculation), 13, 28, and 35 (1 week after 3rd immunization). Sera obtained from this protocol were tested for their reactivity against SARS-CoV proteins in

western blots and found to react with the major structural proteins spike (S), membrane (M), and nucleocapsid (N).

[0960]

J. Emerging Coronavirus Vaccines

The SARS epidemic has lead to increased awareness of viral infections caused by coronaviruses. The vaccines of the invention may be adapted to prevent or

treat emerging strains of coronavirus, including emerging strains of SARS virus.

[0961]

The invention provides a vaccine comprising an inactivated (or killed) human coronavirus, an attenuated human coronavirus, a split human coronavirus

preparation, or a recombinant or puri�ed subunit formulation of one or more antigens from a human coronavirus, wherein the human coronavirus is not the SARS

coronavirus. Optionally, the human coronavirus is not the 229E coronavirus. Optionally, the human coronavirus is not the OC43 coronavirus. Optionally, the

human coronavirus is not the NL63 coronavirus. Thus the invention provides a vaccine as de�ned above, wherein the human coronavirus is not the SARS

coronavirus, is not the 229E coronavirus, is not the OC43 coronavirus and is not the NL63 coronavirus. Such vaccines are useful for preventing and/or treating

emerging human coronavirus infections.

[0962]

The invention also provides a vaccine comprising: (a) an inactivated (or killed) human coronavirus, an attenuated human coronavirus, a split human coronavirus

preparation, or a recombinant or puri�ed subunit formulation of one or more antigens from a human coronavirus, wherein the human coronavirus is not the SARS

coronavirus, as de�ned above; and (b) an inactivated (or killed) human coronavirus, an attenuated human coronavirus, a split human coronavirus preparation, or

a recombinant or puri�ed subunit formulation of one or more antigens from a human coronavirus, wherein the human coronavirus is the SARS coronavirus. Such

vaccines are useful for preventing and/or treating both SARS and other human coronaviruses.

[0963]

As well as providing vaccines comprising antigens from more than one type of coronavirus, the invention also provides vaccines comprising antigens from more

than one strain of the same coronavirus e.g. different strains of the SARS coronavirus, or different strains of a coronavirus other than the SARS coronavirus. In

one embodiment, the vaccine comprises antigens from at least two strains of coronavirus, or at least three strains of coronavirus. In one embodiment, the

vaccine comprises antigens from at least two types of coronavirus. In one embodiment, the vaccine comprises at least one antigen from each of the known

types of coronaviruses (type I, type II and type III). Such vaccines follow the model of current in�uenza vaccines.

[0964]

The selection of coronaviruses and/or coronavirus strains for use in vaccines of the invention can be based on various criteria. For instance, selection may be

based on viruses and/or strains that have been detected in the geographical region (e.g. northern or southern hemisphere, a particular country, etc.) where the

vaccine targeted. Selection may be based on the results of animal surveillance e.g. of viruses detected in cat populations. Selection may be based on the results

of clinical surveillance e.g. of viruses detected in patients hospitalized with respiratory infection. Selection may be performed every year e.g. prior to winter.

Vaccines may also be administered yearly, again following the model of current in�uenza vaccines.

[0965]

Preferred vaccines are su�ciently immunogenic to provide a neutralizing immune response, and more preferably a protective and/or therapeutic immune

response. Particularly preferred vaccines meet the e�cacy requirements that may be speci�ed by the WHO from time to time.

[0966]

A preferred subunit antigen for inclusion in vaccines of the invention is a puri�ed spike protein, more preferably in oligomeric (e.g. trimeric) form. The spike

protein may or my not be cleaved e.g. into its S1 and S2 products.

[0967]

The techniques disclosed above for selecting viruses and/or strains for production of vaccines can also be used to select appropriate viruses and/or strains

from which HR1 and HR2 sequences can be obtained for providing therapeutic peptides, as disclosed above.

[0968]

III. Diagnostic Compositions and Methods of the Invention

The invention provides methods for detecting the SARS coronavirus. Detection in patient samples can be used to detect and diagnose infections by the virus.

Detection in donated blood can be used to prevent inadvertent transmission of the virus during blood transplant procedures Detection methods fall into three

main categories: detection of SARS virus nucleic acids; detection of SARS virus proteins; and detection of anti-SARS virus immune responses. The invention

provides all such methods.

[0969]

As used herein when referring to nucleotide sequences, particularly oligonucleotide probes and primers, “similar” sequences includes those sequences that are

at least 90% identical to known SARSV genomic sequence and includes sequences that are at least 95% identical, at least 99% identical and 100% identical to

the SARSV genomic sequence over the length of the probe or primer.

[0970]

As used herein, the term “target nucleic acid region” or “target nucleic acid” denotes a nucleic acid molecule with a “target sequence” to be ampli�ed. The target

nucleic acid may be either single-stranded or double-stranded and may include other sequences besides the target sequence, which may not be ampli�ed. The

term “target sequence” refers to the particular nucleotide sequence of the target nucleic acid which is to be ampli�ed. The target sequence may include a probe-

hybridizing region contained within the target molecule with which a probe will form a stable hybrid under desired conditions. The “target sequence” may also

include the complexing sequences to which the oligonucleotide primers complex and be extended using the target sequence as a template. Where the target

nucleic acid is originally single-stranded, the term “target sequence” also refers to the sequence complementary to the “target sequence” as present in the target

nucleic acid. If the “target nucleic acid” is originally double-stranded, the term “target sequence” refers to both the plus (+) and minus (−) strands.

[0971]

The term “primer” or “oligonucleotide primer” as used herein, refers to an oligonucleotide which acts to initiate synthesis of a complementary DNA strand when

placed under conditions in which synthesis of a primer extension product is induced i.e. in the presence of nucleotides and a polymerization-inducing agent such

as a DNA or RNA polymerase and at suitable temperature, pH, metal concentration, and salt concentration. The primer is preferably single-stranded for

maximum e�ciency in ampli�cation, but may alternatively be double-stranded. If double-stranded, the primer is �rst treated to separate its strands before being

used to prepare extension products. This denaturation step is typically effected by heat, but may alternatively be carried out using alkali, followed by

neutralization. Thus, a “primer” is complementary to a template, and complexes by hydrogen bonding or hybridization with the template to give a

primer/template complex for initiation of synthesis by a polymerase, which is extended by the addition of covalently bonded bases linked at its 3′ end

complementary to the template in the process of DNA synthesis.

[0972]

As used herein, the term “probe” or “oligonucleotide probe” refers to a structure comprised of a polynucleotide, as de�ned above, that contains a nucleic acid

sequence complementary to a nucleic acid sequence present in the target nucleic acid analyte. The polynucleotide regions of probes may be composed of DNA,

and/or RNA, and/or synthetic nucleotide analogs. When an “oligonucleotide probe” is to be used in a 5′ nuclease assay, such as the TaqMan™ technique, the

probe will contain at least one �uorescer and at least one quencher which is digested by the 5′ endonuclease activity of a polymerase used in the reaction in

order to detect any ampli�ed target oligonucleotide sequences. In this context, the oligonucleotide probe will have a su�cient number of phosphodiester

linkages adjacent to its 5′ end so that the 5′ to 3′ nuclease activity employed can e�ciently degrade the bound probe to separate the �uorescers and quenchers.

When an oligonucleotide probe is used in the TMA technique, it will be suitably labeled, as described below.

[0973]

It will be appreciated that the hybridizing sequences need not have perfect complementarity to provide stable hybrids. In many situations, stable hybrids will

form where fewer than about 10% of the bases are mismatches, ignoring loops of four or more nucleotides. Accordingly, as used herein the term

“complementary” refers to an oligonucleotide that forms a stable duplex with its “complement” under assay conditions, generally where there is about 90% or

greater homology.

[0974]

The terms “hybridize” and “hybridization” refer to the formation of complexes between nucleotide sequences which are su�ciently complementary to form

complexes via Watson-Crick base pairing. Where a primer “hybridizes” with target (template), such complexes (or hybrids) are su�ciently stable to serve the

priming function required by e.g. the DNA polymerase to initiate DNA synthesis.

[0975]

Stringent hybridization conditions will typically include salt concentrations of less than about 1 M, more usually less than about 500 mM and preferably less than

about 200 mM. Hybridization temperatures can be as low as 5° C., but are typically greater than 22° C., more typically greater than about 30° C., and preferably in

excess of about 37° C. Longer fragments may require higher hybridization temperatures for speci�c hybridization. Other factors may affect the stringency of

hybridization, including base composition and length of the complementary strands, presence of organic solvents and extent of base mismatching, and the

combination of parameters used is more important than the absolute measure of any one alone. Other hybridization conditions which may be controlled include

buffer type and concentration, solution pH, presence and concentration of blocking reagents to decrease background binding such as repeat sequences or

blocking protein solutions, detergent type(s) and concentrations, molecules such as polymers which increase the relative concentration of the polynucleotides,

metal ion(s) and their concentration(s), chelator(s) and their concentrations, and other conditions known in the art. Less stringent, and/or more physiological,

hybridization conditions are used where a labeled polynucleotide ampli�cation product cycles on and off a substrate linked to a complementary probe

polynucleotide during a real-time assay which is monitored during PCR ampli�cation such as a molecular beacon assay. Such less stringent hybridization

conditions can also comprise solution conditions effective for other aspects of the method, for example reverse transcription or PCR.

[0976]

As used herein, a “biological sample” refers to a sample of tissue, cells or �uid isolated from a subject, that commonly includes antibodies produced by the

subject. Typical samples include but are not limited to, blood, plasma, serum, fecal matter, urine, bone marrow, bile, spinal �uid, lymph �uid, samples of the skin,

secretions of the skin, respiratory, intestinal, and genitourinary tracts, tears, saliva, sputum, mucous, milk, blood cells, organs, tissues, biopsies (e.g. lung, liver,

[0977]
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kidney) and also samples of in vitro cell culture constituents including but not limited to conditioned media resulting from the growth of cells and tissues in

culture medium e.g. recombinant cells, and cell components. Other samples that may be used for diagnosis include stool samples and nasopharyngeal

aspirates.

The term “antibody” encompasses polyclonal and monoclonal antibody preparations, as well as preparations including hybrid antibodies, altered antibodies,

chimeric antibodies and, humanized antibodies, as well as: hybrid (chimeric) antibody molecules (see, for example, Winter et al. (1991) Nature 349:293-299; and

U.S. Pat. No. 4,816,567); F(ab′)2 and F(ab) fragments; Fv molecules (noncovalent heterodimers, see, for example, Inbar et al. (1972) Proc Natl Acad Sci USA

69:2659-2662; and Ehrlich et al. (1980) Biochem 19:4091-4096); single-chain Fv molecules (sFv) (see, e.g., Huston et al. (1988) Proc Natl Acad Sci USA

85:5879-5883); oligobodies; dimeric and trimeric antibody fragment constructs; minibodies (see, e.g., Packet al. (1992) Biochem 31:1579-1584; Cumber et al.

(1992) J Immunology 149B:120-126); humanized antibody molecules (see, e.g., Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et al. (1988) Science

239:1534-1536; and UK Patent Publication No. GB 2,276,169, published 21 Sep. 1994); and, any functional fragments obtained from such molecules, wherein

such fragments retain speci�c-binding properties of the parent antibody molecule.

[0978]

As used herein, the term “monoclonal antibody” refers to an antibody composition having a homogeneous antibody population. The term is not limited regarding

the species or source of the antibody, nor is it intended to be limited by the manner in which it is made. The term encompasses whole immunoglobulins.

[0979]

Methods of making polyclonal and monoclonal antibodies are known in the art. Polyclonal antibodies are generated by immunizing a suitable animal, such as a

mouse, rat, rabbit, sheep or goat, with an antigen of interest. In order to enhance immunogenicity, the antigen can be linked to a carrier prior to immunization.

Suitable carriers are typically large, slowly metabolized macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino

acids, amino acid copolymers, lipid aggregates (such as oil droplets or liposomes), and inactive virus particles. Such carriers are well known to those of ordinary

skill in the art. Furthermore, the antigen may be conjugated to a bacterial toxoid, such as toxoid from diphtheria, tetanus, cholera, etc., in order to enhance the

immunogenicity thereof.

[0980]

Rabbits, sheep and goats are preferred for the preparation of polyclonal sera when large volumes of sera are desired. These animals are good design choices

also because of the availability of labeled anti-rabbit, anti-sheep and anti-goat antibodies. Immunization is generally performed by mixing or emulsifying the

antigen in saline, preferably in an adjuvant such as Freund's complete adjuvant (“FCA”), and injecting the mixture or emulsion parenterally (generally

subcutaneously or intramuscularly). The animal is generally boosted 2-6 weeks later with one or more injections of the antigen in saline, preferably using

Freund's incomplete adjuvant (“FIA”). Antibodies may also be generated by in vitro immunization, using methods known in the art. Polyclonal antisera is then

obtained from the immunized animal.

[0981]

Monoclonal antibodies are generally prepared using the method of Kohler & Milstein (1975) Nature 256:495-497, or a modi�cation thereof, as described above.[0982]

Nucleic Acid Detection Methods

There are many well known methods of amplifying targeted sequences, such as the polymerase chain reaction (PCR), reverse transcription PCR (RT-PCR), the

ligase chain reaction (LCR), the strand displacement ampli�cation (SDA), and the nucleic acid sequence-based ampli�cation (NASBA), transcription-mediated

ampli�cation (TMA) to name a few. These methods are described generally in the following references: (PCR) U.S. Pat. Nos. 4,683,195, 4,683,202, and 4,800,159;

(RT-PCR) U.S. Pat. Nos. 5,310,652, 5,322,770; (LCR) EP Application No., 320,308 published Jun. 14, 1989; (SDA) U.S. Pat. Nos. 5,270,184, and 5,455,166 and

“Empirical Aspects of Strand Displacement Ampli�cation” by G. T. Walker in PCR Methods and Applications, 3(1):1-6 (1993), Cold Spring Harbor Laboratory Press;

(TMA) U.S. Pat. No. 5,399,491, and (NASBA) “Nucleic Acid Sequence-Based Ampli�cation (NASBA™)” by L. Malek et al., Ch. 36 in Methods in Molecular Biology,

Vol. 28: Protocols for Nucleic Acid Analysis by Nonradioactive Probes, 1994 Ed. P. G. Isaac, Humana Press, Inc., Totowa, N.J. PCR methods may include

variations that permit quantitation of the target sequence, for example, by real time PCR analysis (e.g., as described in U.S. Pat. Nos. 5,210,015, 5,487,972,

5,994,056, 6,171,785 inter alia). (Each of the above references are hereby incorporated by reference).

[0983]

One embodiment of the method of the invention for detecting the presence of SARS virus in a sample comprises providing a sample suspected of containing a

SARS virus nucleic acid target, amplifying a template sequence contained within said SARS virus nucleic acid target by any known technique of nucleic acid

ampli�cation, including any of those mentioned herein, using the oligonucleotide primers described herein, particularly those primers comprising the kits

described herein, and detecting the ampli�ed template sequence, wherein the presence of the ampli�ed template sequence indicates the presence of SARS virus

in said sample.

[0984]

Ampli�cation techniques generally involve the use of two primers. Where a target sequence is single-stranded, the techniques generally involve a preliminary

step in which a complementary strand is made in order to give a double-stranded target. The two primers hybridize to different strands of the double-stranded

target and are then extended. The extended products can serve as targets for further rounds of hybridization/extension. The net effect is to amplify a template

sequence within the target, the 5′ and 3′ termini of the template being de�ned by the locations of the two primers in the target. As an alternative, if one or both of

the primers contains a promoter sequence then the target can be ampli�ed (by transcription) using a RNA polymerase (as in TMA).

[0985]

The present invention provides methods and kits for amplifying and/or detecting a template or target sequence in the SARSV viral nucleic acid. The invention

provides a kit comprising primers for amplifying a template sequence contained within a SARSV nucleic acid target, the kit comprising a �rst primer and a

second primer, wherein the �rst primer comprises a sequence substantially complementary to a portion of said template sequence and the second primer

comprises a sequence substantially complementary to a portion of the complement of said template sequence, wherein the sequences within said primers

which have substantial complementarity de�ne the termini of the template sequence to be ampli�ed.

[0986]

Kits of the invention may further comprise a probe which is substantially complementary to the template sequence and/or to its complement and which can

hybridize thereto. This probe can be used in a hybridization technique to detect ampli�ed template, or to isolate (i.e. “capture) the ampli�ed template or the

original target nucleic acid.

[0987]

Kits of the invention may further comprise primers and/or probes for generating and detecting an internal standard, in order to aid quantitative measurements

(e.g Fille et al. 1997 Biotechniques 23:34-36).

[0988]

Kits of the invention may further comprise a DNA polymerase, which will generally be a thermostable DNA polymerase where a non-isothermal ampli�cation

process is to be used. The kits may also comprise supplies of dNTPs, a magnesium salt (e.g. MgCl2), buffer solutions, etc.

[0989]

Kits of the invention may comprise more than one pair of primers (e.g. for nested ampli�cation), and one primer may be common to more than one primer pair.

The kit may also comprise more than one probe.

[0990]

Oligomer Probes and Primers

In connection with the nucleic acid detection methods of the present invention described above, oligomers having sequence similarity, or complementarity, to the

SARSV genome are useful. The SARSV genome sequences mentioned herein may be used to produce probes and primers which can be used in assays for the

detection of nucleic acids in test samples. The probes may be designed from conserved nucleotide regions of the polynucleotides of interest or from non-

conserved nucleotide regions of the polynucleotide of interest. The design of such probes for optimization in assays is within the skill of those of ordinary skill in

the art. Generally, nucleic acid probes are developed from non-conserved or unique regions when maximum speci�city is desired, and nucleic acid probes are

developed from conserved regions when assaying for nucleotide regions that are closely related to, for example, different members of a multi-gene family or in

related species like mouse and man.

[0991]

Using as a basis the SARSV genome which can be found as described herein, and/or preferably conserved regions of the SARSV genome, and/or the particularly

described primer and probe sequences as disclosed herein, oligomers of approximately 8 nucleotides or more can be prepared which hybridize with the positive

strand(s) of SARSV RNA or its complement, as well as to SARSV cDNAs. These oligomers can serve as probes for the detection (including isolation and/or

labeling) of polynucleotides which contain SARSV nucleotide sequences, and/or as primers for the transcription and/or replication of targeted SARSV

sequences. The oligomers contain a targeting polynucleotide sequence, which is comprised of nucleotides which are complementary to a target SARSV

nucleotide sequence; the sequence is of su�cient length and complementarity with the SARSV sequence to form a duplex which has su�cient stability for the

purpose intended. For example, if the purpose is the isolation, via immobilization, of an analyte containing a target SARSV sequence, the oligomers would

contain a polynucleotide region which is of su�cient length and complementarity to the targeted SARSV sequence to afford su�cient duplex stability to

immobilize the analyte on a solid surface, via its binding to the oligomers, under the isolation conditions. For example, also, if the oligomers are to serve as

primers for the transcription and/or replication of target SARSV sequences in an analyte polynucleotide, the oligomers would contain a polynucleotide region of

su�cient length and complementarity to the targeted SARSV sequence to allow the polymerizing agent to continue replication from the primers which are in

stable duplex form with the target sequence, under the polymerizing conditions. For example, also, if the oligomers are to be used as label probes, or are to bind

to multimers, the targeting polynucleotide region would be of su�cient length and complementarity to form stable hybrid duplex structures with the label probes

and/or multimers to allow detection of the duplex. The oligomers may contain a minimum of about 4 contiguous nucleotides which are complementary to

targeted SARSV sequence; usually the oligomers will contain a minimum of about 8 contiguous nucleotides which are complementary to the targeted SARSV

sequence, and preferably will contain a minimum of about 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous nucleotides and up to about

50, 75, 100, 200 contiguous nucleotides or more, which are complementary to the targeted SARSV sequence.

[0992]

Typically, for use in the ampli�cation based methods (for example, PCR, RT-PCR, TMA) oligomers will be used as primer sets such that one member of the primer

set has sequence similarity or complementarity to a more conserved (among coronaviruses) portion of the SARSV genome and the other member of the primer

set has sequence similarity or complementarity to a less conserved portion. The primer sets can be used to amplify the target region in ways that are well known

[0993]
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in the art. Typically, the 5′ untranslated region (5′UTR) and the 3′ untranslated region (3′UTR) are among the most conserved regions. FIG. 8 shows an alignment

of the 5′UTR of several coronaviruses. FIG. 10 shows an alignment of the 3′UTR of several coronaviruses. FIGS. 9 and 11 show the sequences of preferred

primers for ampli�cation of the 5′UTR and 3′UTR, respectively. Other primers and probes can readily be designed based on the sequence alignments provided

herein.

The oligomer, however, need not consist only of the sequence which is complementary to the targeted SARSV sequence. It may contain in addition, nucleotide

sequences (e.g. promoters) or other moieties which are suitable for the purposes for which the oligomers are used. For example, if the oligomers are used as

primers for the ampli�cation of SARSV sequences via, for example, PCR, they may contain sequences which, when in duplex, form restriction enzyme sites which

facilitate the cloning of the ampli�ed sequences. For example, also, if the oligomers are to be used as “capture probes” in hybridization assays, they would

contain in addition a binding partner which is coupled to the oligomer containing the nucleotide sequence which is complementary to the targeted SARSV

sequence. Other types of moieities or sequences which are useful of which the oligomers may be comprised or coupled to, are those which are known in the art

to be suitable for a variety of purposes, including the labeling of nucleotide probes.

[0994]

Table 4 (SEQ ID NOS: 1021-6020) shows forward and reverse primers that are useful for nucleic acid ampli�cation of SARSV for diagnostic and screening

methods.

[0995]

Preferred primers and probes for SARS nucleic acid detection for diagnostic and screening are SEQ ID NOS: 7332-7336 (forward primers), SEQ ID NOS:

7337-7341 (reverse primers) and SEQ ID NOS: 7342-7352 (probes). These primers and probes are useful for detection of sequences in the 3′ UTR.

[0996]

Any of the above forward primers may be used in combination with any of the above reverse primers for ampli�cation of SARSV nucleic acid. The ampli�ed

product may be detected (or captured) with any of the above probes. Particularly preferred combinations of forward and reverse primers and the probes for

detecting the ampli�ed product include: Forward SEQ ID NO: 7332 with reverse SEQ ID NO: 7337, 7338, 7339 or 7341 and probe SEQ ID NO: 7342; forward SEQ ID

NO: 7333 or 7334 with reverse SEQ ID NO: 7340 and any of probes SEQ ID NO: 7343-7351; Forward SEQ ID NO: 7335 and reverse SEQ ID NO: 7340 or 7341 and

any of probes SEQ ID NO: 7342-7352. Other combinations of forward and reverse primers and appropriate probes can readily be determined by those skilled in

the art from the above information.

[0997]

Additional preferred primers and probes for SARS nucleic acid detection for diagnostic and screening are SEQ ID NOS: 7353-7362 (forward primers), SEQ ID

NOS: 7363-7373 (reverse primers) and SEQ ID NOS: 7374-7385 (probes). The primers and probes are useful for detection of sequences in the 5′ UTR.

[0998]

The above primers may be used in combination for ampli�cation of SARSV nucleic acid as follows: any of forward primers SEQ ID NO: 7353-7356 with any of

reverse primers SEQ ID NO: 7363-7366, 7368 and the ampli�ed product detected (or captured) with probes SEQ ID NO: 7374; any of forward primers SEQ ID NO:

7357-7362 with any of reverse primers SEQ ID NO: 7367, 7369-7373 and the ampli�ed products detected (or captured) with any of probes SEQ ID NO: 7375-7385.

Particularly preferred combinations of forward and reverse primers and probes are: Forward primers SEQ ID NO: 7353-7356 with any of reverse primers SEQ ID

NO: 7363-7366 and probes SEQ ID NO: 7374; forward primers SEQ ID NO: 7357-7358 with reverse primers SEQ ID NO: 7367, 7369 and probes SEQ ID NO: 7375 or

7376; Forward primers SEQ ID NO: 7357-7359 with reverse primers SEQ ID NO: 7367, 7369 or 7370 and probe SEQ ID NO: 7375 or 7376. More preferred are

combinations of SEQ ID NO: 7353 or 7354 with SEQ ID NO: 7363 or 7364 and probe SEQ ID NO: 7374. Other combinations of forward and reverse primers and

appropriate probes can readily be determined by those skilled in the art from the above information. A particularly conserved octanucleotide sequence (SEQ ID

NO: 7386) occurs in the 3′UTR of SARS (approximately 70-80 bases from the 3′ end) and of several other Coronaviruses that may be particularly useful in

identifying SARSV. Primers including in this region are preferably combined with reverse primers from regions of sequence that are more speci�c for SARS.

[0999]

In addition to the above, the intergenic sequence (IS) that is characteristic of Coronavirus has been identi�ed in SARSV (see above). The IS minimally comprises

the sequence ACGAAC (SEQ ID NO: 7293) which occurs upstream of each open reading frame (ORF) in the viral genome. The 5′UTR which includes the IS is

spliced onto the 5′ end of each viral mRNA at or adjacent to the site of the IS. Thus, primers comprising the IS or its complement are useful for amplifying viral

nucleic acids, including cDNA made from the viral RNAs. The invention thus comprises a set of primers in which one primer comprises ACGAAC (SEQ ID NO:

7293) or its complement (SEQ ID NO: 7387) and one primer comprises any appropriate sequence from the SARS genome, or a complementary sequence. Useful

probes for detecting and/or capturing the viral RNAs or cDNA made from the viral RNAs may also comprise the IS sequence, or its complement, described

above.

[1000]

One set of primers for ampli�cation of SARS sequences, particularly by RT-PCR, uses SEQ ID NOs 6562, 6563, 6564 and 6565. Of these, 6562 & 6564 are sense

primers and 6563 & 6565 are antisense primers. Primers SEQ ID NOS: 6562 & 6565 may be used in a �rst ampli�cation, with a second nested ampli�cation being

performed using primers SEQ ID NOS: 6563 & 6564. In some embodiments of the invention, these four primers are excluded.

[1001]

One kit for ampli�cation and detection of SARS sequences, particularly by RT-PCR, uses SEQ ID NOs 6567 & 6568 as primers, and SEQ ID NO 6566 as a probe

(typically labeled e.g. with TAMRA and/or FAM) for the ampli�ed sequence. In some embodiments of the invention, these primers and probe are excluded.

[1002]

One kit for ampli�cation and detection of SARS sequences, particularly by RT-PCR, uses SEQ if NOs 7395 & 6568 as primers, and SEQ ID NO 6566 as a probe

(typically labeled e.g. with TAMRA and/or FAM) for the ampli�ed sequence. In some embodiments of the invention, these primers and probe are excluded.

[1003]

One kit for ampli�cation of SARS sequences, particularly the nucleocapsid gene, uses SEQ ID NOs 6560 & 6561 as primers. In some embodiments of the

invention, these primers are excluded.

[1004]

One kit for ampli�cation of SARS sequences uses SEQ ID NOs 6496, 6497, 6562, 6563, 6564 & 6565 as primers. In some embodiments of the invention, these

primers are excluded.

[1005]

One kit for ampli�cation of SARS sequences uses SEQ ID NOs 6562, 6563, 6564 & 6565 as primers. In some embodiments of the invention, these primers are

excluded.

[1006]

One kit for ampli�cation of SARS sequences uses SEQ ID NOs 6500, 6501, 6502 & 6503 as primers. In some embodiments of the invention, these primers are

excluded.

[1007]

One kit for ampli�cation of SARS sequences uses SEQ ID NOs 6496, 6497, 6500, 6501, 6502, 6503, 6562, 6563, 6564 & 6565 as primers. In some embodiments

of the invention, these primers are excluded.

[1008]

One kit for ampli�cation and detection of SARS sequences, particularly by realtime (e.g. TaqMan™) PCR, uses SEQ ID NOs 6567 & 6568 as primers, and SEQ ID

NO 6566 as a probe (typically labeled e.g. with TAMRA and/or FAM) for the ampli�ed sequence. In some embodiments of the invention, these primers and probe

are excluded.

[1009]

One kit for ampli�cation and detection of SARS sequences, particularly by realtime (e.g. TaqMan™) PCR, uses SEQ ID NOs 7395 & 6568 as primers, and SEQ ID

NO 6566 as a probe (typically labeled e.g. with TAMRA and/or FAM) for the ampli�ed sequence. In some embodiments of the invention, these primers and probe

are excluded.

[1010]

One kit for ampli�cation and detection of SARS sequences uses SEQ ID NOs 6562, 6565 and 6568 as primers, and SEQ ID NOs 7396 and 7397 as probes

(typically labeled e.g. with TAMRA and/or FAM) for the ampli�ed sequence. In some embodiments of the invention, these primers and probe are excluded.

[1011]

One kit for ampli�cation and detection of SARS sequences uses an oligonucleotide comprising SEQ ID NO: 9780 as a forward primer, an oligonucleotide

comprising SEQ ID NO: 9781 as a reverse primer, and an oligonucleotide comprising SEQ ID NO: 9782 as a probe.

[1012]

Preferred sequences for use with RT-PCR and LightCycler analysis include SEQ ID NOs 6562, 6568, 6565, 7396 & 7397. In some embodiments of the invention,

these primers and probe are excluded.

[1013]

The preparation of the oligomers is by means known in the art, including, for example, by methods which include excision, transcription, or chemical synthesis.

The target sequences and/or regions of the genome which are selected to which the targeting polynucleotides of the oligomers are complementary depend

upon the purpose. For example, if the goal is to screen for the presence of SARSV in biological samples (e.g. blood, respiratory material, liver, lung), the preferred

oligomers would be used as probes and/or primers, and would hybridize to conserved regions of the SARSV genome. Some of the conserved regions of the

SARSV genome to which the oligomers may bind are described herein, for example, 5′UTR and 3′UTR.

[1014]

In the basic nucleic acid hybridization assay, single-stranded analyte nucleic acid (either DNA or RNA) is hybridized to a nucleic acid probe, and resulting

duplexes are detected. The probes for SARSV polynucleotides (natural or derived) are a length which allows the detection of unique viral sequences by

hybridization. While 6-8 nucleotides may be a workable length, sequences of 10-12 nucleotides are preferred, and about 13, 14, 15, 16, 17, 18, 19, 20, or 21 or

more nucleotides or more appears optimal. Preferably, these sequences will derive from regions which lack heterogeneity. These probes can be prepared using

routine methods, including automated oligonucleotide synthetic methods. Among useful probes, for example, are those derived from less conserved regions of

the SARSV genome. Regions of the genome that are typically less conserved can be readily ascertained from the sequence alignments provided herein, as well

as by any other well known techniques. A complement to any unique portion of the SARSV genome will be satisfactory. For use as probes, complete

complementarity is desirable, though it may be unnecessary as the length of the fragment is increased.

[1015]

For use of such probes as agents to detect the presence of SARSV polynucleotides (for example in screening for contaminated blood or for diagnosing infected

individuals), the biological sample to be analyzed, such as, without limitation, blood, serum, lung, liver, mucous, kidney, saliva, or sputum, may be treated, if

desired, to extract the nucleic acids contained therein. The resulting nucleic acid from the sample may be subjected to gel electrophoresis or other size

separation techniques; alternatively, the nucleic acid sample may be dot blotted without size separation. In order to form hybrid duplexes with the targeting

sequence of the probe, the targeted region of the analyte nucleic acid must be in single stranded form. Where the sequence is naturally present in single

stranded form, denaturation will not be required. However, where the sequence is present in double stranded form, the sequence will be denatured. Denaturation

[1016]
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can be carried out by various techniques known in the art. Subsequent to denaturation, the analyte nucleic acid and probe are incubated under conditions which

promote stable hybrid formation of the target sequence in the probe with the putative targeted sequence in the analyte, and the resulting duplexes containing the

probe(s) are detected.

Detection of the resulting duplex, if any, is usually accomplished by the use of labeled probes; alternatively, the probe may be unlabeled, but may be detectable by

speci�c binding with a ligand which is labeled, either directly or indirectly. Suitable labels, and methods for labeling probes and ligands are known in the art, and

include, for example, radioactive labels which may be incorporated by known methods (e.g., nick translation or kinasing), biotin, �uorescent groups,

chemiluminescent groups (e.g., dioxetanes, particularly triggered dioxetanes), enzymes, antibodies, and the like.

[1017]

The region of the probes which are used to bind to the analyte can be made completely complementary to the SARSV genome. Therefore, usually high stringency

conditions are desirable in order to prevent false positives. However, conditions of high stringency should only be used if the probes are complementary to

regions of the viral genome which lack heterogeneity. The stringency of hybridization is determined by a number of factors during hybridization and during the

washing procedure, including temperature, ionic strength, length of time, and concentration of formamide. These factors are outlined in, for example, Maniatis T.

(1982).

[1018]

Variations of this basic scheme which are known in the art, including those which facilitate separation of the duplexes to be detected from extraneous materials

and/or which amplify the signal from the labeled moiety, may also be used. A number of these variations are reviewed in, for example: Matthews & Kricka (1988),

Analytical Biochemistry 169:1; Landegren et al. (1988), Science 242:229; and Mittlin (1989), Clinical Chem. 35:1819. These and the following publications

describing assay formats are hereby incorporated by reference herein. Probes suitable for detecting SARSV in these assays are comprised of sequences which

hybridize with target SARSV polynucleotide sequences to form duplexes with the analyte strand, wherein the duplexes are of su�cient stability for detection in

the speci�ed assay system.

[1019]

A suitable variation is, for example, one which is described in U.S. Pat. No. 4,868,105, issued Sep. 9, 1989, and in EPO Publication No. 225,807 (published Jun. 16,

1987). These publications describe a solution phase nucleic acid hybridization assay in which the analyte nucleic acid is hybridized to a labeling probe set and to

a capturing probe set. The probe-analyte complex is coupled by hybridization with a solid-supported capture probe that is complementary to the capture probe

set. This permits the analyte nucleic acid to be removed from solution as a solid phase complex. Having the analyte in the form of a solid phase complex

facilitates subsequent separation steps in the assay. The labeling probe set is complementary to a labeled probe that is bound through hybridization to the solid

phase/analyte complex.

[1020]

The polymerase chain reaction (PCR) is a technique for amplifying a desired nucleic acid sequence (target) contained in a nucleic acid or mixture thereof. In PCR,

a pair of primers are employed in excess to hybridize to the complementary strands of the target nucleic acid. The primers are each extended by a polymerase

using the target nucleic acid as a template. The extension products become target sequences themselves, following dissociation from the original target strand.

New primers then are hybridized and extended by a polymerase, and the cycle is repeated to geometrically increase the number of target sequence molecules.

PCR is disclosed in U.S. Pat. Nos. 4,683,195 and 4,683,202, which are incorporated herein by reference.

[1021]

The Ligase Chain Reaction (LCR) is an alternate method for nucleic acid ampli�cation. In LCR, probe pairs are used which include two primary (�rst and second)

and two secondary (third and fourth) probes, all of which are employed in molar excess to target. The �rst probe hybridizes to a �rst segment of the target

strand, and the second probe hybridizes to a second segment of the target strand, the �rst and second segments being contiguous so that the primary probes

abut one another in 5′ phosphate-3′ hydroxyl relationship, and so that a ligase can covalently fuse or ligate the two probes into a fused product. In addition, a

third (secondary) probe can hybridize to a portion of the �rst probe and a fourth (secondary) probe can hybridize to a portion of the second probe in a similar

abutting fashion. Of course, if the target is initially double stranded, the secondary probes also will hybridize to the target complement in the �rst instance. Once

the ligated strand of primary probes is separated from the target strand, it will hybridize with the third and fourth probes which can be ligated to form a

complementary, secondary ligated product. It is important to realize that the ligated products are functionally equivalent to either the target or its complement.

By repeated cycles of hybridization and ligation, ampli�cation of the target sequence is achieved. This technique is described more completely in EP-A-320 308

to K. Backman published Jun. 16, 1989 and EP-A-0439182 to K. Backman et al., published Jul. 31, 1991, both of which are incorporated herein by reference.

[1022]

For ampli�cation of mRNAs, it is within the scope of the present invention to reverse transcribe mRNA into cDNA followed by polymerase chain reaction (RT-

PCR); or, to use a single enzyme for both steps as described in U.S. Pat. No. 5,322,770, which is incorporated herein by reference; or reverse transcribe mRNA

into cDNA followed by asymmetric gap ligase chain reaction (RT-AGLCR) as described by R. L. Marshall et al., PCR Methods and Applications 4:80-84 (1994),

which also is incorporated herein by reference.

[1023]

TMA is described in detail in, e.g., U.S. Pat. No. 5,399,491, the disclosure of which is incorporated herein by reference in its entirety. In one example of a typical

assay, an isolated nucleic acid sample, suspected of containing a SARSV target sequence, is mixed with a buffer concentrate containing the buffer, salts,

magnesium, nucleotide triphosphates, primers, dithiothreitol, and spermidine. The reaction is optionally incubated at about 100° C. for approximately two

minutes to denature any secondary structure. After cooling to room temperature, reverse transcriptase, RNA polymerase, and RNAse H are added and the

mixture is incubated for two to four hours at 37° C. The reaction can then be assayed by denaturing the product, adding a probe solution, incubating 20 minutes

at 60° C., adding a solution to selectively hydrolyze the unhybridized probe, incubating the reaction six minutes at 60° C., and measuring the remaining

chemiluminescence in a luminometer.

[1024]

Generally, TMA includes the following steps: (a) isolating nucleic acid, including RNA, from the biological sample of interest suspected of being infected with

SARSV; and (b) combining into a reaction mixture (i) the isolated nucleic acid, (ii) �rst and second oligonucleotide primers, the �rst primer having a complexing

sequence su�ciently complementary to the 3′ terminal portion of an RNA target sequence, if present (for example the (+) strand), to complex therewith, and the

second primer having a complexing sequence su�ciently complementary to the 3′ terminal portion of the target sequence of its complement (for example, the

(−) strand) to complex therewith, wherein the �rst oligonucleotide further comprises a sequence 5′ to the complexing sequence which includes a promoter, (iii) a

reverse transcriptase or RNA and DNA dependent DNA polymerases, (iv) an enzyme activity which selectively degrades the RNA strand of an RNA-DNA complex

(such as an RNAse H) and (v) an RNA polymerase which recognizes the promoter.

[1025]

The components of the reaction mixture may be combined stepwise or at once. The reaction mixture is incubated under conditions whereby an

oligonucleotide/target sequence is formed, including DNA priming and nucleic acid synthesizing conditions (including ribonucleotide triphosphates and

deoxyribonucleotide triphosphates) for a period of time su�cient to provide multiple copies of the target sequence. The reaction advantageously takes place

under conditions suitable for maintaining the stability of reaction components such as the component enzymes and without requiring modi�cation or

manipulation of reaction conditions during the course of the ampli�cation reaction. Accordingly, the reaction may take place under conditions that are

substantially isothermal and include substantially constant ionic strength and pH. The reaction conveniently does not require a denaturation step to separate the

RNA-DNA complex produced by the �rst DNA extension reaction.

[1026]

Suitable DNA polymerases include reverse transcriptases, such as avian myeloblastosis virus (AMV) reverse transcriptase (available from, e.g., Seikagaku

America, Inc.) and Moloney murine leukemia virus (MMLV) reverse transcriptase (available from, e.g., Bethesda Research Laboratories).

[1027]

Promoters or promoter sequences suitable for incorporation in the primers are nucleic acid sequences (either naturally occurring, produced synthetically or a

product of a restriction digest) that are speci�cally recognized by an RNA polymerase that recognizes and binds to that sequence and initiates the process of

transcription whereby RNA transcripts are produced. The sequence may optionally include nucleotide bases extending beyond the actual recognition site for the

RNA polymerase which may impart added stability or susceptibility to degradation processes or increased transcription e�ciency. Examples of useful promoters

include those which are recognized by certain bacteriophage polymerases such as those from bacteriophage T3, T7 or SP6, or a promoter from E. coli. These

RNA polymerases are readily available from commercial sources, such as New England Biolabs and Epicentre.

[1028]

Some of the reverse transcriptases suitable for use in the methods herein have an RNAse H activity, such as AMV reverse transcriptase. It may, however, be

preferable to add exogenous RNAse H, such as E. coli RNAse H, even when AMV reverse transcriptase is used. RNAse H is readily available from, e.g., Bethesda

Research Laboratories.

[1029]

The RNA transcripts produced by these methods may serve as templates to produce additional copies of the target sequence through the above-described

mechanisms. The system is autocatalytic and ampli�cation occurs autocatalytically without the need for repeatedly modifying or changing reaction conditions

such as temperature, pH, ionic strength or the like.

[1030]

Detection may be done using a wide variety of methods, including direct sequencing, hybridization with sequence-speci�c oligomers, gel electrophoresis and

mass spectrometry. these methods can use heterogeneous or homogeneous formats, isotopic or nonisotopic labels, as well as no labels at all.

[1031]

Suitable labeling moieties for attachment to primers and/or to probes used in methods of the invention include, but are not limited to: 5-FAM (also called

5-carboxy�uorescein; also called Spiro(isobenzofuran-1(3H), 9′-(9H)xanthene)-5-carboxylic acid,3′,6′-dihydroxy-3-oxo-6-carboxy�uorescein); 5-Hexachloro-

Fluorescein ([4,7,2′,4′,5′,7′-hexachloro-(3′,6′-dipivaloyl�uoresceinyl)-6-carboxylic acid]); 6-Hexachloro-Fluorescein ([4,7,2′,4′,5′,7′-hexachloro-(3′,6′

-dipivaloyl�uoresceinyl)-5-carboxylic acid]); 5-Tetrachloro-Fluorescein ([4,7,2′,7′-tetrachloro-(3′,6′-dipivaloyl�uoresceinyl)-5-carboxylic acid]); 6-Tetrachloro-

Fluorescein ([4,7,2′,7′-tetrachloro-(3′,6′-dipivaloyl�uoresceinyl)-6-carboxylic acid]); tetramethylrhodamines (TAMRA), including (i) 5-TAMRA (5-

carboxytetramethylrhodamine; Xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(dimethylamino) and (ii) 6-TAMRA (6-carboxytetramethylrhodamine; Xanthylium,

9-(2,5-dicarboxyphenyl)-3,6-bis(dimethylamino); EDANS (5-((2-aminoethyl)amino)naphthalene-1-sulfonic acid); 1,5-IAEDANS (5-((((2-

iodoacetyl)amino)ethyl)amino)naphthalene-1-sulfonic acid); DABCYL (4-((4-(dimethylamino)phenyl)azo)benzoic acid); Cy5 (Indodicarbocyanine-5); Cy3

[1032]
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(Indodicarbocyanine-3); and BODIPY™ FL (4,4-di�uoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-propionic acid). Labelling of probes with both FAM (e.g. at 5′)

and TAMRA (e.g. at 3′) is preferred.

Nucleic acids of the invention may be used in solution or may be bound to a solid matrix or support e.g. in the format of a DNA array,[1033]

As is readily apparent, design of the assays described herein are subject to a great deal of variation, and many formats are known in the art. The above

descriptions are merely provided as guidance and one of skill in the art can readily modify the described protocols, using techniques well known in the art.

[1034]

One 302nt amplicon of the SARS virus is known as “BNI-1” (SEQ ID NO: 9927). It was sequenced at the Bernhard Nocht Institute, Hamburg, Germany. In April

2003 the BNI-1 sequence was published on the WHO website (http://www.who.int/csr/sars/primers/en/) and in Dorsten et al., “Identi�cation of a Novel

Coronavirus in Patients with Severe Acute Respiratory Syndrome”, New England Journal of Medicine, published online at http://www.nejm.org. Both references

are incorporated herein by reference in their entirety. Some embodiments of the invention do not encompass a nucleic acid consisting of SEQ ID NO: 9927. Some

other embodiments of the invention do not encompass a nucleic acid comprising SEQ ID NO: 9927. Some embodiments of the invention do not encompass a

polypeptide consisting of any one of SEQ ID NOS: 9928 to 9959. Some other embodiments of the invention do not encompass a nucleic acid comprising any one

of SEQ ID NOs: 9928 to 9959. Some embodiments of the invention are not subject to these exclusions.

[1035]

Immunoassays

The present invention utilizes various immunoassay techniques for identifying individuals exposed to SARSV and/or biological samples containing SARSV

antigens or antibodies to SARSV.

[1036]

Immunoassay Formats

The SARSV antigens may be employed in virtually any assay format that employs a known antigen to detect antibodies. A common feature of all of these assays

is that the antigen is contacted with biological sample suspected of containing SARSV antibodies under conditions that permit the antigen to bind to any such

antibody present in the component. Such conditions will typically be physiologic temperature, pH and ionic strength using an excess of antigen. The incubation

of the antigen with the specimen is followed by detection of immune complexes comprised of the antigen. Alternatively, anti-SARSV antibodies may be employed

to detect the presence of SARSV antigens in a biological sample. Combination antigen/antibody assays are also contemplated; for example, as described for

HCV detection in US patent 6,630,298.

[1037]

Design of the immunoassays is subject to a great deal of variation, and many formats are known in the art. Protocols may, for example, use solid supports, or

immunoprecipitation. Most assays involve the use of labeled antibody or polypeptide; the labels may be, for example, enzymatic, �uorescent, chemiluminescent,

radioactive, or dye molecules. Assays which amplify the signals from the immune complex are also known; examples of which are assays which utilize biotin

and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA assays.

[1038]

The immunoassay may be, without limitation, in a heterogeneous or in a homogeneous format, and of a standard or competitive type. In a heterogeneous format,

the polypeptide is typically bound to a solid matrix or support to facilitate separation of the sample from the polypeptide after incubation. Examples of solid

supports that can be used are nitrocellulose (e.g., in membrane or microtiter well form), polyvinyl chloride (e.g., in sheets or microtiter wells), polystyrene latex

(e.g., in beads or microtiter plates, polyvinylidine �uoride, diazotized paper, nylon membranes, microchips, high or low density biochips, recombinant

immunoassays (RIBA), micro�uidity devices, micromagnetic beads, activated beads, and Protein A beads. For example, Dynatech Immunlon or Immunlon 2

microtiter plates or 0.25 inch polystyrene beads (Precision Plastic Ball) can be used in the heterogeneous format. The solid support containing the antigenic

polypeptides is typically washed after separating it from the test sample, and prior to detection of bound antibodies. Both standard and competitive formats are

known in the art.

[1039]

In a homogenous format, the test sample is incubated with the combination of antigens in solution. For example, it may be under conditions that will precipitate

any antigen-antibody complexes which are formed. Both standard and competitive formats for these assays are known in the art.

[1040]

In a standard format, the amount of SARSV antibodies in the antibody-antigen complexes is directly monitored. This may be accomplished by determining

whether labeled anti-xenogeneic (e.g., anti-human) antibodies which recognize an epitope on anti-SARSV antibodies will bind due to complex formation. In a

competitive format, the amount of SARSV antibodies in the sample is deduced by monitoring the competitive effect on the binding of a known amount of labeled

antibody (or other competing ligand) in the complex.

[1041]

Complexes formed comprising anti-SARSV antibody (or in the case of competitive assays, the amount of competing antibody) are detected by any of a number

of known techniques, depending on the format. For example, unlabeled SARSV antibodies in the complex may be detected using a conjugate of antixenogeneic

Ig complexed with a label, (e.g., an enzyme label).

[1042]

In an immunoprecipitation or agglutination assay format the reaction between the SARSV antigens and the antibody forms a network that precipitates from the

solution or suspension and forms a visible layer or �lm of precipitate. If no anti-SARSV antibody is present in the test specimen, no visible precipitate is formed.

[1043]

There are at least three speci�c types of particle agglutination (PA) assays. These assays are used for the detection of antibodies to various antigens when

coated to a support. One type of this assay is the hemagglutination assay using red blood cells (RBCs) that are sensitized by passively adsorbing antigen (or

antibody) to the RBC. The addition of speci�c antigen antibodies present in the body component, if any, causes the RBCs coated with the puri�ed antigen to

agglutinate.

[1044]

To eliminate potential non-speci�c reactions in the hemagglutination assay, two arti�cial carriers may be used instead of RBC in the PA. The most common of

these are latex particles. However, gelatin particles may also be used. The assays utilizing either of these carriers are based on passive agglutination of the

particles coated with puri�ed antigens.

[1045]

The SARSV antigens will typically be packaged in the form of a kit for use in these immunoassays. The kit will normally contain in separate containers the native

SARSV antigen, control antibody formulations (positive and/or negative), labeled antibody when the assay format requires same and signal generating reagents

(e.g., enzyme substrate) if the label does not generate a signal directly. The native SARSV antigen may be already bound to a solid matrix or separate with

reagents for binding it to the matrix. Instructions (e.g., written, tape, CD-ROM, etc.) for carrying out the assay usually will be included in the kit.

[1046]

Immunoassays that utilize the native SARSV antigen are additionally useful in screening blood for the preparation of a supply from which potentially infective

SARSV is lacking. The method for the preparation of the blood supply comprises the following steps. Reacting a body component, preferably blood or a blood

component, from the individual donating blood with native SARSV antigen to allow an immunological reaction between SARSV antibodies, if any, and the SARSV

antigen. Detecting whether anti-SARSV antibody-SARSV antigen complexes are formed as a result of the reacting. Blood contributed to the blood supply is from

donors that do not exhibit antibodies to the native SARSV antigens.

[1047]

Production of Antibodies

As explained above, the assay may utilize various antibodies which may be bound to a solid support, and that detect antigen or antigen/antibody complexes

formed when SARSV infection is present in the sample. These antibodies may be polyclonal or monoclonal antibody preparations, monospeci�c antisera, human

antibodies, or may be hybrid or chimeric antibodies, such as humanized antibodies, altered antibodies, F(ab′)2 fragments, F(ab) fragments, Fv fragments, single-

domain antibodies, dimeric or trimeric antibody fragment constructs, minibodies, or functional fragments thereof which bind to the antigen in question.

[1048]

Antibodies are produced using techniques well known to those of skill in the art and disclosed in, for example, U.S. Pat. Nos. 4,011,308; 4,722,890; 4,016,043;

3,876,504; 3,770,380; and 4,372,745. For example, polyclonal antibodies are generated by immunizing a suitable animal, such as a mouse, rat, rabbit, sheep or

goat, with an antigen of interest. In order to enhance immunogenicity, the antigen can be linked to a carrier prior to immunization. Such carriers are well known to

those of ordinary skill in the art. Immunization is generally performed by mixing or emulsifying the antigen in saline, preferably in an adjuvant such as Freund's

complete adjuvant, and injecting the mixture or emulsion parenterally (generally subcutaneously or intramuscularly). The animal is generally boosted 2-6 weeks

later with one or more injections of the antigen in saline, preferably using Freund's incomplete adjuvant. Antibodies may also be generated by in vitro

immunization, using methods known in the art. Polyclonal antiserum is then obtained from the immunized animal.

[1049]

Monoclonal antibodies are generally prepared using the method of Kohler & Milstein (1975) Nature 256:495-497, or a modi�cation thereof, as described above.[1050]

As explained above, antibody fragments which retain the ability to recognize the antigen of interest, will also �nd use in the subject immunoassays. A number of

antibody fragments are known in the art which comprise antigen-binding sites capable of exhibiting immunological binding properties of an intact antibody

molecule. For example, functional antibody fragments can be produced by cleaving a constant region, not responsible for antigen binding, from the antibody

molecule, using e.g., pepsin, to produce F(ab′)2 fragments. These fragments will contain two antigen binding sites, but lack a portion of the constant region from

each of the heavy chains. Similarly, if desired, Fab fragments, comprising a single antigen binding site, can be produced, e.g., by digestion of polyclonal or

monoclonal antibodies with papain. Functional fragments, including only the variable regions of the heavy and light chains, can also be produced, using standard

techniques such as recombinant production or preferential proteolytic cleavage of immunoglobulin molecules. These fragments are known as Fv. See, e.g., Inbar

et al. (1972) Proc. Nat. Acad. Sci. USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-2710; and Ehrlich et al. (1980) Biochem 19:4091-4096.

[1051]

A single-chain Fv (“sFv” or “scFv”) polypeptide is a covalently linked VH-VL heterodimer which is expressed from a gene fusion including VH- and VL-encoding

genes linked by a peptide-encoding linker. Huston et al. (1988) Proc. Nat. Acad. Sci. USA 85:5879-5883. A number of methods have been described to discern

and develop chemical structures (linkers) for converting the naturally aggregated, but chemically separated, light and heavy polypeptide chains from an antibody

V region into an sFv molecule which will fold into a three dimensional structure substantially similar to the structure of an antigen-binding site. See, e.g., U.S. Pat.

Nos. 5,091,513, 5,132,405 and 4,946,778. The sFv molecules may be produced using methods described in the art. See, e.g., Huston et al. (1988) Proc. Nat.

Acad. Sci. USA 85:5879-5883; U.S. Pat. Nos. 5,091,513, 5,132,405 and 4,946,778. Design criteria include determining the appropriate length to span the distance

[1052]
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EXAMPLE

between the C-terminus of one chain and the N-terminus of the other, wherein the linker is generally formed from small hydrophilic amino acid residues that do

not tend to coil or form secondary structures. Such methods have been described in the art. See, e.g., U.S. Pat. Nos. 5,091,513, 5,132,405 and 4,946,778. Suitable

linkers generally comprise polypeptide chains of alternating sets of glycine and serine residues, and may include glutamic acid and lysine residues inserted to

enhance solubility.

“Mini-antibodies” or “minibodies” will also �nd use with the present invention. Minibodies are sFv polypeptide chains which include oligomerization domains at

their C-termini, separated from the sFv by a hinge region. Pack et al. (1992) Biochem 31:1579-1584. The oligomerization domain comprises self-associating

a-helices, e.g., leucine zippers, that can be further stabilized by additional disul�de bonds. The oligomerization domain is designed to be compatible with

vectorial folding across a membrane, a process thought to facilitate in vivo folding of the polypeptide into a functional binding protein. Generally, minibodies are

produced using recombinant methods well known in the art. See, e.g., Pack et al. (1992) Biochem 31:1579-1584; Cumber et al. (1992) J. Immunology 149B:

120-126.

[1053]

Production of SARS Antigens

The SARSV antigens used in the present invention are generally produced recombinantly. Thus, polynucleotides encoding SARSV antigens for use with the

present invention can be made using standard techniques of molecular biology. For example, polynucleotide sequences coding for the above-described

molecules can be obtained using recombinant methods, such as by screening cDNA and genomic libraries from cells expressing the gene, or by deriving the

gene from a vector known to include the same. Furthermore, the desired gene can be isolated directly from viral nucleic acid molecules, using techniques

described in the art, such as those described for HCV in Houghton et al., U.S. Pat. No. 5,350,671. The gene encoding the antigen of interest can also be produced

synthetically, rather than cloned. The molecules can be designed with appropriate codons for the particular sequence (preferably optimum codons for the

expression host of choice). The complete sequence is then assembled from overlapping oligonucleotides prepared by standard methods and assembled into a

complete coding sequence. See, e.g., Edge (1981) Nature 292:756; Nambair et al. (1984) Science 223:1299; and Jay et al. (1984) J. Biol. Chem. 259:6311.

[1054]

Thus, particular nucleotide sequences can be obtained from vectors harboring the desired sequences or synthesized completely or in part using various

oligonucleotide synthesis techniques known in the art, such as site-directed mutagenesis and polymerase chain reaction (PCR) techniques where appropriate.

See, e.g., Sambrook, supra. In particular, one method of obtaining nucleotide sequences encoding the desired sequences is by annealing complementary sets of

overlapping synthetic oligonucleotides produced in a conventional, automated polynucleotide synthesizer, followed by ligation with an appropriate DNA ligase

and ampli�cation of the ligated nucleotide sequence via PCR. See, e.g., Jayaraman et al. (1991) Proc. Natl. Acad. Sci. USA 88:4084-4088. Additionally,

oligonucleotide directed synthesis (Jones et al. (1986) Nature 54:75-82), oligonucleotide directed mutagenesis of pre-existing nucleotide regions (Riechmann et

al. (1988) Nature 332:323-327 and Verhoeyen et al. (1988) Science 239:1534-1536), and enzymatic �lling-in of gapped oligonucleotides using T4 DNA

polymerase (Queen et al. (1989) Proc. Natl. Acad. Sci. USA 86:10029-10033) can be used under the invention to provide molecules having altered or enhanced

antigen-binding capabilities, and/or reduced immunogenicity.

[1055]

Once coding sequences have been prepared or isolated, such sequences can be cloned into any suitable vector or replicon. Numerous cloning vectors are known

to those of skill in the art, and the selection of an appropriate cloning vector is a matter of choice. Suitable vectors include, but are not limited to, plasmids,

phages, transposons, cosmids, chromosomes (including arti�cial chromosomes, such as BACs or YACs) or viruses which are capable of replication when

associated with the proper control elements.

[1056]

The coding sequence is then placed under the control of suitable control elements, depending on the system to be used for expression. Thus, the coding

sequence can be placed under the control of a promoter, ribosome binding site (for bacterial expression) and, optionally, an operator, so that the DNA sequence

of interest is transcribed into RNA by a suitable transformant. The coding sequence may or may not contain a signal peptide or leader sequence which can later

be removed by the host in post-translational processing. See, e.g., U.S. Pat. Nos. 4,431,739; 4,425,437; 4,338,397.

[1057]

In addition to control sequences, it may be desirable to add regulatory sequences which allow for regulation of the expression of the sequences relative to the

growth of the host cell. Regulatory sequences are known to those of skill in the art, and examples include those which cause the expression of a gene to be

turned on or off in response to a chemical or physical stimulus, including the presence of a regulatory compound. Other types of regulatory elements may also

be present in the vector. For example, enhancer elements may be used herein to increase expression levels of the constructs. Examples include the SV40 early

gene enhancer (Dijkema et al. (1985) EMBO J 4:761), the enhancer/promoter derived from the long terminal repeat (LTR) of the Rous Sarcoma Virus (Gorman et

al. (1982) Proc. Natl. Acad. Sci. USA 79:6777) and elements derived from human CMV (Boshart et al. (1985) Cell 41:521), such as elements included in the CMV

intron A sequence (U.S. Pat. No. 5,688,688). The expression cassette may further include an origin of replication for autonomous replication in a suitable host

cell, one or more selectable markers, one or more restriction sites, a potential for high copy number and a strong promoter.

[1058]

An expression vector is constructed so that the particular coding sequence is located in the vector with the appropriate regulatory sequences, the positioning

and orientation of the coding sequence with respect to the control sequences being such that the coding sequence is transcribed under the “control” of the

control sequences (i.e., RNA polymerase which binds to the DNA molecule at the control sequences transcribes the coding sequence). Modi�cation of the

sequences encoding the molecule of interest may be desirable to achieve this end. For example, in some cases it may be necessary to modify the sequence so

that it can be attached to the control sequences in the appropriate orientation; i.e., to maintain the reading frame. The control sequences and other regulatory

sequences may be ligated to the coding sequence prior to insertion into a vector. Alternatively, the coding sequence can be cloned directly into an expression

vector which already contains the control sequences and an appropriate restriction site.

[1059]

As explained above, it may also be desirable to produce mutants or analogs of the antigen of interest. Methods for doing so are described in, e.g., Dasmahapatra

et al., U.S. Pat. No. 5,843,752 and Zhang et al., U.S. Pat. No. 5,990,276. Mutants or analogs of SARSV proteins for use in the subject assays may be prepared by

the deletion of a portion of the sequence encoding the polypeptide of interest, by insertion of a sequence, and/or by substitution of one or more nucleotides

within the sequence. Techniques for modifying nucleotide sequences, such as site-directed mutagenesis, and the like, are well known to those skilled in the art.

See, e.g., Sambrook et al., supra; Kunkel, T. A. (1985) Proc. Natl. Acad. Sci. USA (1985) 82:448; Geisselsoder et al. (1987) BioTechniques 5:786; Zoller & Smith

(1983) Methods Enzymol. 100:468; Dalbie-McFarland et al. (1982) Proc. Natl. Acad. Sci USA 79:6409.

[1060]

The molecules can be expressed in a wide variety of systems, including insect, mammalian, bacterial, viral and yeast expression systems, all well known in the

art.

[1061]

For example, insect cell expression systems, such as baculovirus systems, are known to those of skill in the art and described in, e.g., Summers & Smith, Texas

Agricultural Experiment Station Bulletin No. 1555 (1987). Materials and methods for baculovirus/insect cell expression systems are commercially available in kit

form from, inter alia, Invitrogen, San Diego Calif. (“MaxBac” kit). Similarly, bacterial and mammalian cell expression systems are well known in the art and

described in, e.g., Sambrook et al., supra. Yeast expression systems are also known in the art and described in, e.g., Yeast Genetic Engineering (Barr et al., eds.,

1989) Butterworths, London.

[1062]

A number of appropriate host cells for use with the above systems are also known. For example, mammalian cell lines are known in the art and include

immortalized cell lines available from the American Type Culture Collection (ATCC), such as, but not limited to, Chinese hamster ovary (CHO) cells, HeLa cells,

baby hamster kidney (BHK) cells, monkey kidney cells (COS), human embryonic kidney cells, human hepatocellular carcinoma cells (e.g., Hep G2), Madin-Darby

bovine kidney (“MDBK”) cells, as well as others. Similarly, bacterial hosts such as E. coli, Bacillus subtilis, and Streptococcus spp., will �nd use with the present

expression constructs. Yeast hosts useful in the present invention include inter alia, Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenula

polymorpha, Kluyveromyces fragilis, Kluyveromyces lactis, Pichia guillerimondii, Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells

for use with baculovirus expression vectors include, inter alia, Aedes aegypti, Autographa califormica, Bombyx mori, Drosophila melanogaster, Spodoptera

frugiperda, and Trichoplusia ni.

[1063]

Nucleic acid molecules comprising nucleotide sequences of interest can be stably integrated into a host cell genome or maintained on a stable episomal

element in a suitable host cell using various gene delivery techniques well known in the art. See, e.g., U.S. Pat. No. 5,399,346.

[1064]

Depending on the expression system and host selected, the molecules are produced by growing host cells transformed by an expression vector described above

under conditions whereby the protein is expressed. The expressed protein is then isolated from the host cells and puri�ed. If the expression system secretes the

protein into growth media, the product can be puri�ed directly from the media. If it is not secreted, it can be isolated from cell lysates. The selection of the

appropriate growth conditions and recovery methods are within the skill of the art.

[1065]

For useful expression of SARSV antigens in Saccharomyces cerevisiae and Pichia pastoris, insect cells, and mammalian cells, the following domains are cloned

into expression vectors as listed in the Table below. The nt sequence numbers are from the SARSV sequence of SEQ ID NO: 1.

[1066]

RNA polymerase 1a: SARS nt 250-13398

RNA polymerase 1b: SARS nt 13399-21470

ORFns.envelope (homologous to ns2, hemagglutinin-esterase envelope glycoprotein, and spike glycoprotein): SARS nt 21477-25244

Membrane: SARS nt 27849-28103

Nucleocapsid: SARS nt 28105-29373

Restriction ends Vector Promoter Expression host

A combination of PCR and synthetic oligos is used to create the above domains with restriction sites tailored to the following expression vectors:[1072]
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Restriction ends Vector Promoter Expression host

HindIII/SalI pBS24.1 ADH2/GAPDH AD3/Saccharomyces

EcoRI/Sal\\\ pBS24.1 ADH2/GAPDH/SOD fusion AD3/Saccharomyces

XbaI/SalI pAO815 AOXI GS115/Pichia pastoris

HVK-293/Transient

EcoRI/BamHI pCMVkm2 CMVp/Enhancer/IntronA transfection

EcoRI/XmaI pCMVIII CMVp/Enhancer/IntronA CHO stable cell line

Cell lines employed by Chiron

NheI/SalI pBluBac4.5 Polyhedrin include: Sf9, Sf21, Tn5

IV. Treatment of SARS Infection With RNAi

RNA interference or “RNAi” is a term initially coined by Fire and co-workers to describe the observation that double-stranded RNA (dsRNA) can block gene

expression when it is introduced into worms (Fire et al., Nature 391, 806-811(1998)). RNAi most likely involves mRNA degradation, resulting in sequence-speci�c,

post-transcriptional gene silencing in many organisms. RNAi is a post-transcriptional process triggered by the introduction of double-stranded RNA which leads

to gene silencing in a sequence-speci�c manner. RNAi has been reported to occur naturally in organisms as diverse as nematodes, trypanosmes, plants and

fungi. It most likely serves to protect organisms from viruses, modulate transposon activity and eliminate aberrant transcription products.

[1073]

The �rst evidence that dsRNA could achieve e�cient gene silencing through RNAi came from studies on the nematode Caenorhabditis elegans (Fire et al. (1998)

Nature, 391:806-811 and U.S. Pat. No. 6,506,559). Later studies in the fruit �y Drosophila melanogaster demonstrated that RNAi is a two-step mechanism

(Elbashir et al. (2001) Genes Dev., 15(2): 188-200). First, long dsRNAs are cleaved by an enzyme known as Dicer in 21-23 nucleotides (nt) fragments, called small

interfering RNAs (siRNAs). Then, siRNAs associate with a ribonuclease complex (termed RISC for RNA Induced Silencing Complex) which target this complex to

complementary mRNAs. RISC then cleaves the targeted mRNAs opposite the complementary siRNA, which makes the mRNA susceptible to other RNA

degradation pathways.

[1074]

RNAi is the phenomenon where dsRNA corresponding to a targeted DNA or RNA sequence can suppress or silence gene expression. Even though dsRNA can

mediate gene-speci�c interference in mammalian cells in some circumstances (Wianny & Zernicka-Goetz (2000) Nature Cell Biol. 2:70-75; Svoboda et al. (2000)

Development 17:4147-4156) the use of RNAi in mammalian somatic cells is often limited due to the dsRNA triggering dsRNA-dependent protein kinase (PKR)

which in turn inactivates translation factor eIF2a and causes a generalized suppression of protein synthesis and often times apoptosis (Gil & Esteban (2000)

Apoptosis 5:107-114).

[1075]

Recently, gene-speci�c suppression using siRNA of approximately 21 or 22 base pairs in length, corresponding to targeted RNA or DNA sequences, were shown

to disrupt the expression of these targeted sequences in mammalian cells (Elbashir, S. M., et al., Nature 411: 494-498 (2001)). However, it is not clear that all

RNA or DNA sequences of a mammalian cell's genome are susceptible to siRNA. It is also uncertain that every mammalian cell type possesses the necessary

machinery for effecting gene-speci�c suppression using siRNA. Further, siRNA is of limited use for at least two reasons: the transient nature of the suppression

effect seen in cells where the siRNA has been administered; and in some instances the necessity for chemical synthesis of siRNAs before their use (Tuschl T.,

Nature Biotechnol., 20: 446-448 (2002)). Also the instability of these short, synthetic RNAs makes it presents problems for any long term use of these siRNAs a

pharmaceutical.

[1076]

To overcome this limitation, the present invention provides a modi�ed siRNA with increased stability against nuclease degradation while still maintaining its

ability to inhibit viral replication via RNA interference. Such modi�cation to the ribonucleotides in the siRNAs, adds a chemical group via chemical synthesis or in

vitro transcription or longer modi�ed RNAs can be prepared by either of these methods and cut into siRNAs using Dicer.

[1077]

Although other methods for gene-speci�c suppression have utilized chemically-modi�ed nucleic acids, such as antisense and ribozyme technology, such

modi�cation destroys critical enzymatic activities necessary for the function of these technologies. In regard to antisense technology, modi�cation of the

ribonucleotides destroys RNaseH activity, whereas such modi�cation abolishes the catalytic activity of ribozymes.

[1078]

The present invention provides a double-stranded RNA (dsRNA) molecule modi�ed for protection against nuclease degradation with a length from about 10 to

about 30 nucleotides which is able to inactivate a virus in a mammalian cell. The invention also provides a method of inactivating a virus by administering

modi�ed small interfering RNAs (siRNAs) that are modi�ed so that they are nuclease or RNase resistant and retain the biological activity of being able to inhibit

viral replication by targeting a RNA sequence in a virus.

[1079]

The invention is further directed to a method of making modi�ed siRNAs that target a RNA sequence in a virus comprising preparing a modi�ed-double stranded

RNA (dsRNA) fragment containing at least one modi�ed ribonucleotide in at least one strand that spans the genome of the virus; and cleaving the modi�ed-

dsRNA fragments with recombinant human Dicer resulting in more than one modi�ed siRNA.

[1080]

The present invention provides a modi�ed dsRNA molecule of from about 10 to about 30 nucleotides which mediates targeted RNA interference in hepatic or

SARS-infected cells.

[1081]

As used herein RNA interference, or RNAi, is used to mean sequence-speci�c, or gene speci�c, suppression of gene expression (protein synthesis), without

causing a generalized suppression of protein synthesis in cells harboring the siRNA. The invention is not limited to a particular theory of the mechanism of

action of RNAi. For example, RNAi may involve degradation of messenger RNA (mRNA) in an RNA-induced silencing complex (RISC), preventing translation of

the transcribed mRNA, or it may involve the methylation of genomic DNA, shunting transcription of the gene. The lack of gene expression caused by RNAi may

be transient, lasting a short period of time, or it may be stable, or permanent, lasting an inde�nite period of time.

[1082]

The term RNA is meant as is recognized in the art. Further, as used herein, RNA is used to mean double-stranded RNA (dsRNA) or single-stranded RNA (ssRNA)

or a dsRNA with a single-stranded overhang. dsRNAs-within the meaning of the present invention includes short interfering RNA (siRNA), micro RNA (miRNA)

and small hairpin RNA (shRNA), Additionally, RNA is also used to mean messenger RNA (mRNA), transfer RNA (tRNA) or ribosomal RNA (rRNA).

[1083]

The present invention is directed to small interfering RNA (siRNA) which have been chemically modi�ed to confer increased stability against nuclease

degradation yet these siRNAs are still able to bind to target RNAs, that may be present in a cells. In the case where the target RNA is a virus speci�c RNA, the

modi�ed siRNAs are able to bind to the virus speci�c RNAs and inactivate the virus. A modi�ed siRNA of the present invention comprises a modi�ed

ribonucleotide, wherein the siRNA is resistant to enzymatic degradation, such as RNase degradation, and yet retains the ability to inhibit viral replication. The

modi�ed siRNA is more speci�cally modi�ed at the 2′ position of the ribose in the siRNA. The modi�cation is at the 2′ position of at least one ribonucleotide of

said siRNA. Attachment of receptor-binding ligands to siRNA molecules can be used to target the siRNA to a desired cell type. For example, attachment of

cholesterol at the 5′-end or 3′-end of the siRNA molecule, to give a cholesteryl siRNA, can enhance targeting to hepatocytes. Other ligands for receptor mediated

siRNA targeting to liver include HBV surface antigen, LDL, and others.

[1084]

More speci�cally, the siRNA is modi�ed at at least one pyrimidine, at least one purine or a combination thereof. However, generally all pyrimidines, or all purines

or a combination of all pyrimidines and all purines of the siRNA are modi�ed. More preferably, the pyrimidines are modi�ed and these pyrimidines are cytosine, a

derivative of cytosine, uracil, a derivative of uracil or a combination thereof. It also is contemplated to modify the selected ribonucleotides in at least one strand

of the siRNA or the ribonucleotides in both strands of the siRNA are modi�ed.

[1085]

The nucleotides containing pyrimidine bases found in RNA (cytidine and uridine) can be chemically modi�ed by adding any molecule that inhibits RNA

degradation or breakdown to the 2′ position of the ribose molecule. The 2′-modi�ed pyrimidine nucleotide can be formed using a number of different methods.

The 2′ modi�cation confers increased stability to the siRNA by making the siRNA impervious or resistant to nuclease activity. Thus, the 2′ modi�ed siRNA has a

longer serum half-life and is resistant to degradation compared to unmodi�ed siRNA. The siRNA also may be modi�ed completely or partially.

[1086]

Regarding chemical modi�cation of siRNAs, a molecule from the halide chemical group is preferably added to the ribonucleotide of the siRNA. Within the

halides, �uorine is the preferred molecule but other chemical molecules, in addition to �uoro-, such as methyl-, methoxyethyl- and propyl-modi�cations can also

we made. But the preferred modications is �uoro-modi�cation, such as a 2′-�uoro-modication or a 2′,2′-�uoro-modi�cation. Thus, in a preferred embodiment of

the invention, the siRNA is modi�ed by adding a �uorine molecule to the 2′ carbon of the pyrimidine ribonucleotide. The siRNA may be �uorinated completely or

partially. For example, only the cytosine nucleotides need be �uorinated. Alternatively, only the uracil nucleotide need be �uorinated but both uracil and cytosine

can be �uorinated. Furthermore, only one strand, either sense or antisense, of the siRNA can be �uorinated. Even partial 2′ �uorination the siRNA gives protection

against nucleolytic degradation. Furthermore, it is important to note the 2′ �uorinated siRNA is not toxic to cells, an unexpected result given that �uorine

chemistry usually is toxic to living organisms.

[1087]

The siRNA of the present invention is designed to interact with a target nucleotide sequence. Most preferably this target nucleotide sequence is a disease

producing agent or pathogen of which one wishes to inhibit gene expression. More preferably, this target nucleotide sequence is in a virus genome, and further

this virus genome is from a RNA virus or a DNA virus is selected from the group consisting of hepatitis C virus (HCV), hepatitis A virus, hepatitis B virus, hepatitis

D virus, hepatitis E virus, Ebola virus, in�uenza virus, rotavirus, reovirus, retrovirus, poliovirus, human papilloma virus (HPV), metapneumovirus and coronavirus.

The most preferred virus is SARS virus.

[1088]

Mod�ed siRNA may be prepared in a number of ways, such as by chemical synthesis, T7 polymerase transcription, or by treating modi�ed long double stranded[1089]
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RNA (dsRNA) prepared by one of the two previous methods with Dicer enzyme. Dicer enzyme can be used to cleave dsRNA that is about 500 base pairs to about

1000 base pairs in size, to created mixed populations of dsRNA from about 21 to about 23 base pairs in length. Furthermore, an unexpected result of using the

Dicer enzyme method is that Dicer enzyme will cleave modi�ed strands of dsRNA, such as 2′ �uorinated modi�ed dsRNA. Before development of this method, it

was previously thought that Dicer would not be able to cleave modi�ed siRNA. The Dicer method can be carried out using the Dicer siRNA Generation Kit

available from Gene Therapy Systems, San Diego, Calif.

As used herein, small interfering RNA (siRNA) is de�ned as double- or single-stranded RNA of from about 10 to about 30 nucleotides in length, more preferably

12-28 nucleotides, more preferably 15-25 nucleotides, even more preferably 19-23 nucleotides and most preferably 21-23 nucleotides. The length of a siRNA as

used herein, is determined by the length of one of the strands of the RNA. For example, a siRNA that is described as 21 nucleotides long (a 21-mer) may

comprise two opposite strands of RNA which anneal together for 19 contiguous base pairings. The two remaining nucleotides on one end of the molecule would

not anneal to the opposite strand, thus creating an “overhang”. The overhang can be at the 5′ or the 3′ end of the dsRNA. Preferably, the overhang is at the 3′ end

of the RNA strand. The length of a double-stranded RNA where the two opposite strands are not the same length will be designated by the longer of the two

strands. For example, a dsRNA comprising one strand which is 21 nucleotides long and anneals to an opposite strand that is 20 nucleotides long, will be

considered, as used herein, a 21-mer.

[1090]

Preferably, the siRNA of the present invention will comprise a 3′ overhang of about 2 to 4 bases. More preferably, the 3′ overhang is 2 nucleotides long. Even

more preferably, the 2 nucleotides comprising the 3′ overhang are uridine (U).

[1091]

In one embodiment, the invention provides an RNA molecule comprising a nucleotide sequence at least 80% identical to the nucleotide sequence of the target

agent or virus. Preferably, the RNA molecule of the present invention is at least 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to the nucleotide sequence of

the target agent or virus.

[1092]

As a practical matter, whether any particular nucleic acid molecule is at least 90%, 95%, 96%, 97% 98%, 99% or 100% identical to the nucleotide sequence of the

target agent or virus can be determined conventionally using known computer programs such as the Best�t program (Wisconsin Sequence Analysis Package,

Version 8 for Unix, Genetics Computer Group, University Research Park, 575 Science Drive, Madison, Wis. 53711). Best�t uses the local homology algorithm of

Smith & Waterman (Advances in Applied Mathematics 2:482-489 (1981)) to �nd the best segment of homology between two sequences. When using Best�t or

any other sequence alignment program to determine whether a particular sequence is, for instance, 95% identical to a reference sequence according to the

present invention, the parameters are set, of course, such that the percentage of identity is calculated over the full length of the reference nucleotide sequence

and that gaps in homology of up to 5% of the total number of nucleotides in the reference sequence are allowed.

[1093]

The present invention provides a method of inactivating a target agent or preferably a virus in a patient comprising administering to the patient a modi�ed siRNA

in an effective amount to inactivate the targeted agent or virus. RNA interference towards a targeted DNA segment in a cell can be achieved by administering a

dsRNA molecule or siRNA to the cells, wherein the nucleotide sequence of the dsRNA molecule corresponds to the nucleotide sequence of the targeted DNA

segment. Preferably, the RNA molecule used to induce targeted RNAi is siRNA.

[1094]

Gene suppression, targeted suppression, sequence-speci�c suppression, targeted RNAi or sequence-speci�c RNAi are used interchangeably herein.

Furthermore, sequence-speci�c suppression, as used herein, is determined by separately assaying the levels of the protein targeted for suppression in cells

containing the siRNA (experimental cells) and in cells not containing the identical siRNA (control cells), and comparing the two values. Furthermore, the

experimental and control cells must be derived from the same source and same animal. For example, the control and experimental cells can be, but are not

limited to, normal human hepatic cells as cell culture in vitro, or they can derived from a hepatocellular carcinoma. Further, the control and experimental cells

used in determining the level or quantity of gene suppression must be assayed under similar, if not identical, conditions.

[1095]

As used herein the phrase “targeted DNA segment” is used to mean a DNA sequence encoding, in whole or in part, an mRNA for a targeted protein, including

introns or exons, where suppression is desired. DNA segment can also mean a DNA sequence that normally regulates expression of the targeted protein,

including but not limited to the promoter of the targeted protein. Furthermore, the DNA segment may or may not be a part of the cell's genome or it may be

extrachromosomal, such as plasmid DNA.

[1096]

The present invention is further directed to inactivating a virus in a patient comprising administering to a patient a modi�ed siRNA in an effective amount to

inactivate the virus. The siRNA is preferably about 10 to about 30 nucleotides in length, more preferably 12-28 nucleotides, more preferably 15-25 nucleotides,

even more preferably 19-23 nucleotides and most preferably 21-23 nucleotides. The method preferably utilizes a 2′ modi�ed siRNA that is modi�ed at the 2′

position of at least one ribonucleotide of said siRNA. The method utilizes a siRNA that is modi�ed with chemical groups selected from the group consisting of

�uoro-, methyl-, methoxyethyl- and propyl-modi�cation. The �uoro-modi�cation is preferred and either a 2′-�uoro-modication or a 2′,2′-�uoro-modi�cation is

useful in the present invention and preferred.

[1097]

The modi�cation may be at the pyrimidines, the purines or a combination thereof of the siRNA are modi�ed. More preferably the pyrimidines are modi�ed, such

as cytosine, a derivative of cytosine, uracil, a derivative of uracil or a combination thereof. In one embodiment, at least one strand of the siRNA contains at least

one modi�ed nucleotide and in an alternate embodiment, oth strands of the siRNA contains at least one modi�ed nucleotide.

[1098]

The method is intended to target disease causing agents or pathogens, an more particularly viruses, which can be either a RNA virus or a DNA virus, which are

selected from the group consisting of hepatitis C virus (HCV), hepatitis A virus, hepatitis B virus, hepatitis D virus, hepatitis E virus, Ebola virus, in�uenza virus,

rotavirus, reovirus, retrovirus, poliovirus, human papilloma virus (HPV), metapneumovirus and coronavirus. More preferably the target virus is a SARS virus. The

present method utilizes a siRNA prepared by (a) identifying a target nucleotide sequence in a virus genome, preferably SARS virus, for designing a small

interfering RNA (siRNA); and (b) producing a siRNA that has been modi�ed to contain at least one modi�ed nucleotide. More preferably, the siRNA comprises a

dsRNA molecule with a �rst strand ribonucleotide sequence corresponding to a nucleotide sequence corresponding to a target nucleotide sequence in said virus

and a second strand comprising a ribonucleotide sequence complementary to said target nucleotide sequence, wherein said �rst and second strands are

separate complementary strands that hybridize to each other to form said dsRNA molecule, and further wherein the �rst strand ribonucleotide sequence, the

second strand ribonucleotide sequence or both the �rst and second strand ribonucletide sequences comprise at least one modi�ed nucleotide. In this method,

the target nucleotide sequence comprises a conserved nucleotide sequence necessary for SARS virus replication, and the conserved nucleotide sequence is

selected from the group consisting of SEQ ID NO: 7292, SEQ ID NO: 7293, SEQ ID NO: 7294, SEQ ID NO: 7295, SEQ ID NO: 7296, SEQ ID NO: 7297, SEQ ID NO:

7298, SEQ ID NO: 7299, SEQ ID NO: 7300 and SEQ ID NO: 7301. Preferably, the nucleotide sequence is selected from the group consisting of SEQ ID NO: 7292

and SEQ ID NO: 7293. Still more preferably, the nucleotide sequence is SEQ ID NO: 7293.

[1099]

The siRNA disclosed in this application may be prepared with modi�ed ribonucleotides as described herein. Further, the modi�ed ribonucleotide of the siRNA

used in the present method is incorporated into said siRNA by chemical synthesis or enzymatic synthesis.

[1100]

The siRNA disclosed in this application may or may not have a 5′ triphosphate group.[1101]

The modi�ed siRNA is administered to a patient by a method selected from the group consisting of intravenous injection, subcutaneous injection, oral delivery,

and liposome delivery. The modi�ed siRNA accumulates in an organ, tissue or body system of the patient that are the liver, gastrointestinal tract, respiratory

tract, cervix or skin.

[1102]

The present invention also provides a method of inhibiting the replication of a virus, such as SARS virus, in cells positive for SARS virus comprising transfecting

SARS-positive cells with a vector that directs the expression of modi�ed siRNA which is speci�c for SARS. The cells are evaluated to determine if a marker in the

cells has been inhibited by the modi�ed siRNA.

[1103]

The term patient, as used herein, can be an animal, preferably a mammal. More preferably the subject can be a primate, including non-human and humans. The

terms subject and patient can be used interchangeably.

[1104]

The treatment envisioned by the current invention can be used for subjects with a pre-existing viral infection, or for subjects pre-disposed to a SARS virus

infection. Additionally, the method of the current invention can be used to correct or compensate for cellular or physiological abnormalities involved in conferring

susceptibility to viral infections in patients, and/or to alleviate symptoms of a viral infection in patients, or as a preventative measure in patients.

[1105]

The method of treating a patient having a viral infection involves administration of compositions to the subjects. As used herein, composition can mean a pure

compound, agent or substance or a mixture of two or more compounds, agents or substances. As used herein, the term agent, substance or compound is

intended to mean a protein, nucleic acid, carbohydrate, lipid, polymer or a small molecule, such as a drug.

[1106]

In one embodiment of the current invention, the composition administered to the subject is a pharmaceutical composition. Further, the pharmaceutical

composition can be administered orally, nasally, parenterally, intrasystemically, intraperitoneally, topically (as by drops or transdermal patch), bucally, or as an oral

or nasal spray. The term “parenteral,” as used herein, refers to modes of administration which include intravenous, intramuscular, intraperitoneal, intrasternal,

subcutaneous and intraarticular injection and infusion. The pharmaceutical compositions as contemplated by the current invention may also include a

pharmaceutically acceptable carrier.

[1107]

By “pharmaceutically acceptable carrier” is intended, but not limited to, a non-toxic solid, semisolid or liquid �ller, diluent, encapsulating material or formulation

auxiliary of any type, such as liposomes.

[1108]

A pharmaceutical composition of the present invention for parenteral injection can comprise pharmaceutically acceptable sterile aqueous or nonaqueous

solutions, dispersions, suspensions or emulsions as well as sterile powders for reconstitution into sterile injectable solutions or dispersions just prior to use.

Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles include water, ethanol, polyols (such as glycerol, propylene glycol,

[1109]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

70 of 328 03.08.23, 17:42



polyethylene glycol, and the like), carboxymethylcellulose and suitable mixtures thereof, vegetable oils (such as olive oil), and injectable organic esters such as

ethyl oleate. Proper �uidity can be maintained, for example, by the use of coating materials such as lecithin, by the maintenance of the required particle size in

the case of dispersions, and by the use of surfactants.

The compositions of the present invention can also contain adjuvants such as, but not limited to, preservatives, wetting agents, emulsifying agents, and

dispersing agents. Prevention of the action of microorganisms can be ensured by the inclusion of various antibacterial and antifungal agents, for example,

paraben, chlorobutanol, phenol, sorbic acid, and the like. It can also be desirable to include isotonic agents such as sugars, sodium chloride, and the like.

Prolonged absorption of the injectable pharmaceutical form can be brought about by the inclusion of agents which delay absorption such as aluminum

monostearate and gelatin.

[1110]

In some cases, to prolong the effect of the drugs, it is desirable to slow the absorption from subcutaneous or intramuscular injection. This can be accomplished

by the use of a liquid suspension of crystalline or amorphous material with poor water solubility. The rate of absorption of the drug then depends upon its rate of

dissolution which, in turn, can depend upon crystal size and crystalline form. Alternatively, delayed absorption of a parenterally administered drug form is

accomplished by dissolving or suspending the drug in an oil vehicle.

[1111]

Injectable depot forms are made by forming microencapsule matrices of the drug in biodegradable polymers such as polylactide-polyglycolide. Depending upon

the ratio of drug to polymer and the nature of the particular polymer employed, the rate of drug release can be controlled. Examples of other biodegradable

polymers include poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in liposomes or

microemulsions which are compatible with body tissues.

[1112]

The injectable formulations can be sterilized, for example, by �ltration through a bacterial-retaining �lter, or by incorporating sterilizing agents in the form of

sterile solid compositions which can be dissolved or dispersed in sterile water or other sterile injectable medium just prior to use.

[1113]

Solid dosage forms for oral administration include, but are not limited to, capsules, tablets, pills, powders, and granules. In such solid dosage forms, the active

compounds are mixed with at least one item pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium phosphate and/or a) �llers or

extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,

polyvinylpyrrolidone, sucrose, and acacia, c) humectants such as glycerol, d) disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca

starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding agents such as para�n, f) absorption accelerators such as quaternary

ammonium compounds, g) wetting agents such as, for example, acetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and

i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl -sulfate, and mixtures thereof. In the case of capsules,

tablets and pills, the dosage form can also comprise buffering agents.

[1114]

Solid compositions of a similar type can also be employed as �llers in soft and hard �lled gelatin capsules using such excipients as lactose or milk sugar as well

as high molecular weight polyethylene glycols and the like.

[1115]

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be prepared with coatings and shells such as enteric coatings and other coatings

well known in the pharmaceutical formulating art. They can optionally contain opacifying agents and can also be of a composition that they release the active

ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions which can be

used include polymeric substances and waxes.

[1116]

The active compounds can also be in micro-encapsulated form, if appropriate, with one or more of the above-mentioned excipients.[1117]

Liquid dosage forms for oral administration include, but are not limited to, pharmaceutically acceptable emulsions, solutions, suspensions, syrups and elixirs. In

addition to the active compounds, the liquid dosage forms can contain inert diluents commonly used in the art such as, for example, water or other solvents,

solubilizing agents and emulsi�ers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-

butylene glycol, dimethyl formamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,

polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

[1118]

Besides inert diluents, the oral compositions can also include adjuvants such as wetting agents, emulsifying and suspending agents, sweetening, �avoring, and

perfuming agents.

[1119]

Suspensions, in addition to the active compounds, can contain suspending agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and

sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar, and tragacanth, and mixtures thereof.

[1120]

Alternatively, the composition can be pressurized and contain a compressed gas, such as nitrogen or a lique�ed gas propellant. The lique�ed propellant medium

and indeed the total composition is preferably such that the active ingredients do not dissolve therein to any substantial extent. The pressurized composition can

also contain a surface active agent. The surface active agent can be a liquid or solid non-ionic surface active agent or can be a solid anionic surface active

agent. It is preferred to use the solid anionic surface active agent in the form of a sodium salt.

[1121]

The compositions of the present invention can also be administered in the form of liposomes. As is known in the art, liposomes are generally derived from

phospholipids or other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated liquid crystals that are dispersed in an aqueous medium.

Any non-toxic, physiologically acceptable and metabolizable lipid capable of forming liposomes can be used. The present compositions in liposome form can

contain, in addition to the compounds of the invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the phospholipids and the

phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes are known in the art (see, for example, Prescott, Ed., Meth. Cell Biol.

14:33 et seq (1976)).

[1122]

One of ordinary skill will appreciate that effective amounts of the agents of the invention can be determined empirically and can be employed in pure form or,

where such forms exist, in pharmaceutically acceptable salt, ester or prodrug form. The agents can be administered to a subject, in need of treatment of viral

infection, as pharmaceutical compositions in combination with one or more pharmaceutically acceptable excipients. It will be understood that, when

administered to a human patient, the total daily usage of the agents or composition of the present invention will be decided by the attending physician within the

scope of sound medical judgement. The speci�c therapeutically effective dose level for any particular patient will depend upon a variety of factors: the type and

degree of the cellular or physiological response to be achieved; activity of the speci�c agent or composition employed; the speci�c agents or composition

employed; the age, body weight, general health, sex and diet of the patient; the time of administration, route of administration, and rate of excretion of the agent;

the duration of the treatment; drugs used in combination or coincidental with the speci�c agent; and like factors well known in the medical arts. For example, it is

well within the skill of the art to start doses of the agents at levels lower than those required to achieve the desired therapeutic effect and to gradually increase

the dosages until the desired effect is achieved.

[1123]

Dosing can also be arranged in a patient speci�c manner to provide a predetermined concentration of the agents in the blood, as determined by techniques

accepted and routine in the art. Thus patient dosaging can be adjusted to achieve regular on-going blood levels, as measured by HPLC, on the order of from 50 to

1000 ng/ml.

[1124]

It will be readily apparent to one of ordinary skill in the relevant arts that other suitable modi�cations and adaptations to the methods and applications described

herein can be made without departing from the scope of the invention or any embodiment thereof.

[1125]

The modi�ed siRNA is prepared by custom chemical synthesis by Dharmacon, at Lafayette Colo. Each C and U within the siRNA duplex (GL2), has been

substituted with 2′-F-U and 2′-F-C except for the 3′-end overhang, which was dTdT.

[1126]

To test the stability of 2′ chemically modi�ed siRNA compared to unmodi�ed siRNA (siRNA), the following experiment is performed. 4 ngs of siRNA are added to

a 20 μL volume of 80% human serum from a healthy donor. This mixture is incubated at 37° C. for various times ranging from 1 minute up to 10 days. The same

process is performed for 2′ �uorine modi�ed siRNA (2′-F siRNA). When the incubation process is �nished, the mixtures are placed on ice and then immediately

separated by PAGE along with a 32P-siRNA control. The 2′ modi�ed siRNA is stable as compared to unmodi�ed siRNA.

[1127]

V. Identi�cation of Therapeutically Active Agents for Treatment of SARS Virus Infection

The invention provides methods for treating SARS by administering therapeutically active agents, such as small molecule compounds, to a mammal, as well as

methods of identifying therapeutically active agents, such as potent small molecules, for the treatment of SARS virus infection.

[1128]

In one aspect of the invention a method of identifying a therapeutically active agent is provided comprising: (a) contacting the therapeutically active agent with a

cell infected with the SARS virus; (b) measuring attenuation of a SARS related enzyme.

[1129]

In a more particular embodiment, the therapeutically active agent is a small molecule. In another more particular embodiment, the therapeutically active agent is

a nucleoside analog (e.g. Ribavirin). In another more particular embodiment the small molecule is a SMIP or peptidic immunomodulating compound. In another

more particular embodiment the therapeutically active agent is a peptoid, oligopeptide, or polypeptide. In another embodiment the SARS related enzyme is SARS

protease. In another embodiment the SARS related enzyme is SARS polymerase. In still another embodiment the SARS related enzyme is a kinase. In still another

embodiment, the SARS related enzyme is a protease. The furin inhibitor peptidyl chloromethylketone prevents blocks cell-cell fusion after MHV infection (de

Haan et al. (2004) J Virol), which offers guidance for SARS therapy.

[1130]

The invention includes a cell-based assay that can be used to screen for and identify a therapeutically active agent for the treatment of SARS virus infection.

Therapeutically active agents of the invention include agents that inhibit, prevent or reduce the replication of a SARS virus. Such agents can be identi�ed by

infecting a cultured cell (such as, for example, VERO cells) with a SARS virus and evaluating the impact of potential antiviral compounds on SARS virus

replication. Assays to measure the effect of a potential antiviral compound on virus replication are known in the art and may be based on a variety of

[1131]
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parameters.

The cell-based assay may be used in a high-throughput screen to identify therapeutically active compounds from chemical libraries comprising potential antiviral

compounds. Therapeutically active compounds suitable for use in the invention may inhibit any SARS viral target that is essential for viral replication in whole

cells. E�cacy (the ability of a compound to inhibit or inactivate the target, be it viral or cellular, that results in the reduction of virus in the culture) of the

therapeutic agent is measured by assessing the viability and/or the proliferation of surviving cells in a SARS virus infected cell culture.

[1132]

A number of methods can be used to measure cell viability are known in the art, such as assays measuring cellular enzymes, proteins, nucleotide triphoshates

(e.g. ATP), nucleic acids (e.g. host cell mRNA (e.g. GAPDH) or rRNA sequences) or cellular metabolites such as MTT or MTS. In addition, �uorescent (including,

for example HSV paper) or non-�uorescent dyes (e.g. propidium diiodide) or labeling of DNA can be used to measure indications of cell viability and/or

proliferation.

[1133]

Alternatively, e�cacy of a compound or sample can be determined by directly measuring the amount of virus or viral products in the culture. Methods for

measuring the amount of virus, viral genome or viral products include: PCR, RT-PCR, TMA, reporter proteins with �uourescent or luminescent qualities or

enzymatic functions (e.g., luciferase, alkaline phosphatase, GFP) or proteins that can be detected by antibodies (e.g. EGF) that might be incorporated into the

viral genome prior to infection of the cell culture. Further, viral products such as viral proteins can be measured by ELISA or enzymatic activities. Methods for

identifying viral polynucleotides, viral proteins and antibodies speci�c to viral proteins are discussed above.

[1134]

Potential antiviral compounds are applied to the cell-based assay at a concentration of approximately 10 μM and compound classes having therapeutic effect

are identi�ed by measuring the parameter of choice (such as cell viability/proliferation or the virus or viral genome or a viral product be it viral in origin or non-

virus in orgin). Once compounds are identi�ed as having activity, they are resynthesized, and analoged. Starting with the identi�ed compound, many analogs and

new compounds are synthesized during consecutive optimization cycles of synthesis, biological pro�ling and modeling techniques to optimize the to the lead

structure until in vivo activity is elucidated and optimized.

[1135]

Cells suitable for use in the assay include the cells described above as suitable for vaccine production. Preferably, the cells are African green monkey kidney

cells (Vero) cells. Human embyronic lung �broblasts or normal human diploid �broblasts may also be used in the invention.

[1136]

In one embodiment, the invention includes a �uorescence based cytopathogenicity assay to measure the effect of a potential antiviral compound on a cell-based

assay. One example of a �uorescence based cytopathogenicity assay is illustrated below.

[1137]

1×104 Vero cells per well of a microtiter plate (MTP) are infected with a de�ned amount of SARS virus selected within the following ranges for optimal MOI: 5-10,

10-25, 25-50, 50-100, 100-500, or 500-1000 PFU in a total volume of 200 μl media (M199 medium supplemented with 5% FCS, 2 mM glutamine, 100 IU/ml

penicillin and 100 μg/ml streptomycin) in the presence or absence of the potential antiviral compound and incubated for at least 1, 2, 3, 4, 5, 6, or 7 days at 37°

C., 5% CO2. The wells of the MTP are washed with PBS (200 μl) and then �lled with 200 μl PBS containing 10 μg/ml �uorescein diacetate. After a 45-min

incubation at room temperature, �uorescence is measured at 485 nm excitation and 538 nm emission wavelengths. IC50 values are determined by a nonlinear

plot of antiviral activity as a function of drug concentration.

[1138]

Other cell based assays are known in the art and include, among others, methods of GFP detection and Luc detection. In addition, a Promega kit is commercially

available that provides additional methods of measuring cell viability, etc.

[1139]

In one embodiment, the invention includes a method of measuring the e�cacy of a potential antiviral compound using RT-PCR to detect the levels of SARS viral

RNA in the cell based assay. Methods of using RT-PCR are known in the art. One example of such an assay is described below.

[1140]

5×106 Vero cells are seeded in tissue culture. Flasks containing the cells are incubated over night at 37° C., 5% CO2. The cells are infected (m.o.i.=1) with SARS

virus in the presence and absence of potential antiviral compounds. Optionally, the cells may be pretreated with the potential compound prior to infection. In

either case, a suitable control cell assay is also prepared.

[1141]

The RNA of infected cells is puri�ed at 2 h (UL54), 12 h (UL8) and 16 h (UL13) after infection, (Qiagen) RNA puri�cation (RNeasy kit; 40 μl elution) and quanti�ed

(absorption at 260 nm). The RNA (2 μg) is reverse transcribed with a speci�c primer (2 pmol, using one of the primer pairs described herein) into cDNA

according to the Superscript II protocol (Invitrogen). Aliquots (2 μl) of the reverse transcription reaction are ampli�ed by PCR. Fragments of the appropriate

target SARS gene, i.e., a gene encoding a SARS enzyme, are ampli�ed in 30 cycles (UL54 and UL8: 3 min, 94° C. hot start; 1 min, 94° C. denaturation; 1 min, 55° C.

annealing; 1 min, 72° C. polymerization. UL13: 3 min, 94° C. hot start; 1 min, 94° C. denaturation; 1 min, 60° C. annealing; 1 min, 72° C. polymerization) by PCR

(Taq-Polymerase, Stratagene), in a 100-μl reaction volume with the appropriate oligonucleotides, as described herein at 0.1 nmol each. 8-μl aliquots of cycle

20-30 (lanes 2-12) of the PCR were resolved on a 2% agarose gel (Invitrogen) according to the manufacturer's instructions.

[1142]

Cell-based assays of the invention may optionally use a variant or derivative of a wild-type SARS virus that has reduced or attenuated virulence in humans and/or

animal models (e.g., mouse, non-human primate, etc.) Use of such attenuated SARS viruses in screening methods may reduce safety concerns and precautions

that would otherwise be associated with the pathogenic nature of the SARS virus and may eliminate or reduce the need for the implementation of cumbersome

high containment levels during performance of the assays and screening of compounds.

[1143]

The invention includes an enzyme-based assay that can be used to screen for and identify a therapeutically active agent for the treatment of SARS virus

infection.

[1144]

An embodiment of the invention is an assay comprising contacting a known quantity of SARS protease in solution to a peptide containing a detectable marker

and cleavage site for SARS protease, wherein SARS protease activity is monitored by measuring the intensity of the marker on the cleaved product.

[1145]

In a more particular embodiment, a method of assaying for SARS protease is provided comprising contacting a sample solution containing SARS protease with a

peptide containing a �uorescent donor, �uorescent quencher, and cleavage site for SARS protease, said peptide being detectable with a �uorometer when

cleaved, wherein SARS protease activity is determined in the sample by the amount of �uorescence detected by the �uorometer.

[1146]

Assays based on the direct measurement of SARS protease inhibition may be utilized for screening for SARS therapeutics. Protease for such assays such as 3C-

like protease and papain-like protease may be isolated and puri�ed for such assays as described in Seybert, et al., J. Gen. Virol., 78:71-75, 1997, Ziebuhr, et al.,

Adv. Exp. Med. Biol., 440:115-120, 1998, Sims, et al., Adv. Exp. Med. Biol. 440:129-134, 1998, Ziebuhr, et al., J. Virol., 73:177-185, 1999, Teng, et al., J. Virol.,

73:2658-2666, 1999, Herold, et al., J. Biol. Chem. 274:14918-14925, 1999, and Ziebuhr, et al., J. Biol. Chem. 276:33220-33232, 2001. Furthermore, Example 30

describes a novel method of purifying SARS protease using column chromatography. Example 31 describes a continuous �uorescence resonance energy

transfer (FRET) assay for measuring SARS protease activity. Protease enzyme based assays such as the FRET assay demonstrated in Example 31 are readily

adapted for high-throughput screening and are used for screening candidate antiviral compounds. Performance of the protease enzymatic assay in the presence

of a SARS protease inhibitor compound will show a decreased amount of �uorescence at a given time when compared to negative control assay containing no

test compound on a non-inhibiting control compound. Such a method would involve the steps of: (a) providing an assay solution comprising SARS protease; (b)

adding a test compound to the assay solution; (c) adding a substrate for SARS protease to the assay solution; and (d) measuring the proteolytic activity in the

assay solution. In a preferred embodiment, the proteolytic activity is measured by the �uorescence of �uorophore product produced by the enzymatic activity of

SARS protease.

[1147]

Attenuated SARS virus variants generally contain one or more genome modi�cations or mutations (e.g., substitutions, deletions, insertions) in protein encoding

or non-coding regions. Speci�c examples of attenuating mutations include, for example, genetic modi�cations in the 5′-end noncoding region, leader sequence,

intergenic regions, 3′-end noncoding region, ORF 1a, ORF 1b, S gene, E gene, M gene, N gene, or any of the nonstructural protein genes outside of the ORF 1a/1b

region. Preferred attenuating mutations are in a SARS virus structural protein (e.g., Spike (S)), a protease or polymerase domain, or a non-coding sequence (e.g.,

5′-end noncoding region, intergenic sequence). In addition, a cleavage site may be introduced or eliminated within the spike protein (see for example, Gombold et

al., J. Virol. 67:4504-4512, 1993; Bos et al., Virology 214:453-463, 1995), such modi�cation that may also be useful for optimization of expression of recombinant

spike protein antigen (e.g., for vaccine purposes).

[1148]

A variety of methods are used according to the present invention in order to obtain attenuated variants of SARS virus. Such methods include serial passage of

the SARS virus in cultured cells (e.g., mammalian cell culture, such as fetal rhesus kidney cells or VERO cells), until the SARS virus demonstrates attenuated

function. The serial propagation of virus may be performed at any temperature at which tissue culture passage attenuation occurs, and may be performed in

conjunction with one or more steps of mutagenesis (e.g., chemical mutagenesis). The attenuated phenotype of SARS virus variants, obtained after one or more

cell culture passages, is readily measured by one skilled in the art. As used herein, attenuation refers to the decreased virulence of the SARS virus in a human

subject. Evidence of attenuated function may be indicated by decreased levels of viral replication or by decreased virulence in an animal model.

[1149]

Other methods of producing an attenuated SARS virus include cell culture passage of the virus at sub-optimal temperatures (cold passage), as well as

introduction of attenuating mutations into the SARS viral genome by random mutagenesis (e.g., chemical mutagenesis, such as using 5-�uorouracil) or using

directed mutagenesis. Preparation and generation of attenuated RSV vaccines (the methods of which will generally applicable to SARS virus) are disclosed in, for

example, EP 0640128, U.S. Pat. No. 6,284,254, U.S. Pat. No. 5,922,326, U.S. Pat. No. 5,882,651.

[1150]

The number of passages required to obtain safe, immunizing attenuated virus is dependent at least in part on the conditions employed. Periodic testing of the

SARS virus culture for virulence and immunizing ability in animals (e.g., mouse, primate) can readily determine the parameters for a particular combination of

tissue culture and temperature.

[1151]

In another embodiment, the cell-based assay for screening of antiviral compounds is based on the readout of expression of a gene product (e.g., reporter gene

product) that is not from SARS virus. Gene products particularly suitable to the present invention include, but are not limited to those of the above-described

[1152]
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assays.

In order to achieve such a read-out, the gene-of-interest (GOI) encoding said gene reporter gene product must be incorporated into a replicating SARS virus

genome or construct derived from a SARS virus genome (e.g., SARS virus replicon, SARS virus defective-interfering (DI) RNA). FIG. 13 is a schematic depicting

locations for incorporation of the reporter gene into a SARS virus genome. Preferably, insertion of a heterologous reporter gene-of-interest is at a site between

existing SARS virus genes, such as for example, as shown in FIG. 13. For example, the GOI may be inserted closely following the termination codon of a SARS

virus gene (e.g., ORF 1b, S, E, M, N). Insertion should be positioned in order to minimize disruption of mRNA transcription for the SARS virus gene(s). The GOI

may also be inserted as an in-frame “fusion” with an existing SARS virus gene, such that su�cient function of the GOI is maintained for detection. To optimize

expression, an additional SARS virus intergenic sequence (e.g., SEQ ID NO: 7388, with or without additional �anking SARS virus sequences) may also be

engineered into a position preceding the inserted GOI.

[1153]

Incorporation of a GOI into SARS virus may be accomplished by one of skill in the art using a variety of techniques. For example, one preferred method is

targeted RNA recombination, that takes advantage of the ability of coronavirus RNAs to undergo recombination within the cell (see for example Fischer et al., J.

Virol. 71:5148-5160, 1997; Koljesar et al., J. Vet. Sci. 2:149-157, 2001). A construct of desired con�guration (e.g., cDNA of defective interfering RNA of SARS

virus) containing the GOI �anked by SARS virus sequence (e.g., intergenic sequence) is generated such that RNA may be transcribed directly within a eukaryotic

cell or in vitro and transfected into susceptible cells also infected with SARS virus. Recombinant virus containing the GOI is identi�ed based on expression of the

GOI encoded marker.

[1154]

Alternatively, incorporation of a GOI into SARS virus may be accomplished by one of skill in the art by �rst assembling a full-length cDNA clone of the SARS virus,

that can be used to produce infectious RNA transcripts in vivo (e.g., from an RNA polymerase II promoter) or in vitro (e.g., from a bacteriophage promoter).

Although relatively long in genome length, such assembly of a full-length cDNA clone is now readily obtainable by one of skill in the art using standard molecular

biology and reverse genetics techniques and the genome sequence of SARS virus (see for example, Thiel et al., J. Gen. Virol., 82:1273-1281, 2001; Almazan et al.,

Proc. Natl. Acad. Sci. USA 97:5516-5521, 2000; Thiel et al. (2003) J Gen Virol 82:1273-1281; Yount et al (2003) PNAS USA 100:12995-13000). Insertion of a

heterologous GOI into a full-length SARS virus genome cDNA may be performed using a variety of techniques, such as for example, ligation into natural or

synthetic restriction sites, PCR (e.g., overlapping PCR), and recombination.

[1155]

It may also be desirable to utilize similar SARS virus recombinants containing a gene-of-interest for antiviral screening, however, with further modi�cation-to

minimize or eliminate virus-induced cytopathology (e.g., CPE). Non-cytopathic derivatives from SARS virus may be obtained by one of skill in the art using a

variety of methods. For example, a selectable marker (e.g., drug resistance marker) may be incorporated as GOI into a SARS virus genome to produce infectious

virus as described above (see for example, Perri et al., J. Virol., 74:9802-9807, 2000). Infectious GOI-containing SARS virus or infectious genome RNA/cDNA is

then used to infect/transfect cells (e.g., VERO), with or without prior mutagenesis, after which time the infected cells are subjected to the appropriate selection.

Only those cells containing SARS virus harboring both the selectable marker and one or more mutations rendering the virus non-cytopathic will survive the

selection process and grow out. Active SARS virus replication in these cells is readily detected using a variety of detection techniques (e.g., PCR, Northern blot)

and such cells may serve as the substrate for cell-based screening assays. Mutations that result in the desired noncytopathic SARS virus phenotype may include

nucleotide substitutions, deletions or additions, and may occur in a variety of genome coding or non-coding regions (e.g., 5′ or 3′-end noncoding regions,

intergenic regions, ORF1a, ORF1b, a protease domain, a polymerase domain). The identi�cation of such mutations is readily accomplished by exchange of

sequences with wild-type (e.g., parental) SARS virus and demonstrating transfer of the phenotype, and sequencing of the appropriate genome region. Similar

mutations that reduce or eliminate cytopathogenicity also may be utilized in the context of a SARS virus derived replicon vector, either by similar selection

directly using a SARS virus replicon or by speci�c engineering of the replicon based on mutation(s) identi�ed in the context of infectious SARS virus as described

above. In addition, such mutations may serve as the basis for attenuated SARS virus derivatives, as described elsewhere in this document.

[1156]

Alternatively, rather than using infectious SARS virus or its derivatives for cell-based screening assays, propagation defective “replicons” may be engineered and

utilized. Such replicons maintain all protein encoding sequences and cis replication sequences required for RNA replication and expression within a cell, but are

deleted of one or more sequences or genes required for packaging of progeny SARS virus (see for example Curtis et al., J. Virol., 76:1422-1434, 2002). FIG. 14 is

a schematic depicting representative examples of SARS virus replicons according to the present invention. For example a SARS virus cDNA construct is

generated, that is lacking one or more (or all) structural protein encoding genes, whereby the missing SARS virus gene(s) is/are replaced by the GOI, maintaining

all necessary transcription signals for expression of the GOI. Operably linked with the SARS virus replicon cDNA construct is a promoter for RNA polymerase that

can be used to transcribe the replicon RNA in vivo (e.g., RNA polymerase II promoter) or in vitro (e.g., bacteriophage promoter). The SARS replicon may be

introduced into a susceptible cell by transfection as RNA or DNA, depending on the promoter of choice, and the transfected cells may be utilized for the

evaluation of antiviral compounds. By incorporating one or more mutations rendering the replicon noncytopathic for the cells (see above), one can avoid the

need for nucleic acid transfection each time an assay is to be performed.

[1157]

Alternatively, SARS virus replicons may be packaged into virus like particles that allow infection of cells, rather than requiring transfection of nucleic acid

molecules. A requirement for replicon packaging is that essential SARS virus gene functions deleted from the replicon (e.g., one or more structural proteins) are

provided in trans within the cell containing the replicon. A variety of methods for packaging of replicon RNA can be utilized to one of skill in the art (see for

example, Curtis et al., ibid: Ortego, et al., J. Virol., 76:11518-11529, 2002). For example, stably transformed cell lines constitutively or inducibly expressing the

required SARS virus gene functions may be utilized. Alternatively, the required SARS virus gene functions may be expressed by viral vectors that are introduced

into the replicon-containing cell. Alternatively a defective interfering (DI) SARS virus derived RNA containing the required gene functions may be introduced into

the replicon-containing cell. Such DI constructs used to complement missing replicon functions may be more commonly referred to as defective helper RNA or

defective helpers.

[1158]

Another con�guration useful for cell-based antiviral screening assays according to the present invention utilizes SARS virus derived DI RNAs encoding a GOI (see

for example Stirrups, et al., J. Gen. Virol., 81:1687-1698, 2000; Liao, et al., Virology 208:319-327, 1995). Introduction of a SARS DI, either as cDNA linked to an

RNA polymerase II promoter or as in vitro transcribed RNA, into susceptible cells also infected with SARS virus, allows for a readout of the GOI reporter product

in assays.

[1159]

A replicon-based system for rapid identi�cation of coronavirus replicase inhibitors is described by Hertzig et al. (2004) J Gen Virol DOI 10.1099/vir/0/80044-0.

Brie�y, the system uses a non-cytopathic selectable replicon RNA that can be stably maintained in eukaryotic cells. The replicon RNA mediates reporter gene

expression as a marker for coronavirus replication, and expression of the reporter can be used to test the inhibitory effect of test compounds in vitro, thereby

allowing high throughput screening for replicase inhibitors without the need to grow infectious virus. Preferred replicon RNAs include a neomycin resistance

gene in the replicase gene with a downstream reporter gene (e.g. GFP) that is expressed via replicase-mediated synthesis of a sub-genomic mRNA.

[1160]

VI. Compositions and Methods for Treatment of SARS Virus Infection

The present invention relates to compositions and methods for the treatment and/or prevention of SARS. The invention further includes a method for the

treatment and/or prevention of SARS through the administration of a therapeutically effective amount of at least one antiviral compound from among those

described in the US patents and published international patent applications listed in Table 1 and Table 2. In one embodiment of the method, the antiviral

compound is a small molecule. In another embodiment, the antiviral compound is a protease inhibitor. In a further embodiment, the antiviral protease inhibitor is

a 3C-like protease inhibitor and/or a papain-like protease inhibitor. Combined treatment with the lopinavir/ritonavir (Kaletra) protease inhibitor and ribavirin has

shown a favorable clinical response (Chu et al. (2004) Thorax 59:252-256). In another embodiment, the antiviral compound is an inhibitor of an RNA dependent

RNA polymerase. In another embodiment, a �rst antiviral compound that is a protease inhibitor is administered with a second antiviral compound that is an RNA-

dependent RNA polymerase inhibitor. The invention further provides for the administration of a steroidal anti-in�ammatory drug in combination with at least one

antiviral compound, for example, from the antiviral compounds described in the documents listed in Table 1 and Table 2. A combination treatment of steroids

and ribavirin has been described by Fujii et al. (2004) J Infect Chemother 10:1-7. A combination treatment of corticosteroids and interferon alfacon-1 has also

been reported (Loutfy et al. (2003) JAMA 290:3222-3228).

[1161]

The invention further provides for a method for the treatment and/or prevention of SARS through the administration of a therapeutically effective amount of at

least one antiviral compound from among those described in the US Patents and published international patent applications listed in Table 1 and Table 2 by

inhalation. In another aspect, the antiviral compound may be administered in combination with a SMIP, SMIS, or other immunomodulatory compound such as

those in Table 34 and in Table 35. In one embodiment of the method, the antiviral compound is a small molecule. In another embodiment, the antiviral compound

is a protease inhibitor. In a further embodiment, the antiviral protease inhibitor is a 3C-like protease inhibitor and/or a papain-like protease inhibitor. In another

embodiment, the antiviral compound is an inhibitor of an RNA dependent RNA polymerase. In another embodiment, a �rst antiviral compound that is a protease

inhibitor is administered with a second antiviral compound that is an RNA-dependent RNA polymerase inhibitor. The invention further provides for the

administration of a steroidal anti-in�ammatory drug in combination with at least one antiviral compound, for example, from the antiviral compounds described in

the documents listed in Table 1 and Table 2. The steroidal anti-in�ammatory drug may be administered by inhalation for a local effect or administered for

systemic absorption such as via an oral or intravenous route.

[1162]

The invention further provides for methods for treating SARS infection comprising administering a small molecule immunopotentiator (SMIP) compound either

alone or in combination with an antiviral compound or in combination with a SARS vaccine. In a further embodiment, the SMIP is a compound disclosed herein

or set forth in Table 34.

[1163]
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The invention further provides for methods for treating SARS infection comprising administering an immunosuppressant compound, optionally a small molecule

suppressant (SMIS) compound either alone or in combination with an antiviral compound. In a further embodiment, the immunosuppressant compound is

disclosed herein or set forth in Table 35.

[1164]

The invention further provides peptidic immunomodulating compositions, that include oligo and polypeptides, capable of effecting in�ammatory response in a

patient. In one embodiment, the peptidic immunomodulating composition is able to stimulate human cells to produce cytokines. In another embodiment the

peptidic immunomodulating composition is capable of decreasing cytokine levels in the human. Preferred Examples of peptidic immunomodulating

compositions include those listed in Table 35, as well as TGFβ2, TGFβ1, TGFβ3, thymopentin (TP5), β-mercaptopropionyl-arginyl-lysyl-aspartyl-valyl-tyrosyl-

cysteine amide, colostrinine, lactoferrin (LF), cyclolinopeptide A (CLA), and tuftsin (TKPR). The peptidic immunomodulating compositions of the invention may

be used alone or in combination with other agents, preferably antiviral compounds, for the treatment of SARS.

[1165]

The invention further provides for a kit for use by a consumer for the treatment and/or prevention of SARS. Such a kit comprises: a) a pharmaceutical

composition comprising a therapeutically effective amount of at least one antiviral, SMIP, SMIS, or other immunomodulating compound from among those

described in the US patents and published international patent applications listed in Table 1, Table 2, Table 34 and Table 35 and a pharmaceutically acceptable

carrier, vehicle or diluent; b) a container for holding the pharmaceutical composition; and, optionally, c) instructions describing a method of using the

pharmaceutical compositions for the treatment and or the prevention of SARS. The kit may optionally contain a plurality of compounds for the treatment of

SARS wherein the antiviral compounds are selected from 3C-like protease inhibitors and papain-like protease inhibitors. In a further embodiment, the kit contains

an antiviral compound that is an RNA-dependent RNA polymerase inhibitor. When the kit comprises more than one antiviral, SMIP, SMIS, or other

immunomodulating compound, the compounds contained in the kit may be optionally combined in the same pharmaceutical composition.

[1166]

An additional aspect of the invention provides for the use of at least-one of the antiviral, SMIP, SMIS, or other immunomodulating compounds described in the US

Patents and published international patent applications listed in Table 1, Table 2, Table 34 and Table 35 for the manufacture of a medicament for the treatment

or prevention of SARS.

[1167]

An additional aspect of the invention provides for the use of at least one SMIP compound, or at least one immunosuppressant compound, or at least one SMIS

compound for the manufacture of a medicament for the treatment or prevention of SARS. Preferred SMIP, immunosuppressant, and SMIS compounds are

described herein.

[1168]

Unless otherwise speci�ed, the following terms, when used within Section VI: “Compositions and Methods for Treatment of SARS Virus Infection” of the present

application have the meanings as de�ned below:

[1169]

As used herein, “limit”, “treat” and “treatment” are interchangeable terms as are “limiting” and “treating” and, as used herein, include preventative (e.g.,

prophylactic) and palliative treatment or the act of providing preventative or palliative treatment. The terms include a postponement of development of SARS

symptoms and/or a reduction in the severity of such symptoms that will or are expected to develop following infection with a SARS virus. The terms further

include ameliorating existing SARS symptoms, preventing additional symptoms, ameliorating or preventing the underlying metabolic causes of symptoms.

[1170]

Representative uses of the compositions and methods of the present invention include: the elimination or reduction of the viral load of the SARS virus in a

vertebrate, including humans, the elimination or reduction of symptoms associated with SARS, and a reduction in morbidity associated with SARS. In a SARS

patient population, the use of the compositions and methods of the invention will result in the reduction in the high mortality rates associated with SARS.

[1171]

Infection with the SARS virus and the symptoms associated with SARS can be treated in a subject by administering the compositions of the invention. The

compositions of the invention may be administered systemically. For systemic use, the compounds herein are formulated for parenteral (e.g., intravenous,

subcutaneous, intramuscular, intraperitoneal, intranasal or transdermal) or enteral (e.g., oral or rectal) delivery according to conventional methods. Intravenous

administration can be by a series of injections or by continuous infusion over an extended period. Administration by injection or other routes of discretely spaced

administration can be performed at intervals ranging from weekly to once to three times daily or more. Alternatively, the compositions disclosed herein may be

administered in a cyclical manner (administration of disclosed composition, followed by no administration, followed by administration of disclosed

compositions, and the like). Treatment will continue until the desired outcome is achieved.

[1172]

A “subject” is a vertebrate animal including a human that is in need of treatment with the compositions, methods and kits of the present invention. The term

“subject” or “subjects” is intended to refer to both the male and female gender unless one gender is speci�cally indicated.

[1173]

“Coadministration” of a combination of a plurality of antiviral compounds means that these components can be administered together as a composition or as

part of the same, unitary dosage form. “Co-administration” also includes administering a plurality of antiviral compounds separately but as part of the same

therapeutic treatment program or regimen. “Co-administration” also includes administering a plurality of other agents, such as, for example an oligopeptide, a

polypeptide, a peptidic immunomodulator, nucleic acid, antibodies, or a vaccine wherein the compounds or agents are administered separately but as part of the

same therapeutic treatment program or regimen. The components need not necessarily be administered at essentially the same time, although they can if so

desired. “Co-administration” also includes separate administration at different times and in any order. For example, where appropriate a patient may take one or

more component(s) of the treatment in the morning and the one or more of the other component(s) at night.

[1174]

By “antiviral compound” as used herein is meant an antiviral compound as described in the US patents and published international patent applications listed in

Table 1 and Table 2. The US patents and published international patent applications listed in Table 1, Table 2 and Table 35 are incorporated herein in their

entirety. In one embodiment, the antiviral compound is an RNA-dependent RNA polymerase. In another preferred embodiment the antiviral compound is a 3C-like

protease inhibitor or a papain-like protease inhibitor. The antiviral compounds may be administered in the form of the acid, or of a soluble alkali metal salt or

alkaline earth metal salt where appropriate.

[1175]

The precise dosage of the antiviral compound will vary with the dosing schedule, the oral potency of the particular antiviral compound chosen, the age, size, sex

and condition of the subject, the severity of the disorder to be treated, and other relevant medical and physical factors. Thus, a precise pharmaceutically effective

amount cannot be speci�ed in advance and can be readily determined by the caregiver or clinician.

[1176]

Generally, an appropriate amount of antiviral compound is chosen to obtain a reduction in the load of the SARS virus in the subject and/or to obtain a reduction in

the symptoms associated with SARS. For humans, an effective oral dose of antiviral compound is typically from about 1.5 to about 6000 μg/kg body weight per

day and preferably about 10 to about 2000 μg/kg of body weight per day.

[1177]

One of ordinary skill in the art will recognize that certain antiviral, SMIP, SMIS, and immunomodulating compounds of the invention including 3C-like protease

inhibitors, papain-like protease inhibitators, and RNA-dependent RNA polymerase inhibitors will contain one or more atoms that may be in a particular

stereochemical, tautomeric, or geometric con�guration, giving rise to stereoisomers, tautomers and con�gurational isomers. All such isomers and mixtures

thereof are included in this invention, when active. Crystalline and amorphous forms of the antiviral compounds of this invention are also included as are

hydrates, solvates, polymorphs, and isomorphs of the antiviral compounds of the invention.

[1178]

SMIP compounds of the invention include compounds are described in issued U.S. Pat. Nos. 4,547,511 and 4,738,971 with the general structure (a):

for the treatment of disorders responsive to agents that enhance cell-mediated immunity.

[1179]

Immunostimulatory oligonucleotides and polynucleotides are described in PCT WO 98/55495 and PCT WO 98/16247. U.S. Patent Application No. 2002/0164341

describes adjuvants including an unmethylated CpG dinucleotide (CpG ODN) and a non-nucleic acid adjuvant. U.S. Patent Application No. 2002/0197269

describes compositions comprising an antigen, an antigenic CpG-ODN and a polycationic polymer.

[1180]

Additionally, issued U.S. Pat. Nos. 4,689,338, 5,389,640, 5,268,376, 4,929,624, 5,266,575, 5,352,784, 5,494,916, 5,482,936, 5,346,905, 5,395,937, 5,238,944,

5,525,612, WO99/29693 and U.S. Ser. No. 09/361,544 disclose compounds of the general structure (b):

for the use as “immune response modi�ers.”

[1181]

Further compounds with SMIP and antiviral activity are described below and in US patent application entitled Thiosemicarbazones as Anti-Virals and

Immunopotentiators �led on Dec. 29, 2003 with an attorney docket number of PP19814.004US generally disclosing compounds of the following structures:

[1182]

A compound of formula c:[1183]
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wherein: E is absent or selected from the group consisting of alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocyclyl,

substituted heterocyclyl, heteroaryl, and substituted heteroaryl;

[1184]

L is absent or is selected from the group consisting of oxo, amino, alkylene, substituted alkylene, alkoxy, alkylamino, aminoalkyl, heterocyclyl, carbocyclyl, and

carbonyl;

[1185]

W is absent or selected from the group consisting of cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocyclyl, substituted heterocyclyl, heteroaryl, and

substituted heteroaryl;

[1186]

X is absent or is selected from the group consisting of oxo, amino, alkylene, substituted alkylene, alkoxy, alkylamino, aminoalkyl, heterocyclyl, carbocyclyl, and

carbonyl;

[1187]

Y is selected from the group consisting of cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocyclyl, substituted heterocyclyl, heteroaryl, and

substituted heteroaryl;

[1188]

Y′ is absent or is selected from the group consisting of F, Cl, Br, I, nitro, alkyl, substituted alkyl, and optionally substituted heterocyclyl, amino, alkylamino,

dialkylamino;

[1189]

Y″ is absent or is selected from the group consisting of F, Cl, Br, I, nitro, alkyl, substituted alkyl, and optionally substituted heterocyclyl, amino, alkylamino,

dialkylamino;

R′ is H, alkyl, or substituted alkyl;

R″ is H, or

R′ and R″ are taken together to form a hetercyclic ring;

Z and Z′ are independently selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroaryl,

substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl, alkoxycarbonyl, carboxyl sulfonyl, methanesulfonyl,

and substituted or unsubstituted alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy,

aralkylcarbonyloxy, heteroarylcarbonyloxy, heteroaralkylcarbonyloxy, alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl,

loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino, heteroarylamino, alkylcarbonylamino,

alkylaminocarbonylamino, arylaminocarbonylamino, aralkylcarbonylamino, heteroarylcarbonylamino, arylcarbonylamino, cycloamidino, cycloalkyl, cycloimido,

arylsulfonyl and arylsulfonamido; or

[1190]

Z and Z′ are taken together to form a heterocyclic group, that may be optionally substituted and the tautomers and the pharmaceutically acceptable salts, esters,

or prodrugs thereof.

[1191]

Further SMIP compounds are described below and in U.S. patent application Ser. No. 10/762,873, Use of Tryptanthrin Compounds for Immune Potentiation, �led

on Jan. 21, 2004 and disclosing the general embodiment of compounds represented by Formula (d):

wherein

[1192]

A, B, C, D, E, F, G, and H are independently selected from carbon and nitrogen, or A and B and/or C and D can be taken together to be nitrogen or sulfur;[1193]

R1, R2, R3, R4, R8, and R10 are independently selected from the group consisting of hydrogen, halogen, loweralkyl, alkyl, substituted alkyl, cycloalkyl, heterocyclyl,

alkylheterocyclyl, substituted heterocyclyl, substituted alkenyl, amino, (substituted alkyl)(alkyl)amino, imino, haloloweralkyl, hydroxy, alkoxy, substituted alkoxy,

hydroxyalkylthio, nitro, alkylsulfonyl, N-alkylsulfonamide, arylalkyl, arylalkylaryl, arylaryl, aryloxy, arylamino, acylamino, acyloxyamino, alkylaminoacylamino,

alkylaminosulfonylamino, alkylamino, alkenylamino, dialkylamino, alkoxyalkylamino, alkoxyalkylheterocyclyl, mercaptoalkoxyalkyl, cyano, formyl, —COOR11

wherein R11 is hydrogen, loweralkyl, aryl, heterocyclyl, monosaccharide or disaccharide, and —CONR12R13 wherein R12 and R13 are independently selected from

hydrogen, loweralkyl, aryl, heterocyclyl, saccharide, peptide and amino acid residues; or R2 and R3 taken together form a six membered aromatic ring;

[1194]

R7 and R9 are independently selected from hydrogen, halogen, loweralkyl, haloloweralkyl, cycloalkyl, heterocyclyl, substituted heterocyclyl or heterocyclylalkyl;

and

[1195]

R1, R2, R3, R4, R7, R8, R9, and R10 are absent when the ring atom to which they would otherwise be bonded is sulfur or double-bonded nitrogen; or[1196]

the a pharmaceutically acceptable salts, esters, or prodrugs thereof, provided that R1, R2, R3, R4, R7, R8, R9, and R10 are not all hydrogen when A, B, C, D, E, F, and

H are carbon.

[1197]

In one embodiment, the compounds of Formula (I) have a backbone structure wherein D is nitrogen, and A-C and E-H are carbon.[1198]

In one embodiment, when D is carbon, at least one, or at least two of R1—R4, and R7—R10 are not hydrogen.[1199]

In one embodiment, R1 through R4, and R8 and R10 are independently selected from at least two of the group consisting of hydrogen, halogen, loweralkyl,

cycloalkyl, heterocyclyl, substituted heterocyclyl, alkylheterocyclyl, amino, imino, haloloweralkyl, alkoxy, nitro, alkylsulfonyl, arylalkyl, arylalkylaryl, arylaryl, aryloxy,

arylamino, acylamino, acyloxyamino, alkylaminoacylamino, alkylaminosulfonylamino, alkylamino, alkenylamino, dialkylamino, alkoxyalkylamino,

alkoxyalkylheterocyclyl, mercaptoalkoxyalkyl, cyano, formyl, —COOR11 where R11 is hydrogen, loweralkyl, aryl, heterocyclyl, monosaccharide or disaccharide, and

—CONR12R13 where R12 and R13 are independently selected from hydrogen, loweralkyl, aryl, heterocyclyl, saccharide, peptide and amino acid residues; and R4 is

not present when D is nitrogen.

[1200]

In an additional embodiment, 4A, B, C, D, E, F, G, and H are independently selected from carbon and nitrogen;[1201]

R1, R2, R3, R4, R8 and R10 are independently selected from the group consisting of hydrogen, halogen, loweralkyl, alkyl, substituted alkyl, heterocyclyl, substituted

heterocyclyl, substituted alkenyl, (substituted alkyl)(alkyl)amino, haloloweralkyl, hydroxy, alkoxy, substituted alkoxy, hydroxyalkylthio, nitro, N-alkylsulfonamide,

cyano, —COOR11 wherein R11 is hydrogen, loweralkyl, aryl, heterocyclyl, monosaccharide or disaccharide, and —CONR12R13 wherein R12 and R13 are

independently selected from hydrogen, loweralkyl, aryl, heterocyclyl, saccharide, peptide and amino acid residues.

[1202]

For the compounds described herein:[1203]

The term “loweralkyl” refers to branched or straight chain acyclical alkyl groups comprising one to ten carbon atoms, including, e.g., methyl, ethyl, propyl,

isopropyl, n-butyl, t-butyl, neopentyl and the like.

[1204]

The term “alkyl” refers to alkyl groups that do not contain heteroatoms. Thus the term includes straight chain alkyl groups such as methyl, ethyl, propyl, butyl,

pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like. The phrase also includes branched chain isomers of straight chain alkyl groups, including

but not limited to, the following that are provided by way of example: —CH(CH3)2, —CH(CH3)(CH2CH3), —CH(CH2CH3)2, —C(CH3)3, —C(CH2CH3)3,

—CH2CH(CH3)2, —CH2CH(CH3)(CH2CH3), —CH2CH(CH2CH3)2, —CH2C(CH3)3, —CH2C(CH2CH3)3, —CH(CH3)CH(CH3)(CH2CH3), —CH2CH2CH(CH3)2,

—CH2CH2CH(CH3)(CH2CH3), —CH2CH2CH(CH2CH3)2, —CH2CH2C(CH3)3, —CH2CH2C(CH2CH3), —CH(CH3)CH2CH(CH3)2, —CH(CH3)CH(CH3)CH(CH3)2,

—CH(CH2CH3)CH(CH3)CH(CH3)(CH2CH3), and others. The term also includes cyclic alkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycloheptyl, and cyclooctyl and such rings substituted with straight and branched chain alkyl groups as de�ned above. The term also includes polycyclic alkyl

groups such as, but not limited to, adamantyl norbornyl, and bicyclo[2.2.2]octyl and such rings substituted with straight and branched chain alkyl groups as

de�ned above. Thus, the phrase unsubstituted alkyl groups includes primary alkyl groups, secondary alkyl groups, and tertiary alkyl groups. Unsubstituted alkyl

groups may be bonded to one or more carbon atom(s), oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the parent compound. Preferred unsubstituted

alkyl groups include straight and branched chain alkyl groups and cyclic alkyl groups having 1 to 20 carbon atoms. More preferred such unsubstituted alkyl

groups have from 1 to 10 carbon atoms while even more preferred such groups have from 1 to 5 carbon atoms. Most preferred unsubstituted alkyl groups

include straight and branched chain alkyl groups having from 1 to 3 carbon atoms and include methyl, ethyl, propyl, and —CH(CH3)2.

[1205]

The phrase “substituted alkyl” refers to an unsubstituted alkyl group as de�ned above in which one or more bonds to a carbon(s) or hydrogen(s) are replaced by

a bond to non-hydrogen and non-carbon atoms such as, but not limited to, a halogen atom in halides such as F, Cl, Br, and I; a phosphorus atom in groups such

as phosphate and dialkyl alkylphosphonate; oxygen atom in groups such as hydroxyl groups, alkoxy groups, aryloxy groups, and ester groups; a sulfur atom in

groups such as thiol groups, alkyl and aryl sul�de groups, sulfone groups, sulfonyl groups, and sulfoxide groups; a nitrogen atom in groups such as amines,

[1206]
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amides, alkylamines, dialkylamines, arylamines, alkylarylamines, diarylamines, N-oxides, imides, and enamines; a silicon atom in groups such as in trialkylsilyl

groups, dialkylarylsilyl groups, alkyldiarylsilyl groups, and triarylsilyl groups; and other heteroatoms in various other groups. Substituted alkyl groups also include

groups in which one or more bonds to a carbon(s) or hydrogen(s) atom is replaced by a bond to a heteroatom such as oxygen in carbonyl, carboxyl, and ester

groups; nitrogen in groups such as imines, oximes, hydrazones, and nitriles. Preferred substituted alkyl groups include, among others, alkyl groups in which one

or more bonds to a carbon or hydrogen atom is/are replaced by one or more bonds to �uorine atoms. One example of a substituted alkyl group is the

tri�uoromethyl group and other alkyl groups that contain the tri�uoromethyl group. Other alkyl groups include those in which one or more bonds to a carbon or

hydrogen atom is replaced by a bond to an oxygen atom such that the substituted alkyl group contains a hydroxyl, alkoxy, aryloxy group, or heterocyclyloxy group.

Still other alkyl groups include alkyl groups that have an amine, alkylamine, dialkylamine, arylamine, (alkyl)(aryl)amine,diarylamine, heterocyclylamine, (alkyl)

(heterocyclyl)amine, (aryl)(heterocyclyl)amine, or diheterocyclylamine group.

The term “alkoxy” refers to RO— wherein R, for example, is alkyl such as loweralkyl de�ned above. Representative examples of loweralkyl alkoxy groups include

methoxy, ethoxy, t-butoxy and the like.

[1207]

The phrase “substituted alkoxy” refers to RO—, where R is, for example, an alkyl substituted, for example, with a halogen. RO is for example OCF3.[1208]

The term “alkenyl” refers to a branched or straight chain groups comprising two to twenty carbon atoms that also comprises one or more carbon-carbon double

bonds. Representative alkenyl groups include prenyl, 2-propenyl (i.e., allyl), 3-methyl-2-butenyl, 3,7-dimethyl-2,6-octadienyl, 4,8-dimethyl-3,7-nonadienyl, 3,7,11-

trimethyl-2,6,10-dodecatrienyl and the like.

[1209]

The phrase “substituted alkenyl” refers to alkenyl groups that are substituted, for example, diethyl hex-5-enylphosponate, and others with an alkyl or substituted

alkyl group such as dialkyl phosphate or an ester such as an acetate ester.

[1210]

The phrase “dialkyl amino” refers to an amino group substituted with two alkyl groups such as C1-20 alkyl groups.[1211]

The phrase “substituted dialkyl amino” refers to a dialkylamino substituted, for example, with a carboxylic acid, ester, hydroxy or alkoxy.[1212]

The term “hydroxyalkylthio” refers to a thio radical to which is appended a hydroxyalkyl group, where the alkyl is for example lower alkyl. An example is

hydroxyethylthio, —SCH2CH2OH.

[1213]

The term “N-alkylsulfonamide” refers to the group —SO2NHalkyl, where alkyl is, for example, octyl.[1214]

The term “alkynyl” refers to a branched or straight chain comprising two to twenty carbon atoms that also comprises one or more carbon-carbon triple bonds.

Representative alkynyl groups include ethynyl, 2-propynyl (propargyl), 1-propynyl and the like.

[1215]

The term “aryl” refers to aryl groups that do not contain heteroatoms. Thus the term includes, but is not limited to, groups such as phenyl, biphenyl, anthracenyl,

naphthenyl by way of example. Although the phrase “unsubstituted aryl” includes groups containing condensed rings such as naphthalene, it does not include

aryl groups that have other groups such as alkyl or halo groups bonded to one of the ring members, as aryl groups such as tolyl are considered herein to be

substituted aryl groups as described below. A preferred unsubstituted aryl group is phenyl. Unsubstituted aryl groups may be bonded to one or more carbon

atom(s), oxygen atom(s), nitrogen atom(s), and/or sulfur atom(s) in the parent compound, however.

[1216]

The phrase “substituted aryl group” has the same meaning with respect to aryl groups that substituted alkyl groups had with respect to alkyl groups. However, a

substituted aryl group also includes aryl groups in which one of the aromatic carbons is bonded to one of the non-carbon or non-hydrogen atoms described

above and also includes aryl groups in which one or more aromatic carbons of the aryl group is bonded to a substituted and/or unsubstituted alkyl, alkenyl, or

alkynyl group as de�ned herein. This includes bonding arrangements in which two carbon atoms of an aryl group are bonded to two atoms of an alkyl, alkenyl, or

alkynyl group to de�ne a fused ring system (e.g. dihydronaphthyl or tetrahydronaphthyl). Thus, the phrase “substituted aryl” includes, but is not limited to tolyl,

and hydroxyphenyl among others.

[1217]

The term “arylalkyl” refers to a loweralkyl radical to which is appended an aryl group. Representative arylalkyl groups include benzyl, phenylethyl, hydroxybenzyl,

�uorobenzyl, �uorophenylethyl and the like.

[1218]

The phrase “unfused arylaryl” refers to a group or substituent to which two aryl groups, that are not condensed to each other, are bound. Exemplary unfused

arylaryl compounds include, for example, phenylbenzene, diphenyldiazene, 4-methylthio-1-phenylbenzene, phenoxybenzene, (2-phenylethynyl)benzene, diphenyl

ketone, (4-phenylbuta-1,3-diynyl)benzene, phenylbenzylamine, (phenylmethoxy)benzene, and the like. Preferred substituted unfused arylaryl groups include:

2-(phenylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 1,4-diphenylbenzene, N-[4-(2-phenylethynyl)phenyl]-2-[benzylamino]acetamide, 2-amino-N-[4-(2-

phenylethynyl)phenyl]propanamide, 2-amino-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-(cyclopropylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide,

2-(ethylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-[(2-methylpropyl)amino]-N-[4-(2-phenylethynyl)phenyl]acetamide, 5-phenyl-2H-benzo[d]1,3-dioxolene,

2-chloro-1-methoxy-4-phenylbenzene, 2-[(imidazolylmethyl)amino]-N-[4-(2-phenylethynyl)phenyl]acetamide, 4-phenyl-1-phenoxybenzene, N-(2-aminoethyl)[4-(2-

phenylethynyl)phenyl]carboxamide, 2-{[(4-�uorophenyl)methyl]amino}-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-{[(4-methylphenyl)methyl]amino}-N-[4-(2-

phenylethynyl)phenyl]acetamide, 4-phenyl-1-(tri�uoromethyl)benzene, 1-butyl-4-phenylbenzene, 2-(cyclohexylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide,

2-(ethylmethylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-(butylamino)-N-[4-(2-phenylethynyl)phenyl]acetamide, N-[4-(2-phenylethynyl)phenyl]-2-(4-

pyridylamino)acetamide, N-[4-(2-phenylethynyl)phenyl]-2-(quinuclidin-3-ylamino)acetamide, N-[4-(2-phenylethynyl)phenyl]pyrrolidin-2-ylcarboxamide, 2-amino-

3-methyl-N-[4-(2-phenylethynyl)phenyl]butanamide, 4-(4-phenylbuta-1,3-diynyl)phenylamine, 2-(dimethylamino)-N-[4-(4-phenylbuta-1,3-diynyl)phenyl]acetamide,

2-(ethylamino)-N-[4-(4-phenylbuta-1,3-diynyl)phenyl]acetamide, 4-ethyl-1-phenylbenzene, 1-[4-(2-phenylethynyl)phenyl]ethan-1-one, N-(1-carbamoyl-

2-hydroxypropyl)[4-(4-phenylbuta-1,3-diynyl)phenyl]carboxamide, N-[4-(2-phenylethynyl)phenyl]propanamide, 4-methoxyphenyl phenyl ketone, phenyl-

N-benzamide, (tert-butoxy)-N-[(4-phenylphenyl)methyl]carboxamide, 2-(3-phenylphenoxy)ethanehydroxamic acid, 3-phenylphenyl propanoate, 1-(4-ethoxyphenyl)-

4-methoxybenzene, and [4-(2-phenylethynyl)phenyl]pyrrole.

[1219]

The phrase “unfused heteroarylaryl” refers to a unfused arylaryl group where one of the aryl groups is a heteroaryl group. Exemplary heteroarylaryl groups

include, for example, 2-phenylpyridine, phenylpyrrole, 3-(2-phenylethynyl)pyridine, phenylpyrazole, 5-(2-phenylethynyl)-1,3-dihydropyrimidine-2,4-dione, 4-phenyl-

1,2,3-thiadiazole, 2-(2-phenylethynyl)pyrazine, 2-phenylthiophene, phenylimidazole, 3-(2-piperazinylphenyl)furan, 3-(2,4-dichlorophenyl)-4-methylpyrrole, and the

like. Preferred substituted unfused heteroarylaryl groups include: 5-(2-phenylethynyl)pyrimidine-2-ylamine, 1-methoxy-4-(2-thienyl)benzene, 1-methoxy-3-(2-

thienyl)benzene, 5-methyl-2-phenylpyridine, 5-methyl-3-phenylisoxazole, 2-[3-(tri�uoromethyl)phenyl]furan, 3-�uoro-5-(2-furyl)-2-methoxy-1-prop-2-enylbenzene,

(hydroxyimino)(5-phenyl(2-thienyl))methane, 5-[(4-methylpiperazinyl)methyl]-2-phenylthiophene, 2-(4-ethylphenyl)thiophene, 4-methylthio-1-(2-thienyl)benzene,

2-(3-nitrophenyl)thiophene, (tert-butoxy)-N-[(5-phenyl(3-pyridyl))methyl]carboxamide, hydroxy-N-[(5-phenyl(3-pyridyl))methyl]amide, 2-(phenylmethylthio)pyridine,

and benzylimidazole.

[1220]

The phrase “unfused heteroarylheteroaryl” refers to an unfused arylaryl group where both of the aryl groups is a heteroaryl group. Exemplary heteroarylheteroaryl

groups include, for example, 3-pyridylimidazole, 2-imidazolylpyrazine, and the like. Preferred substituted unfused heteroarylheteroaryl groups include: 2-(4-

piperazinyl-3-pyridyl)furan, diethyl(3-pyrazin-2-yl(4-pyridyl))amine, and dimethyl {2-[2-(5-methylpyrazin-2-yl)ethynyl](4-pyridyl)}amine.

[1221]

The phrase “fused arylaryl” refers to an aryl group as previously de�ned that is condensed, and fully conjugated to an aryl group. Representative fused arylaryl

groups include biphenyl, 4-(1-naphthyl)phenyl, 4-(2-naphthyl)phenyl and the like.

[1222]

The phrase “fused heteroarylaryl” refers to an aryl group as previously de�ned that is condensed, and fully conjugated with a heteroaryl group. Representative

fused heteroarylaryl groups include quinoline, quinazoline and the like.

[1223]

The phrase “fused heteroarylheteroaryl” refers to a heteroaryl group as previously de�ned that is condensed, and fully conjugated with another heteroaryl group.

Representative fused heteroarylheteroaryl groups include pyrazalopyrimidine, imidazoquinoline and the like.

[1224]

The term “aryloxy” refers to RO— wherein R is an aryl group. Representative arylalkoxy group include benzyloxy, phenylethoxy and the like.[1225]

The term “arylalkoxy” refers to a lower alkoxy radical to which is appended an aryl group. Representative arylalkoxy group include benzyloxy, phenylethoxy and

the like.

[1226]

The term “aryloxyaryl” refers to an aryl radical to which is appended an aryloxy group. Representative aryloxyaryl groups include 4-phenoxyphenyl,

3-phenoxyphenyl, 4-phenoxy-1-naphthyl, 3-phenoxy-1-naphthyl and the like.

[1227]

The term “aryloxyarylalkyl” refers to an arylalkyl radical to which is appended an aryloxy group. Representative aryloxyarylalkyl groups include

4-phenoxyphenylmethyl, 3-phenoxyphenylmethyl, 4-phenoxyphenylethyl, 3-phenoxy-phenylethyl and the like.

[1228]

The term “arylalkoxyaryl” refers to an aryl radical to which is appended an arylalkoxy group. Representative arylalkoxyaryl groups include 4-benzyloxylphenyl,

3-benzyloxyphenyl and the like.

[1229]

The term “arylalkoxyarylalkyl” refers to an arylalkyl radical to which is appended an arylalkoxy group. Representative arylalkoxyarylalkyl groups include

4-benzyloxylbenzyl, 3-benzyloxybenzyl and the like.

[1230]

The term “cycloalkyl” refers to an alicyclic group comprising from 3 to 7 carbon atoms including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl and the like.

[1231]

The term “cycloalkylalkyl” refers to a loweralkyl radical to which is appended a cycloalkyl group. Representative examples of cycloalkylalkyl include

cyclopropylmethyl, cyclohexylmethyl, 2-(cyclopropyl)ethyl and the like.

[1232]

The term “halogen” refers to iodine, bromine, chlorine or �uorine; “halo” refers to iodo, bromo, chloro or �uoro.[1233]

The term “haloalkyl” refers to a lower alkyl radical, as de�ned above, bearing at least one halogen substituent, for example, chloromethyl, �uoroethyl or

tri�uoromethyl and the like.

[1234]
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The term “heterocyclyl” (or heterocyclic, or heterocyclo) refers to both aromatic and nonaromatic ring compounds including monocyclic, bicyclic, and polycyclic

ring compounds such as, but not limited to, quinuclidyl, containing 3 or more ring members of which one or more is a heteroatom such as, but not limited to, N,

O, and S. Although the phrase “unsubstituted heterocyclyl” includes condensed heterocyclic rings such as benzimidazolyl, it does not include heterocyclyl groups

that have other groups such as alkyl or halo groups bonded to one of the ring members as compounds such as 2-methylbenzimidazolyl are substituted

heterocyclyl groups. Examples of heterocyclyl groups include, but are not limited to: unsaturated 3 to 8 membered rings containing 1 to 4 nitrogen atoms such

as, but not limited to pyrrolyl, pyrrolinyl, imidazolyl, pyrazolyl, pyridyl, dihydropyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl (e.g. 4H-1,2,4-triazolyl, 1H-1,2,3-

triazolyl, 2H-1,2,3-triazolyl etc.), tetrazolyl, (e.g. 1H-tetrazolyl, 2H tetrazolyl, etc.); saturated 3 to 8 membered rings containing 1 to 4 nitrogen atoms such as, but

not limited to, pyrrolidinyl, imidazolidinyl, piperidinyl, piperazinyl; condensed unsaturated heterocyclic groups containing 1 to 4 nitrogen atoms such as, but not

limited to, indolyl, isoindolyl, indolinyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl, indazolyl, benzotriazolyl; unsaturated 3 to 8 membered rings containing 1

to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but not limited to, oxazolyl, isoxazolyl, oxadiazolyl (e.g. 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2,5-

oxadiazolyl, etc.); saturated 3 to 8 membered rings containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms such as, but not limited to, morpholinyl;

unsaturated condensed heterocyclic groups containing 1 to 2 oxygen atoms and 1 to 3 nitrogen atoms, for example, benzoxazolyl, benzoxadiazolyl, benzoxazinyl

(e.g. 2H-1,4-benzoxazinyl etc.); unsaturated 3 to 8 membered rings containing 1 to 3 sulfur atoms and 1 to 3 nitrogen atoms-such as, but not limited to, thiazolyl,

isothiazolyl, thiadiazolyl (e.g. 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, etc.); saturated 3 to 8 membered rings containing 1 to 2

sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited to, thiazolodinyl; saturated and unsaturated 3 to 8 membered rings containing 1 to 2 sulfur atoms

such as, but not limited to, thienyl, dihydrodithiinyl, dihydrodithionyl, tetrahydrothiophene, tetrahydrothiopyran; unsaturated condensed heterocyclic rings

containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited to, benzothiazolyl, benzothiadiazolyl, benzothiazinyl (e.g. 2H-1,4-benzothiazinyl,

etc.), dihydrobenzothiazinyl (e.g. 2H-3,4-dihydrobenzothiazinyl, etc.), unsaturated 3 to 8 membered rings containing oxygen atoms such as, but not limited to

furyl; unsaturated condensed heterocyclic rings containing 1 to 2 oxygen atoms such as benzodioxolyl (e.g. 1,3-benzodioxoyl, etc.); unsaturated 3 to 8 membered

rings containing an oxygen atom and 1 to 2 sulfur atoms such as, but not limited to, dihydrooxathiinyl; saturated 3 to 8 membered rings containing 1 to 2 oxygen

atoms and 1 to 2 sulfur atoms such as 1,4-oxathiane; unsaturated condensed rings containing 1 to 2 sulfur atoms such as benzothienyl, benzodithiinyl; and

unsaturated condensed heterocyclic rings containing an oxygen atom and 1 to 2 oxygen atoms such as benzoxathiinyl. Heterocyclyl group also include those

described above in which one or more S atoms in the ring is double-bonded to one or two oxygen atoms (sulfoxides and sulfones). For example, heterocyclyl

groups include tetrahydrothiophene, tetrahydrothiophene oxide, and tetrahydrothiophene 1,1-dioxide. Preferred heterocyclyl groups contain 5 or 6 ring members.

More preferred heterocyclyl groups include morpholine, piperazine, piperidine, pyrrolidine, imidazole, pyrazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,

thiomorpholine, thiomorpholine in which the S atom of the thiomorpholine is bonded to one or more O atoms, pyrrole, homopiperazine, oxazolidin-2-one,

pyrrolidin-2-one, oxazole, quinuclidine, thiazole, isoxazole, furan, and tetrahydrofuran.

[1235]

The phrase “substituted heterocyclyl” refers to an heterocyclyl group as de�ned above in which one of the ring members is bonded to a non-hydrogen atom such

as described above with respect to substituted alkyl groups and substituted aryl groups. Examples, include, but are not limited to, 2-methylbenzimidazolyl,

5-methylbenzimidazolyl, 5-chlorobenzthiazolyl, 1-methyl piperazinyl, and 2-chloropyridyl among others.

[1236]

“Aminosulfonyl” refers to the group -S(O) 2-NH2. “Substituted aminosulfonyl” refersto the group —S(O)2—NRR′ where R is loweralkyl and R′ is hydrogen or a

loweralkyl. The term “aralkylaminosulfonlyaryl” refers to the group -aryl-S(O)2—NH-aralkyl, where the aralkyl is loweraralkyl.

[1237]

“Carbonyl” refers to the divalent group —C(O)—.[1238]

“Carbonyloxy” refers generally to the group —C(O)—O—,. Such groups include esters, —C(O)—O—R, where R is loweralkyl, cycloalkyl, aryl, or loweraralkyl. The term

“carbonyloxycycloalkyl” refers generally to both an “carbonyloxycarbocycloalkyl” and an “carbonyloxyheterocycloalkyl”, i.e., where R is a carbocycloalkyl or

heterocycloalkyl, respectively. The term “arylcarbonyloxy” refers to the group —C(O)—O-aryl, where aryl is a mono- or polycyclic, carbocycloaryl or heterocycloaryl.

The term “aralkylcarbonyloxy” refers to the group —C(O)—O-aralkyl, where the aralkyl is loweraralkyl.

[1239]

The term “sulfonyl” refers to the group —SO2—. “Alkylsulfonyl” refers to a substituted sulfonyl of the structure —SO2R— in which R is alkyl. Alkylsulfonyl groups

employed in compounds of the present invention are typically loweralkylsulfonyl groups having from 1 to 6 carbon atoms in its backbone structure. Thus, typical

alkylsulfonyl groups employed in compounds of the present invention include, for example, methylsulfonyl (i.e., where R is methyl), ethylsulfonyl (i.e., where R is

ethyl), propylsulfonyl (i.e., where R is propyl), and the like. The term “arylsulfonyl” refersto the group —SO2-aryl. The term “aralkylsulfonyl” refers to the group

—SO2-aralkyl, in which the aralkyl is loweraralkyl. The term “sulfonamido” refers to —SO2NH2.

[1240]

The term “carbonylamino” refers to the divalent group —NH—C(O)— in which the hydrogen atom of the amide nitrogen of the carbonylamino group can be

replaced a loweralkyl, aryl, or loweraralkyl group. Such groups include moieties such as carbamate esters (—NH—C(O)—O—R) and amides —NH—C(O)—O—R,

where R is a straight or branched chain loweralkyl, cycloalkyl, or aryl or loweraralkyl. The term “loweralkylcarbonylamino” refers to alkylcarbonylamino where R is

a loweralkyl having from 1 to about 6 carbon atoms in its backbone structure. The term “arylcarbonylamino” refers to group —NH—C(O)—R where R is an aryl.

Similarly, the term “aralkylcarbonylamino ” refers to carbonylamino where R is a lower aralkyl.

[1241]

The term “guanidino” or “guanidyl” refers to moieties derived from guanidine, H2N—C(═NH)—NH2. Such moieties include those bonded at the nitrogen atom

carrying the formal double bond (the “2”-position of the guanidine, e.g., diaminomethyleneamino, (H2N)2C═NH—) and those bonded at either of the nitrogen

atoms carrying a formal single bond (the “1-” and/or “3”-positions of the guandine, e.g., H2N—C(═NH)—NH—). The hydrogen atoms at any of the nitrogens can be

replaced with a suitable substituent, such as loweralkyl, aryl, or loweraralkyl.

[1242]

Representative cycloimido and heterocycloimido groups include, for example, those shown below. These cycloimido and heterocycloimido can be further

substituted and may be attached at various positions as will be apparent to those having skill in the organic and medicinal chemistry arts in conjunction with the

disclosure herein.

[1243]
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Representative substituted amidino and heterocycloamidino groups include, for example, those shown below. These amidino and heterocycloamidino groups

can be further substituted as will be apparent to those having skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein.

[1244]

Representative substituted alkylcarbonylamino, alkyloxycarbonylamino, aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those

shown below. These groups can be further substituted as will be apparent to those having skill in the organic and medicinal chemistry arts in conjunction with

the disclosure herein.

[1245]

Representative substituted aminocarbonyl groups include, for example, those shown below. These can heterocyclo groups be further substituted as will be

apparent to those having skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein.

[1246]
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Representative substituted alkoxycarbonyl groups include, for example, those shown below. These alkoxycarbonyl groups can be further substituted as will be

apparent to those having skill in the organic and medicinal chemistry arts in conjunction with the disclosure herein.

[1247]

“Substituted” refers to the de�nite replacement of hydrogen with one or more monovalent or divalent radicals. Suitable substitution groups include, those

described herein for particular groups, as well as hydroxyl, nitro, amino, imino, cyano, halo, thio, thioamido, amidino, imidino, oxo, oxamidino, methoxamidino,

imidino, guanidino, sulfonamido, carboxyl, formyl, alkyl, substituted alkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyl, alkylcarbonyl,

arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, aminoalkyl, cyanoalkyl, benzyl, pyridyl, pyrazolyl, pyrrole, thiophene, imidazolyl,

and the like.

[1248]

The term “linking moiety” refers to a covalent bond or an uncyclized divalent group, such as, for example, —CO—, —O—, —S—, —CH2—, —NH—, and substituted or

unsubstituted alkyl, alkenyl, alkynyl, carbonyl, alkoxycarbonyl groups as de�ned herein.

[1249]

The term “SMIP compound” refers to small molecule immunopotentiating compounds, that include small molecule compounds below about MW 1000 g/mol,

preferably MW 800 g/mol that are capable of stimulating or modulating a pro-in�ammatory response in a patient. In an embodiment, the SMIP compounds are

able to stimulate human peripheral blood mononuclear cells to produce cytokines. Preferred SMIP compounds and derivatives thereof include, for example,

aminoazavinyl compounds, benzazole compounds, acylpiperazine compounds, indoledione compounds, tetrahydroisoquinoline (THIQ) compounds,

anthraquinone compounds, indanedione compounds, pthalimide compounds, benzocyclodione compounds, aminobenzimidazole quinolinone (ABIQ)

compounds, hydraphthalimide compounds, pyrazolopyrimidine compounds, quinazilinone compounds, quinoxaline compounds, triazine compounds,

tetrahydropyrrolidinoquinoxaline compounds, pyrrole compounds, benzophenone compounds, sterol compound, and isoxazole compounds.

[1250]

The term “SMIS compound” refers to small molecule immunosuppressant compounds, that include small molecule compounds below about about MW 1000

g/mol, preferably MW 800 g/mol, capable of suppressing or modulating a pro-in�ammatory response in a patient.

[1251]

Acylpiperazine compounds as described throughout this application include compounds of formula (III) as shown below:

wherein,

[1252]

R9 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, arylalkyl, arylalkenyl, heteroarylalkyl, and

heteroarylalkenyl;

R10 is substituted or unsubstituted alkyl;

n is an integer from 0-2; and

if D1 is carbon than D2 is oxygen, D3 is absent, and D4 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

carbocycyl, alkoxyaryl, fused arylaryl, fused arylheteroaryl, and fused heteroarylaryl; or,

if D1 is nitrogen than D2 is nitrogen, D4 is absent, and D3 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl,

carbocycyl, alkoxyaryl, fused arylaryl, fused arylheteroaryl, and fused heteroarylaryl.

Indoledione compounds as described throughout this application include compounds of formula (IV) as shown below:

wherein,

[1258]

R11 and R12 are independently selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and substituted

or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy,

heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl groups; and,
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R13 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,

heterocyclylalkyl, and alkylbenzyl.

Tetrahydroisoquinoline (THIQ) compounds as described throughout this application include compounds of formula (V) as shown below:

wherein,

[1261]

L is a covalent bond or selected from the group consisting of —CH2—, —CO—, —O—, —S—, CHF, —NH—, —NR20—, where R20 is lower alkyl;

R14 is selected from the group consisting of hydrogen, halogen, and substituted or unsubstituted alkyl;

R15 is selected from the group consisting of substituted or unsubstituted carbocyclyl, aryl, arylalkyl, alkoxyaryl, heteroaryl, heterocyclyl;

R16 is selected from the group consisting of hydrogen, halogen, and substituted or unsubstituted alkyl;

R17 is selected from the group consisting of hydrogen, halogen, and substituted or unsubstituted alkyl; and,

P18 and R19 are independently selected from the group consisting of H, hydroxy, halogen, alkoxy, amino, unsubstituted alkyl, substituted alkyl,

and alkylamino.

Benzocyclodione compounds as described throughout this application include compounds of formula (VI) as shown below:

wherein,

[1268]

E is selected from the group consisting of NR25 or CR26R27;

R21, R23, and R24 are independently selected from the group consisting of H, hydroxy, halogen, alkoxy, amino, unsubstituted alkyl, substituted

alkyl, and alkylamino;

R22 is selected from the group consisting or H, hydroxy, halogen, alkoxy, amino, and unsubstituted or substituted alkyl, and alkylamino, arylalkyl,

heteroarylalkyl, aryl, heteroaryl, arylcarbonyl, heterocyclyl, heterocyclylalkyl, and heteroarylcarbonyl;

R25 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, heterocyclyl, carbocyclyl, arylalkyl, heteroarylalkyl, and

heterocyclyalkyl;

R26 is selected from the group consisting of H, halogen, hydroxy, amino, and substituted or unsubstituted alkyl, carbonylalkyl, and

alkylcarbonylalkyl; and,

R27 is selected from the group aryl, arylalkyl, heteroarylalkyl, heterocyclyl, heterocyclylalkyl, carbocyclyl, arylcarbonylalkyl, and arylalkylcarbonyl.

Aminoazavinyl compounds as described throughout this application include compounds of formula (VII) as shown below:

wherein,

[1275]

G is either S or NH;

R28 is selected from the group consisting of H, and substituted or unsubstituted alkyl, aryl, heteroaryl, heteroarylalkyl, arylalkyl, carbocyclyl,

carbocyclylalkyl, heterocyclyl, and heterocyclylalkyl;

Q is selected from the group consisting of hydrogen, substituted alkyl, unsubstituted alkyl, and aryl, substituted aryl, heteroaryl, substituted

heteroaryl, heterocyclyl, substituted heterocyclyl, fused or unfused arylaryl, substituted arylaryl, arylheteroaryl, substituted arylheteroaryl,

heteroarylheteroaryl, and substituted heteroarylheteroaryl;

V1 is selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, heteroaryl, substituted

heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl, alkoxycarbonyl, carboxyl sulfonyl,

methanesulfonyl, and substituted or unsubstituted alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl,

alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy, heteroaralkylcarbonyloxy, alkylaminocarbonyloxy,

arylaminocarbonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy,

alkylamino, heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino, arylaminocarbonylamino, aralkylcarbonylamino,

heteroarylcarbonylamino, arylcarbonylamino, cycloamidino, cycloalkyl, cycloimido, arylsulfonyl and arylsulfonamido; and,

V2 is selected from the group consisting of hydrodgen, halogen, alkyl, substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,

heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, alkoxy, substituted alkoxy, aminocarbonyl, alkoxycarbonyl,

carboxyl sulfonyl, methanesulfonyl, and substituted or unsubstituted alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,

heteroaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy, heteroaralkylcarbonyloxy,

alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, aminoalkoxy, alkylamino, heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino, arylaminocarbonylamino,

aralkylcarbonylamino, heteroarylcarbonylamino, arylcarbonylaamino, cycloamidino, cycloalkyl, cycloimido, arylsulfonyl and arylsulfonamido.

Lactam compounds as described throughout this application include compounds of formula (VIII) as shown below:

wherein,

[1281]

W1 is selected from the group consisting of —OH, —OR36 groups, —NR37R38;

W2 is selected from the group consisting of O, S, and NR39 groups;

R29 and R30 join to form a 5 to 6 membered substituted or unsubstituted ring comprising all carbon atoms or at least one O, N, or S atom;

R35 and R39 may be the same or different and are selected from the group consisting of H, —OH substituted and unsubstituted alkyl groups,

substituted and unsubstituted aryl groups, —C(═O)H, —C(═O)-alkyl groups, and —C(═O)-aryl groups;

R31, R32, R33, and R34 may be the same or different and are independently selected from the group consisting of H, Cl, Br, F, I, —NO2, —CN, —OH,

—OR40 groups, —NR41R42 groups, —C(═O)R43 groups, —SH groups, substituted and unsubstituted amidinyl groups, substituted and

unsubstituted guanidinyl groups, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups, substituted and

unsubstituted alkenyl groups, substituted and unsubstituted alkynyl groups, substituted and unsubstituted heterocyclyl groups, substituted and

unsubstituted alkylaminoalkyl groups, substituted and unsubstituted dialkylaminoalkyl groups, substituted and unsubstituted arylaminoalkyl
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groups, substituted and unsubstituted diarylaminoalkyl groups, substituted and unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted and

unsubstituted heterocyclylalkyl groups, substituted and unsubstituted aminoalkyl groups, substituted and unsubstituted heterocyclylaminoalkyl

groups, substituted and unsubstituted diheterocyclylaminoalkyl groups, substituted and unsubstituted (alkyl)(heterocyclyl)aminoalkyl groups,

substituted and unsubstituted (aryl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl groups, substituted and

unsubstituted alkoxyalkyl groups, substituted and unsubstituted aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl

groups;

R36 is selected from the group consisting of substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups, substituted

and unsubstituted heterocyclyl groups, substituted and unsubstituted heterocyclylalkyl groups, —C(═O)H, —C(═O)-alkyl groups, —C(═O)-aryl

groups, —C(═O)O-alkyl groups, —C(═O)O-aryl groups, —C(═O)NH2, —C(═O)NH(alkyl) groups, —C(═O)NH(aryl) groups, —C(═O)N(alkyl)2 groups,

—C(═O)N(aryl)2 groups, —C(═O)N(alkyl)(aryl) groups, —NH2, —NH(alkyl) groups, —NH(aryl) groups, —N(alkyl)2 groups, —N(alkyl)(aryl) groups,

—N(aryl)2 groups, —C(═O)NH(heterocyclyl) groups, —C(═O)N(heterocyclyl)2 groups, —C(═O)N(alkyl)(heterocyclyl) groups, and —C(═O)N(aryl)

(heterocyclyl) groups;

R37 is selected from the group consisting of H, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups, and

substituted and unsubstituted heterocyclyl groups;

R38 is selected from the group consisting of H, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups,

substituted and unsubstituted heterocyclyl groups, —OH, alkoxy groups, aryloxy groups, —NH2, substituted and unsubstituted heterocyclylalkyl

groups, substituted and unsubstituted aminoalkyl groups, substituted and unsubstituted alkylaminoalkyl groups, substituted and unsubstituted

dialkylaminoalkyl groups, substituted and unsubstituted arylaminoalkyl groups, substituted and unsubstituted diarylaminoalkyl groups,

substituted and unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted and unsubstituted alkylamino groups, substituted and unsubstituted

arylamino groups, substituted and unsubstituted dialkylamino groups, substituted and unsubstituted diarylamino groups, substituted and

unsubstituted (alkyl)(aryl)amino groups, —C(═O)H, —C(═O)-alkyl groups, —C(═O)-aryl groups, —C(═O)O-alkyl groups, —C(═O)O-aryl groups,

—C(═O)NH2, —C(═O)NH(alkyl) groups, —C(═O)NH(aryl) groups, —C(═O)N(alkyl)2 groups, —C(═O)N(aryl)2 groups, —C(═O)N(alkyl)(aryl) groups,

—C(═O)-heterocyclyl groups, —C(═O)—O-heterocyclyl groups, —C(═O)NH(heterocyclyl) groups, —C(═O)-N(heterocyclyl)2 groups, —C(═O)-N(alkyl)

(heterocyclyl) groups, —C(═O)-N(aryl)(heterocyclyl) groups, substituted and unsubstituted heterocyclylaminoalkyl groups, substituted and

unsubstituted diheterocyclylaminoalkyl groups, substituted and unsubstituted (alkyl)(heterocyclyl)aminoalkyl groups, substituted and

unsubstituted (aryl)(heterocyclyl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl groups, substituted and unsubstituted

alkoxyalkyl groups, substituted and unsubstituted aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl groups;

R41 is selected from the group consisting of H, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups, and

substituted and unsubstituted heterocyclyl groups;

R42 is selected from the group consisting of H, substituted and unsubstituted alkyl groups, substituted and unsubstituted aryl groups,

substituted and unsubstituted heterocyclyl groups, —C(═O)H, —C(═O)-alkyl groups, —C(═O)-aryl groups, —C(═O)NH2, —C(═O)NH(alkyl) groups,

—C(═O)NH(aryl) groups, —C(═O)N(alkyl)2 groups, —C(═O)N(aryl)2 groups, —C(═O)N(alkyl)(aryl) groups, —C(═O)O-alkyl groups, —C(═O)O-aryl

groups, substituted and unsubstituted aminoalkyl groups, substituted and unsubstituted alkylaminoalkyl groups, substituted and unsubstituted

dialkylaminoalkyl groups, substituted and unsubstituted arylaminoalkyl groups, substituted and unsubstituted diarylaminoalkyl groups,

substituted and unsubstituted (alkyl)(aryl)aminoalkyl groups, substituted and unsubstituted heterocyclylalkyl groups, —C(═O)-heterocyclyl

groups, —C(═O)—O-heterocyclyl groups, —C(═O)NH(heterocyclyl) groups, —C(═O)—N(heterocyclyl)2 groups, —C(═O)—N(alkyl)(heterocyclyl)

groups, —C(═O)—N(aryl)(heterocyclyl) groups, substituted and unsubstituted heterocyclylaminoalkyl groups, substituted and unsubstituted

diheterocyclylaminoalkyl groups, substituted and unsubstituted (heterocyclyl)(alkyl)aminoalkyl groups, substituted and unsubstituted

(heterocyclyl)(aryl)aminoalkyl groups, substituted and unsubstituted hydroxyalkyl groups, substituted and unsubstituted alkoxyalkyl groups,

substituted and unsubstituted aryloxyalkyl groups, and substituted and unsubstituted heterocyclyloxyalkyl groups; and

R43 is selected from the group consisting of H, —NH2, —NH(alkyl) groups, —NH(aryl) groups, —N(alkyl)2 groups, —N(aryl)2 groups, —N(alkyl)

(aryl) groups, —NH(heterocyclyl) groups, —N(heterocyclyl)(alkyl) groups, —N(heterocyclyl)(aryl) groups, —N(heterocyclyl)2 groups, substituted

and unsubstituted alkyl groups, substituted and unsubstituted aryl groups, —OH, substituted and unsubstituted alkoxy groups, substituted and

unsubstituted heterocyclyl groups, substituted and unsubstituted aryloxy groups, heterocyclyloxy groups, —NHOH, —N(alkyl)OH groups,

—N(aryl)OH groups, —N(alkyl)O-alkyl groups, —N(aryl)O-alkyl groups, —N(alkyl)O-aryl groups, and —N(aryl)O-aryl groups.

Preferably R29 and R30 join together to form a substituted or unsubstituted phenyl ring.[1293]

Hydropthalamide compounds as described throughout this application include compounds of formula (IX) as shown below:

wherein,

[1294]

R44 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, arylalkyl, heteroarylalkyl, fused arylaryl, unfused

arylaryl, fused heteroarylaryl, unfused heteroarylaryl, fused arylheteroaryl, and unfused arylheteroaryl;

R45, R47, R49, and R51 may be the same or different and are independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino,

alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,

heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl; and

R46, R48, R50, and R52 may be the same or different and are independently selected from the group consisting of H, halogen, and substituted or

unsubstituted alkyl groups.

Benzophenone compounds as described throughout this application include compounds of formula (X) as shown below:

wherein,

[1298]

R53 is independently selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and substituted or

unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,

alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and

carbocyclyl;

R54 is independently selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and substituted or

unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,

alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and

carbocyclyl; and

o and p are integers from 0-4.

Isoxazole compounds as described throughout this application include compounds of formula (XI) as shown below:[1302]
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wherein,

R55 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, and

heterocyclylalkyl;

R56 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, and

heterocyclylalkyl; and,

R57 is selected from the group consisting of H, halogen, hydoxy, and substituted or unsubstituted alkyl, aryl, heteroaryl, heterocyclyl, and

carbonyl.

Sterol compounds as described throughout this application include compounds of formula (XII) as shown below:

wherein,

[1306]

R58 is selected from the group consisting of substituted or unsubstituted aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, and

heterocyclylalkyl.

Preferably R58 is a pyranone substituent.[1308]

Quinazilinone compounds as described throughout this application include compounds of formula (XIII) as shown below:

wherein,

[1309]

R59 is selected from the group consisting of H, halogen, hydroxy, and substituted or unsubstituted alkyl, aminoalkyl, alklyaminoalkyl, alkoxy,

dialkylaminoalkyl, hydroxyalkyl, alkenyl, alkynyl, carbocyclyl, carbocyclylalkyl, heterocyclyl, and heterocyclylalkyl;

R60 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, arylalkyl, heteroarylalkyl, and heterocyclylalkyl; and,

R61, R62, R63, and R64 may be the same or different and are independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino,

alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,

heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups.

Pyrrole compounds as described throughout this application include compounds of formula (XIV) as shown below:

wherein,

[1313]

R65 is selected from the group consisting of H, hydroxy, and substituted or unsubstituted alkyl, aryl, heteroaryl, heteroarylalkyl, arylalkyl,

heteroarylaminoalkyl, arylaminoalkyl, heteroaryloxyalkyl, and aryloxyalkyl groups;

R66, R67, R68, and R69 may be the same or different and are independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino,

alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl,

heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups.

Further preferred pyrrole compounds include those shown in Formula (XV):

wherein:

[1316]

K1 is nitrogen, oxygen, or optionally substituted carbon;

W is absent or is selected from the group consisting of —O—, —S—, —S(O)—, —SO2—, —NH—, —NH—CO—, —NR′CO—, —NHSO2—, —NR′SO2—,

—CO—, —CO2—, —CH2—, —CF2—, CHF, —CONH—, —CONR′—, and —NR′—, where R′ is alkyl, substituted alkyl, cycloalkyl, aryl, heteroaryl,

heterocyclo; Ar is optionally substituted aryl, heteroaryl, or a protecting group;

R70 and R70′ are independently selected from the group consisting of hydrogen and methyl;

R71, R72, R73, and R74 are independently selected from the group consisting of hydrogen, hydroxyl, and optionally substituted loweralkyl,

cycloloweralkyl, cyclicaminoalkyl, alkylaminoalkyl, loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,

heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl;

R75 and R78 are independently selected from the group consisting of hydrogen, halo, and optionally substituted loweralkyl, cycloalkyl, alkoxy,

amino, aminoalkoxy, carbonyloxy, aminocarbonyloxy, alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, heteroarylcarbonylamino,

heteroaralkylcarbonylamino, cycloimido, heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, heteroaryl,

heterocycloalkyl, heterocyclocarbonyloxy, heteroarylcarbonyloxy, and arylsulfonamido;

R76 is selected from the group consisting of hydrogen, aryl, heteroaryl, substituted heteroaryl, heterocyclyl, and substituted heterocyclyl;

R77 is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro, amino, amido, amidino, imido, cyano, sulfonyl,

methanesulonyl, and substituted or unsubstituted alkyl, alkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,

heteroaralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy, heteroarylcarbonyloxy, heteroaralkylcarbonyloxy,

alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl,

sulfonamido, aminoalkoxy, alkylamino, heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino, arylaminocarbonylamino,

aralkylcarbonylamino, heteroarylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino cycloamido, cyclothioamido, cycloamidino,

heterocycloamidino, cycloalkyl, cycloimido, heterocycloimido, guanidinyl, aryl, heteroaryl, heterocyclo, heterocycloalkyl, arylsulfonyl and

arylsulfonamido;

Anthraquinone compounds of the instant invention include, for example, compounds of Formula (XVI):

wherein,

[1324]
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R79, R80, R81, and R82 may be the same or different and are independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, sulfonyl,

aminosulfonyl, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups; and,

R83 and R84 are taken together to form a substituted or unsubstituted 5-6 membered ring containing all carbon atoms or 1-2 heteroatoms

selected from the group consisting of O, S, and N.

Quinoxaline compounds referred to throughout this application include tricyclic, partially unconjugated compounds optionally substituted with nitrogen

heteroatoms as shown in the preferred quinoxaline embodiment (XVII) below:

wherein,

[1327]

J1 is either C or N,

J1′ is selected from the group consisting of H, substituted aryl, unsubstituted aryl, substituted heteroaryl, and unsubstituted heteroaryl;

J2 is either C or N,

J2′ is selected from the group consisting of H, substituted aryl, unsubstituted aryl, substituted heteroaryl, and unsubstituted heteroaryl;

J3 is selected from the group consisting of —CO—, —NH—, and —N═;

if J4 is —O— then J4′ is absent; or,

if J4 is ═C— then J4′ is selected from the group consisting of H and substituted or unsubstituted alkyl, alkoxy, aryl, heteroaryl, heteroarylalkyl,

arylalkyl, aminoalkyl, alkylamino, and alkylthio groups; and,

R85, R86, R87, R88, and R89 may be the same or different and are independently selected from the group consisting of H, nitro, halogen, amino,

hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, sulfonyl,

aminosulfonyl, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino,

heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups.

Triazine compounds refer to substituted 6-membered heterocyclic groups with 3 nitrogen atoms distributed throughout the ring. The preferred embodiments of

the instant invention include those shown in structures (XVIII), (XIX) and (XX) shown below:

wherein,

[1336]

R90 is selected from the group consisting of substituted or unsubstituted alkyl, alkenyl, akynyl, aryl, heteroaryl, heteroarylalkyl, heteroarylalkenyl,

arylalkyl, and arylalkenyl;

R91 and R93 are independently selected from the group consisting of H, and unsubstituted alkyl;

R91 is aryl; preferably phenyl,

wherein,

R94 is selected from the group consisting of H, amino, alkyl, aminoalkyl, and halogen;

R95 is selected from the group consisting of substituted or unsubstituted aryl, arylamino, arylalkylamino, heteroaryl, heteroarylamino, and

heteroalkylamino;

R96 and R97 are independently selected from the group consisting of H, halogen, and alkyl, preferably methyl; or,

R96 may form a double bond with the nitrogen atom directly below it as indicated by the dashed line in the above structure; and,

wherein,

R98 is selected from the group consisting of H, substituted alkyl, and unsubstituted alkyl; preferably methyl,[1344]

R99 is selected from the group consisting of H, substituted alkyl, and unsubstituted alkyl; preferably ethyl,

R100 is selected from the group consisting of substituted or unsubstituted aryl, heteroaryl, alkoxyaryl, arylalkyl, and heteroarylalkyl.

Benzazole compounds as described throughout this application include compounds of formula (XXI) as shown below:

wherein,

[1347]

A is selected from the group consisting of —O—, —S—, —NH—, and —NR8—;

W is selected from the group consisting of —CH2—, —O—, —S—, —NH—, and —NR8—;

R7 is selected from the group consisting of carbocyclyl, unfused carbocyclylcarbocyclyl, substituted aryl, unsubstituted aryl, substituted

heteroaryl, unsubstituted heteroaryl, substituted fused arylheteroaryl, unsubstituted fused arylheteroaryl, substituted unfused arylaryl and

unsubstituted unfused arylaryl;

R6 is selected from the group consisting of substituted or unsubstituted aryl, and heteroaryl; and,

R8 is independently substituted or unsubstituted alkyl.

Pyrazalopyrimidine compounds as described throughout this application include compounds of formula (XXII) as shown below:

wherein,

[1353]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

83 of 328 03.08.23, 17:42

https://patentimages.storage.googleapis.com/4a/36/07/feec8401e2919d/US20060257852A1-20061116-C00025.png
https://patentimages.storage.googleapis.com/4a/36/07/feec8401e2919d/US20060257852A1-20061116-C00025.png
https://patentimages.storage.googleapis.com/28/ca/6b/e49702ba28ced9/US20060257852A1-20061116-C00026.png
https://patentimages.storage.googleapis.com/28/ca/6b/e49702ba28ced9/US20060257852A1-20061116-C00026.png
https://patentimages.storage.googleapis.com/3c/57/93/a14068785ee4fc/US20060257852A1-20061116-C00027.png
https://patentimages.storage.googleapis.com/3c/57/93/a14068785ee4fc/US20060257852A1-20061116-C00027.png
https://patentimages.storage.googleapis.com/15/1a/a4/b81abf04feb0f9/US20060257852A1-20061116-C00028.png
https://patentimages.storage.googleapis.com/15/1a/a4/b81abf04feb0f9/US20060257852A1-20061116-C00028.png
https://patentimages.storage.googleapis.com/0f/aa/07/b60ba304836cd1/US20060257852A1-20061116-C00029.png
https://patentimages.storage.googleapis.com/0f/aa/07/b60ba304836cd1/US20060257852A1-20061116-C00029.png
https://patentimages.storage.googleapis.com/f2/6c/32/966b32ce3cf084/US20060257852A1-20061116-C00030.png
https://patentimages.storage.googleapis.com/f2/6c/32/966b32ce3cf084/US20060257852A1-20061116-C00030.png


R101 is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl,

aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, sulfonyl, aminosulfonyl, alkylaminocarbonyl, aminocarbonyl, arylalkoxy,

heteroarylalkoxy, alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy,

heterocyclylalkyl, and carbocyclyl groups;

R102 is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, and substituted or unsubstituted alkyl,

aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy, alkylamino,

arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl groups;

R103 is selected from the group consisting of H, nitro, halogen, amino, hydroxy, cyano, carboxcyclic acid, tri�uoromethyl, and substituted or

unsubstituted alkyl, aryl, heteroaryl, alkoxy, alkylcarbonyl, alkylcarbonylamino, alkylaminocarbonyl, aminocarbonyl, arylalkoxy, heteroarylalkoxy,

alkylamino, arylalkylamino, arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, and carbocyclyl

groups;

R104 is selected from the group consisting of H and substituted or unsubstituted aryl, heteroaryl, arylalkoxy, heteroarylalkoxy, arylalkylamino,

arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, carbocyclylalkyl and carbocyclyl groups;

R105 is selected from the group consisting of H and substituted or unsubstituted aryl, heteroaryl, arylalkoxy, heteroarylalkoxy, arylalkylamino,

arylamino, heteroarylamino, heteroarylaminoalkyl, heterocyclyl, heterocyclylalkoxy, heterocyclylalkyl, carbocyclylalkyl and carbocyclyl groups;

wherein at least one of R104 and R105 is not H.

SMIP compounds identi�ed by in-vitro (cellular or non-cellular assays) or in-vivo methods are thoroughly described in Methods 1 and 2 below.[1360]

Pharmaceutical compositions containing the compounds of the invention may be in any form suitable for the intended method of administration, including, for

example, a solution, a suspension, or an emulsion. Liquid carriers are typically used in preparing solutions, suspensions, and emulsions. Liquid carriers

contemplated for use in the practice of the present invention include, for example, water, saline, pharmaceutically acceptable organic solvent(s),

pharmaceutically acceptable oils or fats, and the like, as well as mixtures of two or more thereof. The liquid carrier may contain other suitable pharmaceutically

acceptable additives such as solubilizers, emulsi�ers, nutrients, buffers, preservatives, suspending agents, thickening agents, viscosity regulators, stabilizers,

and the like. Suitable organic solvents include, for example, monohydric alcohols, such as ethanol, and polyhydric alcohols, such as glycols. Suitable oils include,

for example, soybean oil, coconut oil, olive oil, sa�ower oil, cottonseed oil, and the like. For parenteral administration, the carrier can also be an oily ester such as

ethyl oleate, isopropyl myristate, and the like. Compositions of the present invention may also be in the form of microparticles, microcapsules, liposomal

encapsulates, and the like, as well as combinations of any two or more thereof.

[1361]

Other additives include immunostimulatory agents known in the art. Immunostimulatory oligonucleotides and polynucleotides are described in PCT WO

98/55495 and PCT WO 98/16247. U.S. Patent Application No. 2002/0164341 describes adjuvants including an unmethylated CpG dinucleotide (CpG ODN) and a

non-nucleic acid adjuvant. U.S. Patent Application No. 2002/0197269 describes compositions comprising an antigen, an antigenic CpG-ODN and a polycationic

polymer. Other immunostimulatory additives described in the art may be used, for example, as described in U.S. Pat. No. 5,026,546; U.S. Pat. No. 4,806,352; and

U.S. Pat. No. 5,026,543.

[1362]

A controlled release delivery system may be used, such as a diffusion controlled matrix system or an erodible system, as described for example in: Lee,

“Diffusion-Controlled Matrix Systems”, pp. 155-198 and Ron and Langer, “Erodible Systems”, pp. 199-224, in “Treatise on Controlled Drug Delivery”, A. Kydonieus

Ed., Marcel Dekker, Inc., New York 1992. The matrix may be, for example, a biodegradable material that can degrade spontaneously in situ and in vivo for,

example, by hydrolysis or enzymatic cleavage, e.g., by proteases. The delivery system may be, for example, a naturally occurring or synthetic polymer or

copolymer, for example in the form of a hydrogel. Exemplary polymers with cleavable linkages include polyesters, polyorthoesters, polyanhydrides,

polysaccharides, poly(phosphoesters), polyamides, polyurethanes, poly(imidocarbonates) and poly(phosphazenes).

[1363]

The compounds of the invention may be administered enterally, orally, parenterally, sublingually, by inhalation spray, rectally, or topically in dosage unit

formulations containing conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles as desired. For example, suitable modes of

administration include oral, subcutaneous, transdermal, transmucosal, iontophoretic, intravenous, intramuscular, intraperitoneal, intranasal, subdermal, rectal,

and the like. Topical administration may also involve the use of transdermal administration such as transdermal patches or ionophoresis devices. The term

parenteral includes subcutaneous injections, intravenous, intramuscular, intrastemal injection, or infusion techniques.

[1364]

Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions may be formulated according to the known art using suitable

dispersing or wetting agents and suspending agents. The sterile injectable preparation may also be a sterile injectable solution or suspension in a nontoxic

parenterally acceptable diluent or solvent, for example, as a solution in 1,3-propanediol. Among the acceptable vehicles and solvents that may be employed are

water, Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, �xed oils are conventionally employed as a solvent or suspending medium. For

this purpose any bland �xed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid �nd use in the preparation

of injectables.

[1365]

Suppositories for rectal administration of the drug can be prepared by mixing the drug with a suitable nonirritating excipient such as cocoa butter and

polyethylene glycols that are solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the rectum and release the drug.

[1366]

Solid dosage forms for oral administration may include capsules, tablets, pills, powders, and granules. In such solid dosage forms, the active compound may be

admixed with at least one inert diluent such as sucrose lactose or starch. Such dosage forms may also comprise, as is normal practice, additional substances

other than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules, tablets, and pills, the dosage forms may also comprise

buffering agents. Tablets and pills can additionally be prepared with enteric coatings.

[1367]

Liquid dosage forms for oral administration may include pharmaceutically acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert

diluents commonly used in the art, such as water. Such compositions may also comprise adjuvants, such as wetting agents, emulsifying and suspending agents,

cyclodextrins, and sweetening, �avoring, and perfuming agents.

[1368]

As to the mode of administration, it should be emphasized that it is the combination of therapeutic agents that gives rise to its synergistic therapeutic effect no

matter whether the �rst and the second agent are administered together or separately. Therefore, the two agents may be given together in a single dose or in

separate ones with respect to space and time.

[1369]

Effective amounts of the compounds of the invention generally include any amount su�cient to detectably treat viral infections.[1370]

Successful treatment of a subject in accordance with the invention may result in the inducement of a reduction or alleviation of symptoms in a subject a�icted

with a medical or biological disorder to, for example, halt the further progression of the disorder, or the prevention of the disorder.

[1371]

The amount of active ingredient that may be combined with the carrier materials to produce a single dosage form will vary depending upon the host treated and

the particular mode of administration. It will be understood, however, that the speci�c dose level for any particular patient will depend upon a variety of factors

including the activity of the speci�c compound employed, the age, body weight, general health, sex, diet, time of administration, route of administration, rate of

excretion, drug combination, and the severity of the particular disease undergoing therapy. The therapeutically effective amount for a given situation can be

readily determined by routine experimentation and is within the skill and judgment of the ordinary clinician.

[1372]

The compounds of the present invention can also be administered in the form of liposomes. As is known in the art, liposomes are generally derived from

phospholipids or other lipid substances. Liposomes are formed by mono- or multilamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any

non-toxic, physiologically acceptable and metabolizable lipid capable of forming liposomes can be used. The present compositions in liposome form can

contain, in addition to a compound of the present invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the phospholipids and

phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form liposomes are known in the art. See, for example, Prescott, Ed., Methods in Cell

Biology, Volume XIV, Academic Press, New York, N.W., p. 33 et seq (1976).

[1373]

While the SMIP compounds of the invention can be administered as the sole active pharmaceutical agent, they can also be used in combination with one or

more other agents used in the treatment of SARSs. Other representative agents useful in combination with the compounds of the invention for the treatment of

viral infections include, for example, interferon, ribavirin, gancyclovir and the like.

[1374]

When additional active agents are used in combination with the compounds of the present invention, the additional active agents may generally be employed in

therapeutic amounts as indicated in the PHYSICIANS' DESK REFERENCE (PDR) 53rd Edition (1999), that is incorporated herein by reference, or such

therapeutically useful amounts as would be known to one of ordinary skill in the art.

[1375]

The compounds of the invention and the other therapeutically active agents can be administered at the recommended maximum clinical dosage or at lower

doses. Dosage levels of the active compounds in the compositions of the invention may be varied so as to obtain a desired therapeutic response depending on

the route of administration, severity of the disease and the response of the patient. The combination can be administered as separate compositions or as a

single dosage form containing both agents. When administered as a combination, the therapeutic agents can be formulated as separate compositions that are

given at the same time or different times, or the therapeutic agents can be given as a single composition.

[1376]

Compounds of the present invention can be readily synthesized using the methods described herein, or other methods, that are well known in the art.[1377]

The compounds can be used in the form of salts derived from inorganic or organic acids. These salts include but are not limited to the following: acetate,[1378]
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Scheme 1

Synthesis of 4-[(2-{[4-chloro-3-(tri�uoromethyl)phenyl]amino}-1H-benzimidazol-6-yl)oxyl-N-methylpyridine-2-carboxamide

adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, cyclopentanepropionate,

dodecylsulfate, ethanesulfonate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide, hydroiodide,

2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, nicotinate, 2-napthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproionate,

picrate, pivalate, propionate, succinate, tartrate, thiocyanate, p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be quaternized

with such agents as loweralkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and

diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and phenethyl bromides,

and others. Water or oil-soluble or dispersible products are thereby obtained.

Examples of acids that may be employed to form pharmaceutically acceptable acid addition salts include such inorganic acids as hydrochloric acid, sulphuric

acid and phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric acid. Basic addition salts can be prepared in situ during the

�nal isolation and puri�cation of the compounds of formula (I), or separately by reacting carboxylic acid moieties with a suitable base such as the hydroxide,

carbonate or bicarbonate of a pharmaceutical acceptable metal cation or with ammonia, or an organic primary, secondary or tertiary amine. Pharmaceutical

acceptable salts include, but are not limited to, cations based on the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, magnesium,

aluminum salts and the like, as well as nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to ammonium,

tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. Other representative organic

amines useful for the formation of base addition salts include diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine and the like.

[1379]

Various compounds and methods of their synthesis are disclosed in international patent application Publication Nos. WO02/18327 (benzamide and

pyridylamide based compounds); WO0222598, and WO02/18383 (ABIQ based compounds); and WO 02/81443 (pthalamide base compounds), that have been

found within context of this invention to be useful for immune potentiation. The entire disclosure of these U.S. and international publications is incorporated

herein by this reference. Other compounds or intermediates of interest in the present invention were purchased from commercially available sources using the

following method: the chemical structure of interest was drawn into the ACD-SC database (from MDL Information Systems). A search of the following

companies/institutions, among others, retrieved the identi�ed compound's supplier and purchasing information: ASDI, ASINEX, BIONET, CHEMBRIDGE, CHEMDIV,

CHEMEX, CHEMSTAR, COMGENEX, CSC, INTERBIOSCREEN, LABOTEST, MAYBRIDGE, MICROSOURCE/GENESIS, OLIVIA, ORION, PEAKDALE, RYAN SCIENTIFIC,

SPECS, TIMTEC, U OF FLORIDA, and ZELINSKY.

[1380]

Benzazle Compounds

Compounds of the invention containing a benzimidazole core may be prepared using a number of methods familiar to one of skill in the art. In one method,

suitably functionalized diamines may be coupled with various thioisocyanates to form the intermediate thioureas. Cyclization to form the benzimidazole moiety

may be effected under known conditions such as with treatment carbodiimides or alkyl halides. Alternatively the diamines may be reacted sequentially with

carbonyl diimidazole and phosphoryl chloride followed by coupling with the appropriate amine.

[1381]

Compounds containing the oxazole structure may similarly be prepared according to the methods above or according to other known general procedures. Haviv

et. al. (J. Med. Chem. 1988, 31, 1719) describes a procedure for assembling oxazole cores wherein a hydroxy aniline is treated with ethyl potassium xanthate.

The resulting sulfuryl benzoxazole may then be chlorinated and coupled with an amine.

[1382]

Compounds containing a benzothiazole core may also be prepared according to known methods. An ortho-halothioisocyanate may be reacted with an amine to

form a thiourea. Reduction with NaH then allows formation of the thiazole ring.

[1383]

Benzothiazoles may generally be substituted in accordance with the present invention, such as through the following synthetic pathway:[1384]

The compound 4-[(2-{[4-chloro-3-(tri�uoromethyl)phenyl]amino}-1H-benzimidazol-6-yl)oxy]-N-methylpyridine-2-carboxamide (159322) was synthesized as

follows:

[1385]

Step 1. Synthesis of 4-[(4-amino-3-nitrophenyl)oxy]-N-methylpyridine-2-carboxamide: A mixture containing 4-amino-3-nitrophenol (1 eq) and potassium[1386]
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Synthesis of 4-({2-[(4-bromophenyl)amino]-1-methyl-1H-benzimidazol-5-yl}oxy)-N-methylpyridine-2-carboxamide

bis(trimethylsilyl)amide (2 eq) was stirred in dimethylformamide for 2 hours at room temperature. To this mixture was added (4-chloro(2-pyridyl))-

N-methylcarboxamide (1 eq) and potassium carbonate (1.2eq) and stirred at 90° C. for 3 days. The reaction mixture was then concentrated and partitioned

between ethyl acetate and water. The organic layer was separated and washed with brine, dried, �ltered, and concentrated in vacuum to give brown solid.

Puri�cation on silica gel (2% triethyl amine/50% ethyl acetate in hexane) gave 4-[(4-amino-3-nitrophenyl)oxy]-N-methylpyridine-2-carboxamide as an orange solid.

The product gave satisfactory NMR. HPLC, 3.39 min; MS: MH+=289.

Step 2. Synthesis of 4-[(3,4-diaminophenyl)oxy]-N-methylpyridine-2-carboxamide: The mixture containing [4-(3-amino-4-nitrophenoxy)(2-pyridyl)]-N- in methanol

with catalytic amount of 10% Pd/C was hydrogenated until disappearance of the yellow color to yield the product amine. HPLC, 2.5 mins; MS: MH+=259.

[1387]

Step 3. Synthesis of 4-[(2-{[4-chloro-3-(tri�uoromethyl)phenyl]amino}-1H-benzimidazol-6-yl)oxy]-N-methylpyridine-2-carboxamide: The mixture containing 4-[(3,4-

diaminophenyl)oxy]-N-methylpyridine-2-carboxamide (1 eq) and 4-chloro-3-(tri�uoromethyl)benzeneisothiocyanate (1 eq) in tetrahydrofuran was stirred at room

temperature for 16 hours to give the corresponding thiourea. To the resulting mixture was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (2

eq) and the mixture was stirred for another 10 hours. The mixture was concentrated and partitioned between ethyl acetate and water. The organic layer was

washed with brine and dried. Puri�cation on HPLC gave 4-[(2-{[4-chloro-3-(tri�uoromethyl)phenyl]amino}-1H-benzimidazol-6-yl)oxy]-N-methylpyridine-

2-carboxamide. MS: MH+=462

[1388]

The compound 4-({2-[(4-bromophenyl)amino]-1-methyl-1H-benzimidazol-5-yl}oxy)-N-methylpyridine-2-carboxamide (161651) was synthesized as follows:[1389]

Step 1. Synthesis of 4-{[3-amino-4-(methylamino)phenyl]oxy}-N-methylpyridine-2-carboxamide: A solution of 4-[(4-amino-3-nitrophenyl)oxy]-N-methylpyridine-

2-carboxamide (1 eq) in methylene chloride was treated with tri�uoroacetic anhydride (I eq) and stirred for 10 minutes at 0° C. The mixture was quenched with

satd. NaHCO3 solution. The organic layer was separated and washed with water, brine, dried and evaporated. MS: MH+=385.2

[1390]

To a solution of the tri�uroacetamide (1 eq) in a mixture of toluene, acetonitrile and sodium hydroxide solution (50%) was added benzyltrimethylammonium

chloride (1 eq) and dimethyl sulfate (1.2 eq). The biphasic mixture was stirred overnight at room temperature and evaporated. The mixture was taken up in ethyl

acetate, washed with water, brine, dried and evaporated. The crude product was puri�ed by column chromatography eluting with 1:1 hexanes and ethylacetate

followed by 2% triethylamine in 1:1 hexanes and ethyl acetate followed by 2% triethylamine in 1:1 hexanes and ethyl acetate to afford N-methyl-4-{[4-

(methylamino)-3-nitrophenyl]oxy}pyridine-2-carboxamide as a reddish orange solid. MS: MH+=303.1.

[1391]

The solution of nitromethylaniline in methanol was treated with 5% palladium on carbon and stirred under hydrogen atmosphere for 15 min. (until the

disappearance of yellow coloration) at room temperature. The mixture was �ltered and the �ltrate was concentrated to provide 0.36 g of the diamine 4-{[3-amino-

4-(methylamino)phenyl]oxy}-N-methylpyridine-2-carboxamide. MS: MH+=273.3.

[1392]

Step 2. Synthesis of 4-({2-[(4-bromophenyl)amino]-1-methyl-1H-benzimidazol-5-yl}oxy)-N-methylpyridine-2-carboxamide: A solution of the diamine 4-{[3-amino-

4-(methylamino)phenyl]oxy}-N-methylpyridine-2-carboxamide (1 eq) in methanol was treated with 4-bromophenylisothiocyanate (1 eq) and stirred at 60° C.-65°

C. for 2 hours. The reaction mixture was cooled down to room temperature and methyl iodide (1 eq) was added and stirred overnight at 60° C. The reaction was

cooled to room temperature, evaporated, taken up in ethyl acetate, and washed with water and brine, dried, and evaporated under reduced pressure. Column

chromatography using a gradient solvent system of hexanes and ethyl acetate and either 1:1 methylene chloride and acetone or 5% methanol in methylene

chloride yielded the product as a half white powder. MS: MH+=452.3

[1393]

Aminobenzimidazolylquinolinones

Compounds of structure I may be synthesized from simple starting molecules as shown in Schemes 1-4 and exempli�ed in the Examples. As shown in Scheme

1, compounds of structure I may generally be prepared using aromatic compounds substituted with amines and carboxylic acid groups.

[1394]

As shown in Scheme 2, a substituted aromatic compound such as a substituted or unsubstituted 2-aminobenzoic acid may be reacted with an acyl halide such

as methyl 2-(chlorocarbonyl)acetate to produce an amide that will react with a substituted or unsubstituted 1,2-diaminobenzene. The resulting product is a

4-hydroxy-substituted compound of structure I. One skilled in the art will recognize that the procedure set forth in Scheme 1 may be modi�ed to produce various

compounds.

[1395]

A method for preparing 4-amino substituted compounds of structure I is shown in Scheme 3. As shown in Scheme 3, aromatic compounds substituted with

amine and nitrile 20 groups may be used to synthesize 4-amino substituted compounds of structure I. A compound such as ethyl 2-cyanoacetate may be reacted

with ethanol to produce ethyl 3-ethoxy-3-iminopropanoate hydrochloride. Subsequent reaction with a substituted or unsubstituted 1,2-phenylenediamine

provides substituted or unsubstituted ethyl 2-benzimidazol-2-ylacetate. Reaction of a substituted or unsubstituted ethyl 2-benzimidazol-2-ylacetate with an

aromatic compound having an amine and nitrile group such as substituted or unsubstituted 2-aminobenzonitrile with a base such as lithium

bis(trimethylsilyl)amide or a Lewis acid such as tin tetrachloride provides the substituted or unsubstituted 4-amino substituted compound of structure I.

[1396]
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Scheme 4 illustrates a general synthetic route that allows for the synthesis of 4-dialkylamino and 4-alkylamino compounds of structure I. An inspection of

Scheme 3 shows that 4-hydroxy substituted compounds of structure I may be converted into the 4-chloro derivative by reaction with phosphorous oxychloride or

thionyl chloride. The 4-chloro derivative may then be reacted with an alkylamine or dialkylamine to produce the corresponding 4-alkylamino or 4-dialkylamino

derivative. Deprotection affords the �nal 4-alkylamino or 4-dialkylamino compounds of structure I. Other groups that may be reacted with the 4-chloro derivative

in this manner include, but are not limited to, ROH, RSH, and CuCN.

[1397]

As shown in Scheme 5, the synthesis of compounds of structure I having a H, alkyl group, aryl group, or heterocyclyl group in the 4-position may be

accomplished using a substituted or unsubstituted 2-benzimidazol-2-ylacetate prepared as shown in Schemes 3 and 4.

Thiosemcarbazones

[1398]

General procedure for the preparation of thiosemicarbazones[1399]
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Scheme 7

Scheme 8

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Preparation of amino {3-[5-(3-chlorophenyl)(2-furyl)](2-pyrazolinyl)}methane-1-thione

A solution of aldehyde (1.0 equiv.) and thiosemicarbazide (1.05 equiv.) in acetic acid was stirred overnight. Excess of acetic acid was removed to give a residue,

that was washed with ethanol, or puri�ed by preparative-HPLC to give the thiosemicarbazone.

[1400]

A solution of aldehyde (1.0 equiv.), thiosemicarbazide (1.05 equiv.) and acetic acid (0.1 equiv.) in methanol was stirred overnight. Methanol was removed to give

a residue, that was worked up as in Scheme 6.

[1401]

To a solution of {[(1E)-1-aza-2-(4-�uoro-3-nitrophenyl)vinyl]aamino}-aminomethane-1-thione in ethanol was added an arylamine (2.1 equiv.). The solution was

stirred at room temperature until the starting �uoride disappeared. The solution was puri�ed to the product.

[1402]

A mixture of 4-(diethylamino)-2-hydroxybenzaldehyde (1 equiv.), benzylic bromide (1.2 equiv.) and powder potassium carbonate in ethanol was stirred at room

temperature for 2 days. Ethanol was removed, and the residue was dissolved in ethyl acetate and water. The organic layer was washed with aqueous NaHCO3

and brine, dried over Na2SO4., and concentrated. The residue was puri�ed on silica gel eluting with ethyl acetate/hexane to give 4-(diethylamino)-2-benzoxylic-

benzaldehyde.

[1403]

The aldehydes were converted to thiosemicarbazones according to Scheme 7.[1404]

A solution of 3,4-di�uorobenzenecarbonitrile (1 equiv.), amine (1.5 equiv.) and DIEA (2 equiv.) in NMP was heated in a Smith Microwave (Personal Chemistry) for

30 minutes. The reaction mixture was puri�ed on silica gel to give 4-substituted 3-�uorobenzenecarbonitrile.

[1405]

To a solution of nitrile in toluene at −78° C. was added DIBAL-H (1 M in toluene, 1.5 equiv.). The reaction mixture was warmed to rt, and stirred for 16 h, and

quenched with methanol/ethyl acetate/brine (1:1:4). After being stirred at rt for 30 min, the solution was extracted with ethyl acetate (3×). The combined organic

layers were washed with aqueous NaHCO3, brine and concentrated. The aldehyde was puri�ed on silica gel or directly converted to thiosemicarbazones

(Scheme 7).

[1406]

A solution of 2,4,5-tri�uorobenzenecarbonitrile (1 equiv.) and 4-arylpiperazine (1.2 equiv.) and DIEA (1.2 equiv.) in THF was heated at 80° C. for 2 hours. The

mixture was puri�ed on silica gel to give 4-substituted 2,5-di�uorobenzenecarbonitrile.

[1407]

To an alcohol (1.0 equiv) was added potassium t-butoxide in THF (1 M, 1.1 equiv). After 5 minutes, the solution was added to a solution of 4-N-substituted-2,5-

di�uorobenzenecarbonitrile (1 equiv.) in THF. The reaction mixture was stirred at rt overnight and quenched with aqueous ammonium chloride. The aqueous

layer was extracted with ethyl acetate (3×). The combined organic layers were washed with brine, and concentrated to give a residue, that was puri�ed to give

4-N-substituted-2-O-substituted-5-�uorobenzenecarbonitrile.

[1408]

4-N-substituted-2-O-substituted-5-�uorobenzenecarbonitrile was reduced with DIBAL-H to give a 4-N-substituted-2-O-substituted-5-�uorobenzaldehyde according

to procedure in Scheme 10.

[1409]

The aldehyde was converted to the corresponding thiosemicarbazone using Scheme 7.[1410]

A solution of 4-N-substituted-2,5-di�uorobenzenecarbonitrile (1 equiv.), amine (1.5 equiv.) and DIEA (2 equiv.) in NMP was heated in a Smith Microwave

(Personal Chemistry) for 30 minutes. The reaction mixture was puri�ed on silica gel to give 4-N-substituted-2-N-substituted-5-�uorobenzenecarbonitrile.

[1411]

4-N-substituted-2-N-substituted-5-�uorobenzenecarbonitrile was reduced with DIBAL-H according to procedure described in Scheme 10 to give 4-N-substituted-

2-N-substituted-5-�uorobenzaldehyde.

[1412]

[1413]

To a solution of 5-(3-chlorophenyl)furan-2-carbaldehyde (1.0 equiv.) in THF at 0° C. was added MeMgBr in ether (3.0 equiv.) and stirred for 45 min. The reaction

was quenched with water, diluted with ether and �ltered through Celite. The organic layer was separated and washed with brine, dried over MgSO4, and

concentrated to give the 1-[5-(3-chlorophenyl)-2-furyl]ethan-1-ol.

[1414]

To a solution of secondary alcohol(1.0 equiv.) in CH2Cl2 was added MnO2 (10 equiv.). The reaction was stirred overnight, �ltered through Celite, and

concentrated to give 1-[5-(3-chlorophenyl)-2-furyl]ethan-1-one.

[1415]

To a mixture of ketone (1.0 equiv.), paraformaldehyde (2.0 equiv.), and dimethylamine hydrochloride (2.0 equiv) and molecular sieves in ethanol was added

concentrated hydrochloric acid (cat.). The reaction was re�uxed overnight under nitrogen and the concentrated. A few drops of HCl was added, and the mixture

was worked up with DCM and water. The organic layer was discarded. The aqueous layer was adjusted to basic and extracted with DCM (3×). The organic layer

was washed with brine, dried over MgSO4, and concentrated to yield 3-(dimethylamino)-1-[5-(3-chlorophenyl)(2-furyl)]propan-1-one.

[1416]

Thiosemicarbazide (1.0 equiv.) was dissolved in MeOH upon heating under nitrogen. Aqueous sodium hydroxide (6 M, 9.0 equiv.) was added to the reaction. A

methanol solution of 3-(dimethylamino)-1-[5-(3-chlorophenyl)(2-furyl)]propan-1-one (1.0 equiv) was then added dropwise to the reaction mixture. The solvent

was removed and the residue was dissolved in DCM and washed with water, brine, dried over MgSO4, and concentrated. The �nal compound was puri�ed by

preparative-HPLC to give amino {3-[5-(3-chlorophenyl)(2-furyl)](2-pyrazolinyl)}methane-1-thione; LC/MS m/z 306.2 (MH+); Rt=3.06 minutes.

[1417]
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Synthesis of 4-[4-(4-methylpiperazin-1-yl)phenoxymethyl]benzaldehyde

To a solution of 4-pyridylmethylamine (1.0 equiv.) and triethylamine (2.0 equiv.) in CHCl3 was added CS2 (1.0 equiv.)) and stirred overnight. The reaction was

cooled to 0° C. and ethyl chloroformate (1.0 equiv.) was added dropwise. The reaction was stirred for 15 min at 0° C. and then stirred at room temperature for 2

hrs followed by addition of (tert-butyl)oxycarbohydrazide (1.2 equiv.). After stirring for an addition hour the mixture was washed with aqueous citric acid (5%),

saturated NaHCO3, brine, dried over MgSO4, and concentrated. The desired Boc protected thiosemicarbazide was puri�ed using column chromatography.

[1418]

To a solution of Boc protected thiosemicarbazide (1.0 equiv.) dissolved in DCM was added HCl in dioxane (2M, 8.3 equiv.) and stirred for 15 min. MeOH is then

added to dissolve the precipitate, followed by addition of the furfural, and small amount of acetic acid (0.5 mL). The mixture is stirred overnight and the solvents

are removed to give a residue puri�ed by preparative-HPLC to give the thiosemicarbazone.

[1419]

[1420]

To a solution of 4-piperazin-1-yl phenol (1 equivalent) in CHCl3, cooled to 0° C., was added di-t-butyl dicarbonate (1 equivalent) in CHCl3 drop-wise. The solution

was stirred at 0° C. for 1 hour before removing from the cold bath and stirring at ambient temperatures for 18 hours. The organic solution was washed aqueous

NaHCO3 and brine dried over MgSO4 and concentrated the crude material was used without puri�cation.

[1421]

A solution of the resulting 4-(1-BOC-piperazin-4-yl)phenol (1 equivalent) in dry CH3CN was slowly added drop-wise to a slurry of NaH (1 equivalent) in dry CH3CN

at room temperature under N2. The slurry was stirred at room temperature for 2 hours before the solids were �ltered and washed with Et2O.

[1422]

Sodium 4-(1-BOC-piperazin-4-yl)phenoxide (1 equivalent) and methyl 4-bromomethylbenzoate (1 equivalent) were combined in dry acetone and heated to re�ux

at 60° C. for 18 hours. The slurry was �ltered and the �ltrate was then concentrated to provide the crude methyl 4-[4-(1-BOC-piperazin-

4-yl)phenoxymethyl]benzoate, that was used without puri�cation.

[1423]

To a slurry of LiAlH4 (4 equivalents) in dry THF, cooled to 0° C. under N2, was slowly added drop-wise a solution of methyl 4-[4-(1-BOC-piperazin-

4-yl)phenoxymethyl]benzoate (1 equivalent) in dry THF. Once the addition was complete, the slurry was heated to re�ux at 80° C. for 1 hour. The slurry was

subsequently cooled to 0° C. and treated with water, 10% aq. NaOH and with water again. The resulting solids were �ltered, and the �ltrate was diluted with

chloroform, washed with brine, dried over MgSO4 and concentrated, providing the crude 4-[4-(4-methylpiperazin-1-yl)phenoxymethyl]benzyl alcohol that was used

without puri�cation.

[1424]

To a solution of DMSO (2.6 equivalents) in dry DCM, cooled to −78° C. under N2 was added oxalyl chloride (1.1 equivalents) in DCM drop-wise. The solution was

stirred at −78° C. for 5 minutes before a solution of 4-[4-(4-methylpiperazin-1-yl)phenoxymethyl]benzyl alcohol (1 equivalent) in DCM was added drop-wise, and

allowed to stir at −78° C. for another 30 minutes. Triethylamine (2.5 equivalents) was slowly dripped in before allowing the solution to reach ambient

temperatures. The solution was washed with aqueous NaHCO3 and brine, dried over MgSO4 and concentrated to provide the crude 4-[4-(4-methylpiperazin-

1-yl)phenoxymethyl]benzaldehyde that was converted to thiosemicarbazones according to Scheme 7.

Pyrroles

[1425]
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Preparation of tert-butyl (2E)-3-(2,4-dichlorophenyl)prop-2-enoate (2)

Neat DIC (1.4 eq) was added to a well stirred solution of cinnamate (1 eq), t-butyl alcohol (4 eq), DMAP (1.4 eq) and CH2Cl2 under argon at rt. (Note—The

cinnamate must be completely in solution that may require gentle warming. Allow the solution to cool to room temperature before adding the DIC. To avoid an

exotherm on larger scales, it may be prudent to dilute the DIC with CH2Cl2 before the addition and have an ice bath ready.) After stirring for 8 hours, the reaction

develops a white precipitate. The reaction may be monitored by TLC eluting with 25% EtOAc/Hexane (Rf of product was 0.9). The entire reaction was loaded into

a separatory funnel (washing with CH2Cl2). The organic mixture was washed with citrate, sat. aq. NaHCO3, water, and brine. The organic layer was dried

(Na2SO4), �ltered, and concentrated to dryness to give the crude product as an oil. The crude oil was mixed with hexane and stirred for 30 min. The precipitate

that forms was �ltered over celite and the �ltrate was evaporated. The hexane mixture was loaded onto a �lter plug of silica and eluted with EtOAc/hexane (97:2

v/v). The �rst eluted UV active fractions are collected and evaporated to give >99% pure 2 (75-80% yields).

[1426]
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Preparation of tert-butyl 4-(2,4-dichlorophenyl)pyrrole-3-carboxylate (3)

Preparation of tert-butyl 4-(2,4-dichlorophenyl)-1-[3-(1,3-dioxobenzo[c]azolin-2-yl)propyl]pyrrole-3-carboxylate (4)

Preparation of tert-butyl 1-(3-aminopropyl)-4-(2,4-dichlorophenyl)pyrrole-3-carboxylate (5)

Preparation of tert-butyl 1-{3-[(6-amino-5-nitro(2-pyridyl))amino]propyl}-4-(2,4-dichlorophenyl)pyrrole-3-carboxylate (7)

Dry ether was added to NaH (1.5 eq as the oil dispersion) under argon. After decanting off the ether via syringe, the NaH was suspended again with fresh ether

under argon. A solution of TOSMIC (1.1 eq) and 2 (1 eq) dissolved in a mixture of ether and DMSO was added dropwise to the stirred suspension of NaH at 0° C.

over 20-30 min. The addition was mildly exothermic and evolved gas. After the addition, the reaction was allowed to warm to ambient rt. The progress of the

reaction was followed by TLC (25% EtOAc/Hexane, the UV active product was at Rf=0.4) and LCMS until done (˜2-3 h). Upon completion, the reaction was

carefully quenched with sat. aq. NH4Cl (added slowly to avoid strong gas evolution and exotherm) and diluted with ether. The layers were separated and the

organic phase was washed with sat. aq. NaHCO3, water, and brine. The crude dark solid can be puri�ed by recrystallization. Best results were achieved either

through recrystallization directly from a mixture of hot EtOAc/hexane (1:3 v/v) or by dissolving the crude product in minimal hot EtOAc followed by addition of

hexane (˜2 volumes of hexane based on the volume of EtOAc). The hot solutions were allowed to cool to room temperature and age over night. The crystals

were �rst �ltered and then washed with hexane giving 99% pure product in 60-70% yield.

[1427]

Solid NaH (1.5 eq as the oil dispersion) was added in small portions to a solution of pyrrole 3 (1 eq) and 3-bromopropyl phthalimide (1.2 eq) dissolved in DMF

stirred at room temperature and �ushed with argon. NOTE—Some gas evolves, but the temperature does not seem to rise above 40-50° C. The reaction was

stirred for 1.5 h at room temperature under argon. The reaction was followed by TLC (CH2Cl2/acetonitrile (95:5 v/v), the UV active product was at Rf=0.5) and

LCMS. Upon completion, the reaction was quenched with sat. aq. NH4Cl (add slowly to avoid strong gas evolution and exotherm). Sat. aq. NaHCO3 was then

added to avoid an emulsion, and the basic organic mixture was extracted with ether. The combined ether layers were washed with sat. aq. NaHCO3, water, brine,

dried Na2SO4, �ltered, and concentrated to dryness to give the crude product. The crude product was puri�ed by eluting through silica with EtOAc/Hexane (1:4

v/v). The puri�ed product contained some residual 3-bromopropyl phthalimide, that did not interfere with subsequent synthetic steps. The material was taken on

and used without further puri�cation. Assume a quantitative yield.

[1428]

The Pthalimido Pyrrole 4 (1 eq) was dissolved in ethanol and hydrazine (3 eq) at room temperature under nitrogen. Upon heating to re�ux, the reaction generated

a white precipitate. Stir at re�ux until complete (˜2 h) by TLC (CH2Cl2/acetonitrile (95:5 v/v), the UV active product was at Rf=0.2) and LCMS. Upon reaching

completion, the reaction was allowed to cool to room temperature and the precipitate was vacuum-�ltered off using a medium to �ne cintered-glass �lter. The

�ltrate was concentrated under reduced pressure to a gummy solid. The crude material was taken up in ethanol/EtOAc (1:1 v/v), stirred and the precipitate was

�ltered off in the same fashion as before. The �ltrate was concentrated under reduced pressure and than dried in vacuo for 10-15 min. This process of adding

ethanol/EtOAc, �ltering and concentrating was done one more time or as needed to remove the majority of the white precipitate and residual hydrazine. The

product was then dried in vacuo overnight. The material was used without further puri�cation. Once dried, the reaction yielded the product as a glass (˜87% yield

over 2 steps).

[1429]

To the premixed dry reagents, pyrrole 5 (1 eq) and powdered 6-chloro-3-nitro-2-pyridylamine (6) (1.1 eq), was added the DMA followed by Hünig's base (2 eq)

sequentially with stirring at rt. The reaction was then heated to 80° C. overnight. The reaction was followed by TLC (EtOAc/hexane (1:1 v/v), the UV active yellow

[1430]
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Preparation of 1-{3-[(6-amino-5-nitro(2-pyridyl))amino]propyl}-4-(2,4-dichlorophenyl)pyrrole-3-carboxylic acid (8)

Preparation of N-((1S)-2-hydroxy-isopropyl)(1-{3-1(6-amino-5-nitro(2-pyridyl))amino]propyl}-4-(2,4-dichlorophenyl)pyrrol-3-yl)carboxamide (9,)

Screening Methods for SMIP/SMIS Compounds

product was at Rf=0.25), HPLC and LCMS. Upon completion as judged by HPLC, the reaction was allowed to cool to 70° C. Ethylene diamine (anhydrous) was

then added to the reaction to destroy any remaining unreacted chloropyridine 6. After 15 min stirring at 70° C., the reaction was cooled and quenched with the

addition of sat. aq. NaHCO3. The aqueous mixture was extracted with EtOAc, and the combined organic layers were washed with sat. aq. NaHCO3, water, brine,

dried, �ltered, and concentrated to dryness to give the crude product as a brown-yellow solid. The crude product was puri�ed by �ash chromatography eluted

with EtOAc/hexane (4:6 v/v). The puri�ed SnAr adduct 7 was isolated in 58% yield as a yellow solid.

In a vial, TFA (catalytic amount) was added to a stirred mixture of tert-butyl ester pyrrole 7 (1 eq), water (0.1%), and CH2Cl2 at rt. The vial stirred at room

temperature until done (˜12 h. The reaction was then concentrated under reduced pressure at room temperature and dried in vacuo. The crude residue was

dissolved again in CH2Cl2 and concentrated under reduced pressure at rt. The material was used in the �nal coupling step without further puri�cation as the TFA

salt.

[1431]

(2S)-(+)-2-Aminopropan-1-ol (1.5 eq) was added to a stirred mixture of acid (8) (1 eq), HBTU (1.5 eq), Hünig's base (2 eq) and DMF (premixed sequentially in this

order in a vial) at room temperature under argon. The reaction was stirred for 3-4 h until complete as shown by LCMS and HPLC. The reaction mixture was

subsequently diluted with EtOAc, washed with NaHCO3, and concentrated to afford a powder in a 70% yield.

[1432]

Nomenclature for the Example compounds was provided using ACD Name version 5.07 software (Nov. 14, 2001) available from Advanced Chemistry

Development, Inc. Some of the compounds and starting materials were named using standard IUPAC nomenclature.

[1433]

The compounds of Table 34 were synthesized following the synthetic methodology described above in the Examples and Schemes, and screened following

methods 1 and 2 below. The precursors are readily recognizable by one skilled in the art and are commercially available from Aldrich (Milwaukee, Wis.) or Acros

Organics (Pittsburgh, Pa.), among others.

[1434]

Method 1

Candidate small molecule immuno-potentiators can be identi�ed in vitro. Compounds are screened in vitro for their ability to activate immune cells. One marker

of such activation is the induction of cytokine production, for example TNF-α production. Apoptosis inducing small molecules may be identi�ed having this

activity. These small molecule immuno-potentiators have potential utility as adjuvants and immuno-therapeutics.

[1435]

In an assay procedure (High Throughput Screening (HTS)) for small molecule immune potentiators (SMIPs), human peripheral blood mononuclear cells (PBMC),

500,000 per mL in RPMI 1640 medium with 10% FCS, were distributed in 96 well plates (100,000 per well) already containing 5 μM of compound in DMSO. The

PBMCs were incubated for 18 h at 37° C. in 5% CO2. Their ability to produce cytokines in response to the small molecule compounds is determined using a

modi�ed sandwich ELISA.

[1436]

Brie�y supernatants from the PBMC cultures were assayed for secreted TNF using a primary plate bound antibody for capture followed by a secondary

biotinylated anti-TNF antibody forming a sandwich. The biotinylated second antibody was then detected using streptavidin-Europium and the amount of bound

europium was determined by time resolved �uorescence. SMIP compounds were con�rmed by their TNF inducing activity that was measured in the assay as

increased Europim counts over cells incubated in RPMI medium alone. “Hits” were selected based on their TNF-inducing activity relative to an optimal dose of

lipopolysaccaride LPS (1 μg/ml), a strong TNF inducer. The robustness of the assay and low backgrounds allowed for the routine selection of hits with ˜10% of

LPS activity that was normally between 5-10× background (cells alone). Selected hits are then subjected to con�rmation for their ability to induce cytokines from

multiple donors at decreasing concentrations. Those compounds with consistent activity at or below 5 μM are considered con�rmed for the purposes of this

assay. The assay is readily modi�ed for screening for compounds effective at higher or lower concentrations.

[1437]

Method 2

Each of the compounds in the above Table 34 elicited TNF-α production in human peripheral blood mononuclear cells. Many of the compounds showed activity

at less than 20 μM with respect to production of TNF-α. Many of these compounds showed activity at less than 5 μM with respect to production of TNF-α. Many

of these compounds showed activity in the production of TNF-α at less than 1.5 μM.

[1438]

For this reason, each of the R groups of any of the compounds listed in Table 34 are preferred. Additionally, because of the excellent activity of each of the

compounds, each of these compounds is individually preferred and is preferred as a member of a group that includes any or all of the other compounds and

each compound is preferred in methods of modulating immunopotentiation and in methods of treating biological conditions associated therewith, for example

to be used as a vaccine adjuvant. Each of the compounds is also preferred for use in preparation of medicaments for vaccines, immunopotentiation, reducing

tumor growth and in treating biological conditions mediated therefrom.

[1439]

In additon to the procedure described above, methods of measuring other cytokines (e.g. IL1-beta, IL-12, IL-6, IFN-gamma, IL-10 etc.) are well known in the art

and can be used to �nd active SMIP compounds of the present invention.

[1440]

Compounds may be useful that cause production of TNF-α at higher concentrations, such as 100 μM, 200 μM or 300 μM in the assays described herein. For

example Loxoribine causes useful production of TNF-α at 300 μM (see Pope et al Immunostimulatory Compound 7-Allyl-8-Oxoguanosine (Loxoribine) Induces a

Distinct Subset of Murine Cytokines Cellular Immunology 162: 333-339 (1995)).

[1441]

The subject invention also includes isotopically-labeled antiviral compounds, that are structurally identical to those disclosed above, but for the fact that one or

more atoms are replaced by an atom having an atomic mass or mass number different from the atomic mass or mass number usually found in nature. Examples

of isotopes that can be incorporated into antiviral compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur,

�uorine and chlorine, such as 2H, 3H, 13C, 14C, 15N, 18O, 17O, 31P, 32P, 35S, 18F and 36Cl, respectively. Antiviral compounds of the present invention, derivatives

thereof, and pharmaceutically acceptable salts of said compounds and of said derivatives that contain the aforementioned isotopes and/or other isotopes of

other atoms are within the scope of this invention. Certain isotopically-labeled antiviral compounds of the present invention, for example those into which

radioactive isotopes such as 3H and 14C are incorporated, are useful in drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H, and carbon-14, i.e., 14C,

isotopes are particularly preferred for their ease of preparation and detectability. Further, substitution with heavier isotopes such as deuterium, i.e., 2H, may

[1442]
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afford certain therapeutic advantages resulting from greater metabolic stability, for example increased in vivo half-life or reduced dosage requirements and,

hence, may be preferred in some circumstances. Isotopically labeled antiviral compounds of this invention and derivatives thereof can generally be prepared by

carrying out known or referenced procedures and by substituting a readily available isotopically labeled reagent for a non-isotopically labeled reagent.

In accordance with the present invention, methods are provided for the administration of an effective amount of a SMIP compound to act as an adjuvant. Also

provided are immunogenic compositions comprising a SMIP compound, an antigen, and optionally other adjuvants.

[1443]

As adjuvants, the SMIP compounds are combined with antigens and delivery systems to form a �nal immunogenic composition or vaccine product.[1444]

As immunotherapeutics, the SMIP compounds are used alone or in combination with other therapies for treatment of SARS.[1445]

Those of ordinary skill in the art will recognize that physiologically active antiviral compounds, SMIPs or SMISs that have accessible hydroxy groups are

frequently administered in the form of pharmaceutically acceptable esters. The antiviral compounds of this invention can be effectively administered as an ester,

formed on the hydroxy groups, just as one skilled in pharmaceutical chemistry would expect. It is possible, as has long been known in pharmaceutical chemistry,

to adjust the rate or duration of action of the antiviral compound by appropriate choices of ester groups.

[1446]

Other compounds that can be used in combination with the therapeutic agents described herein include, pentoxifylline (PTX), methylprednisolone, trimetrexate

(Neutrexin), Zadaxin (thymosin alpha 1), optionally substituted 5-aminomethinimino-3-methyl-4-isoxazolecarboxylic acid phenylamides, cyclosporine A (CsA),

6-oxo-1,4,5-thiadiazin[2,3-b]quinazoline, 3-amino-2(1H)-thioxo-4(3H)-quinazolinone, gangciclovir, glycyrrhizin, tetracyclines, aminoglycosides, quinolones,

bicyclam (1,4-Bis(1,4,8,11-tetraazacyclotetradec-1-ylmethyl)benzene octahydrochloride dihydrate), rapamycin, wortmannin, enalapril, roquinimex/linomide,

inactivin, DNCB, AG7088, 9-aminocamptothecin (CPT-11), loxorobine, bropirimine, Ononase ® (ranpimase), statins, such as: lovastatin—Mevacor®, pravastatin

—Pravachol®, simvastatin—Zocor®, �uvastatin—Lescol®, atorvastatin—Lipitor® and rosuvastatin—Crestor®.

[1447]

As used herein, the term “effective amount” means an amount of antiviral compound of the compositions, kits and methods of the present invention that is

capable of treating the symptoms of the described conditions. The speci�c dose of a compound administered according to this invention will, of course, be

determined by the particular circumstances surrounding the case including, for example, the compound administered, the route of administration, the state of

being of the patient, and the severity of the condition being treated.

[1448]

The dose of an antiviral compound of this invention to be administered to a subject is rather widely variable and subject to the judgment of the attending

physician. It should be noted that it may be necessary to adjust the dose of a compound when it is administered in the form of a salt, such as a laureate, the salt

forming moiety of which has an appreciable molecular weight.

[1449]

The following dosage amounts and other dosage amounts set forth elsewhere in this description are for an average human subject having a weight of about 65

kg to about 70 kg. The skilled practitioner will readily be able to determine the dosage amount required for a subject whose weight falls outside the 65 kg to 70

kg range, based upon the medical history of the subject and the presence of diseases, e.g., diabetes, in the subject. Calculation of the dosage amount for other

forms of the free base form such as salts or hydrates is easily accomplished by performing a simple ratio relative to the molecular weights of the species

involved.

[1450]

In general, the pharmaceutical compositions will include at least one antiviral compound in combination with a pharmaceutically acceptable vehicle, such as

saline, buffered saline, 5% dextrose in water, borate-buffered saline containing trace metals or the like. Formulations may further include one or more excipients,

preservatives, solubilizers, buffering agents, lubricants, �llers, stabilizers, etc. Methods of formulation are well known in the art and are disclosed, for example, in

“Remington's Pharmaceutical Sciences,” Mack Pub. Co., New Jersey (1991) or “Remington: The Science and Practice of Pharmacy,” 20th ed., Lippincott Williams

& Wilkins, Baltimore, Md. (2000), incorporated herein by reference.

[1451]

Pharmaceutical compositions for use within the present invention can be in the form of sterile, non-pyrogenic liquid solutions or suspensions, coated capsules,

suppositories, lyophilized powders, transdermal patches or other forms known in the art.

[1452]

Many of the active ingredient antiviral compounds are known to be absorbed from the alimentary tract, and so it is usually preferred to administer a compound

orally for reasons of convenience. However, the compounds may equally effectively be administered intravenously, subcutaneously, percutaneously, or as

suppositories for absorption by the rectum or vagina, if desired in a given instance. All of the usual types of compositions may be used, including tablets,

chewable tablets, capsules, solutions, parenteral solutions, troches, suppositories and suspensions. Compositions are formulated to contain a daily dose, or a

convenient fraction of daily dose, in a dosage unit, that may be a single tablet or capsule or convenient volume of a liquid.

[1453]

Capsules are prepared by mixing the compound or compounds with a suitable diluent and �lling the proper amount of the mixture in capsules. The usual diluents

include inert powdered substances such as starch of many different kinds, powdered cellulose, especially crystalline and microcrystalline cellulose, sugars such

as fructose, mannitol and sucrose, grain �ours and similar edible powders.

[1454]

Tablets are prepared by direct compression, by wet granulation, or by dry granulation. Their formulations usually incorporate diluents, binders, lubricants and

disintegrators as well as the compound or compounds. Typical diluents include, for example, various types of starch, lactose, mannitol, kaolin, calcium

phosphate or sulfate, inorganic salts such as sodium chloride and powdered sugar. Powdered cellulose derivatives are also useful. Typical tablet binders are

substances such as starch, gelatin and sugars such as lactose, fructose, glucose and the like. Natural and synthetic gums are also convenient, including acacia,

alginates, methylcellulose, polyvinylpyrrolidine and the like. Polyethylene glycol, ethylcellulose and waxes can also serve as binders.

[1455]

A lubricant is generally necessary in a tablet formulation to prevent the tablet and punches from sticking in the die. The lubricant is chosen from such slippery

solids as talc, magnesium and calcium stearate, stearic acid and hydrogenated vegetable oils.

[1456]

Tablet disintegrators are substances that swell when wetted to break up the tablet and release the compound or compounds. They include starches, clays,

celluloses, algins and gums, more particularly, corn and potato starches, methylcellulose, agar, bentonite, wood cellulose, powdered natural sponge, cation-

exchange resins, alginic acid, guar gum, citrus pulp and carboxymethylcellulose, for example, may be used as well as sodium lauryl sulfate.

[1457]

Tablets are often coated with sugar as a �avor and sealant, or with �lm-forming protecting agents to modify the dissolution properties of the tablet. The

compounds may also be formulated as chewable tablets, by using relatively large amounts of pleasant-tasting substances such as mannitol in the formulation,

as is now well-established in the art.

[1458]

When it is desired to administer a compound as a suppository, the typical bases may be used. Cocoa butter is a traditional suppository base, that may be

modi�ed by addition of waxes to raise its melting point slightly. Water-miscible suppository bases comprising, particularly, polyethylene glycols of various

molecular weights are in wide use.

[1459]

The effect of the compounds may be delayed or prolonged by proper formulation. For example, a slowly soluble pellet of the compound may be prepared and

incorporated in a tablet or capsule. The technique may be improved by making pellets of several different dissolution rates and �lling capsules with a mixture of

the pellets. Tablets or capsules may be coated with a �lm that resists dissolution for a predictable period of time. Even the parenteral preparations may be made

long-acting by dissolving or suspending the compound or compounds in oily or emulsi�ed vehicles that allow dispersion slowly in the serum.

[1460]

The combinations of this invention may be administered in a controlled release formulation such as a slow release or a fast release formulation. Such controlled

release formulations of the combination of this invention may be prepared using methods well known to those skilled in the art. The method of administration

will be determined by the attendant physician or other person skilled in the art after an evaluation of the subject's condition and requirements.

[1461]

The term “prodrug” means compounds that are transformed in vivo to yield an antiviral compound of the present invention. The transformation may occur by

various mechanisms, such as through hydrolysis in blood. A good discussion of the use of prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel

Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical

Association and Pergamon Press, 1987. The term, “prodrug” also encompasses mutual prodrugs in which one or more antiviral compounds are combined in a

single molecule that may then undergo transformation to yield the individual antiviral compounds of the present invention.

[1462]

For example, if an antiviral compound of the present invention contains a carboxylic acid functional group, a prodrug can comprise an ester formed by the

replacement of the hydrogen atom of the acid group with a group such as (C1-C8)alkyl, (C2-C12)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9

carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms,

1-(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms,

N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl,

4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C1-C2)alkylamino(C2-C3)alkyl (such as β-dimethylaminoethyl), carbamoyl-(C1-C2)alkyl, N,N-di(C1-

C2)alkylcarbamoyl-(C1-C2)alkyl and piperidino-, pyrrolidino- or morpholino(C2-C3)alkyl.

[1463]

Similarly, if an antiviral compound of the present invention comprises an alcohol functional group, a prodrug can be formed by the replacement of the hydrogen

atom of the alcohol group with a group such as (C1-C6)alkanoyloxymethyl, 1-((C1-C6)alkanoyloxy)ethyl, 1-methyl-1-((C1-C6)alkanoyloxy)ethyl, (C1-

C6)alkoxycarbonyloxymethyl, N-(C1-C6)alkoxycarbonylaminomethyl, succinoyl, (C1-C6)alkanoyl, α-amino(C1-C4)alkanoyl, arylacyl and α-aminoacyl, or

α-aminoacyl-α-aminoacyl, where each α-aminoacyl group is independently selected from the naturally occurring L-amino acids, P(O)(OH)2, —P(O)(O(C1-C6)alkyl)2

or glycosyl (the radical resulting from the removal of a hydroxyl group of the hemiacetal form of a carbohydrate).

[1464]

If an antiviral compound of the present invention comprises an amine functional group, a prodrug can be formed by the replacement of a hydrogen atom in the

amine group with a group such as RX-carbonyl, RXO-carbonyl, NRXRX′-carbonyl where RX and RX′ are each independently ((C1-C10)alkyl, (C3-C7)cycloalkyl, benzyl,

or RX-carbonyl is a natural α-aminoacyl or natural α-aminoacyl-natural α-aminoacyl, —C(OH)C(O)OYX wherein (YX is H, (C1-C6)alkyl or benzyl), —C(OYXO)YX1

[1465]
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EXAMPLES

Example 1

Example of a SARS Virus Isolate

wherein YX0 is (C1-C4)alkyl and YX1 is ((C1-C6)alkyl, carboxy(C1-C6)alkyl, amino(C1-C4)alkyl or mono-N- or di-N,N—(C1-C6)alkylaminoalkyl, —C(YX2)YX3 wherein

YX2 is H or methyl and YX3 is mono-N- or di-N,N—(C1-C6)alkylamino, morpholino, piperidin-1-yl or pyrrolidin-1-yl.

The compositions for use in accordance with the present invention may be formulated in a conventional manner using one or more physiologically acceptable

carriers or excipients. Antiviral, SMIP, SMIS, or other immunomodulating compounds are prepared or obtained as described herein and in the U.S. Patents and

published international patent applications listed in Table 1, Table 2, Table 34 and Table 35. The antiviral compounds can be formulated in pharmaceutically

acceptable compositions suitable for delivery to the lungs. Particular formulations include dry powders, liquid solutions or suspensions suitable for nebulization

and propellant formulations suitable for use in metered dose inhalers. The preparation of such formulations is well know to those skilled in the art, and is

described in U.S. Pat. Nos. 5,814,607 and 5,654,007 and in the U.S. Patents and published international patent applications listed in Table 3 the disclosures of

which are incorporated herein by reference.

[1466]

Dry powder formulations will comprise an antiviral compound in a dry, optionally lyophilized form with a particle size within a preferred range for deposition

within the lung. Typically the particle size for deposition in the lung will range between 1 and 5 μm. When systemic delivery of the antiviral compound via

absorption from the lung into the bloodstream is desired the antiviral compound formulation particle size is generally between 0.1 and 2 μm in size. The

preferred size range of particles can be produced using methods such as jet-milling, spray drying and solvent precipitation, for example. Dry powder devices

typically require a powder mass in the range from about 1 mg to 100 mg to produce an aerosolized dose. Thus, the antiviral compound will typically be combined

with a pharmaceutically acceptable dry bulking powder. Preferred dry bulking powders include sucrose, lactose, trehalose, human serum albumin (HSA),

phospholipids and glycine as well as those disclosed in the documents listed in Table 3. Dry powders can be administered to the subject in conventional dry

powder inhalers. For liquid formulations the antiviral compound can be dissolved in any recognized physiologically acceptable carrier for use in delivery of

aerosolized formulations. Such carriers include buffered and unbuffered aqueous solutions for water soluble compounds, and physiological solutions including

saline solution (preferably between 0.2 and 2 N NaCl). For antiviral compounds with limited solubility, other liquid vehicles such as ethanol, propylene glycol and

ethanol-propylene combinations may be used. The antiviral compounds may also be administered as solids in suspension.

[1467]

For administration by inhalation, the compositions for use according to the present invention are conveniently delivered in the form of an aerosol spray

administered via pressurized packs or a nebulizer, with the use of a propellant, e.g., air, dichlorordi�uoromethane, dichlorotera�uoroethane or other suitable gas.

Preferably, for incorporation into the aerosol propellant, the antiviral compound formulations of the present invention will be processed into respirable particles

as described above for the dry powder formulations. The particles are then suspended in the propellant, optionally being coated with a surfactant to enhance

their disbursement. In the use of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a metered amount.

[1468]

Commercially available jet nebulizers are available and may be used to deliver aerosolized antiviral compound to a subject. Such jet nebulizers include, but are

not limited to, those supplied by AeroTech 11 (CIS-US, Bedford, Mass.). In addition, for delivery of aerosolized antiviral compound to the lungs of a subject an

oxygen source can be attached to the nebulizer providing a �ow rate of, for example, 10 L/min. In general, inhalation is performed over a 5-40 minute time

interval through a mouthpiece during spontaneous respiration. The present invention provides for novel compositions comprising a suitable carrier and

aerosolized antiviral compound in doses su�cient to reduce or ameliorate viral load and SARS symptoms in subjects having SARS. Such doses can be lower

than corresponding systemic doses that may be used to those generally used to reduce or ameliorate viral load and SARS symptoms in subjects having SARS.

[1469]

The antiviral, SMIP, SMIS, and immunomodulating compositions of the present invention may be administered with a steroidal anti-in�ammatory drug for the

treatment of SARS and SARS symptoms. Examples of steroidal anti-in�ammatory drugs of the invention include hydrocortisone, prednisolone, dexamethasone,

triamcinolone acetonide, �uocinolone acetonide, �udrocortisone acetate, betamethasone, etc.

[1470]

The antiviral compound composition of the invention is nebulized predominantly into particle sizes allowing a delivery of the drug into the terminal and

respiratory bronchioles. For e�cacious delivery of antiviral compound to the lung endobronchial space of airways in an aerosol, the formation of aerosol

particles having mass medium average diameter predominantly between 1 to 5 μm is necessary. The formulation must additionally provide conditions that

would not adversely affect the functionality of the airways. Consequently, the formulation must contain enough of the drug formulated under the conditions that

allow its e�cacious delivery while avoiding undesirable reaction.

[1471]

For liquid solutions and suspensions, the choice of the nebulizer is made from among commercially available nebulizers. The jet nebulizers known as

Sidestream O, obtained from Medicaid and Pari LCS, LC Plus, and eFlow obtained from Pari Respiratory Equipment, Richmond, Va., are examples of typical

nebulizers suitable for the practice of the invention. Ultrasonic nebulizers that produce appropriate particle sizes of about 1 to 5 μm such as Aerosonic by

DeVilbiss and UltraAire by Omron are also suitable.

[1472]

Advantageously, the present invention also provides for a kit for use by a consumer for the treatment and/or prevention of SARS. Such a kit comprises: (a) a

pharmaceutical composition comprising a therapeutically effective amount of at least one compound from among those described herein or listed in Table 34

and Table 35 or described in the U.S. Patents and published international patent applications listed in Table 1, Table 2, and Table 35 and a pharmaceutically

acceptable carrier, vehicle or diluent; (b) a container for holding the pharmaceutical composition; and, optionally, (c) instructions describing a method of using

the pharmaceutical compositions for the treatment and or the prevention of SARS. The kit may optionally contain a plurality of antiviral compounds for the

treatment of SARS wherein the anti viral compounds are selected from 3C-like protease inhibitors and papain-like protease inhibitors. In a further embodiment,

the kit contains an antiviral compound which is an RNA-dependent RNA polymerase inhibitor. When the kit comprises more than one antiviral compound, the

antiviral compounds contained in the kit may be optionally combined in the same pharmaceutical composition.

[1473]

A “kit” as used in the instant application includes a container for containing the separate compositions such as a divided bottle or a divided foil packet. The

container can be in any conventional shape or form as known in the art that is made of a pharmaceutically acceptable material, for example a paper or

cardboard box, a glass or plastic bottle or jar, a re-sealable bag (for example, to hold a “re�ll” of tablets for placement into a different container), or a blister pack

with individual doses for pressing out of the pack according to a therapeutic schedule. The container employed can depend on the exact dosage form involved,

for example a conventional cardboard box would not generally be used to hold a liquid suspension. It is feasible that more than one container can be used

together in a single package to market a single dosage form. For example, tablets may be contained in a bottle that is in turn contained within a box.

[1474]

An example of such a kit is a so-called blister pack. Blister packs are well known in the packaging industry and are being widely used for the packaging of

pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs generally consist of a sheet of relatively stiff material covered with a foil of a

preferably transparent plastic material. During the packaging process, recesses are formed in the plastic foil. The recesses have the size and shape of individual

tablets or capsules to be packed or may have the size and shape to accommodate multiple tablets and/or capsules to be packed. Next, the tablets or capsules

are placed in the recesses accordingly and the sheet of relatively stiff material is sealed against the plastic foil at the face of the foil that is opposite from the

direction in which the recesses were formed. As a result, the tablets or capsules are individually sealed or collectively sealed, as desired, in the recesses between

the plastic foil and the sheet. Preferably the strength of the sheet is such that the tablets or capsules can be removed from the blister pack by manually applying

pressure on the recesses whereby an opening is formed in the sheet at the place of the recess. The tablet or capsule can then be removed via said opening.

[1475]

It maybe desirable to provide a written memory aid, where the written memory aid is of the type containing information and/or instructions for the physician,

pharmacist or subject, e.g., in the form of numbers next to the tablets or capsules whereby the numbers correspond with the days of the regimen which the

tablets or capsules so speci�ed should be ingested or a card that contains the same type of information. Another example of such a memory aid is a calendar

printed on the card e.g., as follows “First Week, Monday, Tuesday,” . . . etc . . . . “Second Week, Monday, Tuesday, . . . ” etc. Other variations of memory aids will be

readily apparent. A “daily dose” can be a single tablet or capsule or several tablets or capsules to be taken on a given day. Also a daily dose of one or more

component(s) of the kit can consist of one tablet or capsule while a daily dose of another one or more component(s) of the kit can consist of several tablets or

capsules.

[1476]

Another speci�c embodiment of a kit is a dispenser designed to dispense the daily doses one at a time in the order of their intended use. Preferably, the

dispenser is equipped with a memory-aid, so as to further facilitate compliance with the regimen. An example of such a memory-aid is a mechanical counter that

indicates the number of daily doses that has been dispensed. Another example of such a memory-aid is a battery-powered micro-chip memory coupled with a

liquid crystal readout, or audible reminder signal which, for example, reads out the date that the last daily dose has been taken and/or reminds one when the next

dose is to be taken.

[1477]

A SARS virus was isolated from clinical specimens of a patient in Frankfurt, Germany (FRA). The isolate was grown in Vero cells. RNA of the SARS virus was

extracted and ampli�ed by RT-PCR. Nucleotide sequence of the viral genome was determined by direct sequencing of the PCR product. Computer analysis was

used to predict the features of the genome, to compare it to previously known coronaviruses and to the sequence of different SARS virus isolates.

[1478]

More speci�cally, isolation and sequence was performed as follows. After the third passage of the SARS virus in Vero cells, viral particles were puri�ed by ultra

centrifugation from 3×107 cells supernatant. Viral RNA was extracted by Triazol method (Gibco-BRL). Viral RNA (200 ng) was transcribed into cDNA with avian

RNaseH-thermostable reverse transcriptase following the instructions of the manufacturer (ThermoScript RT System, Invitrogen). Brie�y, either 50 pmoles of

oligo (dT)20 (SEQ ID NO: 7389) or 25 ng of random hexamers were used to prime the RT reaction in a 20 μl �nal volume. Ampli�cation and sequencing of the

[1479]
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SARS genome were accomplished by direct sequencing of PCR products obtained with: i) speci�c primers from conserved regions of homology found through

multiple alignment among known coronaviruses; ii) oligonucleotides designed around short sequences of SARS isolates available on the Web through WHO

network laboratories; iii) degenerate primers to amplify the cDNA mixture with multiple overlapping fragments as end products. Gap closure was realized by long

distance PCR with high �delity Taq (Expand High Fidelity system, Roche) using primers designed on selected fragments. Sequence was collected by primer

walking using a BigDye terminator chemistry (Applied Biosystems) and an automated DNA sequencer (3700 capillary model, Applied Biosystems). After

obtaining a �rst pass of the entire genome, a set of both forward and reverse primers were used to amplify and sequence de novo the genome using as a

template DNA segments of 2 kb on average. Readings from overlapping fragments were automatically assembled by AutoAssembler (Applied Biosystems) and

the 29,740 bp contiguous edited manually.

Computer analysis of the sequence was performed as follows. The GCG Wisconsin Package suite (version 10.0) was used for computer analysis of gene and

protein sequences. The PSORT program (http://psort.nibb.ac.jp/) was used for localization predictions. For secondary structure analysis, the PHD software

available on the Web at http://cubic.bioc.columbia.edu/predictprotein/was applied. The PSI-BLAST algorithm was used for homology searches

(http://www.ncbi.nlm.nih.gov/blast) using the non-redundant protein database. ClustalW was applied to obtain multiple sequence alignments of gene and

protein sequences. The LeamCoil-VMF program was used to predict coiled-coil regions in the spike proteins (http://learncoil-vmf.lcs.mit.edu/cgi-bin/vmf).

Leucine zippers were predicted with the program 2ZIP, available at http://2Zip.molgen.mpg.de.

[1480]

Phylogenetic analysis was performed using the neighbor-joining algorithm as implemented in the program NEIGHBOR within the Phylogeny Inference Package

(Phylip) (Felsenstein J 1993, program distributed by the author). Bootstrap analysis was always performed with 100 replicates using the program Seqboot. Trees

were handled and displayed using TreeView. The program HMMER was used to generate sequence pro�les from multiple sequence alignments of the S1

domains of spike proteins. Subsequently, the HMMPFAM program was used to compare the S1 domain of SARS spike to the pro�les.

[1481]

The genome of this SARS virus isolate is 29,740 bases long and the overall structure of the genome is similar to that of the three known groups of coronaviruses.

Starting from the 5′ end a leader sequence, an untranslated region (UTR) and two overlapping open reading frames coding for one polyprotein containing the

enzymes necessary for replication can be identi�ed. They are followed by a region coding for the spike (S), envelope (E), matrix (M), nucleocapsid (N) structural

proteins and eight additional ORFs speci�c for the SARS virus. At the 3′-end of the genome a UTR with a poly(A) is located. The overall homology to

coronaviruses groups 1, 2 and 3 is low and therefore the SARS virus belongs to a new group (group 4) of coronavirus. More detailed analysis of the spike protein

amino acid sequence shows that the SARS virus isolate is more closely related to coronavirus group 2.

[1482]

The complete genome sequence of the SARS virus isolate is 29,740 bp in length. The sequence is available on Genbank and has a GC content of 40.8%,

comparable with that of known viruses of the same family. Genome structure is similar to that of other coronaviruses. 14 open reading frames have been

predicted. The principal features of the genome and gene products are illustrated reported in FIG. 17 and Table 10. The comparison between the SARS genome

and those of group 1, 2 and 3 coronaviruses is reported in FIG. 18.

[1483]

Nucleotides 1-73 contain a predicted RNA leader sequence followed by an untranslated region (UTR) of 197 nucleotides. The UTR is followed by two overlapping

open reading frames (ORF1a, ORF1b), which encompass two-thirds of the genome (nucleotides 265-21485). They encode for a large polyprotein, which is

predicted to be processed by viral proteases to generate the replicase complex. The 3′ part of the genome contains the genes coding for the four structural

proteins (S, spike protein, E, envelope protein, M, matrix glycoprotein, and N, nucleocapsid protein), and eight predicted ORFs of unknown function (FIG. 17).

Finally, at the 3′ end of the genome, we found a second UTR of 340 bases followed by a poly(A) tract. We identi�ed a putative intergenic (IG) sequence also

referred to as transcription-associated sequence (TAS), which is a typical feature for coronaviruses. The IG sequence is characterized by 6-18 nucleotides

present at the 3′ end of the leader and can be found in front of each gene. The IG sequence plays a key role in RNA transcription and its regulation. The IG

sequence of the SARS virus is characterized by the sequence SEQ ID NO: 7293 and is present nine times in the genome (FIG. 17). The sequence of the leader and

IG are peculiar for each coronavirus and represent a speci�c signature for the virus.

[1484]

The Replicase Region

The replicase gene, ORF1ab (SEQ ID NO: 7232), consists of two overlapping ORFs, ORF1a and ORF1b, which can be translated as a single polyprotein by frame

shift of the ribosome in position 13,393, within the polymerase encoding region. See Brierley et al, Embo J 1987: 6(12): 3779-3785. As expected, a stem-loop

sequence is present ten base pairs downstream of this site (SEQ ID NO: 7390; 5′-CGGTGTAAGTGCAGCCCGTCTTACACCG-3′). The polyprotein is cleaved co-

and/or post-translationally into multiple proteins by its own encoded proteases. Using the cleavage consensus sequence and by analogy with other

coronaviruses, we have mapped the possible cleavage sites of the polyprotein and have identi�ed 14 products, which comprise the leader protein p28, the

homologue of the MHV p65 protein and other twelve proteins, named from nsp1 to nsp13 (nsp, non structural protein) (FIG. 17 and Table 10). The amino acid

sequence analysis suggests the presence of several functional motifs within the putative ORF1ab proteins. In particular, we have mapped two potential

proteases (nsp1 and nsp2), one growth factor-like motif (nsp7) within ORF1a, whereas in ORF1b we identi�ed the RNA polymerase (nsp9), and a predicted

helicase (nsp10). The other predicted cleavage products (nsp3, nsp4, nsp5, nsp6, nsp11, nsp12 and nsp13) are proteins of unknown function. Many of these

proteins are presumably present in the RNA replication complex, which is associated with the membranous structures in the infected cells. In particular, nsp3

and nsp4 contain hydrophobic domains. As shown in FIG. 18, the replicase region of SARS has a similar organization to group 1, 2 and 3 coronaviruses; however,

the overall aminoacid conservation is low (Table 11). The most conserved proteins are the polymerase and the helices.

[1485]

Nsp1 is the papain-like cysteine protease (PLP), which cleaves the �rst two protein products (leader protein p28 and p65 homologue). Within the nsp1 of MHV,

two domains with papain-like protease activity (PLP1 and PLP2) have been mapped, (Kanjanahaluethai et al (2000) J. Virol 74(17):7911-21) which are also

conserved with Bovine, transmittable gastroenteritis virus (TGV) and Human 229E coronaviruses. However, by sequence alignment with the SARS nsp 1, we

identi�ed only one PLP domain containing the catalytic residues Cys833 and His994.

[1486]

Nsp2 is the chymotrypsin-picornavirus 3C-like protease (3CLp), which is responsible for the post-translational processing of the other 12 proteins, most of them

cleaved at Q/A or Q/S sites. (Ziebuhr et al (1999) J. Virol 73(1):177-85). It also performs autoproteolytic activity. The principal catalytic residues are well

conserved with other coronaviruses and are located at position His41 and Cys145. Furthermore, even the conserved aminoacids Tyr161 and His163, which are

believed to be involved in substrate recognition and to be indispensable for proteolytic activity, (Hegyi et al (2002) J. Gen Virol 83(Pt3):581-593) were found in the

sequence of the SARS 3CLp.

[1487]

The invention includes the or�ab sequence of SEQ ID NO: 9960 and the or�a sequence of SEQ ID NO: 9961, including fragments, variants, homologs, etc. thereof.[1488]

The Structural Region

Analysis of the nucleotide sequence at the 3′ part of the SARS genome identi�ed 12 predicted open reading frames. They are coded within 8.2 kb and comprise

the four structural proteins S, E, M and N, common for all coronaviruses and eight predicted ORFs, which are speci�c for this virus (FIG. 18). SARS-speci�c IG

sequences upstream of most ORFs (FIGS. 17 & 18) suggest that most genes are likely to be transcribed independently. Interestingly, sequences identical to the

group 2 IG are also present at the end of the RNA leader and in front of the Matrix encoding gene and of ORF 10.

[1489]

The spike is a type I glycoprotein, which forms the large spikes on the surface of the virion and is responsible for receptor-binding and membrane fusion.

(Gallagher (2001) Adv Exp Med Biol 494: 183-92). The protein is 1255 residues long with 17 predicted N-glycosylation sites. It has a 13aa leader peptide and a 17

aa C-terminal membrane anchoring sequence (1202-1218). Some (MHV, HCoV-OC43, AIBV and BCoV), but not all (TGV, FIPV, HCoV-229E) coronavirus spike

proteins are proteolytically cleaved in two subunits, S1 and S2. S1 is supposed to form the bulbous head, which stays non-covalently linked to the C-terminal

membrane anchor. Cleavage is mediated by a basic aminoacid sequence, which resembles the consensus sequence for a furin cleavage site. (Garten et al.,

Biochimie 1994; 76(3-4): 217-225). However, in case of this SARS virus isolate, we were not able to identify such a sequence, implicating that the S protein of this

SARS virus isolate is unlikely to be cleaved during maturation. Secondary structure predictions indicated that the global architecture of the spike protein is

conserved within all known coronaviruses. The S1 domain is mainly formed by beta sheets and likely adopts a globular fold, while in the S2 domain extensive

alpha helical regions are predicted. In addition, the LearnCoil-VMF program, speci�cally designed to identify coiled-coil-like regions in viral membrane-fusion

proteins, predicts two coiled-coils within S2, spanning aminoacids 900-1005 and 1151-1185, respectively (FIG. 19). Both coiled-coil regions contain a leucine-

zipper motif, which is also present in the spikes of all coronaviruses. Leucine zippers are known to promote protein oligomerization; since the spike proteins of

TGV and MHV form hetero-trimers, (Delmas et al, J Virol 1990; 64(11):5367-5375) (Godeke, et al., J Virology 2000; 74(3):1566-1571) it is conceivable that in SARS

leucine zippers play a role in promoting and/or stabilizing a similar quaternary structure. The spike protein plays a major role in the biology of coronaviruses

because the S1 domain contains the receptor-binding domain and the virus neutralizing epitopes, while the S2 domain is involved in the process of membrane

fusion, which is essential for virus infectivity. As expected, multiple sequence alignment of different spike proteins showed a major degree of variability within

the S1 domain, whereas S2 is more conserved.

[1490]

The envelope protein E is a very short polypeptide of 76 aa, involved in the morphogenesis of the virion envelope. (Godet et al., Virology 1992; 188(2):666-675).

Computer analysis predicts a long transmembrane domain close to the N-terminus and two N-glycosylation sites. The level of aminoacid similarity with other

coronaviruses is very low and the best homology is with the small envelope protein of the transmissible gastroenteritis virus (TGV).

[1491]

The matrix glycoprotein (M) is a 221-residue polypeptide with a predicted molecular weight of 25 kDa. Computer analysis predicts a topology consisting of a

short aminoterminal ectodomain, three transmembrane segments and a carboxyl terminus located at the interior side of the viral envelope. In analogy with the

matrix glycoprotein of TGV, that of the avian infective bronchitis virus (AIBV) and that of the hypervirulent MHV-2 strain the SARS M glycoprotein is

N-glycosylated at the N-terminus. SARS M protein shows highest similarity to group 2 viruses (Table 11).

[1492]
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Example 2

Production, Inactivation and Puri�cation of Whole SARS Virus Using MCS Chromatography Resin Puri�cation Followed by Density Gradient Ultracentrifugation

Finally, the nucleocapsid protein N is a 397-residue-long phosphoprotein that interacts with viral genomic RNA to form the nucleocapsid. The level of

conservation with other coronaviruses is low, ranging from 26.9% identity with the HCoV-229E to 37.4% identity to the Bovine coronavirus (BcoV) (Table 11).

Epitope analysis of the nucleocapsid protein has been carried out (Li et al. (2003) Geno Prot & Bioinfo 1:198-206) in which the epitope site at the C terminus of

the protein was located as SEQ ID NO: 7394 (amino acids 371-407 of SEQ ID NO: 6052).

[1493]

In addition to the above fundamental proteins, many viruses express a set of other peptides, which are generally dispensable for viability, but can in�uence the

infectivity potential of the virus. (de Haan et al., Virology 2002; 296(1):177-189). These proteins are generally conserved within members of the same serogroup,

but differ profoundly among the groups. For this reason, they are generally referred to as group-speci�c proteins (FIG. 11). Members of the group 1, represented

here by HcoV-229E, have two group-speci�c genes located between the S and E genes and sometimes one or two ORFs downstream of the N gene, preceding

the 3′ UTR region of the genome. Viruses of the group 2, with MHV as prototype, have two group-speci�c genes (2a and HE) between ORF1b and S, as well as

other two between S and E genes. Finally, the group 3 viruses, represented by the prototype AIBV, have two group-speci�c genes between S and E and other two

between the M and N genes.

[1494]

With the exception of the hemagglutinin esterase HE, for which hemagglutinating and acetyl-esterase enzymatic activities have been demonstrated, all the other

group-speci�c ORFs encode proteins whose role has not yet been established.

[1495]

Interestingly, the arrangement of speci�c genes in the SARS genome is peculiar and the predicted ORFs do not display any signi�cant homology with ORFs

present in the other coronaviruses, nor with any other known protein from different organisms. Like viruses of the group 1 and 3, SARS lacks the HE

hemagglutinin and does not contain ORFs between the ORF1b and the S gene. Furthermore, two predicted ORFs (ORF3 and ORF4) are encoded in the region

between S and E, and superimpose for most of their length. ORF3 has an IG sequence 2 bp upstream of the ATG start codon. In contrast to the other groups,

SARS contains �ve predicted ORFs in the region between M and N genes. ORF7 is located 10 bases downstream of the stop codon of M gene, and has an IG

sequence 155 nucleotides upstream from the ATG start codon. Similarly, ORF8 and ORF10 present an IG right upstream of their ATG start codons. On the other

hand, the 5′ ends of ORF9 and ORF11 shortly superimpose with the �anking genes, and for this reason they do not need an IG to activate transcription. ORF12

totally superimposes with the N gene and shares very low homology with a 22 kDa protein of the MHV virus, coded in the corresponding region.

[1496]

Despite the absence of indications of possible localization and function deriving from sequence similarity, ORF3, ORF7 and ORF8 contain hydrophobic segments,

suggesting association with membrane structures. In addition, ORF3, the longest among the SARS speci�c gene, is the only one that encodes for a peptide

containing a high number of predicted O-glycosylation sites (Table 11). Predicted N-glycosylation sites have been identi�ed in ORF3, ORF11 and ORF12.

[1497]

Two shorter ORFs in the non-structural regions are SEQ ID NOS: 9965 and 9966. The invention includes polypeptides with these sequences, and also fragments,

variants, etc.

[1498]

Phylozenetic Analysis

The substitution frequency within 922 conserved bases from the pol gene of eleven coronaviruses from the three different serogroups has been used in the past

to show that the variability within members of each serogroup is much smaller than between members of different serogroups, con�rming the previously

described serological groupings. (Stephensen et al., Virus Res 1999; 60(2):181-9). We used the 922 bp region of the pol gene of SARS and aligned it with the

same fragment from other 12 coronaviruses. The tree obtained showed that the SARS virus is distinct from the other three groups of coronaviruses (FIG. 20).

Similar results were obtained using the full-length aminoacid sequences of pol, 3CL-protease and helicase from the replicase region and those of the spike and

the matrix glycoproteins from the structural region (data not shown). These data con�rmed that the entire genome of the SARS virus clusters in a new group

(group 4) of coronavirus.

[1499]

To gain more resolution for possible evolutionary relationships we performed the analysis using consensus sequences of predicted domains of the proteins. In

particular, we generated consensus sequences of the S1 domain of the spike protein from the group 1 and group 2 and then we compared them to the S1

domain of the SARS spike. No consensus could be generated from the group 3 since only the spike protein of AIBV is known. Interestingly, the tree constructed

from the alignment of SARS SI with the consensus generated from the two groups of spike proteins was different from that in FIG. 20, and showed a much closer

relationship between SARS and group 2 coronaviruses (FIG. 21A). Further analysis showed that 19 out of the 20 cysteines present in the SARS S 1 domain are

spatially conserved with the group 2 consensus sequence, while only �ve are maintained either within the group 1 and group 3 sequences (FIG. 21B). Given the

fundamental role played by cysteines in protein folding, it is likely that the S1 domain of SARS and group 2 coronaviruses share a similar spatial organization.

[1500]

Seguence Variability Between SARS Coronaviruses

We compared the FRA sequence to the four complete SARS genomes available on the Web. A total of 30 mutations were detected. Nine of these mutations were

silent while 21 resulted in aminoacid substitutions (Table 12). Within ORF1a, three silent and seven productive mutations were detected. In ORF1b, there were

�ve silent and three productive mutations. One of the productive mutations was caused by two nucleotide substitutions resulting in a single aminoacid change.

Five changes were located in the spike protein, four of these were productive and one silent. Two productive mutations were in ORF3 and in the matrix

glycoprotein M. One productive mutation each was in ORF10 and in the nucleocapsid protein N.

[1501]

The overall difference between FRA and TOR2 was of nine nucleotides resulting in two silent mutations and seven aminoacid changes. The difference between

FRA and Urbani is 12 nucleotides, which result in �ve silent mutations and seven aninoacid changes. For CUHK 16 nucleotides were different, �ve of which were

silent mutations. For FRA and HKU 14 nucleotide changes resulted in four silent and nine productive mutations.

[1502]

A SARS isolate FRAI (EMBL: AY310120) was passaged on VERO cells that were cultivated in DMEM (Gibco: Cat No. 21969-035, Lot No. 3078864),

Penicillin/Strep (Gibco: Cat No. 15070-063, Lot No. 1120042), and 3% FCS (Gibco: Cat No. 10270-106, Lot No. 40F6130K) at 37° C., 5% CO2. Trypsin (Gibco: Cat

No. 25300-054, Lot No. 3078729) was used for detaching the cells.

[1503]

For virus production the third passage was used for inoculation of VERO cells at a moi of ˜0.1. Cells were incubated with the virus for 1 h at 37° C. in infection

medium (DMEM without PS, FCS); after 1 h cells were washed twice and further incubated at 37° C. for 48 h in the presents of 3% FCS and antibiotics. The

supernatant was harvested 48 hours post infection (p.i.) and precleared by centrifugation at 3000 rpm at 4° C. for 10 min.

[1504]

The SARS virus was inactivated by (β-propiolactone (BPL) treatment (1:2000) for 18 h at 4° C., followed by 3 h at 37° C. Testing the virus on successful

inactivation, VERO cells were incubated with 10 ml BPL treated supernatant for 4 days at 37° C.; subsequentially, the supernatant was transferred to a fresh

VERO cell culture and further incubated for another 4 days. Cells were checked for cytopathic effect (CPE).

[1505]

200 ml of the BPL-inactivated SARS virus harvest was then clari�ed using a 0.65 μm-pore-size �lter (47 mm diameter) to pass virus particles and retain cell

debris. The �lter unit was connected to a Master�ex pump, which accomplished a consistent �ow rate of 40 ml/min.

[1506]

A. MCS Chromatography Puri�cation Step

The �ltered virus suspension was then subjected to MCS chromatography. The MCS column was prepared as follows. 27 ml slurry led to 14 ml sedimentated

resin which Was packed using a Gotec Superformance Column (diameter 1.0 cm, height 15.7 cm, volume 12.33 ml). 1% of the column volume of a 1% acetone

solution was injected to the column and the column was run with a �ow of 100 cm/h. The HETP, N and A, values were then calculated as HETP: 0.056 cm, N/m:

1790 and As=1.20.

[1507]

The amount of proteins in the puri�ed solution after the MCS chromatography step were assessed with a bicinchoninic acid (BCA) method (Interchim) (see, e.g.,

http://www.piercenet.com/�les/bca.pdj) and electrophoresis.

[1508]

Protein Concentration

Number of Wells in the Dilution Load Protein/Well

10 Wells 77 μg/ml 20 μl 1 μg

12 Wells 77 μg/ml 15-20 μl 0.75-1 μg

15 Wells 77 μg/ml 10 μl 0.5 μg

SDS-PAGE was done in accordance to Laemmli, Nature (1970) 227:680-685. Samples for SDS-PAGE were diluted to a protein concentration of 77 μg/ml. Different

protein concentrations were loaded depending on the gel types used (10/12/15 Wells, Novex/Invitrogen):

[1509]

26 μl sample or diluted sample

+10 μl NuPage Sample Buffer (4×) SDS NP0003

+4 μl TCEP Bondbreaker Solution 77720

(1:2 in MilliQ water)

Final Volume: 40 μl

Samples for use in a reducing SDS-PAGE were prepared as, follows:

[1510]

The samples were heated for 10 minutes at 70° C. or left at room temperature for 1 hour (leaving the samples at room temperature prevents the M protein of

[1511]
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Example 3

Production, Inactivation and Puri�cation of Whole SARS Virus Using MCS Chromatography Resin Puri�cation Followed by Density Gradient Ultracentrifugation

Corona Virus to coagulate/forming complexes), and then centrifuged for approximately one minute at 14,000 rpm in a table top centrifuge.

Markers for use on the gel were prepared as follows. Gel bands containing less than 1 μg of proteins were easily visualised with the silver staining procedure

using the Silver Staining Kit Protein, Plus One Staining Protocol (Pharmacia Biotech).

[1512]

Western blotting was performed as follows. A semi-dry blotting technique was used to transfer the proteins from the SDS gel to a nitrocellulose membrane. The

transfer was performed with a current of 0.8 mA/cm2 for 1 hour. A rabbit polyclonal antibody against SARS virus was used to perform the immuno probing using

the Western Breeze, Novex Chromogenic Western Blot Immunodetection Kit (Novex/Invitrogen).

[1513]

Volume/ [Protein]/ Total Protein/ Step Recovery

Sample ml μg/ml mg Protein/%

Corona Harvest

100 2547.6 254.76 100

After 100 2440.3 244.03 95.8

Filtration =

Load

Flow Through 85 2321.4 197.32 77.5

Wash 49.32 468.5 23.11 9.1

Peak 1 12.12 252.7 3.062 1.2

Total Recovery — — 464.4 86.5

The chromatogram of the inactivated SARS MCS capture step is depicted in FIG. 27. To estimate purity, MCS chromatography fractions were analysed by silver

staining on NuPage 10% or 4-12% Bis-Tris-Gel (Novex) under reduced conditions, heated for 10 minutes at 70° C. (FIG. 28). THe fractions were also analysed

under the same conditions by western blot (FIG. 29) to estimate using PAK 11/03 SARS Cov 270603 neutralizing titer 1:512 (this antibody was used for this and

subsequent western blots). Purity estimates are as follows:

B. Density Gradient Ultracentrifugation Step

[1514]

The eluted SARS virus fraction was then subjected to density gradient ultracentrifugation with a swinging bucket rotor to further purify the inactivated virus. 3 ml

of MCS peak fraction were loaded onto a linear gradient (15-60% sucrose; 17 ml 15% and 17 ml 60% sucrose in gradient mixer). The separation was performed

with a Beckman SW 28 rotor at 20,000 rpm for 2 hours.

[1515]

Fraction Fraction Size/ml [Sucrose]/% [Protein]/μg/ml

1 2 61 96.12

2 2 59.4 98.62

3 2 57.5 87.63

4 2 54.5 86.91

5 2 50.5 79.9

6 2 47.2 74.3

7 2 43.7 68.05

8 2 40.2 60.43

9 2 37.2 57.38

10 2 34 53.12

11 2 30 50.63

12 2 25.7 35.02

13 2 22.4 35.33

14 2 19.5 39.25

15 2 15.5 69.79

16 2 8.5 169.03

17 2 8.5 128.96

The content of sucrose and protein in the linear density gradient ultracentrifugation fractions are depicted in the following table, the graph in FIG. 30 and the

estimation of purity in FIG. 31:

[1516]

The protein concentration of fraction 11 (FIG. 31 SDS-gel) was measured again against a standard curve prepared in 30% sucrose and lead to a protein

concentration of 3.67 μg/ml (0.05 μg on the gel). The M protein appears to be missing in this preparation possibily due to sample treatment procedure (heated

samples).

[1517]

There may be discrepancies in the protein concentration measurements in Table 2 due to sucrose interface with this assay.[1518]

Inactivated SARS virus was prepared as described in Example above.[1519]

A. MCS Chromatography Puri�cation Step

Volume/ [Protein]/ Total Protein/ Step Recovery

Sample ml μg/ml mg Protein/%

Corona

200 2239.2 447.83 100

Virus Harvest

After 200 2245.1 449.02 100.3

Filtration =

Load

Flow Through 185 2126.3 393.37 87.8

Wash 49.32 450.1 22.2 5.0

Peak 1 4.43 1245.6 5.52 1.2

Total Recovery — 421.08 93.7

In this example, 200 ml of inactivated SARS virus harvest were subjected to MCS chromatography. The chromatogram of the capture step of inactivated SARS

virus puri�cation with MCS is depicted in FIG. 32, the protein recovery in the following table and the estimation of purity in FIG. 33:

Density Gradient Ultracentrifugation Step

[1520]

3.5 ml of MCS peak fraction were then loaded onto a linear gradient (15-40% sucrose: 16 ml 15% and 16 ml 40% sucrose in gradient mixer). The separation was

performed with a Beckman SW 28 rotor at 20,000 rpm for 2 hours.

[1521]

Tube Fraction Size/ml [Sucrose]/% [Protein]/μg/ml

1 2 40 45.86

2 2 39 45.68

The content of sucrose and protein in the linear density gradient ultracentrifugation fractions are depicted in the following table and the graph in FIG. 34:[1522]

[1523]
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Example 4

Mouse Immunization with Inactivated SARS Virus

Example 5

Balb/cMouse Immunization with Inactivated SARS Virus

3 2 37.5 44.14

4 2 35.5 37.82

5 2 33.5 34.48

6 2 31.5 31.76

7 2 30.5 29.49

8 2 28 30.87

9 2 25.5 31.7

10 2 23.5 26.74

11 2 21.75 23.58

12 2 20 35.33

13 2 18 96.38

14 2 14.5 523.79

15 2 8 941.97

16 2 8 696.7

Protein/ Total Step

Step Volume/ml μg/ml Protein/mg Protein %

Load 3.5 ml 1245.6 4359.6 100

Bulk Protein Fractions 3.5 ml 720.8 4324.9 99.2

Viral Peak Fraction   8 ml 29.7 237.6 5.5

Total Recovery 4562.5 104.7

Protein

recovery

is

shown

in the

following table and the estimation of purity is shown in FIG. 35. Electron Micrograph pictures of density gradient fractions 8, 9 and 10 are shown in FIG. 36:

Neutralization Titer

Immunogen pre post 1st post 2nd post 3rd

BPL-SARS-CoV + MF59 (5 μg) <1:20 <1:20  1:158  1:630

BPL-SARS-CoV + Alum (5 μg) <1:20 <1:20 1:67  1:612

BPL-SARS-CoV (5 μg) <1:20 <1:20 <1:20   1:71

PBS <1:20 <1:20 <1:20   <1:20  

Mice were immunized subcutaneously on days 0, 14, and 28 with 5 μg BPL-inactivated SARS-CoV particles (BPL-SARS-CoV), either alone or together with Alum

or MF59 as adjuvants. Serum was collected on days 0 (pre-immunization), 13 (post 1st immunization), 28 (post 2nd), and 35 (1 week post 3rd immunization).

Neutralizing antibodies were assessed for blocking SARS-CoV infection of Vero cells in vitro. After 3 immunizations, neutralization titers were in the range

1:100-1:1000, which are levels similar to those present in the serum of SARS convalescent patients. As shown in the following table, the non-adjuvanted vaccine

induced neutralizing antibody after the third immunization, and potency of this vaccine was enhanced signi�cantly by including the adjuvants, with neutralizing

antibody appearing after then 2nd immunization and overall titers increasing after then 3rd immunization:

[1524]

A Balb/c mouse model for SARS infection has been developed (Subbarao et al. (2004), J. Virol., 78:3572-77. In this model, Balb/c mice are inoculated intranasally

with 104 TCID50 of virus. At 48 hours post-inoculation, a 2-log increase in the TCID50 virus titer can be detected in the lungs of infected mice. While virus

replication is readily detected, the mice do not show any SARS disease symptoms and spontaneously clear the virus one week after inoculation. A decrease in

virus titer in previously-immunized animals as compared to control animals demonstrates a protective effect of the vaccine being evaluated.

[1525]

Virus replication Virus replication in nasal

in lungs of turbinates of

challenged mice challenged mice

# infected/ Mean (± SE) # infected/ Mean (± SE)

Immunogen # tested virus titer # tested virus titer

PBS

4/4 6.3 ± 0.3  3/4 2.8 ± 0.35

MF-59 alone 4/4 6.1 ± 0.13 3/4 3.0 ± 0.38

FLU vaccine (5 μg) 4/4 6.3 ± 0.07 3/4 2.9 ± 0.36

FLU vaccine (5 μg) + MF-59 4/4 6.0 ± 0.19 4/4 3.0 ± 0.11

BPL-SARS-CoV (5 μg) 1/4  1.6 ± 0.13* 0/4 Not detected**

BPL-SARS-CoV (5 μg) + MF-59 0/4 Not detected* 0/4 Not detected**

Two-tailed Student's t-test, compared to PBS-immunized mice, showed:

*P < 0.00001 or

**P = 0.025

In this example, four Balb/c mice per group are immunized three times with 5 μg BPL inactivated SARS-CoV ( days 0, 14, 28) either alone or in combination with

MF59 and challenged with 104 TCID50 of SARS-CoV on day 43. Two days following virus challenge the mice are euthanized and SARS-CoV is quanti�ed from

nasal turbinates (NT) and lungs and the mean virus titer for each mouse is measured. Control groups received PBS alone, or an in�uenza virus vaccine (FLU)

with or without MF59 adjuvant. Data were as follows (see also FIG. 51), where four mice were tested per group and virus titers are expressed as log10 TCID50 per

gram of tissue:

[1526]

As shown, virus could not be detected in the BPL-SARS-CoV immunized mice. The lower limit of detection of infectious virus in a 10% w/v suspension of lung

homogenate was 1.5 log10TCID50/gm, and in a 5% w/v suspension of nasal turbinates the limit was 1.8 log10TCID50/gm. Viral titers in the immunized mammals

were thus below these threshold values.

[1527]

Thus the inactivated SARS-CoV vaccine was very e�cient at preventing virus infection, as only one of eight mice immunized with the vaccine, either with or

without MF59 adjuvant, was infected. Similar protection was not observed in control groups of PBS diluent, MF59 adjuvant, or in�uenza virus vaccine with or

without adjuvant.

[1528]

Neutralization titers of sera taken from the animals in the challenge study were assessed at two weeks post-1st, one week post-2nd, and one week post-3rd

immunization. Mice immunized with the vaccine with MF59 adjuvant had already developed a neutralization titer of 1:71 after the 2nd immunization, which

increased to 1:588 after the 3rd immunization, whereas mice receiving the unadjuvanted vaccine did not have any neutralizing activity post-2nd and a

neutralization titer of 1:64 post-3rd immunization. Sera from mice in each of the control groups did not show any neutralization activity. These data clearly

demonstrate not only the ability of the inactivated SARS-CoV vaccine to induce protective levels of SARS neutralizing antibodies, but also a bene�cial effect of

formulating the vaccine with adjuvant for elevated neutralization titers.

[1529]
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Example 6

Preparation of OMV Comprising SARS Viral Antigens

Example 7

Immunogenicity, Dose and Route Schedule for Recombinant Spike Protein in Mice

Example 8

Immunogenicity, Dosing and Route Schedule for Spike Proteins in Rabbits

Example 9

Immunogenicity and Dose Schedule for Recombinant Spike in Ferrets

E. coli were transfected with a plasmid of interest (encoding a SARS viral antigen). Single colonies harbouring the plasmid of interest were grown overnight at 37°

C. in 20 ml of LB/Amp (100 μg/ml) liquid culture. Bacteria were diluted 1:30 in 1.0 L of fresh medium and grown at either 30° C. or 37° C. until the OD550 reached

0.6-0.8. Expression of recombinant protein was induced with IPTG at a �nal concentration of 1.0 mM. After incubation for 3 hours, bacteria were harvested by

centrifugation at 8 000×g for 15 minutes at 4° C. and resuspended in 20 ml of 20 mM Tris-HCl (pH 7.5) and complete protease inhibitors (Boehringer-

Mannheim™). All subsequent procedures were performed at 4° C. or on ice.

[1530]

Cells were disrupted by sonication using a Branson Soni�er 450 and centrifuged at 5 000×g for 20 min to sediment unbroken cells and inclusion bodies. The

supernatant, containing membranes and cellular debris, was centrifuged at 50000 g (Beckman Ti50, 29 000 rpm) for 75 min, washed with 20 mM Bis-tris

propane (pH 6.5), 1.0 M NaCl, 10% (v/v) glycerol and sedimented again at 50000 g for 75 minutes. The pellet was resuspended in 20 mM Tris-HCl (pH 7.5), 2.0%

(v/v) Sarkosyl, complete protease inhibitor (1.0 mM EDTA, �nal concentration) and incubated for 20 minutes to dissolve inner membrane. Cellular debris was

pelleted by centrifugation at 5000 g for 10 min and the supernatant centrifuged at 75000 g for 75 minutes (Beckman Ti50, 33000 rpm). Outer membrane vesicles

were washed with 20 mM Tris-HCl (pH 7.5) and centrifuged at 75 000×g for 75 minutes or overnight. The OMV was �nally resuspended in 500 μl of 20 mM Tris-

HCl (pH 7.5), 10% v/v glycerol. Protein concentration was estimated by standard Bradford Assay (Bio-Rad), while protein concentration of inner membrane

fraction was determined with the DC protein assay (Bio-Rad). Various fractions from the isolation procedure were assayed by SDS-PAGE.

[1531]

Group Treatment Dose/Route Sampling interval Number of mice

1-3 Rec-Spike protein 20, 10, 5 μg/SC 7, 21, 35, 42 d 6 per dose level

4-6 Rec-Spike protein 20, 10, 5 μg/SC 7 6 per dose level

7-9 Rec-Spike protein 20, 10, 5 μg/IM 7, 21, 35, 42 d 6 per dose level

10-12 Rec-Spike protein 20, 10, 5 μg/IM 7 6 per dose level

13-15 Rec-Spike - MF59 20, 10, 5 μg/SC 7, 21, 35, 42 d 6 per dose level

16-18 Rec-Spike - MF59 20, 10, 5 μg/SC 7 6 per dose level

19-21 Rec-Spike - MF59 20, 10, 5 μg/IM 7, 21, 35, 42 d 6 per dose level

22-24 Rec-Spike - MF59 20, 10, 5 μg/IM 7 6 per dose level

25 MF59 NA/SC 7, 21, 35, 42 d 6 + 6 (sac d 7 and 42)

27 MF59 NA/IM 7, 21, 35, 42 d 6 + 6 (sac d 7 and 42)

29 Saline NA/SC 7, 21, 35, 42 d 6 + 6 (sac d 7 and 42)

31 Saline NA/IM 7, 21, 35, 42 d 6 + 6 (sac d 7 and 42)

The immunogenicity, route and dosing of the recombinant spike proteins of the invention in mice may be assessed using the below detailed protocol. Preferably,

the administered antigen will elicit neutralizing antibody titers at least in the range of 1/100- 1/1000. Increasing doses of antigen can be tested in the range from

5 to 20 μg of recombinant Spike antigen alone or mixed with an equal volume of MF59-citrate, administered SC or IM to anesthetized mice in 100 μl of inoculum.

Groups of BALB/c mice, 6 per treatment are primed at day 0 and boosted at day 14 and 28.

[1532]

This protocol can also be used to assess the Th1/Th2 pro�le of the speci�c immune response elicited by the recombinant Spike protein. Neutralizing and Spike-

speci�c antibody titers will be assessed at days 7, 21, and 35; IgG2a vs IgG1 isotype of the Spike-speci�c antibodies will be determined at days 21 and 35; in vitro

proliferation of lymph node and splenic T cells against the recombinant Spike protein will be determined at days 7 and 42, respectively; IFN-γ and IL-4 production

by splenic T cell against the recombinant Spike protein from SARS-CoV will be assessed at day 42. Peripheral blood will be collected at days 7, 21, 35; lymph

nodes cells at day 7, and spleen cells at day 42. Neutralizing and Spike-speci�c antibody titers and isotypes will be determined by inhibition of SARS-CoV

infection of Vero cells and by ELISA, respectively. Proliferation of lymph node and splenic cells will be determined by 3[H]-Thymidine uptake. Frequencies of

splenic IFN-γ and IL-4 producing T lymphocytes, will be determined by ELISPOT and FACS.

[1533]

Group Treatment Dose/Route Sampling interval Number of rabbits

1-4 Full-length Spike protein 40, 20, 10, 5 μg/SC 7, 21, 35 d 10 per dose level

5-8 Full-length Spike protein 40, 20, 10, 5 μg/IM 7, 21, 35 d 10 per dose level

 9-12 Truncated Spike protein 40, 20, 10, 5 μg/SC 7, 21, 35 d 10 per dose level

13-16 Truncated Spike protein 40, 20, 10, 5 μg/IM 7, 21, 35 d 10 per dose level

17-20 Full-length Spike protein - MF59 40, 20, 10, 5 μg/SC 7, 21, 35 d 10 per dose level

21-24 Full-length Spike protein - MF59 40, 20, 10, 5 μg/IM 7, 21, 35 d 10 per dose level

25-28 Truncated Spike protein - MF59 40, 20, 10, 5 μg/SC 7, 21, 35 d 10 per dose level

29-32 Truncated Spike protein - MF59 40, 20, 10, 5 μg/IM 7, 21, 35 d 10 per dose level

33 MF59 NA/SC 7, 21, 35 d 10

34 MF59 NA/IM 7, 21, 35 d 10

35 Saline NA/SC 7, 21, 35 d 10

36 Saline NA/IM 7, 21, 35 d 10

The immunogenicity, route and dosing of the recombinant spike proteins of the invention in rabbits may be assessed using the below detailed protocol.

Increasing doses can be tested in the range from 5 to 40 μg of recombinant Spike antigen alone or mixed with an equal volume of MF59-citrate, administered SC

or IM to anesthetized animals in 200 μl of inoculum. Groups of New Zealand white female rabbits, 10 per treatment, will be immunized as shown in the table 20

below. The animals will be primed at day 0 and boosted at days 14 and 28. Peripheral blood will be collected at days 7, 21, and 35. Neutralizing and Spike-

speci�c antibody titers will be determined by inhibition of SARS-CoV infection of Vero cells and by ELISA, respectively.

[1534]

Sampling Number

Groups Treatment Dose/Route interval of ferrets

1 & 2 Rec-Spike protein Y μg or 2Y μg/ SC 7, 21, 35 d 6

3 & 4 Rec-Spike protein + Y μg or 2Y μg/ SC 7, 21, 35 d 6

MF59

5 Saline NA/ SC 7, 21, 35 d 6

The immunogenicity and dosing of the recombinant spike proteins of the invention in ferrets may be assessed using the below detailed protocol. Three groups

of ferrets, 6 for treatment, will be immunized with recombinant SARS-CoV Spike protein from CHO cell lines, alone or mixed with an equal volume of MF59-

citrate, administered SC to anesthetized animals in 200 μl of inoculum. The recombinant Spike protein vaccine will be tested at the dose eliciting the highest

neutralizing antibody titers in mice at day 35 after the second boost. The animals will be primed at day 0 and boosted at day 14 and 28. Peripheral blood will be

collected at days 7, 21, and 35. Neutralizing and Spike-speci�c antibodies titers will be determined by inhibition of SARS-CoV infection of Vero cells and by ELISA,

respectively.

[1535]

The 3 groups of ferrets, 6 animals per group, used for the immunogenicity studies above can then be used to assess e�cacy of the recombinant Spike protein in

protecting vaccinated animals from infection and/or disease. Anestethized animals will be challenged two weks after the last boost intratracheally with 106

median tissue culture infectious dose unit (TCID50) of the SARS-CoV Utah strain. Infection by SARS-CoV will be assessed by taking nasal, faringeal and rectal

swabs from animals for 20 days after challenge as described (12). The presence of SARS-CoV in sample materials will be assessed by RT-PCR and infection

[1536]
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Example 10

Expression of Spike Protein for Vaccination

Example 11

Spike Protein Processing

Example 12

High-Level Protein Expression

Example 13

SARS Virus Seed Cultures

Example 14

Scale-Up of Virus Production and Inactivation

Example 15

Large Scale Analytical Methods

assay of Vero cells. Animals will be monitored for clinical signs of SARS disease by assessing sleeping time, temperature, respiratory symptoms, diarrhea, body

weight and survival. Protection will be determined by the magnitude and duration of virus shedding and by duration and severity of disease symptoms and

percentages of surviving animals.

The SARS-CoV Spike glycoprotein was expressed in both full-length and truncated forms, using the nSh and nShATC pCMVIII constructs described above, both

with hexahistidine tags. The vector constructs were evaluated for expression 48 hr after transfection into 293 cells and COS7 cells. The full-length Spike protein

(nSh) was detected by western blot only in cell lysate, but not in culture media (FIG. 52).

[1537]

The majority of SARS-CoV full-length Spike protein was expressed in transiently-transfected COS7 cells as a high molecular glycoprotein which ran at 540 kDa in

non-reducing gels (FIG. 53). The gp540 is heat labile as indicated by the complete dissociation into monomeric forms (gp170 & gp180) by boiling, but it was

resistant to DTT treatment. These data suggest that the recombinant Spike protein is noncovalently associated into a homotrimer (gp540). The presence of

Spike protein in homotrimeric association also was con�rmed in inactivated, puri�ed SARS-CoV virion particles. Analysis of virion proteins by western blot under

the same condition used for the characterization of recombinant Spike protein generated essentially identical results (FIG. 54).

[1538]

In order to characterize Spike protein processing, BHK-21 cells were infected with alphavirus replicon particles expressing the SARS-CoV full-length Spike. At 6

hoursr post-infection with an MOI of 5, infected cells were labeled for 1 hr with L-[35S]methionine/cysteine and chased for up to 4 hours. The [35S]-labeled spike

protein was immunoprecipitated by anti-SARS rabbit serum and digested with Endo-H. Both digested and undigested proteins were analyzed by SDS-PAGE (4%

polyacrylamide). As shown in FIG. 55, the full-length spike protein is synthesized as an Endo-H sensitive high-mannose glycoprotein (gp170, an ER form) that

undergoes modi�cation to an Endo-H resistant glycoprotein with complex oligosaccharides (gp180, a Golgi form). The conversion of gp170 into the gp180 form

takes place within 2 hours (FIG. 56).

[1539]

To develop a system for rapid expression of protein antigens, DNA transfection of 293 (human embryonic kidney) cells was used, to obtain milligram quantities

of recombinant antigen. The most common method for culturing and transfecting 293 cells is in static or monolayer cultures. These procedures were modi�ed

by performing large-scale transfection of 293 cells in suspension and expanding the transfected cells in suspension culture for production of secreted or

intracellular proteins. Several initial experiments were performed at the 100-milliliter scale cultures to determine optimum conditions, such as number of cells,

type of transfecting reagent (FuGENE 6, Lipitoid or RO-1538) and the ratio of DNA to transfection reagent. Based upon pilot experiments, FuGENE 6 was the best

transfecting reagent.

[1540]

The kinetics of gene expression was compared to other viral envelope glycoproteins, and the data suggest that stable protein expression peaks around 72 to 96

hours post-transfection, depending upon the gene of interest, and then signi�cantly decreases thereafter. Thus, using the optimum conditions, the transfection

process was scaled from 100 ml to 4 liters. The 4 liter culture can be used for rapidly producing 2-10 milligrams of protein antigens. To facilitate antigen

puri�cation and also maximize the yield and recovery of the puri�ed protein, transfection conditions were optimized by using serum-free medium.

[1541]

Bulk transfection procedure has been used for the expression of truncated and full-length Spike antigens. The kinetics of expression for truncated form of the

spike protein is presented in FIG. 56A. Expression of the truncated form of Spike protein peaked around 48 hrs and was stable until 72 hrs, therefore the cultures

were harvested at 72 hrs post transfection.

[1542]

Collected media were concentrated 20X and used for puri�cation of truncated Spike protein by a very simple puri�cation strategy where the truncated form of

the spike was captured on GNA lectin followed by DEAE and ceramic hydroxyapatite column chromatography. The puri�ed protein was analyzed on SDS-PAGE by

silver stain (FIG. 56B) and also by western blot (FIG. 56C). Early efforts were able to purify the truncated form of the spike protein with >95% purity and

approximately 50% recovery. The molecular mass of the truncated form of the Spike protein is approximately 170-180 kDa.

[1543]

Full-length Spike protein was expressed in 293 cells using the bulk transfection strategy. The expression data suggest that, like the truncated form, expression

peaked around 48 hrs post-transfection and remained stable until 72 hrs. However, contrary to the truncated form and as expected, full-length protein is not

secreted, but rather is retained within the cells, as shown by the absence of any signal in western blots of cell culture supernatants. The full-length form of the

protein was puri�ed from Triton X-100 detergent-extracted cells. Full-length Spike protein was then captured on GNA lectin, followed by hydroxyapatite and SP

chromatography. The calculated molecular mass of full-length spike protein is approximately 600 kDa, which is close to the theoretical mass for the trimer.

[1544]

A SARS-CoV reference seed virus propagated only in certi�ed Vero cells will be used for the generation of the Master and Working Virus Seeds under GMP. A

clinical specimen from the respiratory tract of a patient infected by the SARS-CoV is inoculated onto documented VERO cells, with certi�ed culture media.

Culture media containing the virus are harvested at 4 days post-infection and designated Passage 1 (P1). A second round of virus propagation is again

performed in certi�ed VERO cells with certi�ed media, by inoculation of 1 ml per T-75 �ask of 100 times diluted P1 virus. Culture supernatant was harvested at 3

days post-infection and stored at −80° C. as a P2 reference stock virus, without plaque puri�cation.

[1545]

Cell banks of Vero cells for further production of SARS-CoV are prepared from speci�c cell subsets that have not been used since the emergence of

transmissible spongiform enephalopathies (e.g. since 1980). A research cell bank of these cells has been prepared using speci�ed New Zealand-origin fetal

bovine serum. From this research cell bank, a Master Cell Bank (MCB) is made under GMP conditions and using only speci�ed and well-controlled media and

supplements. The cell bank will is tested for absence of adventitious agents according to applicable US, EU, and international guidelines (see Points To Consider

“Characterization of cell lines used to produce biologicals”, FDA/CBER 7/1993; ICH Q5D Draft 6 “Cell substrates”, Oct. 23, 1996; CPMP/ICH/294/95 “Note for

Guidance on Quality of Biotechnological Products: Derivation and Characterisation of Cell Substrates Used for Production of Biotechnological/Biological

Products ( Step 4, 16. Jul. 1997); WHO �nal draft “Requirements for use of animal cells as in vitro substrates for the production of biologicals” Jul. 3, 1997).

Tumorigenicity and identity testing is also required for this cell bank.

[1546]

The reference virus is plaque-puri�ed and expanded in certi�ed Vero cells in the absence of FCS in order to generate Master and Working Seeds. Another option

to help ensure purity and facilitate the assessment of safety of the Master Seed is to subject the SARS-CoV to pelleting and resuspension in PBS. The virus

suspension is made up to 60% (w/w) sucrose with crystalline sucrose, transferred to a centrifuge tube and overlayed with 50, 40, 30, and 20% (w/w) sucrose

solutions in PBS. The gradient is centrifuged for 72 h and then fractionated. The virus-containing fraction is diluted and the virions re-pelleted by

ultracentrifugation. RNA from the virus pellet is isolated and transfected into certi�ed Vero cells whereby the “infectious” positive-strand RNA will lead to the

production of infectious virus, which can be plaque-puri�ed and expanded to generate alternative Master and Working Seeds from puri�ed virus RNA.

[1547]

Viral seeds are tested for the absence of adventitious agents (see e.g. 21 CFR Revised as of Apr. 1, 1994, §630.35 Test for safety) and for identity, using a highly-

speci�c neutralizing antiserum prepared from an independent source. Safety testing of viral seeds for vaccine purposes is done routinely by service laboratories.

Broad-spectrum PCR testing can be used as an addition and/or alternative for testing.

[1548]

A protocol for the production, inactivation, and puri�cation of inactivated SARS-CoV with su�cient structural integrity to elicit protective neutralizing antibody

responses in animal models involves: Vero cells are infected with virus at an M.O.I. of 0.01 in the absence of FCS and antibiotics; culture medium is collected,

cleared by centrifugation, and inactivated with BPL, followed by con�rmatory testing for complete inactivation; the inactivated material is �ltered, subjected to

MCS-column puri�cation, and further puri�ed by sucrose gradient centrifugation.

[1549]

Several modi�cations and improvements can be developed when adapting this basic protocol to a larger scale for commercial use. Firstly, the cell culture and

infection process can be adapted to roller bottles, as an intermediate step to allow rapid production for preliminary trials within existing BSL 3+ facilities. Full

commercial production will typically use a fermentation process in a closed system, but a roller bottle system can be achieved more rapidly. The roller bottles do

offer a true suspension culture system for Vero cells, which gives various technical and safety advantages over microcarrier cultures. Suspension cultures can

be grown to any desired fermentation scale without interfering with the closed system between cell passages, as no trypsinization is required.

[1550]

To scale up the infection process in roller bottles to 30-50 liters per batch, the optimum M.O.I. and harvesting periods for selected media and culture conditions

should �rst be determined. For the larger scale, methods for harvesting and handling larger volumes of highly infectious material safely should be used, and so

cell separation via centrifugation should be replaced by a method such as �ltration through single-use �lter cartridges.

[1551]

The MCS-chromatography and the gradient puri�cation steps described above can readily be scaled to a batch volume of up to 50 liters. For larger volumes,

however, and for increased purity, ultra�ltration and sterile �ltration steps will be used. Nuclease treatment to remove host cell DNA will also be included.

[1552]

Analytical methods for the SARS coronavirus include virus titration methods, immunological and physico-chemical methods to quantitate and characterize the[1553]
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Example 16

Stabilisation of Inactivated SARS-CoV

Example 17

Dose and Schedule Optimization for Inactivated Virus

puri�ed antigen (ELISA, PAGE, western blots using speci�c antisera against puri�ed whole virus, etc.). Other analytical tests include: fast yield testing via

asymmetric �eld �ow separation and laser particle detection and counting; Western blot using speci�c antisera against individual viral proteins; and tests for

residual host cell DNA.

Residual DNA testing is generally done by hybridization e.g. using a limit test. Such testing is performed according to methods already established and validated

for other cell lines. As an alternative, the Threshold™ method may be used.

[1554]

For producing speci�c antibodies, recombinant protein expression of all the ORFs from the structural and non-structural gene regions of the SARS-CoV is used.

The ORFs can be cloned and expressed in E. coli and, if necessary, also in eukaryotic vectors such as baculovirus. This can provide su�cient amounts of puri�ed

soluble protein to immunize mice and rabbits to produce polyclonal and monoclonal antibodies against SARS proteins and to set up speci�c ELISA assays.

Different expression vectors can be tested to maximize the yield of recombinant protein in a soluble form e.g. different vectors, one containing sequences

coding for six N-terminal histidine residues and another containing a Glutathione-S-transferase protein fused to the C-terminus of the SARS protein. The

recombinant proteins can be puri�ed by single step column chromatography on either Nickel chelating Sepharose or Glutathione-Sepharose 4B resin. These

procedures are very rapid and generally produce protein of 60-90% purity, which is suitable for raising speci�c antisera (Pizza et al. (2000) Science 287:1816-20).

Five mice and two rabbits for each recombinant protein can be immunized SC with 20 and 50 μg recombinant protein, respectively, given in IFA as adjuvant, at

day 0, 14 and 28. Sera are collected at day 7, 21 and 35 to assess speci�c titers before euthanasia of the animals for collection of blood and removal of spleens.

[1555]

For the detection of impurities (e.g. Vero cell derived proteins) in the vaccine preparation, rabbit serum reactive against Vero-derived proteins can be used. Such

antisera are obtained by immunizing rabbits with at least 10 μg of Vero cell lysate with CFA/IFA. The sera can be veri�ed for reactivity against Vero-derived

proteins in western blots. For more speci�c antisera against speci�c relevant cell-derived proteins that tend to be co-puri�ed with the virus, mock-infected cell

culture harvest that have undergone the puri�cation process can be prepared and used for immunizing rabbits.

[1556]

Methods to determine neutralization titers of sera from immunized animals and humans can be developed, without the constraints of using infectious SARS-CoV

in a BSL-3+ laboratory. One such strategy will be to use recombinant antigens, particularly Spike protein or Spike-derived epitopes, and to develop ELISA assays

for measuring antibodies against the target protein. Suitable epitopes allow a correlation to be established between the ELISA values and virus neutralization

assay values. This approach provides a faster and more e�cient (higher-throughput) comparison of speci�c and protective antibody titers. This ELISA test is

also the ideal tool to monitor speci�c antibodies in safety trials, where several hundred animal sera must be tested.

[1557]

Another strategy is to combine structural elements from both the pathogenic SARS-CoV and the non-pathogenic coronavirus mouse hepatitis virus (MHV) to

construct chimeric virus-like particles (VLPs) that can be labeled. The assay is based on fusion between octadecyl rhodamine (R18)-labeled VLPs and cells

(Hoekstra et al. (1984) Biochemistry 23:5675-81). The method relies on the relief of �uorescence self-quenching of R18 incorporated into VLPs upon fusion with

cellular membranes. Coronavirus VLPs have been shown to mimic native virions with respect to their appearance in the electron microscope (EM) and their

biological activities. As they do not contain viral RNA, however, then they cannot cause a productive infection (Vennema et al. (1996) EMBO J 15:2020-2028). The

VLP system can be used for the mouse hepatitis virus (MHV) strain A59 (MHV-A59) )Godeke et al. (2000) J Virol 74:1566-15) containing a chimeric S protein.

The protein chimera, consisting of the ectodomain of the SARS-CoV and the transmembrane and endodomain (64 C-terminal amino acid residues) from the MHV

spike protein, can be co-expressed with the MHV M (membrane) and E (envelope) protein in OST-7 cells )Godeke et al.). VLPs secreted in the supernatant are

harvested, puri�ed and labeled with octadecyl rhodamine (R18) (Hoekstra et al). A constant amount of VLPs is incubated with a serial dilution of sera at 37° C.

for 1 hour in a 96-well plate. Subsequently, cells expressing the receptor for the SARS-CoV, the angiotensin-converting enzyme 2 (ACE2) (Li et al. (2003) Nature

426:450-54) is be added and the extent of fusion can be measured with a �uorescence spectrophotometer.

[1558]

A �nal strategy to monitor the ability of sera to inhibit cell-cell fusion interactions between cells expressing the SARS-CoV S protein and a human cell line

expressing the angiotensin-converting enzyme 2 (ACE2), a functional receptor for SARS-CoV (Li et al.). This reporter gene-based assay uses the �uorescent shift

(green to blue) of the �uorogenic substrate CCF2/AM (AM=acetoxymethyl) upon cleavage by β-lactamase (Bla) as read-out for cell-cell fusion (Zlokarnik et al.

(1998) Science 279:84-88). For this assay, a BHK-derived cell line, stably expressing Bla and the SARS-CoV S protein is generated. In addition, a human cell line

expressing ACE2 on its surface is used. BHK cells, expressing the S protein on their surface and Bla in their cytosol are incubated with serial dilutions of the sera

to be tested for 1 h at 37° C. The cell line expressing the ACE2 is loaded with 1 μM CCF2/AM for 1 h at 22° C., washed twice with PBS, and co-cultivated with the

BHK cells. In case of cell-cell fusion, Bla cleaves the substrate, resulting in a green blue shift with excitation at 409 nm. Inhibition of fusion by sera thus provides

a detectable change.

[1559]

Although the puri�ed inactivated SARS-CoV vaccine is capable of inducing potent neutralizing antibody responses in animals, it is relatively instable and can

bene�t from formulation to increase stability for an acceptable period of time. Suitable formulation changes include the use of various buffer systems, pH

ranges, stabilizing excipients (e.g. sugars and sugar alcohols, amino acids, etc.) etc.. Stability testing can be conducted in real-time at normal storage

temperatures, or can be conducted in an accelerated manner by using elevated temperatures. Vaccine stability can thus be increased to approximately one year

or longer. Lyophilized vaccine formulation can also be used to extend shelf-life, possibly with further additives for stability during lyophilisation.

[1560]

Animal models of SARS-CoV infection have been reported, including mice, ferrets and macaques. As mentioned in example 4 above, mice immunized with the

BPL-SARS-CoV vaccine achieve neutralizing antibody titers in the range of 1:100-1:1000, similar to levels found in convalescent patients, and are 100% protected

from infection with a challenge virus. While the mouse challenge model is limited only to infection but not disease, ferrets and macaques are useful models of

the human SARS disease. Two to four days after inoculation with SARS-CoV, both ferrets and macaques have been found to shed infectious SARS-CoV particles

from the throat, nose and pharynx, as demonstrated by RT-PCR and/or virus isolation on Vero cells. At approximately the same time, the infected animals

became lethargic, show respiratory distress and eventually die. Histologically, SARS-CoV infection in these animals associates with pulmonary lesions of

different severity, similar to those found in biopsied lung tissue and autopsy material from SARS patients. With the availability of these models, preclinical

studies with vaccines can be performed initially in mice for immunogenicity readouts, while e�cacy of optimal doses and schedules can be assessed in the

ferret and macaque models.

[1561]

Initial studies in mice are used to determine the optimal dose and schedule required to elicit the highest levels of neutralizing antibody, with titers at least in the

range of 1/100- 1/1000. In parallel to the assessment of neutralizing activity, other features of the humoral immune response and cellular immune responses

can be investigated. In particular sera from immunized mice can be assessed for the isotype (IgG1 vs. IgG2a) of the Spike-speci�c antibody response. Also, the

frequencies of splenic CD4+ T cells producing IFN-γ and IL-4 in response to BPL-SARS-CoV particles will be assessed by ELISPOT and ELISA. These experiments

can provide insight into the quality of the T cell response helping the priming of a protective antibody response.

[1562]

Increasing vaccine doses can be tested (e.g. from 5 to 20 μg of BPL-SARS-CoV alone or mixed with an equal volume of MF59-citrate), administered SC to

anesthetized mice in 100 μl of inoculum. Groups of BALB/c mice, 10 per treatment, are immunized, with priming at day 0 and boosting at days 14 and 28.

Secondary endpoints compare the kinetics of neutralizing vs. Spike-speci�c antibody titers and assess the Th1/Th2 pro�le of the speci�c immune response, and

so neutralizing and Spike-speci�c antibody titers are assessed at days 7, 21, 35, and at 2, 3, 4, and 5 months after priming. The IgG2a and IgG1 titers of Spike-

speci�c antibodies are determined at days 21, 35, and at 2, 3, 4, and 5 months after priming. Proliferation and IFN-γ and IL-4 production by splenic T cells against

recombinant Spike protein from SARS-CoV are assessed at day 42, and at the end of the 5th month. Peripheral blood is collected at days 7, 21, 35, and at 2, 3, 4,

and 5 months after priming. Spleen cells will be obtained at day 42 and at the end of the 5th month. Neutralizing and Spike-speci�c antibody titers and isotypes

are determined by inhibition of infection of Vero cells and by ELISA, respectively. Proliferation of splenic cells is determined by 3[H]-thymidine uptake.

Frequencies of splenic IFN-γ and IL-4 producing CD4+ T lymphocytes is determined by ELISPOT and FACS analysis.

[1563]

Based on mouse results, the BPL-SARS-CoV vaccine can be tested in ferrets for the induction of protective neutralizing antibody titers. Ferrets are immunized

according to a similar schedule as the mice and at the dose that elicits the highest neutralizing antibody titers in mice at day 35 after the second boost. Three

groups of ferrets, 6 per treatment, are immunized with BPL-SARS-CoV, alone or mixed with an equal volume of MF59-citrate, administered SC to anesthetized

animals in 200 μl of inoculum. The animals are primed at day 0 and boosted at days 14 and 28. Peripheral blood is collected at days 7, 21, and 35. Neutralizing

and Spike-speci�c antibodies titers are determined by inhibition of SARS-CoV infection of Vero cells and by ELISA, respectively. Each group of ferrets is used to

assess e�cacy of the BPL-SARS-CoV in protecting vaccinated animals from infection and/or disease. Anesthetized animals are challenged intratracheally, two

weeks after the last boost, with 106 median tissue culture infectious dose units (TCID50) of the SARS-CoV CDC strain. Infection by SARS-CoV can be assessed by

taking nasal, pharyngeal and rectal swabs from animals for 20 days after challenge (Martina et al. supra). The presence of SARS-CoV in sample materials can be

assessed by RT-PCR and infection assay of Vero cells. Animals can be monitored for clinical signs of SARS disease by assessing sleeping time, temperature,

respiratory symptoms, diarrhea, body weight and survival. Protection can be determined by the magnitude and duration of virus shedding, by duration and

severity of disease symptoms, and by percentage of surviving animals. The formulation eliciting the highest neutralizing antibody titers at day 35 can then be

tested against a two-fold higher dose of BPL-SARS-CoV given in the same formulation in the same regimen.

[1564]

Additional studies can evaluate immunogenicity and e�cacy of the candidate vaccine in non-human primates. Three groups of adult cynomolgus macaques, 4

per treatment, are immunized with BPL-SARS-CoV, alone or mixed with an equal volume of MF59-citrate, administered SC to anesthetized animals in 500 μl of

[1565]
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Example 18

Human T Cell Responses

Example 19

Selection of CHO Cell Lines for Spike Protein Expression

Mice

Group Treatment Dose/Route Sampling interval Number of mice

1-3 BPL-SARS- CoV 20, 10, 5 μg/ SC 7, 21, 35 d; 10 per dose level

2, 3, 4, 5 m;

4-6 BPL-SARS- CoV 20, 10, 5 μg/SC 42 d 10 per dose level

7-9 BPL-SARS- CoV MF59 20, 10, 5 μg/ SC 7, 21, 35 d; 10 per dose level

2, 3, 4, 5 m;

10-12 BPL-SARS- CoV MF59 20, 10, 5 μg/SC 42 d 10 per dose level

13 MF59 NA/ SC 7, 21, 35 d; 10 + 10 (sacri�ced at

2, 3, 4, 5 m; 42 d and end 5 m)

14 Saline NA/ SC 7, 21, 35 d; 10 + 10 (sacri�ced at

2, 3, 4, 5 m; 42 d and end 5 m)

inoculum. The BPL-SARS-CoV vaccine can be tested at the dose eliciting the highest neutralizing antibody titers in ferrets at day 35 after the second boost. The

animals are primed at day 0 and boosted at 3 and 6 weeks. Peripheral blood is collected at weeks 1, 4, and 7. A secondary endpoint is to assess the Th1/Th2

pro�le of the speci�c immune response. Neutralizing and Spike-speci�c antibody titers and frequencies of peripheral blood CD4+ T cells producing IFN-γ and

IL-4 in response to the recombinant SARS-CoV Spike protein is thus assessed at weeks 1, 4, and 7. Neutralizing and Spike-speci�c antibody titers can be

determined by inhibition of SARS-CoV infection of Vero cells and by ELISA, respectively. Intracellular cytokine staining and FACS analysis will be used to quantify

IFN-γ- and IL-4-producing CD4+ T cells. The macaques can also be used to assess e�cacy of the BPL-SARS-CoV in protecting vaccinated animals from infection

and/or disease. Anesthetized macaques can be challenged two weeks after the last boost with 106 median tissue culture infectious dose unit (TCID50) of the

SARS-CoV CDC strain in a 5 ml volume. A few drops of the virus can also be administered on each of the conjunctiva, 0.5 ml in the nose and the remainder in the

trachea. Infection by SARS-CoV can be assessed by taking nasal, pharyngeal, and rectal swabs, and feces from animals for 20 days after challenge (Fouchier et

al. (20030 Nature 423:240). The presence of SARS-CoV in sample materials can be assessed by RT-PCR and infection assay of Vero cells. Animals can also be

monitored for clinical signs of SARS disease by assessing sleeping time, temperature, respiratory symptoms, diarrhea, body weight and survival. Protection can

be determined by the magnitude and duration of virus shedding, by duration and severity of disease symptoms, and by percentage of surviving animals.

Ferrets

Sampling

Group Treatment Route interval No. of ferrets

1 BPL-SARS- CoV SC 7, 21, 35 d 6

2 BPL-SARS-CoV- MF59 SC 7, 21, 35 d 6

3 Saline SC 7, 21, 35 d 6

[1566]

Macaques

No. of

Group Treatment Route Sampling interval macaques

1 BPL-SARS- CoV SC 1, 4, 7 w 4

2 BPL-SARS-CoV - SC 1, 4, 7 w 4

MF59

3 Saline SC 1, 4, 7 w 4

[1567]

Asia prelude to initiation of clinical studies in humans, the reactivity of peripheral blood T lymphocytes from healthy donors with different HLA haplotypes can be

assessed using the in vitro priming technique (Abrignani et al. (1990) Proc Natl Acad Sci USA 87:6136-40). The aim of this study is to have a �rst indication of the

immune-dominant T cell epitopes in SARS-CoV proteins. Brie�y PBMCs from 20 healthy donors with different HLA haplotypes will be cultured in medium

containing 5% autologous serum, in the presence of different concentration of SARS-BPL-CoV particles in the range from 0.5 to 20 μg/ml. The expression of

activation markers will be assessed after 24 and 48 hours. Frequencies of IFN-γ- and IL-4-producing T lymphocytes will be assessed after 12 h and after 15 days

in culture, in the presence of 100 U/ml recombinant human IL-2. Activated and cytokines producing CD4 T lymphocytes will be sorted and eventually cloned as

single cells using FACS technologies. The CD4+ T cell repertoire from human subjects with different HLA will be assessed by proliferation assays of the CD4+ T

cell lines and clones against autologous EBV-transformed cell lines loaded with 15-mer overlapping peptides from the most relevant structural and non structural

protein of the SARS-CoV.

[1568]

Antigen Administration No. treated No. subjects Sampling

Group dose (μg) schedule subjects with placebo interval

A1

10 0, 1, 6 months 18 6 0, 1, 2, 6, 7 mos

A2

20 0, 1, 6 months 18 6 0, 1, 2, 6, 7 mos

B1

10 0, 1, 2, 6 months 18 12 0, 1, 2, 6, 7 mos

B2

20 0, 1, 2, 6 months 18 12 0, 1, 2, 6, 7 mos

C1

10 0, 2, 6 weeks 18 12 0, 2, 6, 10, 30 wks

C2

20 0, 2, 6 weeks 18 12 0, 2, 6, 10, 30 wks

When moving to actual human trials, safety and immune responses will be evaluated in healthy adults following intramuscular immunization with escalating

doses of the BPL-inactivated SARS-CoV vaccine, with MF59 adjuvant being included or omitted depending on preclinical data. Three/four immunizations will be

given at 0, 1, 6 months in the �rst cohort, and at 0, 1, 2, 6 months and 0, 2, 6 weeks in the second and third cohorts respectively. The trial will be observer blind

and placebo controlled. Subjects will be randomized into each dose level. Immune response parameters to be measured will include serum neutralizing

antibodies, ELISA antibodies and peripheral blood IFN-gamma-producing CD4+ T cells by intracellular cytokine staining.

[1569]

Methods for the derivation of Chinese Hamster Ovary (CHO) cell lines that stably express viral envelope glycoproteins that are conformationally intact,

appropriately glycosylated and e�ciently bind neutralizing antibodies are well established for HIV and HCV (Srivastava et al. (2002) J Virol 76:2835-47;

Srivastava et al. (2003) J Virol 77:11244-259; Heile et al. (2000) J Virol 74:6885-92). The same techniques can be applied to SARS-CoV, to generate two different

stable CHOK-1 cell lines producing either full-length or truncated SARS Spike proteins. The Spike proteins can be expressed using the constructs described

herein, but without the hexa-His tags. These proteins can compared for their ability to produce neutralizing antibodies in immunized animals as well as for their

expression levels in CHOK-1 cells.

[1570]

A pCMV3 vector expressing Spike can be used for the derivation of stable CHOK-1 cell lines, containing the CMV enhancer/promoter, ampicillin resistance, and a[1571]
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Example 20

Puri�cation of Spike Protein for Human Vaccines

fused DHFR and attenuated neomycin gene for selection purposes. Stable cell lines can produced using the neomycin selection system in CHOK-1 cells. Clones

can be sequenced to verify the integrity of the insert, and transient transfections can be performed using Trans-LT1 polyamine transfection reagent (PanVera

Corp., Madison, Wis.) to assess the expression level and also the integrity of the expressed protein by ELISA and western blot analysis.

Initial CHO cells will be selected to be free from TSE/BSE contaminants and risks according to relevant regulatory standards. To construct cell lines, procedures

involve transfection, primary screening with selective medium, followed by subcloning to assure purity of cell lines. Cell supernatants can be assayed using an

antigen capture ELISA to quantify expression levels at all stages of selection and ampli�cation. For full-length Spike expression, methanol �xed cells can be

screened for internal expression by immuno�uorescent staining using a rabbit anti-SARS antibody. Successive measurements at the T75-�ask stage of

expansion canbe employed to assure stability of expression levels. The molecular mass and integrity of the expressed proteins can be checked by PAGE both

under native and reducing and denaturing conditions, followed by immunoprobing.

[1572]

The pCMV3 vectors expressing SARS-CoV Spike proteins in either full-length or truncated forms can be introduced into CHOK-1 cells using the Trans-LT-1 reagent

and non-selective media. 24-48 hours post-transfection, depending on cell density, cells are split at a 1:5 ratio and the medium can be changed to selective

media containing neomycin at 500 μg/ml. Any bovine serum used in these procedures will be from TSE-free sources that meet regulatory standards. Ten to

fourteen days later, individual colonies can be picked and transferred to 96 well plates and cultured in complete non-selective medium. When approximately 80%

of the wells are con�uent, 24 hour supernatants can be screened by Spike capture ELISA. For initial expression of full length Spike protein, cells can be �xed with

methanol and screened by immuno�uorescent staining using a rabbit anti-SARS antibody. After low-expressing cell lines have been eliminated and there are

fewer than 20-30 cell lines, capture ELISA and western blots can then be used to determine the expression level after cell lysis. A portion of each cell line can be

pelleted, weighed and lysed in 1% Triton lysis buffer for determination of expression levels. Three to four clones producing the highest levels of spike protein in

correct structure and conformation can be expanded to three-liter bioreactors and adapted to low serum suspension culture conditions for scale-up.

[1573]

The antigen capture ELISA assay for the SARS spike protein can be performed using 96 well �at-bottom plates coated with 250 ng per well of puri�ed

immunoglobulin obtained from rabbit sera that were immunized with inactivated SARS virus. Supernatant or lysate samples are added and incubated for 2 hours

at 37° C. Bound antigen is reacted against pooled SARS+ve serum or high a�nity monoclonal antibody either human or mouse against SARS spike protein and

detected using appropriate species-speci�c peroxidase-conjugated second antibody. The plates are developed using TMB substrate (Pierce, Rockford, Ill.), read

at a wavelength of 450 nm, and the concentration of protein per ml sample is derived from a standard curve (OD vs. protein concentration) based on serial

dilutions of a known concentration of recombinant spike protein.

[1574]

The immunoprobing analysis will also be performed following the standard methods described by Srivastava et al. (2002) supra. Brie�y, 10-20 μl of the sample is

analyzed on 4-20% SDS PAGE under non-reducing/denaturing conditions with mild heating. The proteins are then transferred onto nitrocellulose membranes and

reacted against polyclonal anti-Spike rabbit serum, followed by anti-rabbit Ig conjugated to Alexa 688 (Molecular Probes, Oreg.). The blots are scanned using an

infrared imaging system.

[1575]

The highest expressing candidate cell lines will be screened for Spike protein expression and stability in small-scale (3 liter) perfusion bioreactors. The candidate

clones will be further evaluated for level of expression as well as integrity of expressed protein, and subsequently tested for expression stability in the absence

of selection. The selected clones also will be tested for maintenance of the DNA sequence integrity of the integrated SARS spike protein gene. To quickly

monitor the expression levels in small �asks and in the three liter evaluation cultures, a lectin-based process (Gluvanthus Nivalis lectin) has been developed to

isolate SARS spike protein to a degree of purity that allows semi-quantitation and characterization of the protein in CHO supernatant. Full-length Spike protein

will be obtained from Triton X-100 detergent extracted cells and then captured on GNA lectin, followed by hydroxyapatite and SP chromatograph. Eluted protein

is then characterized by: (1) polyacrylamide gel electrophoresis (PAGE) and Coomassie staining, (2) immunoprobing with anti-SARS rabbit sera, (3) structural

characterization using size exclusion chromatography (SEC), as well as mass spec analysis using MALDI-TOF.

[1576]

Productivity from the CHO cell line expressing SARS spike protein should be at least 2 mg/L and for full-length Spike protein will be 3 mg/100 gm of cells, at

steady-state cell density. Yield from one 45 day, 2.5-liter bioreactor will be ˜1000 mg crude protein.

[1577]

To purify SARS spike protein for the purpose of producing GMP grade material for human use, the following basic process is used, with all steps being

performed at 2-8° C.: the starting material, concentrated CHO cell culture supernatant (20-30×) is thawed and �ltered through a 0.45 μm membrane; this material

is heavily contaminated proteins from culture, as well as DNA; the �rst puri�cation step is a�nity chromatography using Gluvanthus Nivalis (GNA), a lectin that

preferentially recognizes terminal mannose containing carbohydrates; glycosylated proteins, including SARS spike protein are captured and non-glycosylated

proteins, as well as DNA, do not bind to this column; the GNA column is followed by two chromatographic steps operated in the �ow through mode; the anion

exchanger, DEAE, and ceramic hydroxyapatite (cHAP); DEAE binds some contaminating supernatant proteins and DNA, whereas cHAP binds any contaminating

serum proteins; full-length Spike protein is puri�ed from the cell pellet; the cells are lysed with Triton X-100 and full-length Spike protein is then captured on GNA

lectin, followed by hydroxyapatite and SP chromatography.

[1578]

The puri�ed SARS spike can be further treated to remove adventitious viruses: viral inactivation at pH 3.5 for 1 hour; the sample is then concentrated and

dia�ltered into a buffer at pH 4 and �nally captured the puri�ed protein using SP resin; the spike protein binds to this resin and many viruses �ow through.

[1579]

The spike protein is eluted, concentrated and dia�ltered into formulation buffer. This formulated bulk product is then �ltered through a DV50 viral removal

membrane followed by �ltration through a 0.2 μm membrane. The formulated bulk is �lled into suitable containers e.g. into 3.0 ml vials, in a class 100 laminar

�ow hood.

[1580]

In process testing at each step of the puri�cation includes protein concentration, endotoxin (LAL), bioburden, and recovery.[1581]

Prior to human administration, a test for potency will evaluate the speci�c ability of the vaccine in an in vitro or in vivo test to effect a given response. The in vivo

immunogenicity will be determined by dosing groups of 10 mice with various doses of the protein antigen. Sera will be analyzed for the presence of IgG

antibodies using an ELISA. The criterion for passing will be based upon the number of vaccine treated animals that are seropositive compared to a reference

standard. Other tests include General Safety, sterility, purity, identity of the vaccine (using an ELISA speci�c for Spike protein), and quantity & protein

concentration (UV spectrophotometric absorbance procedure based on the molar absorbance of the aromatic amino acids).

[1582]

Stability testing will be performed on the bulk drug substance and on the �nal container product. Bulk product will be evaluated at temperatures of −60° C.

(recommended storage condition), 25±2° C. and 40±2° C. protected from light, at time points of 0, 3, 6, 9, 12 months. Final container product will be tested at

temperatures of −60° C., and inverted at 5±3° C., 25±2° C., and 40±2° C. at time points of 0, 3, 6, 9, 12 months. Stability-indicating assays may include

appearance, pH, protein content, SDS-PAGE, size exclusion HPLC, and container/closure integrity, performed on single samples of bulk and triplicate vials of �nal

container material.

[1583]

The protein puri�ed in this way can be evaluated in mice, rabbits and ferrets as described in, and based on the results of, examples 4, 5, 8 and 9 above.[1584]

Initial experiments will be performed in mice to determine optimal dose and schedule of the GMP Spike protein required to elicit the highest levels of neutralizing

antibody, with titers at least in the range of 1/100- 1/1000. Spike protein will be tested in the range from 5 to 40 μg, alone or mixed with an equal volume of

MF59-citrate, to anesthetized mice in 100 μl of inoculum. Groups of BALB/c mice, 10 per treatment, will be immunized. The animals will be primed at day 0 and

boosted at days 14 and 28. Secondary endpoints will be to compare the kinetics of neutralizing vs. Spike-speci�c antibody titers and to assess the Th1/Th2

pro�le of the speci�c immune response. Neutralizing and Spike-speci�c antibody titers will be assessed at days 7, 21, and 35 and at 2, 3, 4, and 5 months after

priming; the IgG2a and IgG1 titers of Spike-speci�c antibodies will be determined at days 21 and 35, and at 2, 3, 4, and 5 months after priming; proliferation and

IFN-γ and IL-4 production by splenic T cell against the recombinant Spike protein from SARS-CoV will be assessed at day 42 and at the end of the 5th month.

Peripheral blood will be collected at days 7, 21, and 35 and at 2, 3, 4, and 5 months after priming; spleen cells at day 42 and at the end of the 5th month.

Neutralizing and Spike-speci�c antibody titers and isotypes will be determined by inhibition of SARS-CoV infection of Vero cells and by ELISA, respectively.

Proliferation of splenic cells will be determined by 3[H]-thymidine uptake. Frequencies of splenic IFN-γ and IL-4 producing CD4+ T lymphocytes, will be

determined by ELISPOT and FACS analysis.

[1585]

Next, the optimal dosing and schedule for recombinant Spike vaccine will be determined in ferrets. Based on the mouse results, the Spike vaccine eliciting the

highest antibody neutralizing titers will be tested against a two-fold higher dose of recombinant Spike protein given in the same formulation. Three groups of

ferrets, 6 per treatment, will be immunized SC under anesthesia with 200 μl of inoculum. The animals will be primed at day 0 and boosted at days 14 and 28.

Peripheral blood will be collected at days 7, 21, and 35. Neutralizing and Spike-speci�c antibodies titers will be determined by inhibition of SARS-CoV infection of

Vero cells and by ELISA, respectively. Similar to the previous ferret studies, each group of animals will be used to assess e�cacy of the vaccine in protecting

immunized animals from infection and/or disease.

[1586]

Immunogenicity and e�cacy of the candidate vaccine also will be evaluated in nonhuman primates. Three groups of adult cynomolgus macaques, 4 per

treatment, will be immunized with recombinant SARS-CoV Spike protein, alone or mixed with an equal volume of MF59-citrate, administered SC to anesthetized

animals in 500 μl of inoculum. The Spike protein vaccine will be tested at the dose eliciting the highest neutralizing antibody titers in ferrets at day 35. The

animals will be primed at day 0 and boosted at 3 and 6 weeks. Peripheral blood will be collected at weeks 1, 4, and 7. A secondary endpoint will be to assess the

Th1/Th2 pro�le of the speci�c immune response, as described above (neutralizing and Spike-speci�c antibody titers, frequencies of peripheral blood CD4+ T

cells producing IFN-γ and IL-4 in response to the recombinant Spike protein, assessed at at weeks 1, 4, and 7).

[1587]
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Vaccine No. of

Antigen No. of subjects

dose Administration treated with placebo Sampling

Group (μg) schedule subjects (MF59) interval

A1

50 0, 1, 6 months 18 6 0, 1, 2, 6, 7

months

A2

100 0, 1, 6 months 18 6 0, 1, 2, 6, 7

months

Finally, human phase I, placebo-controlled, dose-escalation, safety/immunogenicity trials will be performed for the IM recombinant SARS vaccine with MF59

adjuvant. The trial will evaluate safety and immune responses in healthy adults following immunization with escalating doses of SARS recombinant vaccine with

MF59 adjuvant, administered intramuscularly. Three/four immunizations will be given at 0, 1, 6 months. The trial will be observer blind and placebo controlled.

Subjects will be randomized into each dose level. Immune response parameters to be measured include serum neutralizing antibodies, ELISA antibodies and

peripheral blood IFN-γ-producing CD4+ T cells by intracellular cytokine staining:

[1588]

Sampling No. of

Group Treatment Dose/Route interval macaques

1 Rec-Spike protein + or − Y μg/ SC 1, 4, 7 w 4

MF59

2 BPL-SARS-CoV + or − Y μg/ SC 1, 4, 7 w 4

MF59

3 Saline NA/ SC 1, 4, 7 w 4

Immunogenicity and e�cacy of the inactivated virus vaccine and the puri�ed Spike protein can be compared in non-human primates. Three groups of adult

cynomolgus macaques, 4 for treatment, will be immunized with recombinant SARS-CoV Spike protein from CHO cell lines or with BPL-SARS-COV, given in the

dose and formulation eliciting the highest neutralizing antibody titers in previous immunogenicity challenge experiments, administered SC to anesthetized

animals in 500 μl of inoculum. The animals will be primed at day 0 and boosted at 3 and 6 weeks. Peripheral blood will be collected at weeks 1, 4, 7. A secondary

endpoint will be to assess the Th1/Th2 pro�le of the speci�c immune response, as described above.

[1589]

Yeast is a useful and inexpensive eukaryotic expression system. Yeast-expressed proteins are used in recombinant hepatitis B virus vaccines, and recombinant

SARS antigens may also be expressed in yeast for vaccine purposes. Yeast-expression is also convenient for the production of antigens for preparing

monoclonal and polyclonal antitobodies, or for use in serological assays.

[1590]

The nucleocapsid protein (N) and two different versions of the spike glycoprotein (S) from SARS coronavirus FRA strain (AY310120) were cloned for expression

in S. cerevisiae:

[1591]

SARS N: aa 1-422 (coordinates 28120-29388 of AY310120 strain)—FIG. 65[1592]

SARS spike: aa 14-1195 (transmembrane domain and cytoplasmic tail deleted)—FIG. 66[1593]

SARS spike: aa 14-662 (S1 domain)[1594]

To make the S1 construct, a XhoI-NotI fragment of approximately 3733 bp encoding the full-length spike glycoprotein was the starting point. PCR was used to

amplify the full-length gene in two pieces: XbaI-BlnI of 2440 bp and BlnI-SalI of 1306 bp. These fragments were subcloned into commercial vectors (Novagen):

pT7Blue2 XbaI-BlnI (5′ end of spike glycoprotein) and pT7Blue2 BinI-SalI (3′ end of spike glycoprotein; FIG. 58), respectively. The following primers were used in

the subsequent PCR reactions: Spk-1 (5′) SEQ ID NO: 9785; Spk-2 (5′) SEQ ID NO: 9786; Spk-3 (5′) SEQ ID NO: 9787; Spk-4 (5′) SEQ ID NO: 9788.

[1595]

E. coli HBO101 competent cells were transformed with the PCR ligation product and plated on Luria agar plates, containing 100 μg/ml ampicillin. The desired

clones were identi�ed using miniscreen DNA analysis. After sequence veri�cation and plasmid ampli�cation of the desired subclones, it was desirable to

eliminate the internal SalI site present in the XbaI-BlnI portion of the spike sequence in order to facilitate future cloning into the yeast expression vector (BamHI-

SalI). Therefore, we prepared a CelII-MfeI vector from the pT7Blue2 XbaI-BlnI (5′ end Spike) subclone to eliminated a 143 bp sequence containing the SalI site.

Kinased oligos DSI-6 (SEQ ID NOS: 9789-9794) were then ligated into the CelII-MfeI vector to replace the 143 bp that were removed to mutate the SalI site (no aa

changes), creating pT7Blue2.XbaI-BlnIΔsal.

[1596]

The 5′ XbaI-BlnI (from pT7Blue2.XbaI-BlnI ΔSal) and the 3′ BlnI-SalI (from pT7Blue2 BlnI-SalI) spike glycoprotein inserts were gel-puri�ed and ligated them into

the p893-1 XbaI-SalI vector (a vector derived from pLitmus 38 (New England Biolabs) with the alpha-factor leader sequence cloned into the BamHI-SalI sites of

the MCS). The resulting full-length SARS Spike coding sequence was named p893-1.SARS Spike 1255 #9 (FIG. 58).

[1597]

E. coli HB 101 competent cells were transformed with the oligo replacement ligation product and plated on Luria agar plates, containing 100 μg/ml ampicillin.

The desired clones were identi�ed using miniscreen DNA analysis. After sequence veri�cation of the positive clones, pT7Blue2 Xba-Bln ΔSal was chosen for use

as a template for PCR reactions to amplify the Spike S1 1967 bp Xba-Sal fragment. The fragment was then subcloned into the p893-1 Xba-Sal vector, sequence

veri�ed, and named it p893-1.Spike S1 #11 (FIG. 59).

[1598]

In order to clone into the S.cerevisiae expression vector, pBS24.1, the 5′ end of the S1 sequence had to be modi�ed from XbaI to HindIII to allow ligation with the

3′ HindIII end of the ADH2/GAPDH BamHI-HindIII promoter fragment. From pT7Blue2 Xba-BlnΔSal (described above) an AgeI-SaII 1943 bp fragment was gel-

puri�ed. This fragment was ligated along with a synthetic pair of HindIII-AgeI 30 bp kinased oligos (S1-1+S1-2 creating the necessary 5′ HindIII site) into the

pSP72 HindIII-SalI commercial subcloning vector (named pSP72.SARS Spike S1 #2; FIG. 59). S1-1 had SEQ ID NO: 9795 and S1-2 has SEQ ID NO: 9796.

[1599]

After sequence veri�cation of the positive clone from miniscreen DNA analysis, the HindIII-SalI fragment was gel puri�ed. The 1365 bp BamHI-HindIII

ADH2/GAPDH promoter fragment was ligated along with the 1973 bp HindIII-SalI S1 fragment into the pBS24.1 BamHI-SalI vector creating the genetically

engineered pd.SARS Spike S1 #2 expression plasmid (FIG. 60).

[1600]

S. cerevisiae strain AD3 was transformed with pd.SARS Spike S1 #2 and single transformants were checked for expression after depletion of glucose in the

medium. The recombinant protein was expressed at high levels in yeast, as detected by Coomassie blue staining. In particular, yeast cells were transformed with

the SARS S1 expression plasmid using the Invitrogen S.c. EasyComp™ Transformation Kit. Expression in shown in FIG. 57.

[1601]

To express Spike 1195 protein, which does not contain the trans-membrane (TM) region or cytoplasmic tail that are present in the full-length SARS construct, the

following series of genetic manipulations was performed:

[1602]

From pT7Blue2 BlnI-SalI #11 (described above) a BlnI-Dral 1056bp fragment was gel puri�ed. This fragment was ligated with a synthetic pair of 68 bp DraI-SalI

kinased oligos (DRS1+2; SEQ ID NOS: 9797 & 9798) into a pT7Blue2 BlnI-SalI vector (FIG. 61). E. coli HB101 competent cells were transformed with the oligo

replacement ligation product and plated on Luria agar plates, containing 100 μg/ml ampicillin. The desired clones were identi�ed using miniscreen DNA analysis.

After sequence con�rmation the clone was named pT7Blue2 BInI-Sal Spike 1195 #7. The 1126 bp BlnI-SalI fragment encoding the 3′ end of the Spike 1195 was

gel puri�ed (FIG. 61).

[1603]

In order to generate the XbaI-SalI Spike 1195 fragment, the 3109bp XbaI-PciI fragment was isolated from the p893-1.SARS Spike 1255 #9 (described above) and

a 457bp PciI-SalI fragment from pT7Blue2.SARS Spike 1195 #7 (described above). The two fragments were cloned into the p893-1 XbaI-SalI vector, creating the

p893-1.SARS Spike 1195 #34 plasmid (FIG. 62).

[1604]

To clone SARS Spike 1195 into the pBS24.1 Saccharomyces cerevisisae expression vector, it was necessary to modify the 5′ end of the SARS Spike 1195 from

XbaI to HindIII, as done for the Spike S1 expression clone described above. To begin, the 2416 bp AgeI-BlnI fragment was isolated from p893-1.SARS Spike 1195

#34. This fragment was ligated with the synthetic HindIII-AgeI 30 bp oligos (described above to generate the S1 protein for expression in S. cerevisiae) into the

pT7Blue2 HindIII-BlnI vector. E. coli HB101 competent cells were transformed with the oligo replacement ligation product and plated on Luria agar plates,

containing 100 μg/ml ampicillin. The desired clones were identi�ed using miniscreen DNA analysis. After sequence veri�cation of the positive clone and plasmid

ampli�cation of pT7Blue2.SARS 1195 5′ HindIII-BlnI #10 (FIG. 63), we isolated a 402 bp HindIII-NcoI fragment and the 2044 bp NcoI-BlnI fragment (FIG. 63). It

was necessary for the HindIII-BlnI isolation to be done in two steps to avoid cloning issues related to the internal HindIII site located at nucleotide number 1319

[1605]
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of the spike 1195 protein.

To assemble the BamHI-SalI expression cassette of Spike 1195 into the pBS24.1 vector E.coli HB101 competent cells were transformed with the the BamHI-

HindIII (ADH2/GAPDH promoter), HindIII-NcoI 402bp fragment, NcoI-BlnI 2044 bp and the BInI-Sall 1126 bp fragments into the pBS24.1 BamHI-SalI vector. The

samples were plated on Luria agar plates, containing 100 μg/ml ampicillin. The desired clone was identi�ed using miniscreen DNA analysis, thus creating the

genetically engineered pd.SARS Spike 1195 #10 (FIG. 64).

[1606]

S.cerevisiae strain AD3 was transformed with pd.SARS Spike 1195 #10 and single transformants were checked for expression after depletion of glucose in the

medium. The recombinant protein was detected by Coomassie blue staining. In particular, yeast cells were transformed with the SARS 1195 expression plasmid

using the Invitrogen S.c. EasyComp™ Transformation Kit.

[1607]

cDNA fragments containing the S protein ORF of 1255 amino acids were ampli�ed by RT-PCR from SARS viral RNA (Frankfurt isolate) grown in Vero cells. The

ampli�ed PCR fragments were cloned into pBlueScript vector, sequenced, and consensus spike sequence was assembled to create a full-length SARS spike

clone, pBSnSh. In vitro transcription of pBSnSh followed by translation in a rabbit reticulocyte lysate resulted in the production of single polypeptide with an

estimated molecular mass of ˜140 kDa.

[1608]

The insert of this plasmid was recloned via XhoI and Not I into a mammlian expression vector pCMVIII (Srivastava et al. (2003) J. Virol. 77:11244-11259) to

create a construct, nSh (FIG. 74A). A PCR fragment containing a spike protein of 1195 amino acid, which was deleted for transmembrane (TM) domain and

cystein-rich cytoplasmic tail (Cy) was ampli�ed and cloned pCMVIII vector to generate the contstruct nShATC (FIG. 74B). Both constructs were tagged with six

histidine residues at the C-terminus in order to aid in their characterization. The Xho I/Not I fragment without a histidine tag also was subcloned into the

alphavirus replicon vector backbone pVCRchim2.1 for use in the production of an alphavirus replicon particle chimera that expresses S protein. Production and

characterization of the replication defective alphavirus vector particles was performed essentially as described previously (Perri et al. (2003) J. Virol.

77:10394-10403; Polo et al. (1999) PNAS USA. 96:4598-4603). The resultant alphavirus vector particles were named as VEE/SIN.

[1609]

COS7 cells and BHK-21 cells were maintained in Dulbecco's modi�ed Eagle's medium supplemented with 10% fetal bovine serum at 37° C. and 5% CO2 in air.

COS7 cells were transfected with expression plasmids (nSh, nShΔTC) using a transfection kit (TransIt-COS, Mirus) following the manufacturer's protocol. The

cells were washed once with ice-cold PBS and lysed with 1× Lysis buffer (20 mM MOPS, 10 mM NaCl, 1.5 mM MgCl2, and 1% Triton X-100) containing complete

mini protease inhibitor (Roche). After a 30-min incubation on ice, the debris was cleared by centrifugation. The cleared lysate was either puri�ed or used directly

in western blotting.

[1610]

To purify secreted spike proteins, medium from transfected cells was collected and subjected to centrifugation at 12,000 rpm for 10 min to remove cellular

debris. The cleared medium was applied to a ConA-agarose column (Vector Lab). The column was washed extensively with 20 mM sodium phosphate buffer,

and then the bound proteins were eluted with 1M methyl α-D-mannopyranoside (MMP), 1M NaCl in 20 mM sodium phosphate buffer. Column fractions

containing SARS-CoV spike proteins were applied to MagneHis Protein puri�cation system (Promega) following the protocol suggested by the manufacturer.

[1611]

For western blot analysis, proteins were separated by 4-20% SDS-PAGE and then transferred electrophoretically to nitrocellulose membrane (Invitrogen).

Membrane was blocked in blocking buffer (5% skim milk and 0.1% Tween 20 in PBS) and incubated with indicated antibody at room temperature for 1 hr, washed

and probed with horseradish peroxidase (HRP)-conjugated secondary antibody (Biosource) followed by chemiluminescence (ECL system, Amersham) and

exposed by X-ray �lms. The antibodies used were a mouse monoclonal anti-histidine antibody (anti-His•tag Mab, Novagen), a rabbit polyclonlal antipeptide

antibody against SARS-CoV spike proten (SmPab, Abgent), or rabbit anti-SARS sera (2BE) obtained by immunization of rabbits with puri�ed SARS-CoV virion. The

latter has a cell culture neutralizing titer of 1/2,500. Unless stated otherwise, antibody was used at 1/1,000 for anti-histidine antibody and SmPab and 1/10,000

for anti-SARS rabbit sera.

[1612]

Some spike proteins were treated with Peptide-N glycosidase F (PNGase F). Cell lysates were diluted in 0.5% SDS and 1% β-mercaptoethanol and denatured at

100° C. for 10 min. After 2-fold dilution with 1% NP-40 in 50 mM sodium phosphate (pH 7.5), the samples were treated with PNGase F (NEB) at 37° C. for 1 hr.

Enzyme-treated samples were analyzed by 4-12% SDS-PAGE in reducing condition. For a partial digestion with the PNGase, the cell lysates were diluted with 50

mM sodium phosphate (pH 6.0) containing 0.75% Triton-X and treated with PNGase F (Calbiochem) at 37° C. for 3 hr. Enzyme-treated samples were analyzed by

4-20% SDS-PAGE in nonreducing condition.

[1613]

Western blots of cells 48-hours after transfection are shown in FIG. 75. The S protein was detected in cell lysates as a doublet with estimated molecular weight

of ˜170-180 kDa, when the lysate was boiled and analysed under reducing SDS-PAGE conditions (FIG. 75A, lane 3). This doublet appears to result from

differential glycosylation of one polypeptide product since pre-treatment of the cell lysate with PNGase F reduced the doublet to a single species of ˜140 kDa

(FIG. 75A, lane 4). This is the expected size predicted from the aa sequence for a full-length, intact polypeptide product. This experiment indicates that the full

length SARS-CoV S is expressed in mammalian cells as a single, uncleaved polypeptide, but in two differentially glycosylated forms, gp170 and gp180

respectively. Unlike the two S glycoforms encoded by the full-length sequence, none of which were secreted, the SΔ protein product was detected both in cell

lysates (FIG. 75A, lane 5) as well as in the cell culture medium (FIG. 75B, lane3) as a single species of 160 kDa.

[1614]

In order to further characterize the intracellular processing of the S protein, and as described above, BHK21 cells were infected with defective alphavirus

particles expressing the full-length S. At 6 hr post infection with a MOI of 5, infected cells were pulse labeled for 1 hr with L-[35S] methionine/cysteine and chased

for 2 or 4 hours. The [35S]-labeled S protein was immuno-precipitated using the rabbit antiserum raised against inactivated, puri�ed virus and then digested with

Endo H. The Endo H treatment involved dilution with a sample buffer (50 mM sodium phosphate, 0.1% SDS, 50 mM DTT, pH 6.0) and boiling for 5 min. After

denaturation, the samples were further diluted with 0.75% Triton-X 100 and treated with endoglycosidase H (Endo H) following manufacturer's protocol

(Calbiochem) for 3 hr at 37° C. Enzyme-treated samples were added with gel loading buffer containing 0.1% SDS and DTT and analyzed by 8% SDS-PAGE.

[1615]

Both digested and undigested proteins were boiled in SDS and analysed by reducing SDS-PAGE (FIG. 55). After a 1-hr pulse, the S protein was apparent as a

single gp170 component that was Endo H sensitive (lanes 1 and 2). After a 2-hr chase, a new species (gp180) was present along with gp170 in approximately

equal proportions (lane3). After a 4-hr chase, the gp180 species was the dominant S protein component (lane 5) that was now Endo H resistant (lanes 5 and 6).

This data is consistent with gp170 being an ER-resident glycoprotein containing high mannose chains and with gp180 corresponding with a Golgi-processed

glycoprotein containing Endo H-resistant complex oligosaccharides.

[1616]

The Endo H sensitivity of the C-terminus deleted SΔ protein puri�ed from cell culture media ws also tested. As shown in FIG. 76, the SΔ observed within cell

lysates was found to be Endo H sensitive (lanes 1 and 2), while the secreted SΔ in cell culture media was Endo H resistant (lanes 3 and 4). This result is

consistent with this glycoprotein being synthesized in an immature form in the ER prior to transfer to the Golgi where the complex carbohydrate is added and the

protein then secreted.

[1617]

As already described, the S protein expressed in COS7 cells was detected as a gp170/gp180 doublet in western blot analyses of cell lysates that were fully

denatured by boiling in the presence of DTT. However, the majority of S protein was detected as a high molecular glycoprotein in the 440-669 kDa range when the

same cell lysate was not heat-denatured prior to western blot analysis using SDS-PAGE (FIG. 77, lane 1). The ˜500 kDa species was resistant to 10 mM DTT

treatment (lane 3) and not dissociated into the monomeric form unless the lysate was �rst heat-denatured at 100° C. (lane 4). In contrast, oligomeric form of a

test protein (Thyroglobulin) of which quaternary structure is held by disul�de-linkage was converted into subunit form by the 10 mM DTT treatment. These data

suggest that the ˜500 kDa oligomeric form of S protein is not disul�de-linked and is heat labile. To con�rm the heat-sensitivity of the ˜500 kDa species of S

protein, the heat-denaturation experiment was repeated but without DTT. As shown in FIG. 78, heat denaturation of 500 kDa protein at 100° C. alone was

su�cient to convert it into gp170/180 monomeric forms (lane 4). Using a 80° C. heat-denaturation step, both the ˜500 kDa and monomeric forms were

detectable in similar proportion (lane 3).

[1618]

In order to investigate further whether this ˜500 kDa species represents an S protein oligomer in native conformation, comparative analyses with virion-derived S

glycoprotein derived from Vero cell cultures was performed. The puri�ed virions were solubilised in 1% SDS prior to Western blot analyses after SDS PAGE. The

presence of the ˜500 kDa spike protein oligomer was con�rmed in virion particles (FIG. 79, lane 1). In addition, heat denaturation of solubilised virions produced

the same oligomer-to-monomer conversion as seen with the full-length recombinant S (lanes 2,3). The oligomeric nature of virion S was further analysed in a

cross-linking experiment. Aliquots of inactivated virion from sucrose gradient fractions were treated with 10% SDS at 1% �nal concentration and diluted 2-fold

with 0.2M Triethanolamine-HCl (pH 8, Sigma); Dimethyl suberimidate (DMS; Pierce Chemical Co.) was then added from a freshly prepared solution (10 mg/ml in

0.2M Triethanolamine-HCl) at 3.3 mg/ml �nal concentration. After 2 hr at room temperature, samples were concentrated with Centricon-30 and analyzed by

silver staining after electrophoresis on a 4% polyacrylamide gel. Both untreated and DMS cross-linked virion proteins were heat-denatured, and the heat effect on

the maintenance of oligomer structure was analysed by SDS-PAGE and silver staining (FIG. 80). In the absence of cross-linking, heat denaturation resulted in the

replacement of the ˜500 kD spike protein species with the monomer species. In contrast, in the cross-linked proteins, the levels of the ˜500 kD and monomer

species did not change signi�cantly after heating. These data support the fact that the ˜500 kD protein is an oligomer of S monomer proteins that are bound

non-covalently. After cross-linking and boiling, the ˜500 kDa species migrated as a somewhat slower diffuse form than the untreated form. This mobility shift is

probably due to a structural change resulting from boiling. In addition, a minor protein species of ˜300 kD, which may represent a non-dissociated S dimer, could

be seen.

[1619]

To estimate more precisely the size of the recombinant ˜500 kDa S species expressed in COS7 cells, a COS7 cell lysate containing the S protein oligomer was[1620]
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fractionated using size-exclusion column chromatography. The major portion of the ˜500 kDa oligomer co-eluted with a 572 kDa marker protein. Taken together,

these experiments suggest that the ˜500 kDa S species seen in COS7 cell lysates is probably a homotrimer of the S protein monomer.

The oligomeric status of the SΔ spike protein was also examined after expression in COS7 cells. As shown in FIG. 81, the recombinant SΔ proteins present in cell

lysates were also detected in high molecular weight forms of ˜500 kDa range when the lysate was not heated prior to SDS-PAGE and Western blot analysis (lane

1). However, the e�ciency of oligomerization by intracellular SΔ protein appears to be much less (<10%) compared to that of full-length S protein under the same

western analysis conditions. A heat-sensitivity test on this ˜500 kDa protein showed that the SΔ oligomer was more heat labile than that of the full-length S

oligomer, as demonstrated by the >90% conversion of all of the ˜500 kDa species into monomeric Sd forms at 80° C. (lane 2). Also (FIG. 82), the majority of the

secreted SΔ protein was found in monomeric form with the ˜500 kDa species barely detectable (and only detectable when the protein was loaded in excess for

Western analysis) (lane 1). At a temperature above 80° C., all secreted SΔ proteins were detected as monomers (lanes 2, 3).

[1621]

The ˜500kDa protein is glycosylated, and the effect of deglycosylation on its antibody binding was investigated. The recombinant COS7 lysate was treated with

PNGase F under non-denaturing condition (as described above) and analysed by western blot. As shown in FIG. 83, deglycosylation did not affect the binding of

anti-histidine Mab antibody to the treated S oligomer (lanes 2,3). However, it compromised the reactivity with the rabbit antisera raised against puri�ed virus

(lane 6). This antiserum binds to virion-derived S in western blot analyses only when DTT is omitted from the sample for SDS-PAGE indicating that it recognizes

primarily a discontinuous, conformational epitope(s). This antisera has also been shown to have a high-titer of viral neutralizing antibodies. Its lack of binding to

deglycosylated, recombinant S suggests that the carbohydrate actively contributes to the higher order, native structure of the S polypeptide oligomer.

[1622]

The difference between the recombinant S and SΔ protein is the presence or absence of the TM-and Cys-rich domains at the C-terminus. This difference predicts

that full-length S would be found associated with the membrane fraction while Sd would be in the soluble fraction upon lysis of transfected cells. Therefore, nSh-

or nShΔTC-transfected cells were lysed under hypotonic conditions and the soluble cytosol fraction was separated from the insoluble membrane fraction by

centrifugation (FIG. 48). As shown in FIG. 84, the S protein was found in the membrane fraction (DF) both as a ˜500 kDa and 180/170 kDa species (lane 4) but

was not detectable in the soluble cytosol fraction (AF) (lane 3). However, the truncated SΔ protein was found as a monomeric species (gp170) in both fractions

(lanes 5,6). This indicates that the C-terminal TM and Cys-rich domains are required for the anchorage of the S protein to cell membrane.

[1623]

The cellular location of the S and SΔ proteins in COS7 cells was analyzed by indirect immuno�uorescence microscopy. At 48 hr post-transfection, cells were

directly �xed with 2% paraformaldehyde without detergent for cell surface staining or treated with detergent followed by Cyto�x/Cytoperm solution for

intracellular staining. Fixed cells were then stained with rabbit anti-SARS sera (2BE) and FITC-conjugated antibody. The nSh-transfected cells showed foci of S

protein indicative of Golgi-localisation (FIG. 85A), while the nShΔTC-transfected cells displayed a uniform distribution of SΔ protein throughout the cytoplasm

indicative of ER localisation (FIG. 85B). While the complete S protein was also observed on the surface of transfected cells in un�xed cells (FIG. 85D), the SΔ was

undetectable on the cell surface (FIG. 85E). These results indicate the role played by the TM-and Cys-rich domains in anchoring the S protein to the plasma

membrane. Although the TM-region alone is likely responsible for membrane anchorage, the potential role played by the Cys-rich region remains to be

determined.

[1624]

The SARS recombinant full-length S protein is thus an N-linked glycoprotein with an estimated molecular weight of 170-180,000 kDa. Deglycosylation with

PNGase F resulted in a polypeptide of the expected size for the uncleaved, encoded polypeptide (140 kDa). Both transient and stable expression of the full-length

SARS-CoV S gene in a variety of mammalian cells, including COS7, 293, BHK21, and Huh7 cell lines, consistently produced a S protein doublet (gp170/180) as

detected in western blot analyses. Pulse-chase analyses of transfected cells demonstrated that the SARS CoV S protein was initially synthesized as an Endo H

sensitive gp170 species followed by the gradual appearance of an Endo H resistant gp180 form, presumably as a result of the addition of complex carbohydrate

within the Golgi apparatus.

[1625]

The recombinant S protein was not secreted into the cell culture medium unless the C-terminal 60 amino acids containing the TM-region and the Cys-rich tail

were deleted.

[1626]

The quaternary structure of the full-length recombinant S protein was investigated using cross-linking treatment, heat-denaturation, and size fractionation

analyses. The results data are consistent with the recombinant S protein existing as a homotrimer of ˜500 kDa. Similar analyses of virion-derived S yielded the

same results. Such a trimeric structure has been reported for other enveloped RNA viruses: the hemagglutinin HA of in�uenza virus, the E1-E2 heterodimer of

alphaviruses and the G protein of vesicular stomatitis virus. Incubations under reducing conditions indicate that the SARS-CoV S trimeric structure is non-

covalently associated, and is very stable. S oligomers present in the cell lysate were shown to be resistant to reduction by 10 mM DTT, detergent treatment with

1% SDS, and heat denaturation at up to 60° C. . Incubation at a temperature higher than >80° C. resulted in the dissociation of the trimeric complex as evidenced

by the decrease in trimer with the concomitant increase in the monomer bands. The temperature-induced appearance of the high-mannosylated gp170 (ER

monomer form) as well as the complex-glycosylated gp180 (Golgi monomer form) suggests that trimerization can occur before the transport of the monomer

spike protein to the medial Golgi apparatus. This is consistent with other reports for TGEV, in�uenza virus HA, and vesicular stomatitis virus G proteins. With

these proteins, trimerization was reported to take place before addition of complex oligosaccharides in the Golgi apparatus.

[1627]

The C-terminally truncated form of S was found in the cell lysate in both oligomeric and monomeric forms at a frequency of 10% and 90%, respectively. The

truncated protein secreted into medium was found fully glysosylated and it was essentially all in monomeric form. We conclude that the C-terminal 60 amino

acids of the S glycoprotein contains a membrane anchor region that affects the e�ciency of trimerization. In S protein trimerization, it is possible that the

C-terminal region is required to initiate the event and the triple-stranded coiled coil structures in the S2 stalk domain provide further stabilizing force as seen in

HA oligomer of in�uenza virus.

[1628]

CHO cell lines that stably express either the full-length or truncated SARS-CoV spike proteins were prepared. Several stably transfected CHO cell lines were

obtained, and FIG. 73 shows western blot data from a panel of representative clones.

[1629]

All SARS-CoV ORFs (FIG. 17, Table 10) were cloned in the pET vector and expressed as C-terminal His-Tag fusion proteins in E. coli. The proteins smaller than 16

KD were also expressed as N-terminal GST (Glutathione S-transferase) fusion proteins using pGEX vector.

[1630]

Nsp1 and Nsp2, the two SARS-CoV proteins with proteolytic activity, were not expressed as full length proteins due to toxicity in E. coli. The respective genes

were instead cloned in different portions in order to separate the catalytic residues (Cys833/His994 for Nsp1; His41/Cys145 for Nsp2) in the resulting

recombinant proteins: Nsp1A from nucleotides 2719-5214 of AY310120; Nsp1B from nucleotides 5218-7371; Nsp1C from nucleotide 7372-9984; Nsp2A from

nucleotide 9985-10416; Nsp2B from nucleotide 10476-10902.

[1631]

Nsp9 (SEQ ID NO: 9775) was divided into two portions: Nsp9A from nucleotide 13371-14756; Nsp9B from nucleotide 14757-16166.[1632]

Matrix (M), ORF3 and ORF7 contain respectively three, two and one transmembrane domains. These proteins were expressed as deletion proteins excluding the

�rst 100 amino acids (M and ORF3) or the �rst 18 amino acids (ORF7) that include the hydrophobic regions.

[1633]

The cloned sequences are shown in Table 26.[1634]

A two-step strategy was used to amplify the cloned sequences. In the �rst step, ampli�cation of DNA fragments containing more than one gene or single gene

used sequenced cDNA as template. Eleven cDNA sequences were ampli�ed: (1) a fragment, named amplC1, including genes coding for protein E, protein M, orf

7-8-9-10; (2) a fragment, named amplC2, including genes coding for orf 3-4; (3) a fragment, named amplC5, including genes coding for proteins Nsp12 and

Nsp13; (4) Nsp11gene; (5) P28 and P65 genes; (6) Nsp1B and Nsp1C genes portion; (7) a fragment, named amplC9, including genes coding for proteins Nsp2

and Nsp3; (8) a fragment, named amplNsp4-7, including genes coding for proteins Nsp4, Nsp5, Nsp6, Nsp7 and for ampli�cation of Nsp9A gene portion; (9) Nsp

9B gene portion and Nsp10 gene; (10) a fragment, named amplCO, including genes coding for proteins Orf11, Nucleocapsid (N) and Orf12; (11) Nsp1A gene

portion. The primers used in this �rst step are given in Table 27:

[1635]

In the second step, ampli�cation of single genes was performed using DNA fragments from the �rst ampli�cation step as templates. The primers are shown in

Table 28.

[1636]

Of the proteins where expression was seen, it was either in inclusion bodies (insoluble) or in a soluble form. Puri�cation proceeded on appropriate material.

Table 29 shows the molecular weight of the expressed fragments of SARS-CoV ORFs, whether they were cloned (+ or −), whether the cloned fragment was seen

to be expressed (+ or −) and the form of protein which was chosen for puri�cation.

[1637]

Where a protein was a soluble His-tagged product, a single colony was streaked and grown overnight at 37° C. on a LB/Amp (100 μg/ml) agar plate. An isolated

colony from this plate was inoculated into 20 ml of LB/Amp (100 μg/ml) liquid medium and grown overnight at 37° C. with shaking. The overnight culture was

diluted 1:30 into 1.0 L LB/Amp (100 μg/ml) liquid medium and allowed to grow at the optimal temperature (30 or 37° C.) until the OD550 nm reached 0.6-0.8.

Expression of recombinant protein was induced by addition of IPTG (�nal concentration 1.0 mM) and the culture incubated for a further 3 hours. Bacteria were

harvested by centrifugation at 8000×g for 15 min at 4° C. The bacterial pellet was resuspended in 10 ml of cold buffer A (300 mM NaCl, 50 mM phosphate buffer,

10 mM imidazole, pH 8.0). Cells were disrupted by sonication (or French Press) on ice four times for 30 sec at 40 W using a Branson soni�er 450 and centrifuged

at 13 000× g for 30 min at 4° C. Supernatants were mixed with 150 μl Ni2+-resin (previously equilibrated with buffer A) and incubated at room temperature with

gentle agitation for 30 min. The resin was Chelating Sepharose Fast Flow (Pharmacia), prepared according to the manufacturer's protocol. The batch-wise

[1638]

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

106 of 328 03.08.23, 17:42



Example 26

Retention of Critical Epitope on Truncated Spike Antigen

Example 27

Different Spike Vaccines

Example 28

Expression Cassettes in pCMV

Example 29

Spike Protein Cleavage

Example 30

Puri�cation of SARS Protease

preparation was centrifuged at 700×g for 5 min at 4° C. and the supernatant discarded. The resin was washed twice (batch-wise) with 10 ml buffer A for 10 min,

resuspended in 1.0 ml buffer A and loaded onto a disposable column. The resin continued to be washed with buffer A at 4° C. until the OD280nm of the �ow-

through reached 0.02-0.01. The resin was further washed with cold buffer B(300 mM NaCl, 50 mM phosphate buffer, 20 mM imidazole, pH 8.0) until the the

OD280 nm of the �ow-through reached 0.02-0.01. The His-fusion protein was eluted by addition of 700 μl of cold elution buffer C (300 mM NaCl, 50 mM

phosphate buffer, 250 mM imidazole, pH 8.0) and fractions collected until the OD280mm indicated all the recombinant protein was obtained. 20 μl aliquots of

each elution fraction were analyzed by SDS-PAGE. Protein concentrations were estimated using the Bradford assay.

Where a protein was seen as an insoluble product, the inclusion bodies were puri�ed as follows: homogenize cells (5 g wet weight) in 25 ml 0.1M Tris HCl pH 7,

1 mM EDTA, at 4° C. using an ultraturrax (10000 rpm); add 1.5 mg lysozyme per gram cells; mix shortly with an ultraturrax and incubate at 4° C. for 30′; use

sonication or high-pressure homogenization to disrupt the cells; to digest DNA, add MgCl2 to a �nal concentration of 3 mM and DNase to a �nal concentration of

10 ug/ml and incubate 30′ at 25° C. add 0.5 vol of 60 mM EDTA, 6% Triton x-100, 1.5M NaCl pH 7.0 to the solution, and incubate for 30′ at 4° C.; centrifugation at

31000 g for 10′ at 4° C.; re-suspend pellet in 40 ml of 0.1M Tris HCl pH 7.0, 20 mM EDTA using ultraturrax; centrifugation at 31000 g for 10′ a 4° C.; store the IB

pellet at −20° C.

[1639]

The results of expression are shown in FIGS. 86 to 105. Examples of purity and yield are given in Table 30.[1640]

A human monoclonal antibody having neutralizing activity was tested in an ELISA assay for reactivity with the puri�ed truncated Spike protein. Brie�y, ELISA

plates were coated with truncated form of the spike protein at a concentration of 1 μg/ml (100 μ/well) by incubating the plates overnight at 4° C. The plates were

washed, non-speci�c binding sites were blocked and then different dilutions of the antibody were added and plates were incubated for 1 hour at room

temperature. At the end of incubation, the plates were washed and bound antibody was detected by using anti-human IgG conjugated to horse radish peroxidase

(HRP) and an appropriate substrate. The optical density of each well was recorded at 405 nm using an ELISA reader. The data are shown in FIG. 69 and clearly

demonstrate that the neutralizing epitope recognized by the mAb is preserved and exposed on the recombinant truncated Spike protein.

[1641]

Puri�ed truncated spike protein was used to immunize mice and the level of binding antibodies induced against the truncated spike protein was determined by

ELISA assay. Brie�y a group of 10 mice were immunized with 3 μg of truncated spike protein adjuvanted in MF59 at 0, 4 and 8 weeks intervals. Sera samples

were collected from these animals and assayed for antibodies induced by truncated spike protein in an ELISA assay. An additional group of 8 mice was

immunized with 75 jig of DNA encoding the truncated form of the spike protein on PLG particles at 0, 4 and 13 weeks intervals, the sera were collected and

analyzed as above for anti-spike antibodies as above

[1642]

The pro�le of binding antibodies induced in each group was plotted as geometric mean titer (GMT). Compared to a plasmid DNA vaccine expressing truncated

spike antigen and delivered using a PLG microparticle formulation, the puri�ed truncated spike protein was signi�cantly more potent for inducing strong antibody

responses. Further comparison with the antibody responses induced by inactivated BPL-SARS-CoV (already shown protective) in the same mouse strain

revealed that the magnitude of antibody responses induced by puri�ed truncated spike protein and the inactivated virus vaccine are in the same range (FIG. 70).

[1643]

The neutralization potential of antibodies induced by the recombinant truncated spike protein, or plasmid DNA expressing the same spike antigen, were also

evaluated. The GMT values obtained in both groups are shown in FIG. 71. From these data, it appears that the puri�ed protein is signi�cantly more effective at

inducing neutralizing antibody responses against the SARS-CoV spike. Furthermore, the neutralization titers typically induced by the puri�ed truncated spike

protein are comparable to neutralization titers induced by an inactivated SARS-CoV vaccine.

[1644]

FIG. 72 shows a comparison of antibody binding levels (ELISA, X-axis) with neutralization titers (Y-axis). In general there is a very good correlation between the

binding and neutralizing antibodies. The bottom-left grouping shows ratios 2 weeks post-3rd immunization with the DNA vaccine; the top-right grouping shows

ratios 2 weeks post-2nd immunization with the protein vaccine. Both forms of vaccine show a consistent correlation.

[1645]

In further experiments, the ability of a DNA vaccine to invoke an immune response in mice was studied. Mice were immunized with pCMV-nSdTC plasmid, either

free or with PLG microparticles. Serum from the mice was then used as the staining antibody against cultured 293 cells that had been transfected with spike,

either full-length or truncated. The cells were centrifuged prior to testing and the pellet was lysed. The antibody was tested against the culture supernatant and

against the cell lysate. As shown in FIG. 112, the mouse serum was able to detect spike protein in the lysate of cells that expressed full-length spike and in the

supernatant of cells that expressed the truncated spike protein. Results were comparable to the staining seen when using rabbit serum that had been obtained

after immunization with whole killed virus. Thus anti-spike antibodies can be induced by the use of DNA vaccination.

[1646]

The sequence of plasmid pCMVKm2 is given as SEQ ID NO: 9923. Genes encoding the spike protein either in full-length form (pCMVKm2 SARS Spike nS; SEQ ID

NO: 9921) or in its ΔTC form (pCMVKm2 SARS Spike nSΔTC; SEQ ID NO: 9922) were inserted into this basic vector.

[1647]

Mice were immunized with these vectors, and with similar vectors encoding the N, M or E proteins. Vectors encoding the same proteins but with optimized

codon usage were also prepared. Codons were optimized for e�cient human expression starting from the FRA sequence (GenBank: AY310120). The optimized

sequences are: N (SEQ ID NO: 9924); M (SEQ ID NO: 9925); E (SEQ ID NO: 9926).

[1648]

After administration, expression of proteins could be detected by immuno�uorescence in all cases. For example, FIG. 106 shows immuno�uorescence (using

anti-SARS rabbit serum) results after administration of the vector encoding optimsed N antigen, revealing high level expression. Mice receiving the control vector

alone showed no �uorescence.

[1649]

FIG. 107 compares immuno�uorescence (using Abgent anti-M antibody) of the native M sequence (107A) or the codon-optimsed M sequence (107B). Similarly,

FIG. 108 compares immuno�uorescence (using Abgent anti-E antibody) of the native E sequence (108A) or the codon-optimsed E sequence (108B).

[1650]

Four groups of mice (8 mice per group) were immunized with: (1) SARS nS Spike, nSdTC truncated Spike, and N proteins; (2) pCMV-SARS-nSdTC: DNA+DNA-PLG

at weeks 0,4 and 13 wks; (3) CMV-nS: DNA+DNA-PLG+VEE/SIN Rep at 0, 4 and 9 wks; (4) VEE/SIN Rep-SARS-nS three times at 0, 4 and 13 wks. Sera from all

groups recognized SARS nS and nSdTC proteins, and also showed virus binding and neutralization activity.

[1651]

To investigate the effect of proteolytic cleavage on SARS-CoV Spike protein, it was expressed in various forms in E.coli, including: (1) full-length S1-S2; (2) S1

alone; (3) HR1 heptad; and (4) HR2 heptad. The expressed proteins were used to raise immune rabbit sera, which were then used for visualizing western blots of

Vero cells, either infected or not infected with SARS-CoV.

[1652]

FIG. 109 shows a western blot using a 1:10000 dilution of antibody raised against either the S1 domain or the uncleaved S1-S2 domains. FIG. 110 shows a

western blot using a 1:10000 dilution of antibody raised against each of the four proteins. The difference in antigen reactivity is readily apparent.

[1653]

FIG. 111 shows similar data. Each serum was tested against four lanes, with those gour lanes being from left to right: (a) serum at 1:500 dilution, SARS-CoV-

infected cells; (b) serum at 1:500 dilution, non-infected cells; (c) serum at 1:2500 dilution, SARS-CoV-infected cells; (d) serum at 1:2500 dilution, non-infected

cells. Again, the difference in antigen reactivity is readily apparent.

[1654]

FIGS. 109-111 show that the Spike protein exists in various forms in infected Vero cells, with sizes of approx. 75 kDa, 90 kDa, 180 kDa and >250 kDa. The Spike

protein is cleaved (at least partially) either intracellulary or after release of the particles.

[1655]

If enzymatic cleavage of the mouse hepatitis coronavirus spike protein is inhibited then cell-cell fusion (syncytia formation) is also inhibited, but virus-cell fusion

is not (de Haan et al. (2004) J Virol). Syncytia are observed in vivo in the lungs of SARS-infected patients, but are not seen in Vero cell cultures of the SARS-CoV.

Inhibition of Spike protein cleavage may thus be used to prevent syncytia formation and related pathology, even though viral infectivity may not be blocked.

[1656]

Cells were grown at 37° C. to mid-log phase and induced with 0.2% L-arabinose. Cells were harvested by centrifugation, and the cells resuspended in lysis buffer

(LB) containing 20 mM Tris pH 7.5, 500 mM NaCl, 5% glycerol V/V, 0.05% Triton X-100, 5 mM βME, 5 mM imidazole, and complete protease inhibitors (−)EDTA.

Benzonase was added to a �nal concentration of 50 U/ml of lysate. Cells were then lysed using two passes through a pre-chilled micro�uidizer. The lysate was

clari�ed by high speed centrifugation at 44,000× g. Clari�ed lysate was applied to a prepared Pharmacia chelating FF column charged with nickel sulfate. After

application of the lysate the column was washed with 5 column volumes of LB, followed by 5 column volumes of LB supplemented with 45 mM imidazole. The

column was then eluted using LB supplemented with 250 mM imidazole. Purity of the isolated SARS protease was 50%. Fractions containing protease were

pooled, adjusted to 5 mM EDTA, and then applied to a Superdex 200 gel �ltration column equilibrated in 20 mM Tris pH 7.5, 150 mM NaCl, 5% V/V glycerol, 0.05%

Triton X-100, and 5 mM DTT. Purity of the isolated SARS protease was 70%. Again, fractions containing the protease were pooled, and then stored at −80° C. until

used. Activity assay, mass spectrometry and western blot analysis were used to positively identify the protein (FIG. 133). All steps were carried out with pre-

chilled buffers, and kept at 4° C. for as much of the preparation as possible.

[1657]

Western of SARS Protease Puri�cation Fractions

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

107 of 328 03.08.23, 17:42



Example 31

Continuous Fluorescence Resonance Energy Transfer (FRET) Enzyme Assay

Protocol: Brie�y, protein concentration was based on Absorbance at 280 nm, and coomassie stained gel estimates of purity. Protein was run on a 4-20% gradient

gel, and transferred to nitrocellulose. The blot was then blocked with 3% BSA, probed with Mouse IgG anti-pentaHis, and then probed with a secondary antibody

to Mouse IgG conjugated with HRP. The blot was visualized using an ECL kit (Pharmacia Biotech). The results are shown in FIG. 133 where A is the sizing column

pool loaded at 50, 100 and 200 ng of target protein and B is the immobilized metal a�nity column pool loaded at 50, 100 and 200 ng of target protein.

[1658]

The peptide containing EDANS, the �uorescence donor, and DABCYL, the �uorescence quencher (DABCYL-VNSTLQ ∇SGLRK-EDANS) was synthesized by Syn.

Pep. (Dublin, Calif.). The peptide contains the cleavage site Gln-Ser in the middle. Meyers, G. et al. Handbook of Proteolytic Enzymes and Barrett, A et al.,

Academic Press, London, 1998, 726-728. The proteolytic activity of SARS protease was followed kinetically by measuring the level of formation of cleaved

product that contains the �uorescence donor, SGLRK-EDANS using the Hitachi �uorometer (F-4500 FL Spec.) set at 340 nm excitation and 490 nm emission

wave length. 5 μL of 5 mM peptide stock in DMSO solution was added to the reaction mixture, containing 295 μl of standard buffer (75 mM Tris-Hcl, 25 mM

NaOAc, 25 mM Bis-Tris, 25 mM glycine, 5 mM EDTA, and 1 mM EDTA, pH 7.4) and 100 ul of buffer or 100 ul of 3.6 uM protease stock solution. The kinetic curve

was followed for 6 minutes (the reaction was linear with R2 value of 0.998 (FIG. 134)). The formation of �uorescence (proteolytic reaction) is likely enzyme

dependent, as concentration of enzyme was tripled three times as much �uorescence was formed in the 6 minutes time frame.

[1659]

TABLE 1

US Patents and Published International Patent Applications

Publication Publication

Number Title Date

US-3927216 1,2,4-Triazol E-3-Carboxamides For Inhibiting Virus Infections Dec. 16, 1975

US-4010269 Antiviral Quinazoline Compositions And Methods Of Use Mar. 1, 1977

US-4065570 Antiviral 5-(Substituted Benzal) Hydantoins Dec. 27, 1977

US-4089965 Thiazolylphenylguanidines As Antirhinovirus Agents May 16, 1978

US-4122191 Antirhinovirus Agents Oct. 24, 1978

US-4192895 Antirhinovirus Agents Mar. 11, 1980

US-4254144 Substituted Benzonitriles Having Antiviral Activity Mar. 3, 1981

US-4264617 Antiviral 5-(Substituted Benzal) Hydantoins Apr. 28, 1981

US-4287188 Purine Derivatives Sep. 1, 1981

US-4327088 Phosphonooxy- Or Glycosyloxy-Substituted Acrylophenones, Compositions And Uses Thereof Apr. 27, 1982

US-4332820 Substituted Benzonitriles Having Antiviral Activity Jun. 1, 1982

US-4349568 Sulfur-Substituted Diphenyl Ethers Having Antiviral Activity Sep. 14, 1982

US-4352792 3-Alkoxy�avone Antiviral Agents Oct. 5, 1982

US-4371537 Sulfur-Substituted Phenoxypyridines Having Antiviral Activity Feb. 1, 1983

US-4423053 Derivatives Of 2-Amino-5-(O-Sulphamidophenyl)-1,3,4-Thiadiazol As Antiviral Agents And A Dec. 27, 1983

Process For The Preparation Thereof

US-4505929 Sulfur-Substituted Diphenyl Ethers Having Antiviral Activity Mar. 19, 1985

US-4526897 Hypertensive Isoindolin-2-Yl-Aminoimidazolines And Isoindolin-2-Yl-Guanidines Jul. 2, 1985

US-4558134 Certain Phenoxy-Pyridine-Carbonitriles Having Antiviral Activity Dec. 10, 1985

US-4629729 Endowed With Anti-Viral Activity 2-Alkylamino-4,6-Dihalo Pyrimidines Dec. 16, 1986

US-4636492 Inhibition Of Viral Protease Activity By Peptide Halomethyl Ketones Jan. 13, 1987

US-4652552 Tetrapeptide Methyl Ketone Inhibitors Of Viral Proteases Mar. 24, 1987

US-4724233 Therapeutical Application Of Phosphonylmethoxyalkyl Adenines Feb. 9, 1988

US-4738984 Antirhinovirus Agents Apr. 19, 1988

US-4847246 Antiviral Compositions Derived From Fire�ies And Their Methods Of Use Jul. 11, 1989

US-4855283 Novel Pharmaceutically Active N-(2-Aminoacylamido-2-Deoxy-Hexosyl)-Amides, -Carbamates Aug. 8, 1989

And -Ureas

US-4885285 Phosphorus Compounds, Processes For Their Manufacture, And Their Use Dec. 5, 1989

US-4956351 Antiviral Pharmaceutical Compositions Containing Cyclodextrins Sep. 11, 1990

US-5001125 Anti-Virally Active Pyridazinamines Mar. 19, 1991

US-5036072 Antiviral Agent Jul. 30, 1991

US-5070090 Antipicorpaviral Herterocyclic-Substituted Morpholinyl Alkylphenol Ethers Dec. 3, 1991

US-5100893 Antipicornaviral Pyridazinamines Mar. 31, 1992

US-5112825 Antirhinoviral Heteroamine-Substituted Pyridazines May 12, 1992

US-5157035 Anti-Virally Active Pyridazinaniines Oct. 20, 1992

US-5240694 Combined Antiviral And Antimediator Treatment Of Common Colds Aug. 31, 1993

US-5242924 Tetrazolyl-(Phenoxy And Phenoxyalkyl)-Piperidinylpyridazines As Antiviral Agents Sep. 7, 1993

US-5278184 Synthetic Derivatives Of Pyrrole And Pyrrolidine Suitable For The Therapy Of Infections Caused Jan. 11, 1994

By Rhinoviruses

US-5364865 Phenoxy- And Phenoxyalkyl-Piperidines As Antiviral Agents Nov. 15, 1994

US-5453433 Thiadiazoles And Antipicornaviral Compositions Sep. 26, 1995

US-5492689 Combined Virustatic Antimediator (COVAM) Treatment Of Common Colds Feb. 20, 1996

US-5514679 Therapeutic Phenoxyalklpyridazines And Intermediates Therefor May 7, 1996

US-5514692 Substituted Quinoline Derivatives Useful As Antipiconaviral Agents May 7, 1996

US-5523312 Antipicornaviral Agents Jun. 4, 1996

US-5545653 Anti-Viral Compounds Aug. 13, 1996

US-5552420 Therapeutic Phenoxyalkylazoles And Phenoxyalkylazines Sep. 3, 1996

US-5567719 Thiadiazoles And Their Use As Antipicornaviral Agents Oct. 22, 1996

US-5580897 1,2-Dithiins Having Antifungal Activity Dec. 3, 1996

US-5618821 Therapeutic Phenoxyalkylheterocycles Apr. 8, 1997

US-5618849 Orally Active Antiviral Compounds Apr. 8, 1997

US-5648354 1,2-Dithiins Having Antifungal Activity Jul. 15, 1997

US-5650419 Thiadiazoles And Their Use As Antipicornaviral Agents Jul. 22, 1997

US-5693661 Anti-Viral Compounds Dec. 2, 1997

US-5721261 Therapeutic Phenoxyalkylazoles And Phenoxyalkylazines Feb. 24, 1998

US-5725859 Plant-Based Therapeutic Agent With Virustatic And Antiviral Effect Mar. 10, 1998

It will be understood that the invention has been described by way of example only and modi�cations may be made whilst remaining within the scope and spirit

of the invention.

[1660]

[1661][1662][1663][1664][1665][1666][1667][1668][1669][1670][1671][1672]
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US-5750527 Thiadiazoles And Their Use As Antipicornaviral Agents May 12, 1998

US-5750551 Treatment For Viral Diseases May 12, 1998

US-5762940 Methods And Compositions For Inhibiting Or Destroying Viruses Or Retroviruses Jun. 9, 1998

US-5763461 Therapeutic Phenoxyalkylheterocycles Jun. 9, 1998

US-5821242 Anti-Viral Compounds Oct. 13, 1998

US-5821257 Thiadiazoles And Their Uses As Antipicornaviral Agents Oct. 13, 1998

US-5821331 Anti-Picornaviral Agents Oct. 13, 1998

US-5846986 Therapeutic Phenoxyalkylazoles And Phenoxyalkylazines Dec. 8, 1998

US-5856530 Antipicornaviral Compounds And Methods For Their Use And Preparation Jan. 5, 1999

US-5891874 Anti-Viral Compound Apr. 6, 1999

US-5962487 Antipicornaviral Compounds And Methods For Their Use And Preparation Oct. 5, 1999

US-6004933 Cysteine Protease Inhibitors Dec. 21, 1999

US-6020371 Antipicornaviral Compounds Compositions Containing Them And Methods For Their Use Feb. 1, 2000

US-6087374 Anti-Viral Compounds Jul. 11, 2000

US-6114327 Anti-Viral Compounds Sep. 5, 2000

US-6117844 Method And Composition For Antiviral Therapy Sep. 12, 2000

US-6194447 Bis (Benzimidazole) Derivatives Serving As Potassium Blocking Agents Feb. 27, 2001

US-6214799 Antipicornaviral Compounds And Methods For Their Use And Preparation Apr. 10, 2001

US-6277891 Nitric Oxide Inhibits Rhinovirus Infection Aug. 21, 2001

US-6294186 Antimicrobial Compositions Comprising A Benzoic Acid Analog And A Metal Salt Sep. 25, 2001

US-6331554 Antipicornaviral Compounds, Compositions Containing Them, And Methods For Their Use Dec. 18, 2001

US-6358971 Anti-Viral Compounds Mar. 19, 2002

US-6362166 Antipicornaviral Compounds And Methods For Their Use And Preparation Mar. 26, 2002

US-6414004 3-Substituted 5-Aryl-4-Isoxazolecarbonitriles Having Antiviral Activity Jul. 2, 2002

US-6420591 Carbamates And Compositions Thereof, And Methods For Their Use For Treating Cancer, Jul. 16, 2002

In�ammation, Or A Viral Infection

US-6469018 Compounds Oct. 22, 2002

US-6498178 Inhibitors Of IMPDH Enzyme Dec. 24, 2002

US-6514997 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Feb. 4, 2003

Their Synthesis

US-6525043 Use Of Ion Channel Modulating Agents Feb. 25, 2003

US-6531452 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Mar. 11, 2003

Their Synthesis

US-6534489 Organophosphorus Compounds And The Use Thereof Mar. 18, 2003

WO 00/06529 Diketoacid-Derivatives As Inhibitors Of Polymerases Feb. 10, 2000

WO 00/25791 Pyridin-4-Yl Or Pyrimidin-4-Yl Substituted Pyrazines May 11, 2000

WO 00/27423 Methods And Compositions For Treating Common Cold Symptoms May 18, 2000

WO 00/34308 Protein Transduction System And Methods Of Use Thereof Jun. 15, 2000

WO 00/39348 Methods And Compositions For Identifying Protease Modulators Jul. 6, 2000

WO 00/40243 Novel Compounds Jul. 13, 2000

WO 00/50037 Nitrosated And Nitrosylated Proton Pump Inhibitors, Compositions And Methods Of Use Aug. 31, 2000

WO 00/56331 Inhibitors Of Impdh Enzyme Sep. 28, 2000

WO 00/56757 Immunomodulatory Steroids, In Particular The Hemihydrate Of 16.Alpha.-Bromoepiandrosterone Sep. 28, 2000

WO 00/66096 New Indication For Use Of Antiepileptic Agents And Medicines Nov. 9, 2000

WO 00/78746 Antiviral Agents Dec. 28, 2000

WO 01/00199 Compounds Obtained From Salvia Species Having Antiviral Activity Jan. 4, 2001

WO 01/00585 Pyrazolidinol Compounds Jan. 4, 2001

WO 01/02551 Virus Like Particles, Their Preparation And Their Use Preferably In Pharmaceutical Screening Jan. 11, 2001

And Functional Genomics

WO 01/03681 Use Of Flavones, Coumarins And Related Compounds To Treat Infections Jan. 18, 2001

WO 01/05396 Use Of Cobalt Chelates For Treating Or Preventing Virus Infection Jan. 25, 2001

WO 01/10894 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Feb. 15, 2001

Their Synthesis

WO 01/19322 Use Of Csaids In Rhinovirus Infection Mar. 22, 2001

WO 01/19822 Antiviral Agents Mar. 22, 2001

WO 01/22920 Colon And Colon Cancer Associated Polynucleotides And Polypeptides Apr. 5, 2001

WO 01/25188 Novel Carbamates And Ureas Apr. 12, 2001

WO 01/31016 Processed Human Chemokines Phc-1 And Phc-2 May 3, 2001

WO 01/37837 3,4-Dihydro-(1h)-Quinazolin-2-Ones And Their Use As Csbp/P38 Kinase Inhibitors May 31, 2001

WO 01/38312 3,4-Dihydro-(1h)Quinazolin-2-One Compounds As Csbp/P38 Kinase Inhibitors May 31, 2001

WO 01/38313 3,4-Dihydro-(1h)Quinazolin-2-One Compounds As Csbp/P39 Kinase Inhibitors May 31, 2001

WO 01/38314 3,4-Dihydro-(1h)Quinazolin-2-One Compounds As Csbp/P38 Kinase Inhibitors May 31, 2001

WO 01/40189 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Jun. 7, 2001

Their Synthesis

WO 01/49303 Multivalent Electron Active Compositions And Methods Of Making And Using Same Jul. 12, 2001

WO 01/60393 Selective Destruction Of Cells Infected With Human Immunode�ciency Virus Aug. 23, 2001

WO 01/62726 2-Oxo-1-Pyrrolidine Derivatives, Processes For Preparing Them And Their Uses Aug. 30, 2001

WO 01/79167 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Oct. 25, 2001

Their Synthesis

WO 01/90047 Novel Mmp-2/Mmp-9 Inhibitors Nov. 29, 2001

WO 01/90129 Prophylactic And Therapeutic Treatment Of Infectious And Other Diseases With Mono- And Nov. 29, 2001

Disaccharide-Based Compounds

WO 01/92499 Nucleic Acid Molecules Encoding A Protein Interacting With Ser/Thr Kinase Akt Dec. 6, 2001

WO 01/93883 Therapeutic Agents - Iii Dec. 13, 2001

TABLES
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WO 01/93884 Therapeutic Agents - I Dec. 13, 2001

WO 01/93885 Therapeutic Agents - Ii Dec. 13, 2001

WO 01/96297 Antipicornaviral Compounds And Compositions, Their Pharmaceutical Uses, And Materials For Dec. 20, 2001

Their Synthesis

WO 02/04413 Chiral Integrin Modulators And Methods Of Use Thereof Jan. 17, 2002

WO 02/11743 Treatment Of Prostate Cancer Feb. 14, 2002

WO 02/12477 Enhanced Replication Of Hcv Rna Feb. 14, 2002

WO 02/14343 Immunosuppressive, Antiin�ammatory And Analgetic Compounds Feb. 21, 2002

WO 02/24145 Antiviral Substances From Plant Cuticular And Epicuticular Material Mar. 28, 2002

WO 02/28351 Recombinant Mucin Binding Proteins From Steptococcus Pneumoniae Apr. 11, 2002

WO 02/30442 Method For Treating Cytokine Mediated Hepatic Injury Apr. 18, 2002

WO 02/34771 Nucleic Acids And Proteins From Streptococcus Groups A & B May 2, 2002

WO 02/44737 Diagnostic And Therapeutic Compositions And Methods Related To G Protein-Coupled Receptor Jun. 6, 2002

(Gpcr) Anaphylatoxin C3a Receptor

WO 02/50045 Antiviral Agents Jun. 27, 2002

WO 02/51413 Macrocyclic Anti-Viral Compounds Jul. 4, 2002

WO 02/53138 Treatment For Inhibiting Neoplastic Lesions Jul. 11, 2002

WO 02/57425 Nucleoside Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase Jul. 25, 2002

WO 02/59083 Novel Compounds Aug. 1, 2002

WO 02/60875 Nicotinamide Biaryl Derivatives Useful As Inhibitors Of Pde4 Isozymes Aug. 8, 2002

WO 02/60898 Thiazolyl-, Oxazolyl-, Pyrrolyl-, And Imidazolyl-Acid Amide Derivatives Useful As Inhibitors Aug. 8, 2002

Of Pde4 Isozymes

WO 02/69903 Nucleosides, Preparation Thereof And Use As Inhibitors Of Rna Viral Polymerases Sep. 12, 2002

WO 02/72022 Substituted Tetracycline Compounds As Antifungal Agents Sep. 19, 2002

WO 02/72031 Substituted Tetracycline Compounds As Synergistic Antifungal Agents Sep. 19, 2002

WO 02/76939 Cysteine Protease Inhibitors Oct. 3, 2002

WO 02/77021 Streptococcus Pneumoniae Proteins And Nucleic Acids Oct. 3, 2002

WO 02/79401 Novel Rgs9 Protein Binding Interactions And Methods Of Use Thereof Oct. 10, 2002

WO 02/82041 Production And Use Of Novel Peptide-Based Agents For Use With Bi-Speci�c Antibodies Oct. 17, 2002

WO 02/87465 Compositions And Methods Of Double-Targeting Virus Infections And Cancer Cells Nov. 7, 2002

WO 02/87500 Viral Enzyme Activated Prototoxophores And Use Of Same To Treat Viral Infections Nov. 7, 2002

WO 02/88091 Inhibitors Of Human Rhinovirus 2a Cysteine Protease Nov. 7, 2002

WO 02/89832 Pharmaceutical Compositions For Preventing Or Treating Th1 And Th2 Cell Related Diseases By Nov. 14, 2002

Modulating The Th1/Th2 Ratio.

WO 02/92779 Method For Enriching Tissues In Long Chain Polyunsaturated Fatty Acids Nov. 21, 2002

WO 02/94185 Conjugates And Compositions For Cellular Delivery Nov. 28, 2002

WO 02/94868 Staphylococcus Aureus Proteins And Nucleic Acids Nov. 28, 2002

WO 02/96867 Inhibitors Of Protein Kinase For The Treatment Of Disease Dec. 5, 2002

WO 02/98424 Novel Anti-Infectives Dec. 12, 2002

WO 03/04489 Compositions And Methods For Inhibiting Prenyltransferases Jan. 16, 2003

WO 03/08628 Enzymatic Nucleic Acid Peptide Conjugates Jan. 30, 2003

WO 03/15744 Chitin Microparticles And Their Medical Uses Feb. 27, 2003

WO 03/20222 Dioxolane And Oxathiolane Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase Mar. 13, 2003

WO 03/20270 Oxadiazolyl-Phenoxyalkylisoxazoles, Compositions Thereof And Methods For Their Use As Mar. 13, 2003

Anti-Picornaviral Agents

WO 03/20271 Oxadiazolyl-Phenoxyalkylisoxazoles, Compositions Thereof And Methods For Their Use As Mar. 13, 2003

Anti-Picornaviral Agents

WO 03/20712 Oxadiazolyl-Phenoxyalkylthiadiazoles, Compositions Thereof And Methods For Their Use As Mar. 13, 2003

Anti-Picornaviral Agents

WO 86/03412 Improvements Relating To The Treatment Control And Prevention Of Rhinovirus Infections Jun. 19, 1986

WO 86/03971 Antiviral Agents Jul. 17, 1986

WO 88/09669 Avirulent Microbes And Uses Therefor Dec. 15, 1988

WO 92/03475 Enterovirus Peptides Mar. 5, 1992

WO 92/22520 Orally Active Antiviral Compounds Dec. 23, 1992

WO 92/22570 Inhibitors Of Picornavirus Proteases Dec. 23, 1992

WO 94/00012 Nucleic Acids And Methods Of Use Thereof For Controlling Viral Pathogens Jan. 6, 1994

WO 95/03821 Prosaposin And Cytokine-Derived Peptides As Therapeutic Agents Feb. 9, 1995

WO 95/09175 Ring-Expanded Nucleosides And Nucleotides Apr. 6, 1995

WO 95/11992 Antiviral Compounds May 4, 1995

WO 95/31198 Thiadiazoles And Their Use As Antipicornaviral Agents Nov. 23, 1995

WO 95/31438 Therapeutic Phenoxyalkylheterocycles Nov. 23, 1995

WO 95/31439 Therapeutic Phenoxyalkylpyridazines And Intermediates Therefor Nov. 23, 1995

WO 95/31452 Therapeutic Phenoxyalkylazoles And Phenoxyalkylazines Nov. 23, 1995

WO 95/34595 Antiviral Dendrimers Dec. 21, 1995

WO 95/35103 A Pharmaceutical Composition For The Prevention And/Or Treatment Of Viral Infections And Dec. 28, 1995

Optionally In�ammations As Well As A Method For The Treatment Thereof

WO 96/05836 Methods Of Treating Cold Symptoms Using Pentoxifylline Feb. 29, 1996

WO 96/05854 Combination Preparation, Containing Cyclosporin A Or Fk506 Or Rapamycin And A Xanthine Feb. 29, 1996

Derivative

WO 96/09822 Antipicornaviral Agents Apr. 4, 1996

WO 96/11211 Selective Inhibition Of Internally Initiated Rna Translation Apr. 18, 1996

WO 96/22689 Multiple Component Rna Catalysts And Uses Thereof Aug. 1, 1996

WO 96/40641 Sulfonamide Derivatives As Cell Adhesion Modulators Dec. 19, 1996

WO 97/08553 Targeting Of Proteins To The Cell Wall Of Gram-Positive Bacteria Mar. 6, 1997
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WO 97/34566 Electrophilic Ketones For The Treatment Of Herpesvirus Infections Sep. 25, 1997

WO 97/41137 Use Of Anthocyanidin And Anthocyanidin Derivatives Nov. 6, 1997

WO 97/43305 Inhibitors Of Picornavirus 3c Proteases And Methods For Their Use And Preparation Nov. 20, 1997

WO 97/47270 Novel Anti-Viral Compounds Dec. 18, 1997

WO 98/03572 Antiviral Linear Polymers Jan. 29, 1998

WO 98/07745 Compositions And Methods For Treating Infections Using Analogues Of Indolicidin Feb. 26, 1998

WO 98/11778 Antimicrobial Treatment For Herpes Simplex Virus And Other Infectious Diseases Mar. 26, 1998

WO 98/22495 Antikinin Compounds And Uses Thereof May 28, 1998

WO 98/31363 Anti-Viral Compounds Jul. 23, 1998

WO 98/31374 Method Of Treating Rhinoviral Infections Jul. 23, 1998

WO 98/32427 Therapeutic Treatment And Prevention Of Infections With A Bioactive Material Encapsulated Jul. 30, 1998

Within A Biodegradable-Biocompatible Polymeric Matrix

WO 98/34601 Method For Inhibiting Intracellular Viral Replication Aug. 13, 1998

WO 98/42188 Antimicrobial Prevention And Treatment Of Human Immunede�ciency Virus And Other Oct. 1, 1998

Infectious Diseases

WO 98/43950 Antipicornaviral Compouds, Compositions Containing Them, And Methods For Their Use Oct. 8, 1998

WO 98/49190 Substituted Oxadiazole Cysteine Protease Inhibitors Nov. 5, 1998

WO 98/55120 Anti-Viral Compounds Dec. 10, 1998

WO 99/30699 Modulators Of Cysteine Protease Jun. 24, 1999

WO 99/31122 Antipicornaviral Compounds And Methods For Their Use And Preparation Jun. 24, 1999

WO 99/54317 Cysteine Protease Inhibitors Oct. 28, 1999

WO 99/55663 Inhibitors Of Impdh Enzyme Nov. 4, 1999

WO 99/57135 Antipicornaviral Compounds, Their Preparation And Use Nov. 11, 1999

WO 99/59587 Anti-Viral Compounds Nov. 25, 1999

WO 99/61437 Novel 2-Alkyl Substituted Imidazole Compounds Dec. 2, 1999

TABLE 2

US Patents and Published International Patent Applications

Publication Publication

Number Title Date

WO 02/69903 Nucleosides, Preparation Thereof And Use As Inhibitors Of Rna Viral Polymerases Sep. 12, 2002

WO 02/48116 Inhibitors Of Hepatitis C Virus Ns3 Protease Jun. 20, 2002

WO 02/48157 Imidazolidinones And Their Related Derivatives As Hepatitis C Virus Ns3 Protease Inhibitors Jun. 20, 2002

WO 02/61048 In Vitro System For Replication Of Rna-Dependent Rna Polymerase (Rdrp) Viruses Aug. 8, 2002

WO 03/02518 Novel 2,4-Di�uorobenzamide Derivatives As Antiviral Agents Jan. 9, 2003

WO 02/79187 Methoxy-1,3,5-Triazine Derivatives As Antiviral Agents Oct. 10, 2002

WO 01/78648 6-Methylnicotinamide Derivatives As Antiviral Agents Oct. 25, 2001

WO 01/12214 MYCOPHENOLATE MOFETIL IN ASSOCIATION WITH PEG-IFN-.Alpha. Feb. 22, 2001

WO 02/100415 4′-Substituted Nucleosides Dec. 19, 2002

WO 02/18404 Nucleoside Derivatives Mar. 7, 2002

WO 02/94289 Antiviral Nucleoside Derivatives Nov. 28, 2002

WO 96/39500 Oligonucleotides Speci�c For Hepatitis C Virus Dec. 12, 1996

WO 03/00713 Nucleoside Compounds In Hcv Jan. 3, 2003

WO 01/60381 Nucleoside Analogs With Carboxamidine-Modi�ed Bicyclic Base Aug. 23, 2001

WO 02/03997 Pyrido[2,3-D]Pyrimidine And Pyrimido[4,5-D]Pyrimidine Nucleosides Jan. 17, 2002

WO 97/26883 Modulation Of Th1/Th2 Cytokine Expression By Ribavirin3 And Ribavirin3 Analogs In Jul. 31, 1997

Activated T-Lymphocytes

WO 03/26589 Methods And Compositions For Treating Hepatitis C Virus Using 4′-Modi�ed Nucleosides Apr. 3, 2003

WO 03/26675 Methods And Compositions For Treating Flaviviruses And Pestiviruses Using 4′-Modi�ed Apr. 3, 2003

Nucleoside

WO 97/30067 Sugar-Modi�ed Gapped Oligonucleotides Aug. 21, 1997

WO 01/47883 Fused-Ring Compounds And Use Thereof As Drugs Jul. 5, 2001

WO 03/00254 Fused Cyclic Compounds And Medicinal Use Thereof Jan. 3, 2003

WO 02/100354 Pyrrolo[2,3-D]Pyrimidine Nucleoside Analogs Dec. 19, 2002

WO 01/55111 Biaryl Compounds, Their Preparation And Their Use In Therapy Aug. 2, 2001

WO 01/16149 2-Azapurine Compounds And Their Use Mar. 8, 2001

WO 01/85770 Sentinel Virus Ii Nov. 15, 2001

WO 02/12263 Nucleic Acid Binding Compounds Containing Pyrazolo[3,4-D]Pyrimidine Analogues Of Purin- Feb. 14, 2002

2,6-Diamine And Their Uses

JP 2001-247550 A2 Condensed Ring Compound And Its Medicinal Use Sep. 11, 2001

6210675 PT-NANB Hepatitis Polypeptides Apr. 3, 2001

6451991 Sugar-Modi�ed Gapped Oligonucleotides Sep. 17, 2002

5830455 Method Of Treatment Using A Therapeutic Combination Of α-Interferon And Free Radical Nov. 3, 1998

Scavengers

5908621 Polyethylene Glycol Modi�ed Interferon Therapy Jun. 1, 1999

5990276 Synthetic Inhibitors Of Hepatitis C Virus NS3 Protease Nov. 23, 1999

6172046 Combination Therapy For Eradicating Detectable HCV-RNA In Patients Having Chronic Jan. 9, 2001

Hepatitis C Infection

6177074 Polyethylene Glycol Modi�ed Interferon Therapy Jan. 23, 2001

6326137 Hepatitis C Virus Protease-Dependent Chimeric Pestivirus Dec. 4, 2001

6434489 Compositions Of Hepatitis C Virus NS5B Polymerase And Methods For Crystallizing Same Aug. 13, 2002

6461605 Continuous Low-Dose Cytokine Infusion Therapy Oct. 8, 2002

6472373 Combination Therapy For Eradicating Detectable HCV-RNA In Antiviral Treatment Naive Oct. 29, 2002

Patients Having Chronic Hepatitis C Infection
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6524570 Polyethylene Glycol Modi�ed Interferon Therapy Feb. 25, 2003

WO 00/37097 Ribavirin-Interferon Alfa Induction Hcv Combination Therapy Jun. 29, 2000

WO 00/37110 Ribavirin-Pegylated Interferon Alfa Induction Hcv Combination Therapy Jun. 29, 2000

WO 00/62799 Hcv Combination Therapy, Containing Ribavirin In Association With Antioxidants Oct. 26, 2000

WO 01/58929 Azapeptides Useful In The Treatment Of Hepatitis C Aug. 16, 2001

WO 02/32414 Ribavirin-Pegylated Interferon Alfa Hcv Combination Therapy Apr. 25, 2002

WO 03/24461 Hcv Combination Therapy Mar. 27, 2003

WO 93/20835 Treatment Of Hepatitis With Gm-Csf Oct. 28, 1993

WO 96/36702 Soluble, Active Hepatitis C Virus Protease Nov. 21, 1996

WO 97/16204 Continuous Low-Dose Cytokine Infusion Therapy May 9, 1997

WO 97/43310 Synthetic Inhibitors Of Hepatitis C Virus Ns3 Protease Nov. 20, 1997

WO 98/48840 Polyethylene Glycol-Interferon Alpha Conjugates For Therapy Of Infection Nov. 5, 1998

WO 99/15194 Combination Therapy For Eradicating Detectable Hcv-Rna In Patients Having Chronic Apr. 1, 1999

Hepatitis C Infection

WO 99/59621 Combination Therapy Comprising Ribavirin And Interferon Alpha In Antiviral Treatment Nov. 25, 1999

Naive Patients Having G Chronic Hepatitis C Infection

WO 02/100846 Compounds And Methods For The Treatment Or Prevention Of Flavivirus Infections Dec. 19, 2002

WO 02/100851 Compounds And Methods For The Treatment Or Prevention Of Flavivirus Infections Dec. 19, 2002

5241053 Fused Proteins Comprising Glycoprotein Gd Of HSV-1 And LTB Aug. 31, 1993

5556946 Interleukin-2/Viral Antigen Protein Chimers Sep. 17, 1996

6087484 Enhancement Of Ribozyme Catalytic Activity By A 2′-O-Substituted Facilitator Jul. 11, 2000

Oligonucleotide

5830905 Compounds, Compositions And Methods For Treatment Of Hepatitis C Nov. 3, 1998

6316492 Methods For Treating Or Preventing Viral Infections And Associated Diseases Nov. 13, 2001

6440985 Methods For Treating Viral Infections Aug. 27, 2002

WO 00/10573 Compounds, Compositions And Methods For Treating Or Preventing Viral Infections And Mar. 2, 2000

Associated Diseases

WO 00/13708 Methods For Treating Or Preventing Viral Infections And Associated Diseases Mar. 16, 2000

WO 00/18231 Methods For Treating Or Preventing Viral Infections And Associated Diseases Apr. 6, 2000

WO 99/51781 Hepatitis C Virus Ns5b Compositions And Methods Of Use Thereof Oct. 14, 1999

6323180 Hepatitis C Inhibitor Tri-Peptides Nov. 27, 2001

6143715 Hepatitis C Inhibitor Peptide Analogues Nov. 7, 2000

6329379 Hepatitis C Inhibitor Tri-Peptides Dec. 11, 2001

6329417 Hepatitis C Inhibitor Tri-Pepitides Dec. 11, 2001

6410531 Hepatitis C Inhibitor Tri-Peptides Jun. 25, 2002

6420380 Hepatitis C Inhibitor Tri-Peptides Jul. 16, 2002

6448281 Viral Polymerase Inhibitors Sep. 10, 2002

6479508 Viral Polymerase Inhibitors Nov. 12, 2002

6534523 Hepatitis C Inhibitor Tri-Peptides Mar. 18, 2003

WO 00/09543 Hepatitis C Inhibitor Tri-Peptides Feb. 24, 2000

WO 00/09558 Hepatitis C Inhibitor Peptides Feb. 24, 2000

WO 00/59929 Macrocyclic Peptides Active Against The Hepatitis C Virus Oct. 12, 2000

WO 02/04425 Viral Polymerase Inhibitors Jan. 17, 2002

WO 02/70739 Hcv Polymerase Inhibitor Assay Sep. 12, 2002

WO 03/07945 Viral Polymerase Inhibitors Jan. 30, 2003

WO 03/10140 Viral Polymerase Inhibitors Feb. 6, 2003

WO 03/10141 Viral Polymerase Inhibitors Feb. 6, 2003

WO 99/07734 Hepatitis C Inhibitor Peptide Analogues Feb. 18, 1999

WO 01/16379 Hepatitis C Virus Replication Inhibitors Mar. 8, 2001

WO 02/07761 Inhibiting Hepatitis C Virus Processing And Replication Jan. 31, 2002

WO 02/57287 Nucleoside Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase Jul. 25, 2002

WO 02/57425 Nucleoside Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase Jul. 25, 2002

WO 02/70651 Viral Reporter Particles Sep. 12, 2002

WO 03/20222 Dioxolane And Oxathiolane Derivatives As Inhibitors Of Rna-Dependent Rna Viral Polymerase Mar. 13, 2003

PCT/US2003/ Thiosemicarbazones as Anti-Virals and Immunopotentiators Jan. 10, 2003

041493

TABLE 3

US Patents and published international patent applications relating to inhalation

technology for the delivery of antiviral compounds of the invention.

Publication Publication

Number Title Date

5740794 Apparatus and methods for dispersing dry powder medicaments Apr. 21, 1998

5775320 Method and device for delivering aerosolized medicaments Jul. 7, 1998

5785049 Method and apparatus for dispersion of dry powder medicaments Jul. 28, 1998

5814607 Pulmonary delivery of active fragments of parathyroid hormone Sep. 29, 1998

5826633 Powder �lling systems, apparatus and methods Oct. 27, 1998

5458135 Method and device for delivering aerosolized medicaments Oct. 17, 1995

5607915 Pulmonary delivery of active fragments of parathyroid hormone Mar. 4, 1997

5654007 Methods and system for processing dispersible �ne powders Aug. 5, 1997

5922354 Methods and system for processing dispersible �ne powders Jul. 13, 1999

5928469 Process for storage of materials Jul. 27, 1999

5976574 Processes for spray drying hydrophobic drugs in organic solvent suspensions Nov. 2, 1999

5985248 processes for spray drying solutions of hydrophobic drugs and compositions thereof Nov. 16, 1999
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5994314 Compositions and methods for nucleic acid delivery to the lung Nov. 30, 1999

5997848 Methods and compositions for pulmonary delivery of insulin Dec. 7, 1999

6001336 Processes for spray drying aqueous suspensions of hydrophobic drugs and compositions thereof Dec. 14, 1999

6019968 Dispersible antibody compositions and methods for their preparation and use Feb. 1, 2000

6051256 Dispersible macromolecule compositions and methods for their preparation and use Apr. 18, 2000

6071428 Stable compositions Jun. 6, 2000

6077543 Systems and processes for spray drying hydrophobic drugs with hydrophilic excipients Jun. 20, 2000

6080721 Pulmonary delivery of active fragments of parathyroid hormone Jun. 27, 2000

6089228 Apparatus and methods for dispersing dry powder medicaments Jul. 18, 2000

6103270 Methods and system for processing dispersible �ne powders Aug. 15, 2000

6123936 Methods and compositions for the dry powder formulation of interferons Sep. 26, 2000

6136346 Powdered pharmaceutical formulations having improved dispersibility Oct. 24, 2000

6138668 Method and device for delivering aerosolized medicaments Oct. 31, 2000

6165463 Dispersible antibody compositions and methods for their preparation and use Dec. 26, 2000

6182712 Power �lling apparatus and methods for their use Feb. 6, 2001

6187344 Powdered pharmaceutical formulations having improved dispersibility Feb. 13, 2001

6207135 Gaseous microparticles for ultrasonic diagnosis and process for their production Mar. 27, 2001

6231851 Methods and compositions for the dry powder formulation of interferons May 15, 2001

6257233 Dry powder dispersing apparatus and methods for their use Jul. 10, 2001

6258341 Stable glassy state powder formulations Jul. 10, 2001

6267155 Powder �lling systems, apparatus and methods Jul. 31, 2001

6294204 Method of producing morphologically uniform microcapsules and microcapsules produced by Sep. 25, 2001

this method

6303582 Compositions and methods for nucleic acid delivery to the lung Oct. 16, 2001

6309623 Stabilized preparations for use in metered dose inhalers Oct. 30, 2001

6309671 Stable glassy state powder formulations Oct. 30, 2001

6358530 Powdered pharmaceutical formulations having improved dispersibility Mar. 19, 2002

6365190 Systems and processes for spray drying hydrophobic drugs with hydrophilic excipients Apr. 2, 2002

6372258 Methods of spray-drying a drug and a hydrophobic amino acid Apr. 16, 2002

6423344 Dispersible macromolecule compositions and methods for their preparation and use Jul. 23, 2002

6426210 Storage of materials Jul. 30, 2002

6433040 Stabilized bioactive preparations and methods of use Aug. 13, 2002

6440337 Method and apparatus for the formation of particles Aug. 27, 2002

RE37872 Storage of materials Oct. 8, 2002

6479049 Methods and compositions for the dry powder formulation of interferons Nov. 12, 2002

6503411 Stable compositions Jan. 7, 2003

6509006 Devices compositions and methods for the pulmonary delivery of aerosolized medicaments Jan. 21, 2003

6514496 Dispersible antibody compositions and methods for their preparation and use Feb. 4, 2003

6518239 dry powder compositions having improved dispersivity Feb. 11, 2003

6543448 apparatus and methods for dispersing dry powder medicaments Apr. 8, 2003

6546929 dry powder dispersing apparatus and methods for their use Apr. 15, 2003

WO 00/15262 dry powder active agent pulmonary delivery Mar. 23, 2000

WO 93/00951 method and device for delivering aerosolized medicaments Jan. 21, 1993

WO 94/07514 pulmonary delivery of active fragments of parathyroid hormone Apr. 14, 1994

WO 95/24183 methods and compositions for pulmonary delivery of insulin Sep. 14, 1995

WO 95/31479 methods and compositions for the dry powder formulation of interferons Nov. 23, 1995

WO 96/09085 apparatus and methods for dispersing dry powder medicaments Mar. 28, 1996

WO 96/32096 powdered pharmaceutical formulations having improved dispersibility Oct. 17, 1996

WO 96/32116 compositions and methods for nucleic acid delivery to the lung Oct. 17, 1996

WO 96/32149 pulmonary delivery of aerosolized medicaments Oct. 17, 1996

WO 96/32152 pulmonary administration of dry powder alpha 1-antitrypsin Oct. 17, 1996

WO 96/40068 methods and system for processing dispersible �ne powders Dec. 19, 1996

WO 97/41031 powder �lling systems, apparatus and methods Nov. 6, 1997

WO 97/41833 dispersible macromolecule compositions and methods for their preparation and use Nov. 13, 1997

WO 98/16205 stable glassy state powder formulations Apr. 23, 1998

WO 98/29096 aerosolized hydrophobic drug Jul. 9, 1998

WO 98/29098 processes for spray drying aqueous suspensions of hydrophobic drugs with hydrophilic Jul. 9, 1998

excipients and compositions prepared by such processes

WO 98/29140 processes and compositions for spray drying hydrophobic drugs in organic solvent suspensions Jul. 9, 1998

of hydrophilic excipients

WO 98/29141 processes for spray drying solutions of hydrophobic drugs with hydrophilic excipients and Jul. 9, 1998

compositions prepared by such processes

WO 99/19215 powder �lling apparatus and method Apr. 22, 1999

WO 99/42124 liquid crystal forms of cyclosporin Aug. 26, 1999

WO 99/47196 aerosolized active agent delivery Sep. 23, 1999

WO 99/62495 dry powder dispersing apparatus and methods for their use Dec. 9, 1999

WO 00/21594 �ow resistance modulated aerosolized active agent delivery Apr. 20, 2000

WO 00/61178 pulmonary administration of dry powder formulations for treating infertility Oct. 19, 2000

WO 00/72904 apparatus and method for dispensing metered amount of aerosolized medication Dec. 7, 2000

WO 01/00263 systems and methods for aerosolizing pharmaceutical formulations Jan. 4, 2001

WO 01/00312 spray drying process for preparing dry powders Jan. 4, 2001

WO 01/32144 dry powder compositions having improved dispersivity May 10, 2001

WO 01/43529 receptacles to facilitate the extraction of powders Jun. 21, 2001

WO 01/43530 systems and methods for extracting powders from receptacles Jun. 21, 2001
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WO 01/43802 systems and methods for treating packaged powders Jun. 21, 2001

WO 01/44764 systems and methods for non-destructive mass sensing Jun. 21, 2001

WO 01/87393 systems, devices and methods for opening receptacles having a powder to be �uidized Nov. 22, 2001

WO 01/93932 lockout mechanism for aerosol drug delivery devices Dec. 13, 2001

WO 02/09669 apparatus and process to produce particles having a narrow size distribution and particles made Feb. 7, 2002

thereby

WO 02/11695 inhaleable spray dried 4-helix bundle protein powders having minimized aggregation Feb. 14, 2002

WO 02/49619 induced phase transition method for the production of microparticles containing hydrophilic Jun. 27, 2002

active agents

WO 02/49620 induced phase transition method for the production of microparticles containing hydrophobic Jun. 27, 2002

active agents

WO 02/54868 pulmonary delivery of polyene antifungal agents Jul. 18, 2002

WO 02/87542 novel methods and compositions for delivering macromolecules to or via the respiratory tract Nov. 7, 2002

WO 02/100548 centrifuged rotating drum for treating cohesive powders Dec. 19, 2002

WO 03/00326 powder aerosolization apparatus and method Jan. 3, 2003

WO 03/00329 �ow regulator for aerosol drug delivery device and methods Jan. 3, 2003

TABLE 4

Forward and reverse primers for nucleic acid ampli�cation of SARSV

For-

Forward ward Reverse Prim- Prod- Opti-

Pair primer Forward Forward Prim- Forward primer Reverse Reverse Reverse Reverse er Prod- uct An- mum

Numb- SEQ Primer Primer er Primer SEQ Primer Primer Primer Primer Tm Product uct % neal Anneal

er ID NO Start Stop Tm % GC ID NO Start Stop Tm % GC Diff Length Tm GC Score Temp

1 1021 12726 12746 51.3 47.6 3521 12996 12977 50.2 40 1 271 75 42.8 26 52.6

2 1022 12236 12256 51.2 42.9 3522 12993 12975 51.4 47.4 0.2 758 76.4 42.5 26 54

3 1023 12373 12391 50.8 47.4 3523 12993 12975 51.4 47.4 0.6 621 76.4 43 26 53.8

4 1024 12236 12256 51.2 42.9 3524 12996 12977 50.2 40 0.9 761 76.4 42.3 26 53.6

5 1025 12373 12391 50.8 47.4 3525 12996 12977 50.2 40 0.5 624 76.4 42.8 26 53.6

6 1026 12726 12746 51.3 47.6 3526 12993 12975 51.4 47.4 0.1 268 75.1 43.3 26 53.1

7 1027 2671 2692 52.1 40.9 3527 3185 3164 51 45.5 1.2 515 75.6 41.6 26 53.3

8 1028 28942 28961 50.2 45 3528 29298 29280 51.4 52.6 1.2 357 76.4 44.8 26 53.6

9 1029 19801 19819 53.2 52.6 3529 19922 19901 51.5 45.5 1.7 122 72.2 43.4 26 51.1

10 1030 19800 19817 50.4 50 3530 19921 19901 50.2 47.6 0.3 122 72.2 43.4 26 50.7

11 1031 9930 9948 51.5 52.6 3531 10605 10588 51.1 50 0.4 676 75.8 41.3 27 53.5

12 1032 9933 9952 50.9 45 3532 10605 10588 51.1 50 0.2 673 75.8 41.2 27 53.4

13 1033 9930 9949 52.2 50 3533 10605 10588 51.1 50 1.1 676 75.8 41.3 27 53.5

14 1034 9927 9945 50.8 52.6 3534 10605 10588 51.1 50 0.3 679 75.8 41.2 28 53.4

15 1035 3789 3806 50 50 3535 4445 4425 50.6 42.9 0.5 657 75.5 40.5 28 52.9

16 1036 3788 3805 50 50 3536 4444 4424 50.6 42.9 0.5 657 75.5 40.5 28 52.9

17 1037 3795 3813 52.1 52.6 3537 4445 4425 50.6 42.9 1.5 651 75.5 40.6 28 53.1

18 1038 3787 3804 50 50 3538 4445 4425 50.6 42.9 0.5 659 75.4 40.4 28 52.9

19 1039 19801 19819 53.2 52.6 3539 19921 19900 51.8 45.5 1.4 121 72.3 43.8 28 51.2

20 1040 24418 24436 50 47.4 3540 25182 25164 51.4 47.4 1.4 765 76.1 41.7 28 53.4

21 1041 9929 9949 53.8 47.6 3541 10449 10425 54.6 40 0.8 521 75.4 40.9 28 54

22 1042 2671 2692 52.1 40.9 3542 3186 3165 50.4 40.9 1.7 516 75.6 41.5 28 53.1

23 1043 3792 3810 52.9 52.6 3543 4446 4425 51.8 45.5 1.1 655 75.5 40.6 28 53.5

24 1044 9933 9952 50.9 45 3544 10449 10431 50.9 47.4 0.1 517 75.3 40.8 28 53.1

25 1045 3792 3810 52.9 52.6 3545 4445 4424 51.3 40.9 1.6 654 75.5 40.5 28 53.3

26 1046 25782 25806 53.5 40 3546 26184 26164 52.4 42.9 1.1 403 74.7 40.2 28 53.1

27 1047 9927 9945 50.8 52.6 3547 10449 10431 50.9 47.4 0.1 523 75.4 40.9 28 53.1

28 1048 9927 9945 50.8 52.6 3548 10449 10428 51.9 40.9 1.1 523 75.4 40.9 28 53.1

29 1049 3789 3806 50 50 3549 4444 4424 50.6 42.9 0.5 656 75.5 40.5 28 53

30 1050 3795 3813 52.1 52.6 3550 4444 4424 50.6 42.9 1.5 650 75.5 40.6 28 53.1

31 1051 9933 9952 50.9 45 3551 10449 10428 51.9 40.9 1.1 517 75.3 40.8 28 53.1

32 1052 9930 9948 51.5 52.6 3552 10449 10431 50.9 47.4 0.5 520 75.4 41 28 53.2

33 1053 9930 9948 51.5 52.6 3553 10449 10428 51.9 40.9 0.4 520 75.4 41 28 53.3

34 1054 9929 9948 53.2 50 3554 10449 10425 54.6 40 1.4 521 75.4 40.9 28 53.8

35 1055 9931 9952 53 45.5 3555 10449 10425 54.6 40 1.6 519 75.3 40.8 28 53.7

36 1056 3791 3808 50 50 3556 4445 4425 50.6 42.9 0.5 655 75.5 40.5 28 52.9

37 1057 3791 3808 50 50 3557 4444 4424 50.6 42.9 0.5 654 75.5 40.5 28 53

38 1058 9930 9949 52.2 50 3558 10449 10431 50.9 47.4 1.2 520 75.4 41 28 53.2

39 1059 9930 9949 52.2 50 3559 10449 10428 51.9 40.9 0.3 520 75.4 41 28 53.5

40 1060 3788 3805 50 50 3560 4445 4425 50.6 42.9 0.5 658 75.5 40.4 28 52.9

41 1061 19800 19817 50.4 50 3561 19921 19900 51.8 45.5 1.4 122 72.2 43.4 28 50.8

42 1062 3787 3804 50 50 3562 4444 4424 50.6 42.9 0.5 658 75.5 40.4 28 52.9

43 1063 25782 25806 53.5 40 3563 26183 26163 51.7 42.9 1.7 402 74.7 40.3 28 52.9

44 1064 25782 25806 53.5 40 3564 26183 26160 54.5 41.7 1 402 74.7 40.3 28 53.5

45 1065 25782 25806 53.5 40 3565 26183 26159 54.9 40 1.5 402 74.7 40.3 28 53.5

46 1066 2429 2447 50.2 47.4 3566 3187 3166 50.3 45.5 0.1 759 76.6 43 29 53.8

47 1067 2427 2445 52.1 52.6 3567 3185 3164 51 45.5 1.1 759 76.7 43.1 29 54.1

48 1068 2429 2447 50.2 47.4 3568 3185 3164 51 45.5 0.7 757 76.6 42.9 29 53.8

49 1069 19800 19817 50.4 50 3569 19923 19904 50.1 50 0.3 124 72.3 43.5 29 50.8

50 1070 2427 2445 52.1 52.6 3570 3187 3166 50.3 45.5 1.8 761 76.7 43.1 29 53.9
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51 1071 29183 29204 50.4 40.9 3571 29412 29393 50.3 45 0 230 75.3 44.8 29 52.9

52 1072 16367 16386 51.4 50 3572 16780 16760 51.4 42.9 0.1 414 75 40.8 30 53

53 1073 11543 11562 50.4 40 3573 12254 12236 50.5 47.4 0.1 712 76.2 42 30 53.6

54 1074 12976 12995 51.1 45 3574 13547 13528 50.2 45 0.9 572 77.4 45.5 30 54.3

55 1075 12040 12057 50.6 50 3575 12254 12236 50.5 47.4 0.1 215 75.5 45.6 30 53.1

56 1076 12976 12996 51.8 42.9 3576 13544 13525 52.6 55 0.8 569 77.5 45.7 30 54.8

57 1077 10141 10160 51 45 3577 10605 10588 51.1 50 0.1 465 74.9 40.2 30 52.8

58 1078 12235 12253 50.1 52.6 3578 12996 12977 50.2 40 0.1 762 76.4 42.4 30 53.6

59 1079 19795 19814 50.4 45 3579 19921 19901 50.2 47.6 0.3 127 72.3 43.3 30 50.8

60 1080 12235 12253 50.1 52.6 3580 12993 12975 51.4 47.4 1.3 759 76.5 42.6 30 53.7

61 1081 12976 12994 50.3 47.4 3581 13547 13528 50.2 45 0.1 572 77.4 45.5 30 54.3

62 1082 12975 12994 52.1 45 3582 13544 13525 52.6 55 0.5 570 77.4 45.6 30 54.9

63 1083 12977 12996 50.2 40 3583 13547 13528 50.2 45 0 571 77.3 45.4 30 54.3

64 1084 11541 11561 50.9 42.9 3584 12254 12236 50.5 47.4 0.3 714 76.2 42 30 53.6

65 1085 28394 28411 50.3 50 3585 28672 28654 50.6 52.6 0.3 279 78.6 51.6 30 55.2

66 1086 9930 9948 51.5 52.6 3586 10455 10434 51.1 40.9 0.3 526 75.3 40.7 30 53.1

67 1087 8220 8238 51.5 47.4 3587 8929 8911 53.4 52.6 1.9 710 75.4 40 30 53.3

68 1088 9930 9949 52.2 50 3588 10455 10435 50.5 42.9 1.7 526 75.3 40.7 30 52.9

69 1089 12236 12256 51.2 42.9 3589 12412 12392 50 42.9 1.2 177 73 41.2 30 51.2

70 1090 9930 9949 52.2 50 3590 10455 10434 51.1 40.9 1.1 526 75.3 40.7 30 53.1

71 1091 9933 9952 50.9 45 3591 10455 10435 50.5 42.9 0.4 523 75.2 40.5 30 52.9

72 1092 12726 12746 51.3 47.6 3592 13314 13297 51 50 0.3 589 76.6 43.6 30 54

73 1093 9933 9952 50.9 45 3593 10455 10434 51.1 40.9 0.3 523 75.2 40.5 30 53

74 1094 16909 16928 50.8 45 3594 17501 17481 51.2 42.9 0.4 593 75.9 41.8 30 53.5

75 1095 12975 12993 51.4 47.4 3595 13544 13525 52.6 55 1.2 570 77.4 45.6 30 54.7

76 1096 2671 2692 52.1 40.9 3596 3187 3166 50.3 45.5 1.8 517 75.6 41.6 30 53.1

77 1097 19800 19818 52.1 52.6 3597 19921 19900 51.8 45.5 0.3 122 72.2 43.4 30 51.2

78 1098 12975 12993 51.4 47.4 3598 13547 13528 50.2 45 1.2 573 77.3 45.4 30 54.3

79 1099 9930 9948 51.5 52.6 3599 10455 10435 50.5 42.9 1 526 75.3 40.7 30 52.9

80 1100 12976 12995 51.1 45 3600 13544 13525 52.6 55 1.5 569 77.5 45.7 30 54.6

81 1101 24635 24653 50.5 52.6 3601 25182 25164 51.4 47.4 0.9 548 75.1 40.1 30 52.8

82 1102 24633 24651 50.1 52.6 3602 25182 25164 51.4 47.4 1.3 550 75.2 40.2 30 52.7

83 1103 24630 24648 50.8 52.6 3603 25182 25164 51.4 47.4 0.6 553 75.2 40.3 30 53

84 1104 28394 28412 51.1 47.4 3604 28672 28654 50.6 52.6 0.5 279 78.6 51.6 30 55.3

85 1105 28395 28413 50.2 42.1 3605 28672 28654 50.6 52.6 0.4 278 78.6 51.4 30 55.2

86 1106 28396 28415 51.2 45 3606 28672 28654 50.6 52.6 0.6 277 78.6 51.6 30 55.3

87 1107 26421 26441 51.5 42.9 3607 26587 26568 52.7 45 1.2 167 72.3 40.1 30 51.2

88 1108 26421 26441 51.5 42.9 3608 26589 26571 51.7 47.4 0.2 169 72.4 40.2 30 51.2

89 1109 26421 26441 51.5 42.9 3609 26589 26572 51 50 0.5 169 72.4 40.2 30 51.1

90 1110 26421 26441 51.5 42.9 3610 26590 26573 51.7 50 0.3 170 72.3 40 30 51.2

91 1111 26040 26061 56.4 54.5 3611 26589 26568 55.2 45.5 1.2 550 75.1 40 30 54.2

92 1112 26039 26057 52.6 52.6 3612 26183 26160 54.5 41.7 1.9 145 71.9 40.7 30 51.2

93 1113 26039 26057 52.6 52.6 3613 26182 26161 51.2 40.9 1.4 144 71.7 40.3 30 50.7

94 1114 26039 26057 52.6 52.6 3614 26183 26163 51.7 42.9 0.9 145 71.9 40.7 30 51

95 1115 8867 8887 52.3 47.6 3615 9253 9235 51.6 47.4 0.7 387 75.1 41.3 30 53.2

96 1116 10247 10267 50.5 47.6 3616 10605 10588 51.1 50 0.6 359 74.6 40.4 30 52.4

97 1117 11540 11557 50.4 50 3617 12254 12236 50.5 47.4 0.1 715 76.2 42.1 30 53.6

98 1118 11541 11560 50.1 45 3618 12254 12236 50.5 47.4 0.4 714 76.2 42 30 53.5

99 1119 8221 8240 52.4 50 3619 8929 8911 53.4 52.6 1 709 75.4 40.1 30 53.6

100 1120 13039 13057 51.1 52.6 3620 13177 13156 50.4 40.9 0.7 139 73.9 46 31 52

101 1121 19801 19819 53.2 52.6 3621 19917 19895 52.5 43.5 0.8 117 72 43.6 31 51.2

102 1122 19709 19730 51.3 40.9 3622 19921 19900 51.8 45.5 0.5 213 73.9 41.8 31 52.2

103 1123 16366 16386 54.4 52.4 3623 16774 16751 53.6 41.7 0.8 409 75.1 41.1 31 53.8

104 1124 3 21 53.4 52.6 3624 256 235 52.6 45.5 0.8 254 76.1 46.1 31 54.2

105 1125 4 22 52.3 52.6 3625 314 296 50.6 47.4 1.7 311 76.8 46.6 31 54.1

106 1126 13039 13058 51.8 50 3626 13177 13156 50.4 40.9 1.5 139 73.9 46 31 52

107 1127 19800 19817 50.4 50 3627 19916 19895 50.2 40.9 0.2 117 71.7 42.7 31 50.3

108 1128 4645 4665 50.2 42.9 3628 5306 5289 50.8 50 0.5 662 75.6 40.8 31 53.1

109 1129 13039 13057 51.1 52.6 3629 13747 13726 50.8 40.9 0.4 709 76.6 43.2 31 54

110 1130 13039 13058 51.8 50 3630 13747 13726 50.8 40.9 1.1 709 76.6 43.2 31 54

111 1131 3 21 53.4 52.6 3631 253 233 51.8 47.6 1.6 251 76.2 46.2 31 54

112 1132 27365 27385 53.2 47.6 3632 27464 27444 53 42.9 0.2 100 70.8 43 31 50.6

113 1133 24418 24436 50 47.4 3633 24527 24508 50.5 45 0.5 110 71.3 42.7 31 50

114 1134 26708 26727 50 45 3634 27463 27446 50 44.4 0 756 75.9 41.1 31 53.2

115 1135 24179 24200 53.3 40.9 3635 24936 24919 51.8 50 1.5 758 75.8 41 31 53.7

116 1136 26708 26727 50 45 3636 27462 27444 50.1 42.1 0.1 755 75.9 41.2 31 53.2

117 1137 26708 26731 54.2 41.7 3637 27465 27446 54.6 50 0.4 758 75.9 41.3 31 54.5

118 1138 27365 27384 52.6 50 3638 27464 27446 51.7 47.4 0.9 100 70.8 43 31 50.2

119 1139 27365 27384 52.6 50 3639 27464 27445 52.4 45 0.2 100 70.8 43 31 50.4

120 1140 27365 27384 52.6 50 3640 27464 27444 53 42.9 0.4 100 70.8 43 31 50.4

121 1141 27367 27385 51.4 52.6 3641 27571 27552 50.1 40 1.3 205 74.6 43.9 31 52.4

122 1142 27367 27385 51.4 52.6 3642 27567 27547 51.1 42.9 0.2 201 74.7 44.3 31 52.7

123 1143 2427 2445 52.1 52.6 3643 3186 3165 50.4 40.9 1.7 760 76.7 43 31 53.9

124 1144 8867 8887 52.3 47.6 3644 9256 9237 50.8 45 1.5 390 75.1 41.3 31 52.9
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125 1145 9934 9953 50.7 50 3645 10605 10588 51.1 50 0.4 672 75.8 41.2 31 53.4

126 1146 2429 2447 50.2 47.4 3646 3186 3165 50.4 40.9 0.2 758 76.6 42.9 31 53.8

127 1147 27365 27385 53.2 47.6 3647 27464 27445 52.4 45 0.8 100 70.8 43 31 50.4

128 1148 19994 20011 50.4 50 3648 20615 20597 50.6 47.4 0.2 622 75.2 40 31 52.9

129 1149 9922 9941 51.3 50 3649 10605 10588 51.1 50 0.2 684 75.8 41.2 32 53.5

130 1150 12962 12980 50.7 47.4 3650 13544 13525 52.6 55 1.8 583 77.5 45.6 32 54.5

131 1151 12965 12988 54 41.7 3651 13544 13525 52.6 55 1.5 580 77.4 45.5 32 55

132 1152 13176 13197 52.7 45.5 3652 13544 13525 52.6 55 0.1 369 77.1 46.3 32 54.8

133 1153 28867 28886 53.2 50 3653 29298 29280 51.4 52.6 1.7 432 76.8 45.1 32 54.3

134 1154 24418 24439 52.9 45.5 3654 25182 25164 51.4 47.4 1.5 765 76.1 41.7 32 53.8

135 1155 24420 24440 50.8 42.9 3655 25182 25164 51.4 47.4 0.6 763 76.1 41.5 32 53.6

136 1156 8867 8887 52.3 47.6 3656 9107 9086 51.6 45.5 0.7 241 74.1 41.5 32 52.5

137 1157 1402 1422 50.2 42.9 3657 2103 2083 50.6 42.9 0.4 702 76.7 43.3 32 53.8

138 1158 25782 25805 52.1 41.7 3658 26183 26163 51.7 42.9 0.4 402 74.7 40.3 32 52.9

139 1159 25781 25805 53.5 40 3659 26183 26160 54.5 41.7 1 403 74.7 40.2 32 53.4

140 1160 25781 25805 53.5 40 3660 26183 26159 54.9 40 1.5 403 74.7 40.2 32 53.4

141 1161 2671 2692 52.1 40.9 3661 3052 3033 50.3 50 1.8 382 74.8 40.6 32 52.5

142 1162 12726 12746 51.3 47.6 3662 13177 13156 50.4 40.9 0.9 452 76.4 43.8 32 53.7

143 1163 16909 16928 50.8 45 3663 17111 17090 51.1 40.9 0.3 203 75 44.8 32 52.8

144 1164 12234 12252 50.6 47.4 3664 12993 12975 51.4 47.4 0.8 760 76.4 42.5 32 53.8

145 1165 26039 26057 52.6 52.6 3665 26828 26810 52.9 52.6 0.2 790 76.4 42.4 32 54.4

146 1166 26039 26057 52.6 52.6 3666 26694 26677 51.4 50 1.2 656 75.7 41 32 53.5

147 1167 26039 26057 52.6 52.6 3667 26692 26674 51.9 52.6 0.7 654 75.7 41 32 53.6

148 1168 26039 26057 52.6 52.6 3668 26691 26673 51.3 47.4 1.3 653 75.6 40.9 32 53.4

149 1169 26039 26057 52.6 52.6 3669 26687 26669 51.3 47.4 1.3 649 75.6 40.8 32 53.4

150 1170 26039 26057 52.6 52.6 3670 26684 26666 53.4 52.6 0.8 646 75.6 40.9 32 53.8

151 1171 26039 26057 52.6 52.6 3671 26683 26665 52.7 52.6 0.1 645 75.6 40.9 32 53.8

152 1172 9934 9953 50.7 50 3672 10449 10431 50.9 47.4 0.2 516 75.4 40.9 32 53.1

153 1173 9927 9945 50.8 52.6 3673 10455 10434 51.1 40.9 0.3 529 75.3 40.6 32 53

154 1174 7728 7746 51.7 52.6 3674 8188 8169 50.5 45 1.2 461 75.6 41.9 32 53.2

155 1175 18550 18571 50.4 40.9 3675 19216 19195 50.2 40.9 0.2 667 75.7 41.1 32 53.2

156 1176 19801 19819 53.2 52.6 3676 19921 19899 52.4 43.5 0.8 121 72.3 43.8 32 51.4

157 1177 19709 19730 51.3 40.9 3677 19923 19904 50.1 50 1.2 215 73.9 41.9 32 51.9

158 1178 4639 4659 51.1 47.6 3678 5306 5289 50.8 50 0.3 668 75.6 40.9 32 53.3

159 1179 19794 19813 50 50 3679 19921 19901 50.2 47.6 0.2 128 72.6 43.8 32 50.9

160 1180 12965 12985 51.2 42.9 3680 13544 13525 52.6 55 1.4 580 77.4 45.5 32 54.6

161 1181 9932 9953 53 45.5 3681 10449 10425 54.6 40 1.6 518 75.3 40.7 32 53.7

162 1182 19795 19814 50.4 45 3682 19921 19900 51.8 45.5 1.4 127 72.3 43.3 32 50.9

163 1183 27366 27384 52.2 52.6 3683 27468 27451 51.1 50 1 103 71.3 43.7 32 50.3

164 1184 27366 27384 52.2 52.6 3684 27467 27450 52.1 50 0.1 102 71.4 44.1 32 50.7

165 1185 27366 27384 52.2 52.6 3685 27466 27449 51 50 1.2 101 71.5 44.6 32 50.4

166 1186 25782 25805 52.1 41.7 3686 26183 26164 51 45 1.1 402 74.7 40.3 32 52.7

167 1187 9934 9953 50.7 50 3687 10449 10428 51.9 40.9 1.2 516 75.4 40.9 32 53.1

168 1188 9925 9945 53.4 52.4 3688 10449 10425 54.6 40 1.2 525 75.4 41 32 53.9

169 1189 19800 19817 50.4 50 3689 19922 19902 50 42.9 0.4 123 72.1 43.1 32 50.6

170 1190 8867 8887 52.3 47.6 3690 9310 9291 51.2 45 1.2 444 75.4 41.4 32 53.2

171 1191 27367 27385 51.4 52.6 3691 27468 27451 51.1 50 0.3 102 71.4 44.1 32 50.4

172 1192 27367 27385 51.4 52.6 3692 27467 27450 52.1 50 0.7 101 71.5 44.6 32 50.6

173 1193 2671 2692 52.1 40.9 3693 3082 3058 52.3 40 0.2 412 74.9 40.5 32 53.2

174 1194 9927 9945 50.8 52.6 3694 10608 10589 51 50 0.2 682 75.8 41.2 32 53.4

175 1195 19800 19817 50.4 50 3695 19920 19899 50.2 40.9 0.3 121 71.9 43 32 50.5

176 1196 13177 13197 50.3 42.9 3696 13547 13528 50.2 45 0.1 371 76.9 45.8 32 54

177 1197 28179 28200 50.8 40.9 3697 28672 28654 50.6 52.6 0.3 494 79.8 51.8 32 56.1

178 1198 27367 27385 51.4 52.6 3698 27466 27449 51 50 0.4 100 71.6 45 32 50.5

179 1199 27366 27385 52.8 50 3699 27465 27446 54.6 50 1.7 100 71.2 44 32 50.8

180 1200 19800 19818 52.1 52.6 3700 19921 19901 50.2 47.6 2 122 72.2 43.4 32 50.7

181 1201 9927 9945 50.8 52.6 3701 10455 10435 50.5 42.9 0.3 529 75.3 40.6 32 52.9

182 1202 28868 28887 50.7 45 3702 29298 29280 51.4 52.6 0.7 431 76.8 45 32 54.1

183 1203 28867 28887 53.7 47.6 3703 29306 29288 53.5 52.6 0.3 440 76.9 45.2 32 55

184 1204 28867 28887 53.7 47.6 3704 29301 29282 55.3 55 1.5 435 76.9 45.3 32 55.1

185 1205 28868 28888 51.4 42.9 3705 29298 29280 51.4 52.6 0 431 76.8 45 32 54.3

186 1206 28867 28888 54.3 45.5 3706 29306 29288 53.5 52.6 0.8 440 76.9 45.2 32 55

187 1207 28867 28888 54.3 45.5 3707 29301 29282 55.3 55 1 435 76.9 45.3 32 55.2

188 1208 28870 28889 50.1 40 3708 29298 29280 51.4 52.6 1.3 429 76.8 45 32 53.9

189 1209 28868 28889 52 40.9 3709 29306 29288 53.5 52.6 1.5 439 76.9 45.1 32 54.5

190 1210 28867 28889 54.8 43.5 3710 29301 29282 55.3 55 0.5 435 76.9 45.3 32 55.4

191 1211 28867 28890 55.2 41.7 3711 29306 29288 53.5 52.6 1.7 440 76.9 45.2 32 55

192 1212 28867 28890 55.2 41.7 3712 29301 29282 55.3 55 0.1 435 76.9 45.3 32 55.5

193 1213 28867 28890 55.2 41.7 3713 29299 29280 53.9 55 1.3 433 76.9 45.3 32 55.1

194 1214 12234 12252 50.6 47.4 3714 12996 12977 50.2 40 0.3 763 76.4 42.3 32 53.6

195 1215 28968 28988 50.9 47.6 3715 29298 29280 51.4 52.6 0.6 331 76.2 44.7 32 53.7

196 1216 28968 28989 51.5 45.5 3716 29298 29280 51.4 52.6 0.1 331 76.2 44.7 32 53.9

197 1217 13230 13251 52.4 45.5 3717 13544 13525 52.6 55 0.1 315 77.2 47.3 32 54.8

198 1218 29186 29205 50.1 40 3718 29298 29280 51.4 52.6 1.3 113 72.8 46 32 51.1
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199 1219 29195 29213 51.9 52.6 3719 29306 29288 53.5 52.6 1.6 112 73.6 48.2 32 52.2

200 1220 29195 29213 51.9 52.6 3720 29298 29280 51.4 52.6 0.5 104 73.1 48.1 32 51.7

201 1221 29196 29214 51.1 52.6 3721 29298 29280 51.4 52.6 0.3 103 73.3 48.5 32 51.7

202 1222 29195 29214 52.6 50 3722 29306 29288 53.5 52.6 0.9 112 73.6 48.2 32 52.4

203 1223 29196 29215 51.8 50 3723 29306 29288 53.5 52.6 1.6 111 73.8 48.6 32 52.3

204 1224 29196 29215 51.8 50 3724 29298 29280 51.4 52.6 0.4 103 73.3 48.5 32 51.8

205 1225 29197 29216 50 45 3725 29298 29280 51.4 52.6 1.4 102 73 48 32 51.2

206 1226 29196 29216 52.5 47.6 3726 29306 29288 53.5 52.6 1 111 73.8 48.6 32 52.5

207 1227 29195 29216 53.8 45.5 3727 29301 29282 55.3 55 1.5 107 73.5 48.6 32 52.7

208 1228 29254 29273 53.1 50 3728 29358 29339 52.8 50 0.2 105 73.4 48.6 32 52.3

209 1229 29259 29278 52.6 50 3729 29358 29339 52.8 50 0.2 100 72.4 47 32 51.6

210 1230 1402 1422 50.2 42.9 3730 1773 1755 51.7 52.6 1.5 372 75.8 43.3 33 53.2

211 1231 12726 12746 51.3 47.6 3731 13326 13306 50.7 42.9 0.6 601 76.7 43.6 33 54

212 1232 4 22 52.3 52.6 3732 269 251 51.1 52.6 1.2 266 76.5 46.6 33 54

213 1233 19800 19817 50.4 50 3733 19923 19903 50.9 47.6 0.4 124 72.3 43.5 33 50.9

214 1234 2371 2389 50.3 47.4 3734 3082 3058 52.3 40 2 712 76.7 43.3 33 53.9

215 1235 3 21 53.4 52.6 3735 270 251 52.9 50 0.5 268 76.4 46.3 33 54.4

216 1236 9930 9949 52.2 50 3736 10183 10166 50.9 50 1.3 254 75.3 44.1 33 53.1

217 1237 19795 19814 50.4 45 3737 19923 19904 50.1 50 0.3 129 72.5 43.4 33 50.9

218 1238 8867 8887 52.3 47.6 3738 9365 9347 53 52.6 0.7 499 75.8 42.1 33 53.9

219 1239 2371 2389 50.3 47.4 3739 3055 3036 50.6 50 0.3 685 76.7 43.4 33 53.9

220 1240 19709 19730 51.3 40.9 3740 19921 19901 50.2 47.6 1.1 213 73.9 41.8 33 51.9

221 1241 9930 9949 52.2 50 3741 10183 10165 51.7 47.4 0.5 254 75.3 44.1 33 53.3

222 1242 2371 2389 50.3 47.4 3742 2747 2727 50 42.9 0.3 377 76.9 45.9 33 54

223 1243 24921 24938 50.4 50 3743 25182 25164 51.4 47.4 1 262 74.2 41.2 33 52.2

224 1244 18077 18099 54.4 47.8 3744 18443 18424 55.9 55 1.5 367 75.8 43.3 33 54.5

225 1245 25772 25793 52.4 40.9 3745 26183 26164 51 45 1.3 412 74.8 40.3 33 52.8

226 1246 25769 25786 50.3 50 3746 26183 26164 51 45 0.8 415 74.9 40.5 33 52.6

227 1247 25348 25366 51.2 47.4 3747 25548 25531 51.1 50 0.1 201 74.3 43.3 33 52.4

228 1248 12726 12746 51.3 47.6 3748 13323 13304 51.1 45 0.2 598 76.7 43.6 33 54.1

229 1249 8372 8390 50.7 47.4 3749 8928 8911 51.9 50 1.2 557 75.1 40 33 52.9

230 1250 2671 2692 52.1 40.9 3750 3189 3168 51 45.5 1.2 519 75.7 41.6 33 53.4

231 1251 25348 25365 50.4 50 3751 25548 25531 51.1 50 0.7 201 74.3 43.3 33 52.2

232 1252 19801 19819 53.2 52.6 3752 19923 19902 51.5 45.5 1.7 123 72.4 43.9 33 51.3

233 1253 27442 27461 51.5 40 3753 27546 27527 51.3 50 0.2 105 71.8 44.8 33 50.8

234 1254 8867 8887 52.3 47.6 3754 9312 9293 50.6 45 1.8 446 75.4 41.5 33 53

235 1255 2671 2692 52.1 40.9 3755 3056 3038 50.8 52.6 1.3 386 74.8 40.7 33 52.7

236 1256 13231 13251 50.1 42.9 3756 13547 13528 50.2 45 0.2 317 76.9 46.7 33 54

237 1257 9055 9079 52.8 40 3757 9310 9291 51.2 45 1.7 256 74.4 41.8 33 52.5

238 1258 28821 28838 50.3 50 3758 29298 29280 51.4 52.6 1.1 478 77 45.2 33 54.1

239 1259 9055 9079 52.8 40 3759 9253 9235 51.6 47.4 1.2 199 73.6 41.7 33 52.1

240 1260 23840 23863 55.2 45.8 3760 24050 24031 56.5 55 1.4 211 75 44.5 33 54.1

241 1261 18074 18093 50.3 45 3761 18233 18214 52 50 1.7 160 73.9 44.4 33 51.9

242 1262 27366 27384 52.2 52.6 3762 27674 27654 51.9 42.9 0.3 309 74.3 40.5 33 52.7

243 1263 28967 28989 53.7 47.8 3763 29301 29282 55.3 55 1.5 335 76.4 45.1 33 54.7

244 1264 27366 27384 52.2 52.6 3764 27674 27653 52.5 40.9 0.3 309 74.3 40.5 33 52.8

245 1265 28966 28988 55.3 52.2 3765 29301 29282 55.3 55 0.1 336 76.4 45.2 33 55.2

246 1266 18074 18094 51.1 42.9 3766 18233 18214 52 50 1 160 73.9 44.4 33 52.1

247 1267 28965 28984 52.9 55 3767 29298 29280 51.4 52.6 1.5 334 76.4 45.2 33 54

248 1268 18081 18099 51.2 52.6 3768 18233 18215 51.3 52.6 0.11 153 74 45.1 33 52.2

249 1269 18081 18099 51.2 52.6 3769 18233 18214 52 50 0.81 1531 74 45.1 33 52.2

250 1270 18081 18099 51.2 52.6 3770 18231 18210 52.2 45.5 1 151 73.6 44.4 33 52

251 1271 24480 245001 53.2 47.6 3771 24815 24791 54.5 40 1.3 336 75.6 43.2 33 54

252 1272 24481 24503 52.7 43.5 3772 24815 24791 54.5 40 1.8 335 75.5 43 33 53.8

253 1273 27367 27385 51.4 52.6 3773 27675 27656 50 40 1.4 309 74.3 40.5 33 52.1

254 1274 27367 27385 51.4 52.6 3774 27674 27654 51.9 42.9 0.5 308 74.4 40.6 33 52.6

255 1275 27367 27385 51.4 52.6 3775 27674 27653 52.5 40.9 1.1 308 74.4 40.6 33 52.6

256 1276 18081 18099 51.2 52.6 3776 18223 18206 51.8 50 0.6 143 73.2 44.1 33 51.7

257 1277 18080 18099 53 50 3777 18220 18202 54.8 52.6 1.9 141 73.1 44 33 52.2

258 1278 9933 9952 50.9 45 3778 10670 10649 51.3 40.9 0.5 738 75.7 40.8 33 53.4

259 1279 27665 27686 51.4 40.9 3779 28208 28190 51.7 52.6 0.4 544 75.1 40.1 33 53.4

260 1280 27665 27685 50.7 42.9 3780 28208 28190 51.7 52.6 1.1 544 75.1 40.1 33 52.9

261 1281 27442 27461 51.5 40 3781 27541 27522 50.1 45 1.4 100 71.2 44 33 50

262 1282 28821 28840 51.8 45 3782 29298 29280 51.4 52.6 0.4 478 77 45.2 33 54.4

263 1283 28821 28839 51.1 47.4 3783 29298 29280 51.4 52.6 0.3 478 77 45.2 33 54.3

264 1284 8868 8889 50.4 40.9 3784 9252 9235 50.1 50 0.3 385 75.1 41.3 34 52.7

265 1285 19800 19818 52.1 52.6 3785 19920 19899 50.2 40.9 2 121 71.9 43 34 50.5

266 1286 9055 9079 52.8 40 3786 9313 9293 52.1 47.6 0.7 259 74.6 42.1 34 52.9

267 1287 10142 10163 51.3 40.9 3787 10605 10588 51.1 50 0.2 464 74.9 40.1 34 52.8

268 1288 12726 12746 51.3 47.6 3788 13312 13294 51 52.6 0.3 587 76.6 43.6 34 54

269 1289 9055 90791 52.8 40 3789 9257 9237 52.2 42.9 0.7 203 73.5 41.4 34 52.2

270 1290 7876 78951 51.5 45 3790 8188 8169 50.5 45 1.1 313 75 42.2 34 52.8

271 1291 23843 23863 50.3 42.9 3791 24527 24507 51 42.9 0.7 685 76 41.8 34 53.4

272 1292 10247 10267 50.5 47.6 3792 10608 10589 51 50 0.5 362 74.6 40.3 34 52.4
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273 1293 24179 24199 52.7 42.9 3793 24815 24791 54.5 40 1.8 637 75.8 41.3 34 53.9

274 1294 12236 12256 51.2 42.9 3794 12998 12979 50.1 45 1.1 763 76.4 42.5 34 53.6

275 1295 7869 7889 52.5 47.6 3795 8189 8169 52 47.6 0.5 321 75.3 42.7 34 53.4

276 1296 1402 1422 50.2 42.9 3796 2152 2133 50.7 45 0.5 751 76.7 43.1 34 53.8

277 1297 12233 12251 51.1 52.6 3797 12993 12975 51.4 47.4 0.2 761 76.5 42.6 34 54

278 1298 3033 3053 51.7 47.6 3798 3650 3631 53.1 50 1.4 618 76.4 42.9 34 54.1

279 1299 12233 12251 51.1 52.6 3799 12996 12977 50.2 40 0.9 764 76.4 42.4 34 53.7

280 1300 24483 24503 51 42.9 3800 24938 24921 50.4 50 0.6 456 75.6 41.9 34 53.1

281 1301 11541 11561 50.9 42.9 3801 12253 12235 50.1 52.6 0.8 713 76.2 42.1 34 53.5

282 1302 24622 24643 57.1 54.5 3802 25400 25379 56 50 1.1 779 75.7 40.7 34 54.9

283 1303 24622 24643 57.1 54.5 3803 25400 25378 56.4 47.8 0.6 779 75.7 40.7 34 55

284 1304 24630 24648 50.8 52.6 3804 25403 25385 51.1 47.4 0.3 774 75.7 40.6 34 53.3

285 1305 9929 9946 50 50 3805 10605 10588 51.1 50 1 677 75.8 41.2 34 53.2

286 1306 24633 24651 50.1 52.6 3806 25403 25385 51.1 47.4 1 771 75.6 40.5 34 53.1

287 1307 11541 11560 50.1 45 3807 12253 12235 50.1 52.6 0 713 76.2 42.1 34 53.5

288 1308 24635 24653 50.5 52.6 3808 25403 25385 51.1 47.4 0.7 769 75.6 40.4 34 53.2

289 1309 9933 9952 50.9 45 3809 10608 10589 51 50 0.1 676 75.8 41.1 34 53.4

290 1310 24921 24938 50.4 50 3810 25548 25531 51.1 50 0.7 628 75.6 40.9 34 53.1

291 1311 7725 7743 50.8 47.4 3811 8188 8169 50.5 45 0.4 464 75.6 41.8 34 53.2

292 1312 28547 28568 53.5 45.5 3812 29301 29282 55.3 55 1.8 755 78.5 47.5 34 56.1

293 1313 28547 28568 53.5 45.5 3813 29306 29288 53.5 52.6 0 760 78.5 47.5 34 56.1

294 1314 28548 28568 50.5 42.9 3814 29298 29280 51.4 52.6 0.9 751 78.4 47.4 34 55.2

295 1315 28546 28567 55.1 50 3815 29301 29282 55.3 55 0.2 756 78.5 47.6 34 56.6

296 1316 28547 28567 52.9 47.6 3816 29298 29280 51.4 52.6 1.5 752 78.5 47.5 34 55.5

297 1317 28546 28565 52.2 50 3817 29298 29280 51.4 52.6 0.8 753 78.5 47.5 34 55.5

298 1318 28546 28565 52.2 50 3818 29306 29288 53.5 52.6 1.3 761 78.5 47.6 34 55.7

299 1319 28396 28416 52.4 47.6 3819 28672 28654 50.6 52.6 1.8 277 78.6 51.6 34 55.3

300 1320 28396 28415 51.2 45 3820 28671 28652 52.8 55 1.6 276 78.6 51.4 34 55.4

301 1321 28396 28415 51.2 45 3821 28671 28653 50.2 52.6 1 276 78.6 51.4 34 55.2

302 1322 12976 12995 51.1 45 3822 13545 13527 50.3 52.6 0.8 570 77.4 45.6 34 54.4

303 1323 16551 16568 51.1 50 3823 16711 16691 51 42.9 0.1 161 73.8 44.1 34 52.1

304 1324 28395 28414 51.5 45 3824 28672 28654 50.6 52.6 0.9 278 78.6 51.4 34 55.3

305 1325 16555 16572 50.3 50 3825 16780 16760 51.4 42.9 1.1 226 73.6 40.7 34 51.7

306 1326 28394 28413 51.8 45 3826 28671 28652 52.8 55 1 278 78.6 51.4 34 55.6

307 1327 28395 28413 50.2 42.1 3827 28671 28653 50.2 52.6 0 277 78.5 51.3 34 55.1

308 1328 7728 7746 51.7 52.6 3828 8049 8032 50.4 50 1.3 322 74.9 41.6 34 52.6

309 1329 28394 28412 51.1 47.4 3829 28671 28652 52.8 55 1.7 278 78.6 51.4 34 55.4

310 1330 28394 28412 51.1 47.4 3830 28671 28653 50.2 52.6 0.8 278 78.6 51.4 34 55.2

311 1331 11543 11562 50.4 40 3831 12257 12237 51.3 47.6 0.9 715 76.2 42 34 53.5

312 1332 28393 28411 52.9 52.6 3832 28671 28652 52.8 55 0.1 279 78.6 51.6 34 56

313 1333 28394 28411 50.3 50 3833 28671 28653 50.2 52.6 0 278 78.6 51.4 34 55.2

314 1334 4255 4276 51.7 45.5 3834 4710 4691 50.2 45 1.5 456 75.1 40.8 34 52.8

315 1335 12975 12994 52.1 45 3835 13545 13526 52.9 55 0.8 571 77.4 45.5 34 54.9

316 1336 9930 9948 51.5 52.6 3836 10608 10589 51 50 0.5 679 75.8 41.2 34 53.5

317 1337 27665 27686 51.4 40.9 3837 28411 28393 52.9 52.6 1.6 747 76.8 43.5 34 54.3

318 1338 27665 27686 51.4 40.9 3838 28415 28396 51.2 45 0.2 751 76.8 43.4 34 54.2

319 1339 11541 11561 50.9 42.9 3839 12257 12237 51.3 47.6 0.5 717 76.2 42 34 53.7

320 1340 27665 27685 50.7 42.9 3840 28415 28396 51.2 45 0.5 751 76.8 43.4 34 54.1

321 1341 11543 11562 50.4 40 3841 12253 12235 50.1 52.6 0.3 711 76.2 42.1 34 53.5

322 1342 11545 11563 50.8 47.4 3842 12254 12236 50.5 47.4 0.2 710 76.2 42.1 34 53.6

323 1343 27436 27455 52.7 45 3843 27542 27522 50.9 42.9 1.8 107 72 44.9 34 50.8

324 1344 27436 27455 52.7 45 3844 27546 27527 51.3 50 1.3 111 72.7 45.9 34 51.4

325 1345 27389 27407 50.6 47.4 3845 27541 27522 50.1 45 0.5 153 73.2 43.1 34 51.4

326 1346 27389 27407 50.6 47.4 3846 27546 27527 51.3 50 0.7 158 73.5 43.7 34 51.8

327 1347 27369 27392 57.2 50 3847 27468 27446 57.7 47.8 0.5 100 71.2 44 34 52.1

328 1348 27367 27389 55 47.8 3848 27466 27446 56.8 52.4 1.8 100 71.6 45 34 51.7

329 1349 11541 11560 50.1 45 3849 12257 12237 51.3 47.6 1.2 717 76.2 42 34 53.5

330 1350 7725 7742 50 50 3850 8188 8169 50.5 45 0.4 464 75.6 41.8 34 53

331 1351 2223 2243 50.2 42.9 3851 2672 2653 51.6 50 1.4 450 77 45.3 34 54.1

332 1352 9930 9949 52.2 50 3852 10608 10589 51 50 1.2 679 75.8 41.2 34 53.5

333 1353 9934 9953 50.7 50 3853 10455 10435 50.5 42.9 0.3 522 75.3 40.6 34 52.9

334 1354 2223 2243 50.2 42.9 3854 2672 2654 50.9 52.6 0.7 450 77 45.3 34 54.1

335 1355 3797 3815 50.9 47.4 3855 4445 4425 50.6 42.9 0.4 649 75.4 40.4 34 53.1

336 1356 9934 9953 50.7 50 3856 10455 10434 51.1 40.9 0.4 522 75.3 40.6 34 53

337 1357 18074 18093 50.3 45 3857 18697 18679 51.9 52.6 1.5 624 76.2 42.5 34 53.6

338 1358 12976 12994 50.3 47.4 3858 13545 13527 50.3 52.6 0.1 570 77.4 45.6 34 54.4

339 1359 12040 12057 50.6 50 3859 12498 12480 50 47.4 0.6 459 76.3 43.6 34 53.5

340 1360 12040 12057 50.6 50 3860 12257 12237 51.3 47.6 0.7 218 75.4 45.4 34 53.1

341 1361 11540 11557 50.4 50 3861 12257 12237 51.3 47.6 0.9 718 76.2 42.1 34 53.6

342 1362 12975 12993 51.4 47.4 3862 13545 13526 52.9 55 1.5 571 77.4 45.5 34 54.7

343 1363 12975 12993 51.4 47.4 3863 13545 13527 50.3 52.6 1.1 571 77.4 45.5 34 54.4

344 1364 11540 11560 53.2 47.6 3864 11983 11965 53 52.6 0.2 444 75.1 40.8 34 53.6

345 1365 12040 12057 50.6 50 3865 12253 12235 50.1 52.6 0.5 214 75.5 45.8 34 53

346 1366 12976 12995 51.1 45 3866 13545 13526 52.9 55 1.8 570 77.4 45.6 34 54.6
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347 1367 13039 13057 51.1 52.6 3867 13314 13297 51 50 0.1 276 75.7 44.6 34 53.4

348 1368 27361 27380 52.4 55 3868 27463 27444 51.6 40 0.8 103 71.7 44.7 34 50.7

349 1369 27361 27380 52.4 55 3869 27463 27445 50.8 42.1 1.6 103 71.7 44.7 34 50.5

350 1370 27361 27380 52.4 55 3870 27464 27446 51.7 47.4 0.7 104 71.9 45.2 34 51

351 1371 25348 25365 50.4 50 3871 25645 25626 50.8 45 0.4 298 74.6 41.3 34 52.4

352 1372 9922 9941 51.3 50 3872 10449 10431 50.9 47.4 0.3 528 75.4 40.9 34 53.2

353 1373 13039 13057 51.1 52.6 3873 13323 13304 51.1 45 0 285 75.8 44.6 34 53.5

354 1374 12235 12253 50.1 52.6 3874 12412 12392 50 42.9 0.1 178 73.2 41.6 34 51.3

355 1375 3016 3036 50.2 42.9 3875 3185 3164 51 45.5 0.7 170 74.5 45.3 34 52.3

356 1376 13039 13057 51.1 52.6 3876 13326 13306 50.7 42.9 0.4 288 75.8 44.4 34 53.4

357 1377 7869 7889 52.5 47.6 3877 8050 8032 52 52.6 0.5 182 73.8 42.9 34 52.3

358 1378 26421 26441 51.5 42.9 3878 26655 26634 50.6 40.9 0.9 235 74.1 41.7 34 52.2

359 1379 26421 26441 51.5 42.9 3879 26657 26639 50.8 47.4 0.7 237 74.2 41.8 34 52.3

360 1380 26040 26061 56.4 54.5 3880 26183 26159 54.9 40 1.5 144 72 41 34 52

361 1381 26040 26061 56.4 54.5 3881 26183 26160 54.5 41.7 2 144 72 41 34 51.9

362 1382 26040 26061 56.4 54.5 3882 26184 26161 55.1 41.7 1.3 145 71.9 40.7 34 52

363 1383 12373 12391 50.8 47.4 3883 12724 12705 52.4 55 1.6 352 75.6 42.9 34 53.2

364 1384 26040 26061 56.4 54.5 3884 26589 26569 54.7 47.6 1.7 550 75.1 40 34 54.1

365 1385 26039 26058 54 55 3885 26183 26159 54.9 40 0.9 145 71.9 40.7 34 51.7

366 1386 26039 26058 54 55 3886 26183 26160 54.5 41.7 0.4 145 71.9 40.7 34 51.7

367 1387 26039 26058 54 55 3887 26183 26161 54 43.5 0 145 71.9 40.7 34 51.7

368 1388 26039 26058 54 55 3888 26184 26163 53 40.9 1 146 71.8 40.4 34 51.3

369 1389 26039 26057 52.6 52.6 3889 26174 26153 51 40.9 1.6 136 71.8 41.2 34 50.7

370 1390 10246 10266 50.4 47.6 3890 10605 10588 51.1 50 0.6 360 74.5 40.3 34 52.4

371 1391 3234 3254 51.1 47.6 3891 3497 3478 51.3 50 0.2 264 74.3 41.3 34 52.4

372 1392 26039 26057 52.6 52.6 3892 26183 26162 52.81 45.5 0.2 145 71.9 40.7 34 51.2

373 1393 11540 11557 50.4 50 3893 12253 12235 50.1 52.6 0.3 714 76.2 42.2 34 53.5

374 1394 3234 3254 51.1 47.6 3894 3500 3481 51.2 50 0.1 267 74.3 41.2 34 52.4

375 1395 3794 3812 52.9 52.6 3895 4445 4424 51.3 40.9 1.6 652 75.5 40.5 34 53.3

376 1396 3794 3812 52.9 52.6 3896 4446 4425 51.8 45.5 1.1 653 75.5 40.6 34 53.5

377 1397 3234 3254 51.1 47.6 3897 3646 3625 52 40.9 1 413 75.1 41.2 34 53

378 1398 3234 3254 51.1 47.6 3898 3647 3628 50.6 45 0.5 414 75.2 41.3 34 52.9

379 1399 3226 3245 51.7 55 3899 3497 3478 51.3 50 0.4 272 74.6 41.9 34 52.7

380 1400 3797 3815 50.9 47.4 3900 4444 4424 50.6 42.9 0.4 648 75.4 40.4 34 53.1

381 1401 3226 3245 51.7 55 3901 3500 3481 51.2 50 0.5 275 74.6 41.8 34 52.7

382 1402 16366 16384 50.3 52.6 3902 16780 16760 51.4 42.9 1.1 415 75.1 41 34 52.7

383 1403 25782 25806 53.5 40 3903 26183 26161 54 43.5 0.5 402 74.7 40.3 34 53.5

384 1404 16366 16385 52.9 55 3904 16780 16760 51.4 42.9 1.4 415 75.1 41 34 53.1

385 1405 16367 16386 51.4 50 3905 16781 16761 51.3 47.6 0.1 415 75.1 41 34 53

386 1406 12236 12256 51.2 42.9 3906 12992 12974 51.2 52.6 0 757 76.5 42.5 34 54

387 1407 16367 16386 51.4 50 3907 16777 16758 51.5 50 0.1 411 75 40.9 34 53

388 1408 16367 16386 51.4 50 3908 16711 16691 51 42.9 0.3 345 75.2 42 34 53

389 1409 3226 3245 51.7 55 3909 3503 3484 51.5 50 0.3 278 74.7 42.1 34 52.9

390 1410 16548 16566 54.9 52.6 3910 16782 16760 54.3 43.5 0.6 235 74 41.3 34 53.2

391 1411 16549 16567 54.9 52.6 3911 16782 16760 54.3 43.5 0.6 234 74 41.5 34 53.2

392 1412 25354 25372 50.9 52.6 3912 25645 25626 50.8 45 0.2 292 74.4 41.1 34 52.4

393 1413 16551 16568 51.1 50 3913 17038 17021 50.7 50 0.4 488 75.8 42.2 34 53.4

394 1414 25348 25366 51.2 47.4 3914 25645 25626 50.8 45 0.4 298 74.6 41.3 34 52.5

395 1415 16551 16568 51.1 50 3915 16780 16760 51.4 42.9 0.3 230 73.9 41.3 34 52.2

396 1416 7725 7743 50.8 47.4 3916 8049 8032 50.4 50 0.5 325 74.9 41.5 34 52.6

397 1417 29200 29224 54.2 40 3917 29299 29280 53.9 55 0.3 100 72.8 48 34 52.3

398 1418 29200 29224 54.2 40 3918 29301 29282 55.3 55 1.1 102 73 48 34 52.4

399 1419 29200 29223 53.7 41.7 3919 29299 29280 53.9 55 0.2 100 72.8 48 34 52.2

400 1420 29200 29223 53.7 41.7 3920 29301 29282 55.3 55 1.6 102 73 48 34 52.3

401 1421 29199 29222 54.6 41.7 3921 29301 29282 55.3 55 0.7 103 72.9 47.6 34 52.5

402 1422 29200 29222 53.2 43.5 3922 29299 29280 53.9 55 0.7 100 72.8 48 34 52

403 1423 29199 29221 54.1 43.5 3923 29301 29282 55.3 55 1.2 103 72.9 47.6 34 52.3

404 1424 29200 29221 52.6 45.5 3924 29299 29280 53.9 55 1.3 100 72.8 48 34 51.9

405 1425 18074 18093 50.3 45 3925 18239 18220 50 45 0.3 166 73.9 44 34 51.8

406 1426 18074 18093 50.3 45 3926 18238 18219 50.3 45 0 165 74 44.2 34 51.9

407 1427 1402 1426 54.1 40 3927 1774 1755 53.1 50 1 373 75.8 43.2 34 54.1

408 1428 18074 18094 51.1 42.9 3928 18697 18679 51.9 52.6 0.8 624 76.2 42.5 34 53.8

409 1429 18074 18094 51.1 42.9 3929 18239 18220 50 45 1 166 73.9 44 34 51.8

410 1430 18074 18094 51.1 42.9 3930 18238 18219 50.3 45 0.8 165 74 44.2 34 51.9

411 1431 3226 3245 51.7 55 3931 3504 3485 50.4 45 1.3 279 74.7 41.9 34 52.5

412 1432 18081 18099 51.2 52.6 3932 18662 18641 50.4 40.9 0.7 582 76.3 42.8 34 53.6

413 1433 7725 7742 50 50 3933 8049 8032 50.4 50 0.3 325 74.9 41.5 34 52.5

414 1434 29182 29205 54.6 41.7 3934 29301 29282 55.3 55 0.7 120 73.4 46.7 34 52.9

415 1435 4255 4276 51.7 45.5 3935 4711 4692 51.2 45 0.5 457 75.1 40.7 34 53

416 1436 29183 29204 50.4 40.9 3936 29298 29280 51.4 52.6 1.1 116 72.8 45.7 34 51.2

417 1437 3225 3243 50.9 52.6 3937 3497 3478 51.3 50 0.4 273 74.7 42.1 34 52.7

418 1438 29181 29202 53.9 45.5 3938 29301 29282 55.3 55 1.4 121 73.6 47.1 34 52.8

419 1439 29182 29202 51.2 42.9 3939 29298 29280 51.4 52.6 0.2 117 73.1 46.2 34 51.6

420 1440 29180 29199 50.1 40 3940 29298 29280 51.4 52.6 1.3 119 73.2 46.2 34 51.4
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421 1441 28970 28993 53.3 41.7 3941 29301 29282 55.3 55 1.9 332 76.1 44.6 34 54.4

422 1442 28971 28993 51.9 43.5 3942 29298 29280 51.4 52.6 0.5 328 76.1 44.5 34 53.8

423 1443 4255 4276 51.7 45.5 3943 4711 4693 50.4 47.4 1.3 457 75.1 40.7 34 52.8

424 1444 12976 12996 51.8 42.9 3944 13545 13526 52.9 55 1.1 570 77.4 45.6 34 54.8

425 1445 28968 28989 51.5 45.5 3945 29306 29288 53.5 52.6 2 339 76.3 44.8 34 54

426 1446 3225 3243 50.9 52.6 3946 3500 3481 51.2 50 0.3 276 74.7 42 34 52.6

427 1447 3225 3243 50.9 52.6 3947 3503 3484 51.5 50 0.6 279 74.8 42.3 34 52.7

428 1448 3225 3243 50.9 52.6 3948 3504 3485 50.4 45 0.5 280 74.8 42.1 34 52.6

429 1449 28939 28961 55.2 47.8 3949 29301 29282 55.3 55 0.1 363 76.6 45.2 34 55.3

430 1450 28941 28961 51.6 42.9 3950 29306 29288 53.5 52.6 1.8 366 76.4 44.8 34 54.1

431 1451 8867 8886 50.7 50 3951 9252 9235 50.1 50 0.6 386 75.1 41.5 34 52.7

432 1452 28939 28960 54.7 50 3952 29301 29282 55.3 55 0.6 363 76.6 45.2 34 55.1

433 1453 28940 28960 52.4 47.6 3953 29306 29288 53.5 52.6 1 367 76.5 45 34 54.4

434 1454 28941 28960 50.9 45 3954 29298 29280 51.4 52.6 0.5 358 76.3 44.7 34 53.8

435 1455 3360 3380 51.4 42.9 3955 3494 3473 50.4 40.9 1 135 73.7 45.9 34 51.8

436 1456 19709 19730 51.3 40.9 3956 19916 19895 50.2 40.9 1 208 73.6 41.3 34 51.7

437 1457 12373 12391 50.8 47.4 3957 12994 12976 50.3 47.4 0.4 622 76.4 42.9 34 53.7

438 1458 19794 19813 50 50 3958 19921 19900 51.8 45.5 1.8 128 72.6 43.8 34 50.9

439 1459 3361 3381 50.5 42.9 3959 3494 3473 50.4 40.9 0.1 134 73.8 46.3 34 51.9

440 1460 12234 12252 50.6 47.4 3960 12992 12974 51.2 52.6 0.6 759 76.5 42.6 34 53.8

441 1461 12234 12252 50.6 47.4 3961 12994 12976 50.3 47.4 0.2 761 76.4 42.4 34 53.7

442 1462 3034 3053 50.3 50 3962 3647 3628 50.6 45 0.3 614 76.4 42.8 34 53.6

443 1463 8867 8887 52.3 47.6 3963 9254 9236 50.6 47.4 1.7 388 75.1 41.2 34 52.8

444 1464 12726 12746 51.3 47.6 3964 12994 12976 50.3 47.4 1 269 75.1 43.1 34 52.8

445 1465 12234 12252 50.6 47.4 3965 12998 12979 50.1 45 0.5 765 76.4 42.5 34 53.6

446 1466 9926 9944 50.5 52.6 3966 10605 10588 51.1 50 0.6 680 75.8 41.2 34 53.3

447 1467 3034 3053 50.3 50 3967 3646 3625 52 40.9 1.7 613 76.3 42.7 34 53.6

448 1468 12977 12996 50.2 40 3968 13545 13527 50.3 52.6 0 569 77.4 45.5 34 54.3

449 1469 19799 19817 52.2 52.6 3969 19909 19885 52.5 40 0.3 111 71.6 43.2 34 50.8

450 1470 8867 8887 52.3 47.6 3970 9246 9226 50.5 42.9 1.8 380 75 41.1 34 52.7

451 1471 8867 8887 52.3 47.6 3971 9342 9323 52.1 50 0.3 476 75.7 42 35 53.7

452 1472 10141 10160 51 45 3972 10608 10589 51 50 0 468 74.9 40.2 35 52.8

453 1473 3192 3213 51.8 45.5 3973 3494 3473 50.4 40.9 1.4 303 74.9 41.9 35 52.6

454 1474 3360 3379 50.7 45 3974 3647 3628 50.6 45 0.1 288 75.5 43.8 35 53.1

455 1475 27367 27385 51.4 52.6 3975 27566 27546 50.7 47.6 0.7 200 74.8 44.5 35 52.7

456 1476 10250 10274 51.6 40 3976 10605 10588 51.1 50 0.5 356 74.6 40.4 35 52.6

457 1477 27367 27385 51.4 52.6 3977 27568 27548 50.2 42.9 1.2 202 74.6 44.1 35 52.4

458 1478 27367 27385 51.4 52.6 3978 27571 27551 51.4 42.9 0 205 74.6 43.9 35 52.7

459 1479 8867 8887 52.3 47.6 3979 9376 9355 51 40.9 1.3 510 75.7 41.8 35 53.4

460 1480 27367 27385 51.4 52.6 3980 27576 27555 51 40.9 0.4 210 74.8 44.3 35 52.8

461 1481 27367 27385 51.4 52.6 3981 27579 27558 51.1 40.9 0.3 213 75 44.6 35 52.9

462 1482 18704 18724 50.8 47.6 3982 19215 19194 50.2 40.9 0.5 512 75.5 41.2 35 53

463 1483 18704 18724 50.8 47.6 3983 19217 19196 50.2 40.9 0.5 514 75.5 41.2 35 53

464 1484 18696 18715 51.7 50 3984 19215 19194 50.2 40.9 1.5 520 75.6 41.3 35 53.1

465 1485 27365 27384 52.6 50 3985 27464 27443 54 45.5 1.4 100 70.8 43 35 50.4

466 1486 18696 18715 51.7 50 3986 19217 19196 50.2 40.9 1.5 522 75.6 41.4 35 53.1

467 1487 3361 3381 50.5 42.9 3987 3646 3625 52 40.9 1.5 286 75.5 43.7 35 53.1

468 1488 3361 3381 50.5 42.9 3988 3647 3628 50.6 45 0.1 287 75.6 43.9 35 53.1

469 1489 3782 3801 51.3 50 3989 4445 4425 50.6 42.9 0.7 664 75.5 40.5 35 53.1

470 1490 13039 13058 51.8 50 3990 13155 13137 52.1 52.6 0.3 117 73.4 47 35 52

471 1491 3782 3801 51.3 50 3991 4444 4424 50.6 42.9 0.7 663 75.5 40.6 35 53.1

472 1492 13040 13059 50.9 50 3992 13747 13726 50.8 40.9 0.1 708 76.6 43.1 35 54

473 1493 2223 2243 50.2 42.9 3993 2747 2727 50 42.9 0.2 525 76.9 44.6 35 53.9

474 1494 9929 9946 50 50 3994 10449 10431 50.9 47.4 0.9 521 75.4 40.9 35 52.9

475 1495 18077 18097 51.5 47.6 3995 18702 18685 50.2 50 1.4 626 76.2 42.3 35 53.5

476 1496 3360 3379 50.7 45 3996 3646 3625 52 40.9 1.3 287 75.4 43.6 35 53.1

477 1497 26708 26731 54.2 41.7 3997 27463 27443 52.7 42.9 1.5 756 75.9 41.1 35 54

478 1498 26708 26731 54.2 41.7 3998 27464 27444 53 42.9 1.2 757 75.9 41.2 35 54.1

479 1499 26708 26731 54.2 41.7 3999 27464 27445 52.4 45 1.8 757 75.9 41.2 35 54

480 1500 4 22 52.3 52.6 4000 713 695 50.7 47.4 1.6 710 79 49 35 55.7

481 1501 26708 26727 50 45 4001 27462 27443 51.4 45 1.3 755 75.9 41.2 35 53.2

482 1502 3360 3380 51.4 42.9 4002 3646 3625 52 40.9 0.6 287 75.4 43.6 35 53.3

483 1503 26708 26727 50 45 4003 27463 27445 50.8 42.1 0.8 756 75.9 41.1 35 53.2

484 1504 988 1006 52.2 52.6 4004 1493 1474 50.8 45 1.5 506 76.5 43.7 35 53.9

485 1505 12352 12375 52.9 41.7 4005 12993 12975 51.4 47.4 1.5 642 76.5 43 35 54

486 1506 3360 3380 51.4 42.9 4006 3647 3628 50.6 45 0.8 288 75.5 43.8 35 53.1

487 1507 18074 18094 51.1 42.9 4007 18702 18685 50.2 50 0.9 629 76.2 42.3 35 53.5

488 1508 3360 3380 51.4 42.9 4008 3650 3631 53.1 50 1.7 291 75.6 44 35 53.5

489 1509 8374 8395 52.4 45.5 4009 8928 8911 51.9 50 0.6 555 75.1 40 35 53.2

490 1510 9929 9946 50 50 4010 10449 10428 51.9 40.9 1.9 521 75.4 40.9 35 52.9

491 1511 26421 26441 51.5 42.9 4011 27132 27111 50.3 40.9 1.2 712 77.1 44.2 35 54.2

492 1512 10250 10274 51.6 40 4012 10356 10336 52.4 47.6 0.8 107 70.8 42.1 35 50.2

493 1513 18074 18093 50.3 45 4013 18702 18685 50.2 50 0.2 629 76.2 42.3 35 53.5

494 1514 18017 18036 54.8 55 4014 18220 18202 54.8 52.6 0 204 74.3 43.1 35 53.5
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495 1515 18017 18036 54.8 55 4015 18225 18206 53.7 50 1.1 209 74.3 43.1 35 53.2

496 1516 18017 18036 54.8 55 4016 18232 18210 54.4 47.8 0.4 216 74.6 43.5 35 53.6

497 1517 18017 18036 54.8 55 4017 18234 18214 53.4 47.6 1.4 218 74.7 43.6 35 53.4

498 1518 18017 18036 54.8 55 4018 18235 18215 54.2 52.4 0.6 219 74.8 43.8 35 53.7

499 1519 18017 18036 54.8 55 4019 18443 18424 55.9 55 1.1 427 76 43.1 35 54.7

500 1520 18012 18031 53.2 55 4020 18220 18202 54.8 52.6 1.7 209 74.5 43.5 35 53.2

501 1521 18013 18031 50.6 52.6 4021 18223 18206 51.8 50 1.1 211 74.4 43.1 35 52.4

502 1522 18013 18031 50.6 52.6 4022 18231 18210 52.2 45.5 1.6 219 74.6 43.4 35 52.5

503 1523 18013 18031 50.6 52.6 4023 18233 18214 52 50 1.4 221 74.8 43.9 35 52.7

504 1524 18013 18031 50.6 52.6 4024 18233 18215 51.3 52.6 0.7 221 74.8 43.9 35 52.7

505 1525 18013 18031 50.6 52.6 4025 18662 18641 50.4 40.9 0.2 650 76.3 42.6 35 53.7

506 1526 18009 18029 53.3 52.4 4026 18220 18202 54.8 52.6 1.6 212 74.5 43.4 35 53.2

507 1527 18011 18029 51.3 52.6 4027 18223 18206 51.8 50 0.5 213 74.4 43.2 35 52.6

508 1528 18011 18029 51.3 52.6 4028 18231 18210 52.2 45.5 0.9 221 74.7 43.4 35 52.8

509 1529 18011 18029 51.3 52.6 4029 18233 18214 52 50 0.7 223 74.9 43.9 35 52.9

510 1530 18011 18029 51.3 52.6 4030 18233 18215 51.3 52.6 0 223 74.9 43.9 35 52.9

511 1531 16374 16397 52.8 41.7 4031 16774 16751 53.6 41.7 0.8 401 75 40.9 35 53.4

512 1532 16378 16397 50.4 45 4032 16780 16760 51.4 42.9 1 403 75 40.9 35 52.7

513 1533 2223 2243 50.2 42.9 4033 2997 2976 51.4 40.9 1.2 775 76.7 43.1 35 53.9

514 1534 2428 2447 51.5 50 4034 3082 3058 52.3 40 0.8 655 76.3 42.6 35 54

515 1535 16548 16566 54.9 52.6 4035 16774 16751 53.6 41.7 1.3 227 73.9 41.4 35 52.9

516 1536 16367 16386 51.4 50 4036 16774 16752 52.2 43.5 0.8 408 75 40.9 35 53

517 1537 3230 3249 50.1 45 4037 3497 3478 51.3 50 1.2 268 74.4 41.4 35 52.2

518 1538 8221 8240 52.4 50 4038 8920 8901 53.4 50 1 700 75.3 40 35 53.6

519 1539 3232 3252 51.1 47.6 4039 3500 3481 51.2 50 0.1 269 74.5 41.6 35 52.5

520 1540 3232 3252 51.1 47.6 4040 3497 3478 51.3 50 0.2 266 74.5 41.7 35 52.6

521 1541 16367 16386 51.4 50 4041 17111 17090 51.1 40.9 0.3 745 76.3 42.1 35 53.8

522 1542 16366 16385 52.9 55 4042 16774 16751 53.6 41.7 0.8 409 75.1 41.1 35 53.5

523 1543 9930 9948 51.5 52.6 4043 10670 10649 51.3 40.9 0.2 741 75.8 40.9 35 53.5

524 1544 12370 12388 50.1 47.4 4044 12996 12977 50.2 40 0.2 627 76.4 42.7 35 53.6

525 1545 25354 25372 50.9 52.6 4045 25650 25631 51.3 45 0.4 297 74.5 41.1 35 52.5

526 1546 25354 25372 50.9 52.6 4046 25651 25634 50.4 50 0.5 298 74.6 41.3 35 52.4

527 1547 25354 25372 50.9 52.6 4047 25772 25753 51.9 50 1 419 74.8 40.3 35 52.8

528 1548 1402 1422 50.2 42.9 4048 1501 1482 50.5 45 0.3 100 72 46 35 50.6

529 1549 25354 25372 50.9 52.6 4049 25831 25809 51.4 43.5 0.5 478 75 40.2 35 52.8

530 1550 3797 3815 50.9 47.4 4050 4434 4416 51.5 52.6 0.5 638 75.4 40.3 35 53.1

531 1551 25354 25372 50.9 52.6 4051 25831 25810 50.7 45.5 0.2 478 75 40.2 35 52.8

532 1552 3797 3815 50.9 47.4 4052 4435 4417 50.5 52.6 0.5 639 75.4 40.4 35 53

533 1553 24481 24500 50.1 45 4053 24938 24921 50.4 50 0.3 458 75.6 41.9 35 53.1

534 1554 25348 25366 51.2 47.4 4054 25831 25809 51.4 43.5 0.2 484 75 40.3 35 53

535 1555 25348 25366 51.2 47.4 4055 25831 25810 50.7 45.5 0.4 484 75 40.3 35 52.8

536 1556 24419 24440 52.3 45.5 4056 25080 25062 53.5 52.6 1.2 662 75.7 41.1 35 53.8

537 1557 24420 24440 50.8 42.9 4057 24527 24508 50.5 45 0.3 108 70.7 41.7 35 49.8

538 1558 25348 25365 50.4 50 4058 25650 25631 51.3 45 0.9 303 74.6 41.3 35 52.4

539 1559 25348 25365 50.4 50 4059 25651 25634 50.4 50 0.1 304 74.7 41.4 35 52.5

540 1560 25348 25365 50.4 50 4060 25831 25809 51.4 43.5 1 484 75 40.3 35 52.7

541 1561 25348 25365 50.4 50 4061 25831 25810 50.7 45.5 0.3 484 75 40.3 35 52.7

542 1562 28618 28636 52.5 52.6 4062 29298 29280 51.4 52.6 1.1 681 78.3 47.3 35 55.3

543 1563 8867 8887 52.3 47.6 4063 9317 9297 50.5 42.9 1.8 451 75.5 41.7 35 53.1

544 1564 28820 28838 53.7 52.6 4064 29301 29282 55.3 55 1.6 482 77.1 45.4 35 55.2

545 1565 27365 27385 53.2 47.6 4065 27464 27443 54 45.5 0.8 100 70.8 43 35 50.6

546 1566 28820 28839 54.3 50 4066 29306 29288 53.5 52.6 0.8 487 77.1 45.4 35 55.1

547 1567 28820 28839 54.3 50 4067 29301 29282 55.3 55 1 482 77.1 45.4 35 55.4

548 1568 28821 28840 51.8 45 4068 29306 29288 53.5 52.6 1.7 486 77.1 45.3 35 54.6

549 1569 27370 27389 50.1 45 4069 27675 27656 50 40 0.1 306 74.2 40.2 35 52

550 1570 28820 28840 54.8 47.6 4070 29301 29282 55.3 55 0.4 482 77.1 45.4 35 55.5

551 1571 27370 27389 50.1 45 4071 27674 27654 51.9 42.9 1.8 305 74.2 40.3 35 52.1

552 1572 2429 2447 50.2 47.4 4072 3188 3167 50.2 40.9 0 760 76.6 42.9 35 53.8

553 1573 27375 27392 50 50 4073 27675 27656 50 40 0 301 74.1 40.2 35 52

554 1574 27375 27392 50 50 4074 27674 27654 51.9 42.9 1.9 300 74.2 40.3 35 52

555 1575 19795 19814 50.4 45 4075 19916 19895 50.2 40.9 0.2 122 71.8 42.6 35 50.5

556 1576 3168 3189 51 45.5 4076 3646 3625 52 40.9 1.1 479 75.7 42 35 53.4

557 1577 3168 3189 51 45.5 4077 3647 3628 50.6 45 0.4 480 75.8 42.1 35 53.3

558 1578 18011 18029 51.3 52.6 4078 18662 18641 50.4 40.9 0.9 652 76.3 42.6 35 53.7

559 1579 985 1004 51.1 50 4079 1493 1474 50.8 45 0.3 509 76.5 43.6 35 53.9

560 1580 12965 12985 51.2 42.9 4080 13547 13528 50.2 45 0.9 583 77.3 45.3 35 54.3

561 1581 2427 2445 52.1 52.6 4081 3188 3167 50.2 40.9 1.9 762 76.7 43 35 53.8

562 1582 3360 3381 52.1 40.9 4082 3650 3631 53.1 50 1 291 75.6 44 35 53.7

563 1583 12726 12746 51.3 47.6 4083 12911 12892 50.5 50 0.8 186 73.5 41.9 35 51.7

564 1584 19800 19817 50.4 50 4084 19917 19896 50.9 45.5 0.5 118 71.9 43.2 35 50.6

565 1585 1402 1426 54.1 40 4085 1501 1478 54.6 41.7 0.5 100 72 46 35 51.8

566 1586 2427 2445 52.1 52.6 4086 3082 3058 52.3 40 0.2 656 76.4 42.7 35 54.2

567 1587 8867 8887 52.3 47.6 4087 9257 9238 50.5 45 1.8 391 75.1 41.2 35 52.8

568 1588 8867 8887 52.3 47.6 4088 9249 9231 50.8 47.4 1.5 383 75.2 41.5 35 53
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569 1589 8374 8394 51 42.9 4089 8928 8911 51.9 50 0.8 555 75.1 40 35 53

570 1590 8867 8887 52.3 47.6 4090 9249 9230 51.5 45 0.8 383 75.2 41.5 35 53.2

571 1591 28964 28984 54.3 52.4 4091 29301 29282 55.3 55 1 338 76.5 45.3 35 54.9

572 1592 8867 8887 52.3 47.6 4092 9249 9229 53 47.6 0.6 383 75.2 41.5 35 53.4

573 1593 12962 12980 50.7 47.4 4093 13547 13528 50.2 45 0.5 586 77.4 45.4 35 54.3

574 1594 9931 9950 50.2 45 4094 10605 10588 51.1 50 0.9 675 75.8 41.2 35 53.2

575 1595 19801 19819 53.2 52.6 4095 19918 19896 52.2 43.5 1 118 71.9 43.2 35 51.1

576 1596 9055 9079 52.8 40 4096 9376 9355 51 40.9 1.8 322 75.1 42.2 35 53

577 1597 19878 19899 50.5 40.9 4097 20033 20016 50.4 50 0.1 156 73.4 43.6 35 51.6

578 1598 17608 17628 50.9 42.9 4098 18233 18214 52 50 1.1 626 75.3 40.3 35 53.1

579 1599 17608 17627 50.2 45 4099 18233 18214 52 50 1.8 626 75.3 40.3 35 52.9

580 1600 29179 29199 51.4 42.9 4100 29358 29339 52.8 50 1.4 180 74.8 45.6 35 52.9

581 1601 29182 29202 51.2 42.9 4101 29358 29339 52.8 50 1.6 177 74.6 45.2 35 52.7

582 1602 4 22 52.3 52.6 4102 253 233 51.8 47.6 0.5 250 76.2 46.4 35 54

583 1603 8221 8240 52.4 50 4103 8920 8902 52.8 52.6 0.3 700 75.3 40 35 53.6

584 1604 16554 16572 53.7 52.6 4104 16774 16751 53.6 41.7 0.1 221 73.7 41.2 35 52.8

585 1605 16555 16572 50.3 50 4105 16711 16691 51 42.9 0.7 157 73.4 43.3 35 51.6

586 1606 29186 29205 50.1 40 4106 29412 29393 50.3 45 0.3 227 75.4 44.9 35 52.9

587 1607 2429 2447 50.2 47.4 4107 3052 3033 50.3 50 0.1 624 76.3 42.6 35 53.6

588 1608 29182 29205 54.6 41.7 4108 29358 29339 52.8 50 1.7 177 74.6 45.2 35 53.2

589 1609 4 22 52.3 52.6 4109 255 235 51.3 47.6 1 252 76.3 46.4 35 53.9

590 1610 3230 3249 50.1 45 4110 3500 3481 51.2 50 1.1 271 74.4 41.3 35 52.2

591 1611 13040 13059 50.9 50 4111 13177 13156 50.4 40.9 0.5 138 73.7 45.7 35 51.8

592 1612 16551 16568 51.1 50 4112 17039 17022 51.4 50 0.3 489 75.8 42.1 35 53.5

593 1613 19995 20012 50.4 50 4113 20615 20597 50.6 47.4 0.2 621 75.3 40.1 35 52.9

594 1614 19995 20013 51.8 52.6 4114 20615 20597 50.6 47.4 1.2 621 75.3 40.1 35 53

595 1615 12370 12388 50.1 47.4 4115 12993 12975 51.4 47.4 1.3 624 76.4 42.9 35 53.6

596 1616 8374 8393 51.2 45 4116 8928 8911 51.9 50 0.7 555 75.1 40 35 53

597 1617 24174 24194 50.9 42.9 4117 24936 24919 51.8 50 0.8 763 75.8 41 35 53.5

598 1618 24179 24198 51 45 4118 24936 24919 51.8 50 0.7 758 75.8 41 35 53.5

599 1619 7679 7698 50.6 50 4119 8049 8032 50.4 50 0.2 371 75.4 42.3 35 53

600 1620 13177 13197 50.3 42.9 4120 13320 13300 51.4 47.6 1.1 144 73.2 43.8 35 51.4

601 1621 24179 24200 53.3 40.9 4121 24934 24913 53.4 45.5 0.2 756 75.8 41 35 54.2

602 1622 9927 9945 50.8 52.6 4122 10670 10649 51.3 40.9 0.5 744 75.7 40.9 35 53.4

603 1623 2427 2445 52.1 52.6 4123 3052 3033 50.3 50 1.8 626 76.4 42.8 35 53.6

604 1624 24418 24436 50 47.4 4124 24527 24507 51 42.9 1 110 71.3 42.7 35 50

605 1625 24417 24436 52.6 50 4125 24517 24494 53.2 41.7 0.6 101 71.1 43.6 35 50.6

606 1626 8375 8396 51.8 45.5 4126 8929 8911 53.4 52.6 1.6 555 75.1 40 35 53.2

607 1627 24418 24439 52.9 45.5 4127 25080 25062 53.5 52.6 0.6 663 75.8 41.2 35 54

608 1628 18074 18094 51.1 42.9 4128 18662 18641 50.4 40.9 0.6 589 76.2 42.6 36 53.6

609 1629 18074 18094 51.1 42.9 4129 18632 18611 50.2 40.9 0.9 559 76.2 42.8 36 53.5

610 1630 13231 13251 50.1 42.9 4130 13545 13527 50.3 52.6 0.2 315 77 47 36 54

611 1631 7400 7417 50.2 50 4131 8188 8169 50.5 45 0.3 789 76.4 42.2 36 53.6

612 1632 3792 3811 54 55 4132 4446 4424 52.4 43.5 1.6 655 75.5 40.6 36 53.7

613 1633 25782 25805 52.1 41.7 4133 26182 26161 51.2 40.9 0.9 401 74.7 40.1 36 52.7

614 1634 13230 13251 52.4 45.5 4134 13545 13526 52.9 55 0.5 316 77.1 47.2 36 54.8

615 1635 985 1004 51.1 50 4135 1480 1462 51.6 47.4 0.5 496 76.4 43.5 36 53.9

616 1636 7400 7417 50.2 50 4136 8049 8032 50.4 50 0.2 650 76.1 42.2 36 53.5

617 1637 13176 13197 52.7 45.5 4137 13545 13526 52.9 55 0.2 370 77 46.2 36 54.8

618 1638 25782 25806 53.5 40 4138 26183 26162 52.8 45.5 0.7 402 74.7 40.3 36 53.3

619 1639 13176 13196 51.4 47.6 4139 13547 13528 50.2 45 1.2 372 76.9 46 36 54

620 1640 12938 12956 50.1 47.4 4140 13155 13138 50.4 50 0.3 218 75.4 45.4 36 52.9

621 1641 18080 18099 53 50 4141 18712 18693 54.8 55 1.9 633 76.3 42.7 36 54.4

622 1642 9140 9159 50.1 45 4142 9375 9354 50.4 40.9 0.3 236 74.6 42.8 36 52.3

623 1643 7725 7742 50 50 4143 8054 8035 50.4 50 0.4 330 75 41.8 36 52.6

624 1644 9922 9941 51.3 50 4144 10455 10435 50.5 42.9 0.8 534 75.3 40.6 36 52.9

625 1645 12938 12957 50.9 45 4145 13155 13138 50.4 50 0.5 218 75.4 45.4 36 53

626 1646 12366 12384 51.7 52.6 4146 12996 12977 50.2 40 1.4 631 76.4 42.6. 36 53.6

627 1647 7617 7636 50.9 50 4147 8049 8032 50.4 50 0.6 433 75.7 42.3 36 53.2

628 1648 2671 2692 52.1 40.9 4148 3188 3167 50.2 40.9 2 518 75.6 41.5 36 53.1

629 1649 26039 26057 52.6 52.6 4149 26183 26164 51 45 1.6 145 71.9 40.7 36 50.8

630 1650 11540 11557 50.4 50 4150 11727 11708 50.4 45 0.1 188 73.1 41 36 51.4

631 1651 12962 12980 50.7 47.4 4151 13545 13527 50.3 52.6 0.4 584 77.4 45.5 36 54.4

632 1652 12961 12980 53.2 50 4152 13545 13526 52.9 55 0.4 585 77.5 45.6 36 55.2

633 1653 9055 9079 52.8 40 4153 9369 9350 51.5 50 1.4 315 75.3 42.9 36 53.3

634 1654 12965 12985 51.2 42.9 4154 13545 13527 50.3 52.6 0.9 581 77.4 45.4 36 54.3

635 1655 26039 26058 54 55 4155 26693 26674 54.8 55 0.8 655 75.7 41.1 36 54.3

636 1656 26039 26058 54 55 4156 26692 26673 52.6 50 1.4 654 75.7 41 36 53.8

637 1657 26039 26058 54 55 4157 26688 26669 52.1 45 2 650 75.6 40.8 36 53.6

638 1658 26039 26058 54 55 4158 26684 26666 53.4 52.6 0.6 646 75.6 40.9 36 54.1

639 1659 26039 26058 54 55 4159 26683 26665 52.7 52.6 1.4 645 75.6 40.9 36 53.8

640 1660 12965 12985 51.2 42.9 4160 13545 13526 52.9 55 1.7 581 77.4 45.4 36 54.6

641 1661 26039 26058 54 55 4161 26183 26162 52.8 45.5 1.2 145 71.9 40.7 36 51.3

642 1662 9055 9079 52.8 40 4162 9365 9347 53 52.6 0.2 311 75.3 42.8 36 53.6
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643 1663 19795 19814 50.4 45 4163 19922 19902 50 42.9 0.4 128 72.2 43 36 50.7

644 1664 12965 12988 54 41.7 4164 13545 13526 52.9 55 1.2 581 77.4 45.4 36 55.1

645 1665 26040 26061 56.4 54.5 4165 26693 26674 54.8 55 1.6 654 75.7 41.1 36 54.6

646 1666 26040 26061 56.4 54.5 4166 26693 26673 55.3 52.4 1.1 654 75.7 41.1 36 54.7

647 1667 26040 26061 56.4 54.5 4167 26690 26669 56.3 50 0.1 651 75.7 41 36 55

648 1668 26040 26061 56.4 54.5 4168 26685 26666 54.8 55 1.6 646 75.7 41 36 54.5

649 1669 26040 26061 56.4 54.5 4169 26685 26665 55.3 52.4 1.1 646 75.7 41 36 54.7

650 1670 18011 18031 54.5 52.4 4170 18443 18424 55.9 55 1.4 433 76.1 43.2 36 54.7

651 1671 7876 7895 51.5 45 4171 8049 8032 50.4 50 1.2 174 73.2 42 36 51.5

652 1672 3230 3249 50.1 45 4172 3646 3625 52 40.9 1.9 417 75.2 41.2 36 52.8

653 1673 19795 19814 50.4 45 4173 19920 19899 50.2 40.9 0.3 126 72.1 42.9 36 50.6

654 1674 12366 12384 51.7 52.6 4174 12993 12975 51.4 47.4 0.3 628 76.5 43 36 54

655 1675 19793 19814 54 50 4175 20544 20524 52.3 47.6 1.7 752 75.4 40 36 53.6

656 1676 12366 12384 51.7 52.6 4176 12911 12892 50.5 50 1.2 546 76.1 42.5 36 53.5

657 1677 7728 7746 51.7 52.6 4177 8188 8168 50.4 42.9 1.3 461 75.6 41.9 36 53.1

658 1678 26421 26441 51.5 42.9 4178 27084 27063 51.6 40.9 0.2 664 77.3 45 36 54.7

659 1679 9929 9946 50 50 4179 10455 10434 51.1 40.9 1.1 527 75.3 40.6 36 52.8

660 1680 26421 26441 51.5 42.9 4180 27083 27062 50.7 40.9 0.8 663 77.4 45.1 36 54.5

661 1681 12236 12256 51.2 42.9 4181 12999 12980 50.6 40 0.6 764 76.4 42.4 36 53.8

662 1682 26421 26441 51.5 42.9 4182 26694 26677 51.4 50 0 274 74.9 42.7 36 53

663 1683 9929 9946 50 50 4183 10183 10166 50.9 50 0.8 255 75.3 43.9 36 52.8

664 1684 12234 12252 50.6 47.4 4184 13000 12981 51.1 45 0.5 767 76.4 42.5 36 53.8

665 1685 8868 8889 50.4 40.9 4185 9254 9236 50.6 47.4 0.2 387 75 41.1 36 52.7

666 1686 9130 9150 51.3 42.9 4186 9597 9577 50.3 42.9 1 468 75.4 41.2 36 52.9

667 1687 9935 9955 50.4 42.9 4187 10605 10588 51.1 50 0.7 671 75.8 41.1 36 53.2

668 1688 26421 26441 51.5 42.9 4188 26587 26569 52 47.4 0.5 167 72.3 40.1 36 51.2

669 1689 9130 9150 51.3 42.9 4189 9597 9576 51 40.9 0.3 468 75.4 41.2 36 53.2

670 1690 26708 26727 50 45 4190 27466 27449 51 50 0.9 759 76 41.4 36 53.3

671 1691 9130 9150 51.3 42.9 4191 9375 9354 50.4 40.9 0.9 246 74.7 42.7 36 52.5

672 1692 10246 10266 50.4 47.6 4192 10608 10589 51 50 0.5 363 74.5 40.2 36 52.4

673 1693 9924 9944 53.1 52.4 4193 10449 10425 54.6 40 1.5 526 75.4 40.9 36 53.8

674 1694 12366 12384 51.7 52.6 4194 12911 12891 51.2 47.6 0.5 546 76.1 42.5 36 53.7

675 1695 26708 26731 54.2 41.7 4195 27466 27448 52.3 52.6 1.9 759 76 41.4 36 54

676 1696 8867 8888 52.7 45.5 4196 9107 9086 51.6 45.5 1.1 241 74.1 41.5 36 52.5

677 1697 9131 9151 50.4 42.9 4197 9597 9577 50.3 42.9 0.1 467 75.4 41.3 36 53

678 1698 9131 9151 50.4 42.9 4198 9597 9576 51 40.9 0.6 467 75.4 41.3 36 53

679 1699 10242 10265 51.2 41.7 4199 10608 10589 51 50 0.3 367 74.5 40.1 36 52.5

680 1700 27361 27380 52.4 55 4200 27468 27451 51.1 50 1.3 108 72.3 45.4 36 51

681 1701 27361 27380 52.4 55 4201 27467 27450 52.1 50 0.3 107 72.4 45.8 36 51.4

682 1702 27361 27380 52.4 55 4202 27466 27449 51 50 1.4 106 72.5 46.2 36 51.1

683 1703 9926 9944 50.5 52.6 4203 10449 10428 51.9 40.9 1.4 524 75.4 40.8 36 53

684 1704 9926 9944 50.5 52.6 4204 10449 10431 50.9 47.4 0.5 524 75.4 40.8 36 53

685 1705 19802 19820 53 52.6 4205 19922 19901 51.5 45.5 1.4 121 72.3 43.8 36 51.2

686 1706 27361 27380 52.4 55 4206 27462 27443 51.4 45 1 102 71.8 45.1 36 50.8

687 1707 10140 10159 52.4 50 4207 10605 10588 51.1 50 1.3 466 75 40.3 36 52.9

688 1708 16366 16384 50.3 52.6 4208 16777 16758 51.5 50 1.2 412 75.1 41 36 52.8

689 1709 16366 16385 52.9 55 4209 16781 16761 51.3 47.6 1.6 416 75.1 41.1 36 53.1

690 1710 985 1008 56.1 50 4210 1484 1464 54.3 47.6 1.8 500 76.4 43.6 36 54.9

691 1711 16366 16385 52.9 55 4211 16777 16758 51.5 50 1.4 412 75.1 41 36 53.1

692 1712 27366 27384 52.2 52.6 4212 27466 27448 52.3 52.6 0.1 101 71.5 44.6 36 50.8

693 1713 985 1008 56.1 50 4213 1483 1462 54.3 45.5 1.8 499 76.4 43.5 36 54.8

694 1714 2823 2844 50.4 45.5 4214 3052 3033 50.3 50 0.2 230 74.1 41.7 36 52

695 1715 3224 3242 50.5 52.6 4215 3504 3485 50.4 45 0.1 281 74.7 42 36 52.5

696 1716 8867 8886 50.7 50 4216 9310 9291 51.2 45 0.5 444 75.4 41.4 36 53.1

697 1717 8867 8886 50.7 50 4217 9254 9236 50.6 47.4 0.1 388 75.1 41.2 36 52.8

698 1718 9349 9367 51.7 52.6 4218 9989 9968 51 40.9 0.7 641 75.4 40.4 36 53.2

699 1719 8867 8887 52.3 47.6 4219 9369 9350 51.5 50 0.8 503 75.8 42.1 36 53.6

700 1720 8867 8887 52.3 47.6 4220 9341 9322 51.1 50 1.2 475 75.7 41.9 36 53.4

701 1721 9926 9944 50.5 52.6 4221 10608 10589 51 50 0.5 683 75.8 41.1 36 53.3

702 1722 7725 7742 50 50 4222 8190 8172 50.3 47.4 0.3 466 75.6 41.8 36 53

703 1723 9131 9151 50.4 42.9 4223 9375 9354 50.4 40.9 0 245 74.7 42.9 36 52.5

704 1724 3055 3075 51.8 47.6 4224 3494 3473 50.4 40.9 1.4 440 76 43 36 53.4

705 1725 7725 7742 50 50 4225 8189 8170 50.6 50 0.6 465 75.6 41.9 36 53.1

706 1726 2823 2844 50.4 45.5 4226 3056 3038 50.8 52.6 0.3 234 74.2 41.9 36 52.2

707 1727 12370 12388 50.1 47.4 4227 13155 13138 50.4 50 0.3 786 76.8 43.4 36 53.9

708 1728 3055 3075 51.8 47.6 4228 3209 3189 50.5 47.6 1.3 155 74.1 45.2 36 52.1

709 1729 8867 8887 52.3 47.6 4229 9340 9319 50.8 45.5 1.6 474 75.6 41.8 36 53.3

710 1730 27367 27385 51.4 52.6 4230 27466 27448 52.3 52.6 0.9 100 71.6 45 36 50.6

711 1731 14951 14975 52.2 40 4231 15146 15129 50.3 50 1.9 196 73.2 40.8 36 51.4

712 1732 8867 8887 52.3 47.6 4232 9311 9292 50.7 50 1.6 445 75.4 41.6 36 53.1

713 1733 12234 12252 50.6 47.4 4233 12999 12980 50.6 40 0 766 76.4 42.4 36 53.8

714 1734 3055 3076 52.4 45.5 4234 3495 3473 51.8 43.5 0.6 441 76 43.1 36 53.9

715 1735 8867 8887 52.3 47.6 4235 9109 9087 50.5 43.5 1.8 243 74 41.2 36 52.1

716 1736 3055 3076 52.4 45.5 4236 3209 3189 50.5 47.6 2 155 74.1 45.2 36 52.1
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717 1737 2671 2692 52.1 40.9 4237 3053 3034 50.3 50 1.8 383 74.7 40.5 36 52.5

718 1738 16981 17000 51.3 50 4238 17501 17481 51.2 42.9 0.1 521 75.9 42.2 36 53.6

719 1739 3796 3814 50.8 52.6 4239 4444 4424 50.6 42.9 0.2 649 75.5 40.5 36 53.1

720 1740 3796 3814 50.8 52.6 4240 4445 4425 50.6 42.9 0.2 650 75.5 40.5 36 53.1

721 1741 27382 27401 50.8 45 4241 27546 27527 51.3 50 0.6 165 73.7 43.6 36 51.9

722 1742 27382 27401 50.8 45 4242 27541 27522 50.1 45 0.6 160 73.4 43.1 36 51.5

723 1743 27383 27403 50.3 42.9 4243 27546 27527 51.3 50 1.1 164 73.5 43.3 36 51.7

724 1744 27383 27403 50.3 42.9 4244 27541 27522 50.1 45 0.1 159 73.2 42.8 36 51.4

725 1745 17789 17811 52.9 43.5 4245 18220 18202 54.8 52.6 1.9 432 74.9 40.5 36 53.4

726 1746 17791 17813 52.9 43.5 4246 18220 18202 54.8 52.6 1.9 430 74.9 40.5 36 53.4

727 1747 18004 18023 51.1 50 4247 18233 18215 51.3 52.6 0.2 230 75 43.9 36 52.9

728 1748 18004 18023 51.1 50 4248 18231 18210 52.2 45.5 1.1 228 74.7 43.4 36 52.8

729 1749 27437 27456 50.2 40 4249 27546 27527 51.3 50 1.1 110 72.4 45.5 36 50.8

730 1750 27437 27456 50.2 40 4250 27541 27522 50.1 45 0.1 105 71.8 44.8 36 50.4

731 1751 18004 18023 51.1 50 4251 18223 18206 51.8 50 0.6 220 74.5 43.2 36 52.6

732 1752 12233 12251 51.1 52.6 4252 12994 12976 50.3 47.4 0.8 762 76.5 42.5 36 53.7

733 1753 7869 7889 52.5 47.6 4253 8192 8172 50.9 42.9 1.6 324 75.2 42.3 36 53

734 1754 3224 3242 50.5 52.6 4254 3503 3484 51.5 50 0.9 280 74.8 42.1 36 52.6

735 1755 3224 3242 50.5 52.6 4255 3500 3481 51.2 50 0.6 277 74.6 41.9 36 52.5

736 1756 3224 3242 50.5 52.6 4256 3497 3478 51.3 50 0.8 274 74.6 42 36 52.5

737 1757 1 22 54.8 50 4257 204 185 56.6 55 1.8 204 75.1 45.1 36 54.1

738 1758 9140 9159 50.1 45 4258 9597 9576 51 40.9 0.9 458 75.3 41.3 36 52.9

739 1759 28179 28200 50.8 40.9 4259 28671 28653 50.2 52.6 0.6 493 79.7 51.7 36 56

740 1760 9140 9159 50.1 45 4260 9560 9540 51.6 42.9 1.5 421 75.2 41.3 36 52.8

741 1761 7728 7746 51.7 52.6 4261 8189 8170 50.6 50 1.1 462 75.7 42 36 53.3

742 1762 9140 9159 50.1 45 4262 9559 9539 50.6 42.9 0.5 420 75.3 41.4 36 52.8

743 1763 12235 12253 50.1 52.6 4263 12998 12979 50.1 45 0 764 76.5 42.5 36 53.7

744 1764 3225 3244 52.4 55 4264 3503 3484 51.5 50 1 279 74.8 42.3 36 52.9

745 1765 14951 14975 52.2 40 4265 15595 15576 50.8 45 1.3 645 75.5 40.6 36 53.2

746 1766 3225 3244 52.4 55 4266 3500 3481 51.2 50 1.3 276 74.7 42 36 52.7

747 1767 12233 12251 51.1 52.6 4267 12999 12980 50.6 40 0.6 767 76.4 42.5 36 53.8

748 1768 3225 3244 52.4 55 4268 3497 3478 51.3 50 1.1 273 74.7 42.1 36 52.8

749 1769 12233 12251 51.1 52.6 4269 13000 12981 51.1 45 0.1 768 76.5 42.6 36 54

750 1770 28395 28414 51.5 45 4270 28671 28653 50.2 52.6 1.3 277 78.5 51.3 36 55.1

751 1771 28395 28414 51.5 45 4271 28671 28652 52.8 55 1.3 277 78.5 51.3 36 55.5

752 1772 9931 9950 50.2 45 4272 10449 10431 50.9 47.4 0.8 519 75.3 40.8 36 52.9

753 1773 12235 12253 50.1 52.6 4273 12994 12976 50.3 47.4 0.2 760 76.4 42.5 36 53.6

754 1774 3359 3379 51.2 42.9 4274 3650 3631 53.1 50 1.9 292 75.6 43.8 36 53.4

755 1775 11543 11562 50.4 40 4275 12258 12238 50.3 42.9 0.2 716 76.1 41.9 36 53.5

756 1776 28396 28416 52.4 47.6 4276 28672 28653 51.8 55 0.5 277 78.6 51.6 36 55.7

757 1777 28396 28416 52.4 47.6 4277 28671 28652 52.8 55 0.4 276 78.6 51.4 36 55.8

758 1778 3229 3248 50.6 50 4278 3647 3628 50.6 45 0 419 75.3 41.5 36 53

759 1779 12235 12253 50.1 52.6 4279 12992 12974 51.2 52.6 1.1 758 76.5 42.6 36 53.7

760 1780 3229 3248 50.6 50 4280 3646 3625 52 40.9 1.4 418 75.3 41.4 36 53

761 1781 3228 3248 52 47.6 4281 3650 3631 53.1 50 1.1 423 75.4 41.6 36 53.5

762 1782 3230 3249 50.1 45 4282 3647 3628 50.6 45 0.5 418 75.3 41.4 36 52.8

763 1783 9931 9950 50.2 45 4283 10449 10428 51.9 40.9 1.8 519 75.3 40.8 36 52.9

764 1784 1402 1422 50.2 42.9 4284 1622 1602 51.6 47.6 1.4 221 76.5 48 36 53.7

765 1785 9922 9941 51.3 50 4285 10608 10589 51 50 0.3 687 75.8 41.2 36 53.5

766 1786 3792 3810 52.9 52.6 4286 4318 4294 54.4 40 1.5 527 75.5 41.2 36 53.8

767 1787 2429 2447 50.2 47.4 4287 3189 3168 51 45.5 0.7 761 76.6 43 36 53.8

768 1788 18008 18029 54.5 50 4288 18443 18424 55.9 55 1.4 436 76 43.1 36 54.7

769 1789 13039 13058 51.8 50 4289 13179 13158 50.4 40.9 1.5 141 74 46.1 36 52

770 1790 942 961 52.8 50 4290 1484 1466 53.1 52.6 0.4 543 76.9 44.4 36 54.7

771 1791 943 961 50.3 47.4 4291 1483 1464 51.3 45 1 541 76.8 44.2 36 53.9

772 1792 28867 28886 53.2 50 4292 29358 29339 52.8 50 0.3 492 76.9 44.9 36 54.8

773 1793 943 961 50.3 47.4 4293 1483 1465 50.5 47.4 0.3 541 76.8 44.2 36 53.9

774 1794 28866 28886 55.4 52.4 4294 29301 29282 55.3 55 0.2 436 77 45.4 36 55.6

775 1795 12352 12375 52.9 41.7 4295 12997 12977 51.8 42.9 1.1 646 76.4 42.9 36 54.1

776 1796 28867 28887 53.7 47.6 4296 29358 29339 52.8 50 0.9 492 76.9 44.9 36 54.8

777 1797 3896 3917 50.7 40.9 4297 4608 4590 51.5 52.6 0.9 713 75.5 40.4 36 53.2

778 1798 6098 6118 50.3 42.9 4298 6486 6467 50.8 45 0.5 389 74.6 40.1 36 52.4

779 1799 28868 28888 51.4 42.9 4299 29358 29339 52.8 50 1.4 491 76.9 44.8 36 54.3

780 1800 8220 8240 54 47.6 4300 8931 8913 55.5 52.6 1.4 712 75.4 40 36 54.1

781 1801 2220 2239 51.3 45 4301 2672 2653 51.6 50 0.4 453 77 45.3 36 54.4

782 1802 12040 12057 50.6 50 4302 12493 12476 50.7 50 0.1 454 76.3 43.6 36 53.7

783 1803 942 960 52.1 52.6 4303 1483 1464 51.3 45 0.8 542 76.8 44.3 36 54.3

784 1804 28868 28889 52 40.9 4304 29358 29339 52.8 50 0.8 491 76.9 44.8 36 54.5

785 1805 942 960 52.1 52.6 4305 1483 1465 50.5 47.4 1.6 542 76.8 44.3 36 54

786 1806 12040 12057 50.6 50 4306 12724 12705 52.4 55 1.8 685 76.6 43.1 36 53.9

787 1807 942 960 52.1 52.6 4307 1484 1466 53.1 52.6 1 543 76.9 44.4 36 54.5

788 1808 11545 11563 50.8 47.4 4308 12253 12235 50.1 52.6 0.7 709 76.2 42.2 36 53.5

789 1809 98 118 50.6 42.9 4309 269 251 51.1 52.6 0.5 172 75 46.5 36 52.8

790 1810 12373 12391 50.8 47.4 4310 12911 12892 50.5 50 0.3 539 76.1 42.5 36 53.5
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791 1811 16366 16384 50.3 52.6 4311 16781 16761 51.3 47.6 0.9 416 75.1 41.1 36 52.8

792 1812 9929 9946 50 50 4312 10183 10165 51.7 47.4 1.6 255 75.3 43.9 36 52.8

793 1813 12236 12256 51.2 42.9 4313 13000 12981 51.1 45 0.1 765 76.4 42.5 36 53.9

794 1814 3231 3252 52.7 45.5 4314 3650 3631 53.1 50 0.4 420 75.4 41.7 36 53.7

795 1815 11541 11560 50.1 45 4315 11727 11708 50.4 45 0.3 187 73 40.6 36 51.2

796 1816 3232 3252 51.1 47.6 4316 3494 3473 50.4 40.9 0.7 263 74.3 41.4 36 52.3

797 1817 7725 7743 50.8 47.4 4317 8054 8035 50.4 50 0.4 330 75 41.8 36 52.7

798 1818 28968 28988 50.9 47.6 4318 29358 29339 52.8 50 2 391 76.4 44.5 36 53.9

799 1819 11545 11563 50.8 47.4 4319 12257 12237 51.3 47.6 0.5 713 76.2 42.1 36 53.7

800 1820 24417 24436 52.6 50 4320 25080 25062 53.5 52.6 0.9 664 75.8 41.3 36 53.9

801 1821 28968 28989 51.5 45.5 4321 29358 29339 52.8 50 1.3 391 76.4 44.5 36 54.1

802 1822 3789 3808 53.5 50 4322 4318 4294 54.4 40 0.9 530 75.5 41.1 36 54

803 1823 3232 3252 51.1 47.6 4323 3646 3625 52 40.9 0.9 415 75.3 41.4 36 53.1

804 1824 3232 3252 51.1 47.6 4324 3647 3628 50.6 45 0.5 416 75.3 41.6 36 53

805 1825 28971 28993 51.9 43.5 4325 29306 29288 53.5 52.6 1.6 336 76.2 44.6 36 54

806 1826 24179 24200 53.3 40.9 4326 24818 24797 51.6 40.9 1.6 640 75.8 41.2 36 53.6

807 1827 3231 3251 52 47.6 4327 3650 3631 53.1 50 1.1 420 75.4 41.7 36 53.5

808 1828 9930 9950 52.6 47.6 4328 10449 10425 54.6 40 2 520 75.4 41 36 53.7

809 1829 8866 8885 51.1 45 4329 9254 9236 50.6 47.4 0.5 389 75 41.1 36 52.8

810 1830 2522 2541 51.4 45 4330 2672 2653 51.6 50 0.2 151 75.3 48.3 36 53.2

811 1831 11541 11561 50.9 42.9 4331 12258 12238 50.3 42.9 0.6 718 76.2 41.9 36 53.5

812 1832 3232 3251 50.3 50 4332 3646 3625 52 40.9 1.7 415 75.3 41.4 36 52.9

813 1833 3232 3251 50.3 50 4333 3647 3628 50.6 45 0.3 416 75.3 41.6 36 52.9

814 1834 23843 23863 50.3 42.9 4334 24527 24508 50.5 45 0.2 685 76 41.8 36 53.4

815 1835 21210 21228 53.2 52.6 4335 21317 21293 53.2 40 0 108 71.1 42.6 36 50.8

816 1836 3229 3249 51.4 47.6 4336 3650 3631 53.1 50 1.7 422 75.4 41.7 36 53.3

817 1837 3230 3249 50.1 45 4337 3494 3473 50.4 40.9 0.3 265 74.2 41.1 36 52.1

818 1838 2371 2389 50.3 47.4 4338 2997 2976 51.4 40.9 1.1 627 76.7 43.5 36 53.9

819 1839 29186 29206 51.3 42.9 4339 29298 29280 51.4 52.6 0.1 113 72.8 46 36 51.5

820 1840 9929 9946 50 50 4340 10455 10435 50.5 42.9 0.4 527 75.3 40.6 36 52.8

821 1841 9351 9370 51.2 50 4341 9989 9968 51 40.9 0.2 639 75.4 40.4 36 53.2

822 1842 25348 25365 50.4 50 4342 25772 25753 51.9 50 1.5 425 74.9 40.5 36 52.6

823 1843 1402 1422 50.2 42.9 4343 2103 2082 52 45.5 1.8 702 76.7 43.3 36 53.8

824 1844 9929 9946 50 50 4344 10608 10589 51 50 0.9 680 75.8 41.2 36 53.2

825 1845 9934 9953 50.7 50 4345 10608 10589 51 50 0.3 675 75.8 41.2 36 53.4

826 1846 13176 13196 51.4 47.6 4346 13544 13525 52.6 55 1.2 369 77.1 46.3 36 54.5

827 1847 7725 7743 50.8 47.4 4347 8189 8170 50.6 50 0.2 465 75.6 41.9 36 53.2

828 1848 7725 7743 50.8 47.4 4348 8190 8172 50.3 47.4 0.6 466 75.6 41.8 36 53.1

829 1849 18074 18093 50.3 45 4349 18662 18641 50.4 40.9 0.1 589 76.2 42.6 36 53.6

830 1850 18074 18093 50.3 45 4350 18632 18611 50.2 40.9 0.1 559 76.2 42.8 36 53.5

831 1851 29200 29222 53.2 43.5 4351 29306 29288 53.5 52.6 0.3 107 73.1 47.7 36 52.3

832 1852 25348 25366 51.2 47.4 4352 25545 25526 51.7 45 0.5 198 74.1 42.9 36 52.3

833 1853 25348 25366 51.2 47.4 4353 25545 25525 52.3 42.9 1.1 198 74.1 42.9 36 52.3

834 1854 29200 29223 53.7 41.7 4354 29306 29288 53.5 52.6 0.2 107 73.1 47.7 36 52.3

835 1855 25347 25366 52.7 50 4355 25545 25521 54.5 40 1.8 199 74.2 43.2 36 52.9

836 1856 3792 3811 54 55 4356 4447 4425 53 43.5 1 656 75.5 40.5 36 53.9

837 1857 29200 29224 54.2 40 4357 29306 29288 53.5 52.6 0.7 107 73.1 47.7 36 52.3

838 1858 985 1004 51.1 50 4358 1483 1465 50.5 47.4 0.6 499 76.4 43.5 36 53.7

839 1859 2427 2445 52.1 52.6 4359 3189 3168 51 45.5 1.1 763 76.7 43.1 36 54.1

840 1860 13701 13725 53.6 40 4360 14084 14060 53.6 40 0.1 384 74.6 40.1 36 53.4

841 1861 985 1004 51.1 50 4361 1483 1464 51.3 45 0.2 499 76.4 43.5 36 53.9

842 1862 8794 8813 51.6 45 4362 9559 9539 50.6 42.9 1 766 75.9 41.3 37 53.4

843 1863 3789 3806 50 50 4363 4435 4417 50.5 52.6 0.4 647 75.5 40.5 37 52.9

844 1864 13177 13197 50.3 42.9 4364 13314 13297 51 50 0.6 138 72.8 43.5 37 51.2

845 1865 3791 3808 50 50 4365 4435 4417 50.5 52.6 0.4 645 75.4 40.5 37 52.9

846 1866 9139 9159 52.5 47.6 4366 9364 9346 53.9 52.6 1.4 226 74.9 43.8 37 53.3

847 1867 3226 3245 51.7 55 4367 3494 3473 50.4 40.9 1.3 269 74.5 41.6 37 52.4

848 1868 13040 13059 50.9 50 4368 13314 13297 51 50 0.1 275 75.6 44.4 37 53.3

849 1869 2522 2541 51.4 45 4369 2891 2873 50.8 47.4 0.6 370 76 43.8 37 53.6

850 1870 8865 8884 50.4 45 4370 9245 9226 50 45 0.4 381 74.9 40.9 37 52.6

851 1871 3787 3804 50 50 4371 4434 4416 51.5 52.6 1.4 648 75.4 40.3 37 52.9

852 1872 3226 3245 51.7 55 4372 3646 3625 52 40.9 0.3 421 75.3 41.6 37 53.4

853 1873 3226 3245 51.7 55 4373 3647 3628 50.6 45 1.1 422 75.4 41.7 37 53.1

854 1874 3226 3245 51.7 55 4374 3650 3631 53.1 50 1.4 425 75.5 41.9 37 53.5

855 1875 2387 2405 51.6 52.6 4375 2747 2727 50 42.9 1.6 361 76.9 46 37 53.9

856 1876 18074 18093 50.3 45 4376 18229 18209 50.1 42.9 0.2 156 73.2 42.9 37 51.4

857 1877 13701 13725 53.6 40 4377 14059 14040 52.8 50 0.8 359 74.5 40.1 37 53.1

858 1878 3787 3804 50 50 4378 4435 4417 50.5 52.6 0.4 649 75.4 40.4 37 52.9

859 1879 13040 13059 50.9 50 4379 13323 13304 51.1 45 0.2 284 75.7 44.4 37 53.4

860 1880 3789 3806 50 50 4380 4434 4416 51.5 52.6 1.4 646 75.4 40.4 37 52.9

861 1881 15506 15527 50.8 40.9 4381 16214 16196 51.8 52.6 1 709 75.5 40.3 37 53.2

862 1882 12234 12252 50.6 47.4 4382 12412 12392 50 42.9 0.6 179 73.1 41.3 37 51.3

863 1883 12234 12252 50.6 47.4 4383 12739 12718 51 40.9 0.4 506 75.8 42.1 37 53.4

864 1884 18074 18094 51.1 42.9 4384 18229 18209 50.1 42.9 0.9 156 73.2 42.9 37 51.4
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865 1885 18075 18095 50.6 47.6 4385 18223 18206 51.8 50 1.2 149 73.3 43.6 37 51.6

866 1886 13040 13059 50.9 50 4386 13326 13306 50.7 42.9 0.2 287 75.7 44.3 37 53.3

867 1887 18080 18098 51.2 52.6 4387 18233 18215 51.3 52.6 0.1 154 73.9 44.8 37 52.2

868 1888 18080 18098 51.2 52.6 4388 18233 18214 52 50 0.9 154 73.9 44.8 37 52.2

869 1889 18080 18098 51.2 52.6 4389 18231 18210 52.2 45.5 1 152 73.5 44.1 37 51.9

870 1890 18080 18098 51.2 52.6 4390 18223 18206 51.8 50 0.6 144 73.2 43.8 37 51.7

871 1891 18077 18098 52.9 50 4391 18220 18202 54.8 52.6 1.9 144 73.2 43.8 37 52.2

872 1892 18076 18098 54.4 47.8 4392 18443 18424 55.9 55 1.5 368 75.8 43.2 37 54.5

873 1893 3792 3810 52.9 52.6 4393 4436 4417 52.2 50 0.6 645 75.4 40.5 37 53.6

874 1894 3055 3074 51.1 50 4394 3647 3628 50.6 45 0.5 593 76.3 42.7 37 53.7

875 1895 3055 3074 51.1 50 4395 3646 3625 52 40.9 0.9 592 76.2 42.6 37 53.8

876 1896 15506 15527 50.8 40.9 4396 15645 15625 51.1 42.9 0.4 140 71.8 40.7 37 50.6

877 1897 18081 18099 51.2 52.6 4397 18229 18209 50.1 42.9 1.1 149 73.3 43.6 37 51.4

878 1898 13039 13058 51.8 50 4398 13155 13138 50.4 50 1.4 117 73.4 47 37 51.6

879 1899 3055 3075 51.8 47.6 4399 3650 3631 53.1 50 1.3 596 76.3 42.8 37 54.1

880 1900 18080 18099 53 50 4400 18223 18205 53.3 52.6 0.4 144 73.2 43.8 37 52.2

881 1901 27361 27380 52.4 55 4401 27579 27558 51.1 40.9 1.3 219 75.4 45.2 37 53.2

882 1902 3221 3239 51.5 52.6 4402 3503 3484 51.5 50 0 283 74.8 42 37 52.9

883 1903 3221 3239 51.5 52.6 4403 3504 3485 50.4 45 1.1 284 74.7 41.9 37 52.5

884 1904 18077 18099 54.4 47.8 4404 18220 18201 56.1 55 1.7 144 73.2 43.8 37 52.6

885 1905 3055 3075 51.8 47.6 4405 3647 3628 50.6 45 1.2 593 76.3 42.7 37 53.7

886 1906 18581 18599 51.4 47.4 4406 18697 18679 51.9 52.6 0.4 117 71 41 37 50.2

887 1907 18616 18636 51.4 47.6 4407 19216 19195 50.2 40.9 1.1 601 75.6 41.1 37 53.1

888 1908 3219 3238 50.7 50 4408 3503 3484 51.5 50 0.8 285 74.8 42.1 37 52.7

889 1909 18696 18715 51.7 50 4409 19216 19195 50.2 40.9 1.5 521 75.5 41.3 37 53

890 1910 3219 3238 50.7 50 4410 3504 3485 50.4 45 0.3 286 74.7 42 37 52.5

891 1911 27366 27384 52.2 52.6 4411 27573 27552 52.3 40.9 0.1 208 74.6 43.8 37 53

892 1912 27366 27384 52.2 52.6 4412 27567 27547 51.1 42.9 1 202 74.6 44.1 37 52.7

893 1913 3055 3075 51.8 47.6 4413 3646 3625 52 40.9 0.2 592 76.2 42.6 37 54

894 1914 18704 18724 50.8 47.6 4414 19216 19195 50.2 40.9 0.5 513 75.5 41.1 37 53

895 1915 16874 16893 52.1 50 4415 17056 17035 51.8 45.5 0.4 183 74.4 44.3 37 52.7

896 1916 12234 12252 50.6 47.4 4416 12739 12719 50.3 42.9 0.3 506 75.8 42.1 37 53.3

897 1917 7728 7746 51.7 52.6 4417 8054 8035 50.4 50 1.2 327 75 41.9 37 52.7

898 1918 15506 15527 50.8 40.9 4418 15647 15628 51 45 0.3 142 71.9 40.8 37 50.7

899 1919 985 1004 51.1 50 4419 1773 1755 51.7 52.6 0.6 789 76.7 43.1 37 54.1

900 1920 3217 3236 51.1 50 4420 3503 3484 51.5 50 0.4 287 74.8 42.2 37 52.8

901 1921 3791 3808 50 50 4421 4434 4416 51.5 52.6 1.4 644 75.4 40.4 37 52.9

902 1922 19794 19813 50 50 4422 19923 19904 50.1 50 0.1 130 72.7 43.8 37 51

903 1923 13039 13058 51.8 50 4423 13178 13157 50.4 40.9 1.5 140 73.8 45.7 37 51.9

904 1924 13033 13051 52.1 52.6 4424 13155 13138 50.4 50 1.7 123 73.7 47.2 37 51.8

905 1925 12233 12251 51.1 52.6 4425 12739 12719 50.3 42.9 0.9 507 75.9 42.2 37 53.3

906 1926 19795 19814 50.4 45 4426 19923 19903 50.9 47.6 0.4 129 72.5 43.4 37 51

907 1927 13177 13197 50.3 42.9 4427 13946 13929 51.5 50 1.2 770 75.9 41 37 53.3

908 1928 3799 3820 52.9 45.5 4428 4318 4294 54.4 40 1.5 520 75.4 41 37 53.7

909 1929 8867 8887 52.3 47.6 4429 9364 9346 53.9 52.6 1.6 498 75.8 42.2 37 53.9

910 1930 1472 1491 51.2 45 4430 2152 2133 50.7 45 0.5 681 76.5 42.9 37 53.8

911 1931 12233 12251 51.1 52.6 4431 12739 12718 51 40.9 0.2 507 75.9 42.2 37 53.5

912 1932 3055 3076 52.4 45.5 4432 3650 3631 53.1 50 0.7 596 76.3 42.8 37 54.2

913 1933 12726 12746 51.3 47.6 4433 13325 13305 50.5 47.6 0.7 600 76.7 43.7 37 53.9

914 1934 8867 8887 52.3 47.6 4434 9316 9296 50.8 42.9 1.5 450 75.4 41.6 37 53.1

915 1935 8867 8887 52.3 47.6 4435 9314 9295 51.1 50 1.2 448 75.5 41.7 37 53.3

916 1936 8867 8887 52.3 47.6 4436 9313 9294 50.4 50 1.9 447 75.5 41.6 37 53

917 1937 3055 3076 52.4 45.5 4437 3647 3628 50.6 45 1.8 593 76.3 42.7 37 53.7

918 1938 13176 13196 51.4 47.6 4438 13312 13294 51 52.6 0.4 137 72.9 43.8 37 51.5

919 1939 12726 12746 51.3 47.6 4439 13155 13138 50.4 50 0.9 430 76.4 44 37 53.7

920 1940 13701 13724 53.1 41.7 4440 14058 14040 51.4 52.6 1.7 358 74.5 40.2 37 52.7

921 1941 8372 8390 50.7 47.4 4441 9101 9081 50.5 47.6 0.2 730 75.5 40.3 37 53.1

922 1942 3055 3076 52.4 45.5 4442 3646 3625 52 40.9 0.4 592 76.2 42.6 37 54.1

923 1943 887 905 50.1 47.4 4443 1493 1474 50.8 45 0.7 607 77.1 44.6 37 54.1

924 1944 1046 1063 50.3 50 4444 1697 1677 51 42.9 0.7 652 76.9 43.9 37 54

925 1945 27378 27397 50.5 45 4445 27675 27656 50 40 0.5 298 74.1 40.3 37 52

926 1946 27378 27397 50.5 45 4446 27674 27654 51.9 42.9 1.4 297 74.2 40.4 37 52.2

927 1947 2671 2692 52.1 40.9 4447 3056 3037 52.1 55 0 386 74.8 40.7 37 53.1

928 1948 1046 1063 50.3 50 4448 1697 1678 50.3 45 0.1 652 76.9 43.9 37 54

929 1949 2387 2405 51.6 52.6 4449 2672 2654 50.9 52.6 0.8 286 77 47.6 37 54.3

930 1950 3792 3810 52.9 52.6 4450 4565 4542 53.9 41.7 1 774 75.6 40.3 37 53.8

931 1951 15506 15527 50.8 40.9 4451 15647 15629 50.3 47.4 0.5 142 71.9 40.8 37 50.5

932 1952 8794 8813 51.6 45 4452 9560 9540 51.6 42.9 0 767 75.9 41.2 37 53.7

933 1953 19801 19819 53.2 52.6 4453 19909 19885 52.5 40 0.7 109 71.4 43.1 37 50.8

934 1954 19988 20006 50.4 47.4 4454 20615 20597 50.6 47.4 0.2 628 75.3 40.1 37 52.9

935 1955 19991 20009 52.8 52.6 4455 20616 20597 52.3 45 0.5 626 75.3 40.1 37 53.5

936 1956 16875 16895 51.6 47.6 4456 17060 17041 51.1 50 0.5 186 74.6 44.6 37 52.6

937 1957 16875 16895 51.6 47.6 4457 17059 17039 50.6 47.6 1 185 74.4 44.3 37 52.4

938 1958 16875 16895 51.6 47.6 4458 17056 17035 51.8 45.5 0.2 182 74.2 44 37 52.5
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939 1959 27442 27461 51.5 40 4459 27541 27521 51.7 47.6 0.1 100 71.2 44 37 50.4

940 1960 16875 16896 52.2 45.5 4460 17060 17041 51.1 50 1.1 186 74.6 44.6 37 52.6

941 1961 23841 23859 50.5 52.6 4461 24527 24507 51 42.9 0.5 687 76.1 41.9 37 53.5

942 1962 23841 23859 50.5 52.6 4462 24093 24075 50.9 52.6 0.4 253 76 45.8 37 53.5

943 1963 16875 16896 52.2 45.5 4463 17059 17039 50.6 47.6 1.6 185 74.4 44.3 37 52.4

944 1964 16875 16896 52.2 45.5 4464 17056 17035 51.8 45.5 0.5 182 74.2 44 37 52.6

945 1965 23843 23863 50.3 42.9 4465 24093 24075 50.9 52.6 0.5 251 75.8 45.4 37 53.3

946 1966 16875 16896 52.2 45.5 4466 17041 17023 53.5 52.6 1.3 167 73.8 43.7 37 52.4

947 1967 28187 28205 53.1 52.6 4467 28673 28654 53.5 55 0.5 487 80 52.4 37 57

948 1968 28190 28208 51.7 52.6 4468 28672 28654 50.6 52.6 1.2 483 79.9 52.2 37 56.2

949 1969 24030 24047 50.7 50 4469 24527 24508 50.5 45 0.2 498 75.4 41.2 37 53

950 1970 24031 24050 56.5 55 4470 24816 24792 54.7 40 1.8 786 76.3 42 37 54.9

951 1971 7880 7900 50.3 42.9 4471 8049 8032 50.4 50 0 170 72.8 41.2 37 51.2

952 1972 24096 24119 54.4 41.7 4472 24815 24791 54.5 40 0.1 720 75.8 41 37 54.5

953 1973 17790 17811 51.6 40.9 4473 18233 18214 52 50 0.4 444 75.1 40.8 37 53.2

954 1974 24174 24194 50.9 42.9 4474 24938 24921 50.4 50 0.5 765 75.8 40.9 37 53.3

955 1975 16875 16896 52.2 45.5 4475 17039 17022 51.4 50 0.8 165 73.7 43.6 37 52.1

956 1976 24174 24195 52.5 40.9 4476 24936 24919 51.8 50 0.7 763 75.8 41 37 53.7

957 1977 24179 24198 51 45 4477 24938 24921 50.4 50 0.6 760 75.8 40.9 37 53.3

958 1978 16875 16896 52.2 45.5 4478 17038 17021 50.7 50 1.6 164 73.8 43.9 37 52

959 1979 24180 24199 50.3 40 4479 24936 24919 51.8 50 1.5 757 75.8 41 37 53.2

960 1980 2823 2844 50.4 45.5 4480 3186 3165 50.4 40.9 0 364 75.5 42.6 37 53.1

961 1981 10142 10163 51.3 40.9 4481 10608 10589 51 50 0.3 467 74.9 40 37 52.8

962 1982 1046 1063 50.3 50 4482 1483 1464 51.3 45 0.9 438 76.2 43.6 37 53.6

963 1983 17388 17408 50.7 42.9 4483 17501 17481 51.2 42.9 0.6 114 70.5 40.4 37 49.7

964 1984 24179 24200 53.3 40.9 4484 24740 24717 52.5 41.7 0.8 562 76 42.2 37 54

965 1985 24379 24398 55 55 4485 25088 25070 54.5 52.6 0.5 710 75.9 41.3 37 54.6

966 1986 24379 24398 55 55 4486 25087 25069 53.7 52.6 1.3 709 75.9 41.3 37 54.3

967 1987 16874 16893 52.1 50 4487 17059 17039 50.6 47.6 1.5 186 74.6 44.6 37 52.5

968 1988 24380 24399 55 55 4488 25088 25070 54.5 52.6 0.5 709 75.9 41.3 37 54.6

969 1989 28522 28542 50.2 42.9 4489 28671 28653 50.2 52.6 0 150 76.2 50.7 37 53.5

970 1990 16874 16893 52.1 50 4490 17060 17041 51.1 50 1 187 74.7 44.9 37 52.7

971 1991 24380 24399 55 55 4491 25087 25069 53.7 52.6 1.3 708 75.9 41.4 37 54.4

972 1992 17608 17627 50.2 45 4492 18239 18220 50 45 0.2 632 75.3 40.2 37 52.8

973 1993 17608 17627 50.2 45 4493 18238 18219 50.3 45 0.1 631 75.3 40.3 37 52.9

974 1994 1046 1063 50.3 50 4494 1483 1465 50.5 47.4 0.2 438 76.2 43.6 37 53.6

975 1995 17608 17628 50.9 42.9 4495 18239 18220 50 45 0.9 632 75.3 40.2 37 52.8

976 1996 17608 17628 50.9 42.9 4496 18238 18219 50.3 45 0.7 631 75.3 40.3 37 52.9

977 1997 8063 8084 51.4 45.5 4497 8188 8169 50.5 45 0.9 126 72.1 42.9 37 50.7

978 1998 12236 12256 51.2 42.9 4498 12739 12718 51 40.9 0.2 504 75.8 42.1 37 53.5

979 1999 13176 13196 51.4 47.6 4499 13325 13305 50.5 47.6 0.8 150 73.4 44 37 51.7

980 2000 2371 2389 50.3 47.4 4500 2749 2728 50.3 45.5 0 379 76.9 45.9 37 54.1

981 2001 9402 9420 51.3 47.4 4501 9989 9968 51 40.9 0.4 588 75.4 40.5 37 53.1

982 2002 9931 9950 50.2 45 4502 10183 10166 50.9 50 0.7 253 75.2 43.9 37 52.8

983 2003 2387 2405 51.6 52.6 4503 2997 2976 51.4 40.9 0.2 611 76.6 43.5 37 54.2

984 2004 3788 3805 50 50 4504 4435 4417 50.5 52.6 0.4 648 75.4 40.4 37 52.9

985 2005 26039 26057 52.6 52.6 4505 26650 26630 51.4 42.9 1.2 612 75.3 40.4 37 53.3

986 2006 2371 2389 50.3 47.4 4506 3053 3034 50.3 50 0 683 76.7 43.3 37 53.9

987 2007 3 21 53.4 52.6 4507 315 296 51.9 50 1.5 313 76.9 46.6 37 54.5

988 2008 2371 2389 50.3 47.4 4508 3056 3037 52.1 55 1.7 686 76.7 43.4 37 53.9

989 2009 13040 13059 50.9 50 4509 13155 13137 52.1 52.6 1.2 116 73.2 46.6 37 51.6

990 2010 9931 9950 50.2 45 4510 10183 10165 51.7 47.4 1.5 253 75.2 43.9 37 52.8

991 2011 3788 3805 50 50 4511 4434 4416 51.5 52.6 1.4 647 75.4 40.3 37 52.9

992 2012 13176 13196 51.4 47.6 4512 13946 13929 51.5 50 0.2 771 75.9 41.1 37 53.6

993 2013 3772 3792 51.2 42.9 4513 4444 4424 50.6 42.9 0.7 673 75.6 40.7 37 53.2

994 2014 13176 13196 51.4 47.6 4514 13320 13300 51.4 47.6 0 145 73.3 44.1 37 51.9

995 2015 8861 8880 50.2 45 4515 9245 9226 50 45 0.1 385 74.9 40.8 37 52.5

996 2016 8868 8889 50.4 40.9 4516 9310 9291 51.2 45 0.8 443 75.3 41.3 37 52.9

997 2017 16366 16384 50.3 52.6 4517 16774 16752 52.2 43.5 1.9 409 75.1 41.1 37 52.8

998 2018 9934 9953 50.7 50 4518 10183 10166 50.9 50 0.2 250 75.2 44 37 53

999 2019 9055 9079 52.8 40 4519 9342 9323 52.1 50 0.8 288 75.1 42.7 37 53.3

1000 2020 8868 8889 50.4 40.9 4520 9249 9231 50.8 47.4 0.4 382 75.1 41.4 37 52.8

1001 2021 16366 16385 52.9 55 4521 16774 16752 52.2 43.5 0.6 409 75.1 41.1 37 53.3

1002 2022 8868 8889 50.4 40.9 4522 9249 9230 51.5 45 1.1 382 75.1 41.4 37 52.8

1003 2023 9934 9953 50.7 50 4523 10183 10165 51.7 47.4 0.9 250 75.2 44 37 53

1004 2024 25772 25793 52.4 40.9 4524 26183 26163 51.7 42.9 0.7 412 74.8 40.3 37 53

1005 2025 13039 13057 51.1 52.6 4525 13155 13138 50.4 50 0.7 117 73.4 47 37 51.6

1006 2026 25771 25790 51.1 45 4526 26183 26164 51 45 0.1 413 74.8 40.4 37 52.8

1007 2027 25769 25786 50.3 50 4527 26183 26163 51.7 42.9 1.4 415 74.9 40.5 37 52.6

1008 2028 3794 3812 52.9 52.6 4528 4436 4417 52.2 50 0.6 643 75.4 40.4 37 53.6

1009 2029 887 905 50.1 47.4 4529 1480 1462 51.6 47.4 1.5 594 77.1 44.6 37 54.1

1010 2030 3794 3812 52.9 52.6 4530 4434 4416 51.5 52.6 1.4 641 75.4 40.4 37 53.3

1011 2031 12370 12388 50.1 47.4 4531 12994 12976 50.3 47.4 0.3 625 76.4 42.9 37 53.6

1012 2032 3797 3815 50.9 47.4 4532 4186 4168 51.8 52.6 0.9 390 75.3 41.8 37 53.1
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1013 2033 3795 3813 52.1 52.6 4533 4435 4417 50.5 52.6 1.6 641 75.5 40.6 37 53.1

1014 2034 3795 3813 52.1 52.6 4534 4434 4416 51.5 52.6 0.6 640 75.4 40.5 37 53.3

1015 2035 13177 13197 50.3 42.9 4535 13323 13304 51.1 45 0.8 147 73.2 43.5 37 51.4

1016 2036 1046 1064 51.2 47.4 4536 1401 1382 50.6 45 0.6 356 75.6 43 37 53.2

1017 2037 16549 16567 54.9 52.6 4537 17057 17035 53 43.5 1.9 509 75.9 42.2 37 54.1

1018 2038 1046 1064 51.2 47.4 4538 1483 1464 51.3 45 0.1 438 76.2 43.6 37 53.8

1019 2039 16551 16568 51.1 50 4539 17056 17035 51.8 45.5 0.7 506 75.9 42.3 37 53.6

1020 2040 1046 1064 51.2 47.4 4540 1483 1465 50.5 47.4 0.6 438 76.2 43.6 37 53.6

1021 2041 1046 1064 51.2 47.4 4541 1484 1466 53.1 52.6 2 439 76.3 43.7 37 53.9

1022 2042 1046 1064 51.2 47.4 4542 1697 1676 51.7 40.9 0.5 652 76.9 43.9 37 54.2

1023 2043 1046 1064 51.2 47.4 4543 1697 1677 51 42.9 0.2 652 76.9 43.9 37 54.2

1024 2044 16555 16572 50.3 50 4544 17111 17090 51.1 40.9 0.8 557 76.1 42.5 37 53.5

1025 2045 1046 1064 51.2 47.4 4545 1697 1678 50.3 45 0.9 652 76.9 43.9 37 54

1026 2046 1046 1063 50.3 50 4546 1401 1382 50.6 45 0.2 356 75.6 43 37 53.1

1027 2047 3796 3814 50.8 52.6 4547 4435 4417 50.5 52.6 0.3 640 75.4 40.5 37 53.1

1028 2048 12232 12250 51.9 52.6 4548 12993 12975 51.4 47.4 0.5 762 76.5 42.5 37 54

1029 2049 12236 12256 51.2 42.9 4549 12739 12719 50.3 42.9 0.9 504 75.8 42.1 37 53.2

1030 2050 28937 28956 52.4 50 4550 29306 29288 53.5 52.6 1.1 370 76.6 45.1 37 54.4

1031 2051 12232 12250 51.9 52.6 4551 12996 12977 50.2 40 1.7 765 76.4 42.4 37 53.6

1032 2052 3234 3254 51.1 47.6 4552 3504 3485 50.4 45 0.7 271 74.4 41.3 37 52.3

1033 2053 3234 3254 51.1 47.6 4553 3503 3484 51.5 50 0.4 270 74.4 41.5 37 52.5

1034 2054 9922 9941 51.3 50 4554 10670 10649 51.3 40.9 0.1 749 75.8 40.9 37 53.5

1035 2055 3792 3810 52.9 52.6 4555 4434 4416 51.5 52.6 1.4 643 75.4 40.4 37 53.3

1036 2056 3234 3254 51.1 47.6 4556 3494 3473 50.4 40.9 0.6 261 74.1 41 37 52.1

1037 2057 4255 4276 51.7 45.5 4557 4608 4590 51.5 52.6 0.2 354 74.7 40.7 37 52.8

1038 2058 24562 24580 50.1 52.6 4558 24936 24919 51.8 50 1.7 375 75.6 42.7 37 53

1039 2059 24562 24580 50.1 52.6 4559 24938 24921 50.4 50 0.3 377 75.5 42.4 37 53

1040 2060 24562 24580 50.1 52.6 4560 25182 25164 51.4 47.4 1.3 621 75.9 41.7 37 53.3

1041 2061 24559 24579 52 52.4 4561 24936 24919 51.8 50 0.2 378 75.7 42.9 37 53.6

1042 2062 24559 24579 52 52.4 4562 24938 24921 50.4 50 1.6 380 75.6 42.6 37 53.1

1043 2063 1046 1063 50.3 50 4563 1697 1676 51.7 40.9 1.3 652 76.9 43.9 37 54

1044 2064 24482 24503 51.6 40.9 4564 24815 24792 53.4 41.7 1.8 334 75.4 42.8 37 53.4

1045 2065 13177 13197 50.3 42.9 4565 13326 13306 50.7 42.9 0.4 150 73.2 43.3 37 51.4

1046 2066 24480 24502 54.2 47.8 4566 24815 24791 54.5 40 0.3 336 75.6 43.2 37 54.3

1047 2067 17840 17859 50.8 45 4567 18223 18206 51.8 50 1 384 74.7 40.4 37 52.6

1048 2068 24480 24500 53.2 47.6 4568 24815 24792 53.4 41.7 0.2 336 75.6 43.2 37 54

1049 2069 17840 17859 50.8 45 4569 18231 18210 52.2 45.5 1.4 392 74.8 40.6 37 52.7

1050 2070 28821 28840 51.8 45 4570 29298 29279 52.6 55 0.8 478 77 45.2 37 54.6

1051 2071 24418 24440 55 47.8 4571 24517 24494 53.2 41.7 1.8 100 70.8 43 37 50.6

1052 2072 13701 13722 50.4 40.9 4572 14058 14040 51.4 52.6 1 358 74.5 40.2 37 52.4

1053 2073 28821 28840 51.8 45 4573 29358 29339 52.8 50 1 538 77.1 45 37 54.6

1054 2074 17792 17813 51.6 40.9 4574 18233 18214 52 50 0.4 442 75.1 40.7 37 53.1

1055 2075 24420 24440 50.8 42.9 4575 25079 25061 52.7 52.6 1.9 660 75.7 41.1 37 53.3

1056 2076 28821 28839 51.1 47.4 4576 29298 29279 52.6 55 1.5 478 77 45.2 37 54.3

1057 2077 3796 3814 50.8 52.6 4577 4434 4416 51.5 52.6 0.7 639 75.4 40.4 37 53.1

1058 2078 28821 28839 51.1 47.4 4578 29358 29339 52.8 50 1.7 538 77.1 45 37 54.4

1059 2079 28820 28838 53.7 52.6 4579 29298 29279 52.6 55 1.1 479 77.1 45.3 37 54.8

1060 2080 24418 24439 52.9 45.5 4580 25079 25061 52.7 52.6 0.2 662 75.8 41.2 37 54

1061 2081 28820 28838 53.7 52.6 4581 29358 29339 52.8 50 0.9 539 77.1 45.1 37 54.9

1062 2082 27369 27389 52.5 47.6 4582 27468 27451 51.1 50 1.4 100 71.2 44 38 50.3

1063 2083 7725 7742 50 50 4583 8187 8167 50.4 42.9 0.3 463 75.6 41.9 38 53

1064 2084 16549 16567 54.9 52.6 4584 17040 17021 53.4 50 1.5 492 75.9 42.3 38 54.2

1065 2085 3221 3239 51.5 52.6 4585 3500 3481 51.2 50 0.3 280 74.6 41.8 38 52.7

1066 2086 16549 16567 54.9 52.6 4586 17041 17022 54.1 50 0.8 493 75.8 42.2 38 54.4

1067 2087 20138 20158 50.1 42.9 4587 20615 20597 50.6 47.4 0.5 478 75 40.4 38 52.7

1068 2088 20078 20099 50.5 40.9 4588 20615 20597 50.6 47.4 0.1 538 75.3 40.5 38 52.9

1069 2089 13039 13057 51.1 52.6 4589 13325 13305 50.5 47.6 0.6 287 75.8 44.6 38 53.3

1070 2090 16549 16567 54.9 52.6 4590 17041 17023 53.5 52.6 1.4 493 75.8 42.2 38 54.2

1071 2091 13701 13725 53.6 40 4591 14124 14106 52.4 52.6 1.2 424 75.1 41 38 53.4

1072 2092 12975 12993 51.4 47.4 4592 13320 13300 51.4 47.6 0 346 76.1 44.2 38 53.8

1073 2093 16548 16566 54.9 52.6 4593 16779 16758 53.5 50 1.4 232 74 41.4 38 52.9

1074 2094 3361 3381 50.5 42.9 4594 3500 3481 51.2 50 0.7 140 74.1 46.4 38 52.1

1075 2095 3361 3381 50.5 42.9 4595 3503 3484 51.5 50 1 143 74.4 46.9 38 52.3

1076 2096 16368 16387 50.2 45 4596 16780 16760 51.4 42.9 1.2 413 74.9 40.7 38 52.6

1077 2097 7725 7742 50 50 4597 8188 8168 50.4 42.9 0.3 464 75.6 41.8 38 53

1078 2098 8867 8887 52.3 47.6 4598 9597 9573 53.4 40 1.1 731 75.9 41.2 38 53.9

1079 2099 2223 2244 51.4 45.5 4599 2672 2654 50.9 52.6 0.5 450 77 45.3 38 54.3

1080 2100 10242 10265 51.2 41.7 4600 10605 10588 51.1 50 0.2 364 74.5 40.1 38 52.6

1081 2101 8867 8888 52.7 45.5 4601 9253 9235 51.6 47.4 1.1 387 75.1 41.3 38 53.2

1082 2102 3361 3381 50.5 42.9 4602 3504 3485 50.4 45 0.1 144 74.3 46.5 38 52.2

1083 2103 98 118 50.6 42.9 4603 314 296 50.6 47.4 0 217 75.9 46.5 38 53.4

1084 2104 12233 12251 51.1 52.6 4604 12498 12480 50 47.4 1.1 266 74.8 42.5 38 52.5

1085 2105 9926 9944 50.5 52.6 4605 10455 10434 51.1 40.9 0.6 530 75.3 40.6 38 52.9

1086 2106 3360 3380 51.4 42.9 4606 3497 3478 51.3 50 0.1 138 74 46.4 38 52.3
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1087 2107 9926 9944 50.5 52.6 4607 10455 10435 50.5 42.9 0 530 75.3 40.6 38 52.9

1088 2108 10140 10159 52.4 50 4608 10608 10589 51 50 1.4 469 75 40.3 38 52.9

1089 2109 9931 9950 50.2 45 4609 10455 10435 50.5 42.9 0.3 525 75.3 40.6 38 52.8

1090 2110 3219 3238 50.7 50 4610 3500 3481 51.2 50 0.5 282 74.7 41.8 38 52.6

1091 2111 3219 3238 50.7 50 4611 3497 3478 51.3 50 0.6 279 74.7 41.9 38 52.6

1092 2112 3360 3380 51.4 42.9 4612 3500 3481 51.2 50 0.3 141 74 46.1 38 52.3

1093 2113 3360 3380 51.4 42.9 4613 3503 3484 51.5 50 0 144 74.3 46.5 38 52.5

1094 2114 2223 2244 51.4 45.5 4614 2672 2653 51.6 50 0.2 450 77 45.3 38 54.4

1095 2115 9922 9941 51.3 50 4615 10449 10428 51.9 40.9 0.7 528 75.4 40.9 38 53.3

1096 2116 13039 13057 51.1 52.6 4616 13312 13294 51 52.6 0.1 274 75.7 44.5 38 53.4

1097 2117 15951 15973 52.1 43.5 4617 16174 16154 50.4 42.9 1.7 224 73.5 40.6 38 51.7

1098 2118 13176 13196 51.4 47.6 4618 13545 13526 52.9 55 1.5 370 77 46.2 38 54.4

1099 2119 11541 11562 51.5 40.9 4619 11983 11965 53 52.6 1.5 443 75 40.6 38 53.1

1100 2120 2429 2447 50.2 47.4 4620 3056 3038 50.8 52.6 0.6 628 76.3 42.7 38 53.6

1101 2121 11545 11563 50.8 47.4 4621 12258 12238 50.3 42.9 0.5 714 76.2 42 38 53.5

1102 2122 8868 8889 50.4 40.9 4622 9245 9226 50 45 0.4 378 74.9 41 38 52.6

1103 2123 27361 27380 52.4 55 4623 27466 27448 52.3 52.6 0.1 106 72.5 46.2 38 51.5

1104 2124 8861 8880 50.2 45 4624 9340 9319 50.8 45.5 0.6 480 75.5 41.5 38 53

1105 2125 1784 1802 51.8 52.6 4625 2113 2094 50.1 45 1.7 330 76 44.2 38 53.3

1106 2126 8868 8889 50.4 40.9 4626 9107 9086 51.6 45.5 1.2 240 74 41.2 38 52

1107 2127 19795 19814 50.4 45 4627 20099 20078 50.5 40.9 0 305 74.4 40.7 38 52.3

1108 2128 26708 26731 54.2 41.7 4628 27347 27324 52.3 41.7 1.9 640 75.6 40.8 38 53.7

1109 2129 19794 19813 50 50 4629 19920 19899 50.2 40.9 0.2 127 72.3 43.3 38 50.7

1110 2130 3031 3051 51.3 52.4 4630 3650 3631 53.1 50 1.8 620 76.5 43.1 38 54

1111 2131 3031 3051 51.3 52.4 4631 3647 3628 50.6 45 0.7 617 76.4 42.9 38 53.8

1112 2132 19794 19813 50 50 4632 19922 19902 50 42.9 0 129 72.5 43.4 38 50.8

1113 2133 12236 12256 51.2 42.9 4633 12994 12976 50.3 47.4 0.8 759 76.4 42.4 38 53.7

1114 2134 26708 26731 54.2 41.7 4634 27467 27449 52.8 47.4 1.4 760 76 41.3 38 54.1

1115 2135 19716 19737 52.2 45.5 4635 19922 19901 51.5 45.5 0.7 207 73.5 41.1 38 52

1116 2136 19715 19735 52.5 47.6 4636 19922 19901 51.5 45.5 0.9 208 73.6 41.3 38 52.1

1117 2137 3360 3379 50.7 45 4637 3503 3484 51.5 50 0.7 144 74.3 46.5 38 52.3

1118 2138 9055 19079 52.8 40 4638 9364 9346 53.9 52.6 1.1 310 75.3 42.9 38 53.7

1119 2139 1782 1801 52.7 50 4639 1881 1861 54.5 52.4 1.8 100 72.4 47 38 51.6

1120 2140 26708 26727 50 45 4640 27468 27450 51.9 47.4 1.8 761 75.9 41.3 38 53.3

1121 2141 26708 26727 50 45 4641 27468 27451 51.1 50 1.1 761 75.9 41.3 38 53.3

1122 2142 4593 4613 51.5 47.6 4642 4995 4975 51.7 42.9 0.1 403 76 43.4 38 53.8

1123 2143 19709 19730 51.3 40.9 4643 19930 19911 50.7 50 0.5 222 74 41.9 38 52.1

1124 2144 26421 26441 51.5 42.9 4644 26587 26570 50.2 50 1.3 167 72.3 40.1 38 50.8

1125 2145 18979 19000 51.6 45.5 4645 19217 19195 51.7 43.5 0 239 73.5 40.2 38 52.1

1126 2146 18703 18724 53.5 50 4646 19476 19453 53.5 41.7 0 774 75.6 40.3 38 54

1127 2147 4255 4276 51.7 45.5 4647 4708 4690 50.3 47.4 1.4 454 75.1 40.7 38 52.8

1128 2148 3232 3252 51.1 47.6 4648 3503 3484 51.5 50 0.4 272 74.6 41.9 38 52.6

1129 2149 26421 26441 51.5 42.9 4649 26656 26636 51.3 47.6 0.2 236 74.2 41.9 38 52.5

1130 2150 3232 3252 51.1 47.6 4650 3504 3485 50.4 45 0.7 273 74.6 41.8 38 52.4

1131 2151 26421 26441 51.5 42.9 4651 26660 26641 50.2 50 1.3 240 74.2 41.7 38 52.1

1132 2152 26421 26441 51.5 42.9 4652 26683 26665 52.7 52.6 1.2 263 74.8 42.6 38 52.9

1133 2153 26421 26441 51.5 42.9 4653 26686 26669 50.5 50 0.9 266 74.8 42.5 38 52.6

1134 2154 26421 26441 51.5 42.9 4654 26691 26673 51.3 47.4 0.1 271 74.8 42.4 38 52.9

1135 2155 18704 18724 50.8 47.6 4655 19476 19456 50.5 42.9 0.3 773 75.5 40.2 38 53.1

1136 2156 18704 18724 50.8 47.6 4656 19482 19463 50.1 45 0.7 779 75.5 40.2 38 53

1137 2157 942 960 52.1 52.6 4657 1498 1481 51 50 1.1 557 76.9 44.5 38 54.3

1138 2158 942 960 52.1 52.6 4658 1497 1480 50.3 50 1.9 556 77 44.6 38 54.1

1139 2159 13040 13059 50.9 50 4659 13312 13294 51 52.6 0.1 273 75.6 44.3 38 53.3

1140 2160 18696 18715 51.7 50 4660 19476 19453 53.5 41.7 1.8 781 75.6 40.3 38 53.5

1141 2161 18696 18715 51.7 50 4661 19476 19456 50.5 42.9 1.3 781 75.6 40.3 38 53.1

1142 2162 3232 3251 50.3 50 4662 3503 3484 51.5 50 1.1 272 74.6 41.9 38 52.4

1143 2163 3031 3051 51.3 52.4 4663 3646 3625 52 40.9 0.7 616 76.4 42.9 38 54

1144 2164 9130 9150 51.3 42.9 4664 9560 9541 50.9 45 0.4 431 75.3 41.3 38 53

1145 2165 18224 18243 53.1 50 4665 18696 18672 53.9 40 0.8 473 75.7 42.1 38 54

1146 2166 18224 18243 53.1 50 4666 18696 18673 53.4 41.7 0.3 473 75.7 42.1 38 54

1147 2167 18225 18243 51.4 52.6 4667 18697 18679 51.9 52.6 0.5 473 75.8 42.3 38 53.6

1148 2168 9130 9150 51.3 42.9 4668 9560 9540 51.6 42.9 0.3 431 75.3 41.3 38 53.2

1149 2169 8866 8885 51.1 45 4669 9252 9235 50.1 50 1 387 75.1 41.3 38 52.7

1150 2170 9130 9150 51.3 42.9 4670 9559 9539 50.6 42.9 0.7 430 75.3 41.4 38 53

1151 2171 12267 12290 54.5 41.7 4671 12501 12480 53.5 45.5 1 235 74.3 42.1 38 53.2

1152 2172 3427 3446 52.7 50 4672 3650 3631 53.1 50 0.4 224 74.3 42.4 38 52.9

1153 2173 3427 3446 52.7 50 4673 3648 3628 52.3 42.9 0.4 222 74 41.9 38 52.6

1154 2174 26039 26058 54 55 4674 26184 26164 52.4 42.9 1.6 146 71.8 40.4 38 51.1

1155 2175 3230 3249 50.1 45 4675 3503 3484 51.5 50 1.4 274 74.5 41.6 38 52.3

1156 2176 3230 3249 50.1 45 4676 3504 3485 50.4 45 0.3 275 74.4 41.5 38 52.2

1157 2177 3427 3446 52.7 50 4677 3646 3625 52 40.9 0.6 220 74 41.8 38 52.5

1158 2178 3429 3449 50.4 42.9 4678 3647 3628 50.6 45 0.2 219 73.9 41.6 38 51.9

1159 2179 3429 3449 50.4 42.9 4679 3646 3625 52 40.9 1.6 218 73.7 41.3 38 51.8

1160 2180 8866 8885 51.1 45 4680 9249 9231 50.8 47.4 0.3 384 75.1 41.4 38 52.9
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1161 2181 3428 3449 52.8 45.5 4681 3650 3631 53.1 50 0.3 223 74.2 42.2 38 52.8

1162 2182 18077 18098 52.9 50 4682 18696 18672 53.9 40 1 620 76.2 42.4 38 54.3

1163 2183 18078 18098 51.5 47.6 4683 18696 18673 53.4 41.7 1.9 619 76.2 42.3 38 53.9

1164 2184 8866 8885 51.1 45 4684 9249 9230 51.5 45 0.4 384 75.1 41.4 38 53

1165 2185 3229 3248 50.6 50 4685 3503 3484 51.5 50 0.8 275 74.6 41.8 38 52.5

1166 2186 12267 12290 54.5 41.7 4686 12495 12476 52.7 45 1.9 229 74.1 41.9 38 52.8

1167 2187 8220 8240 54 47.6 4687 8929 8910 54.5 55 0.4 710 75.4 40 38 54.1

1168 2188 18080 18098 51.2 52.6 4688 18238 18219 50.3 45 0.9 159 74 44.7 38 52

1169 2189 18080 18098 51.2 52.6 4689 18239 18220 50 45 1.2 160 73.9 44.4 38 51.8

1170 2190 18080 18098 51.2 52.6 4690 18697 18679 51.9 52.6 0.7 618 76.3 42.6 38 53.8

1171 2191 18076 18097 53.1 45.5 4691 18712 18693 54.8 55 1.7 637 76.3 42.5 38 54.4

1172 2192 8866 8885 51.1 45 4692 9245 9226 50 45 1.1 380 75 41.1 38 52.6

1173 2193 943 961 50.3 47.4 4693 1498 1481 51 50 0.8 556 76.9 44.4 38 54

1174 2194 18075 18095 50.6 47.6 4694 18642 18622 50.5 42.9 0.1 568 76.2 42.6 38 53.6

1175 2195 18075 18095 50.6 47.6 4695 18662 18641 50.4 40.9 0.2 588 76.3 42.7 38 53.6

1176 2196 8866 8885 51.1 45 4696 9107 9086 51.6 45.5 0.5 242 74.1 41.3 38 52.3

1177 2197 943 961 50.3 47.4 4697 1497 1480 50.3 50 0 555 76.9 44.5 38 54

1178 2198 7400 7417 50.2 50 4698 8190 8172 50.3 47.4 0.1 791 76.4 42.2 38 53.6

1179 2199 13039 13058 51.8 50 4699 13314 13297 51 50 0.9 276 75.7 44.6 38 53.4

1180 2200 7725 7743 50.8 47.4 4700 8187 8167 50.4 42.9 0.5 463 75.6 41.9 38 53.1

1181 2201 18074 18094 51.1 42.9 4701 18642 18622 50.5 42.9 0.5 569 76.2 42.5 38 53.6

1182 2202 25782 25805 52.1 41.7 4702 26174 26153 51 40.9 1.1 393 74.8 40.5 38 52.8

1183 2203 9131 9151 50.4 42.9 4703 9560 9541 50.9 45 0.5 430 75.3 41.4 38 52.9

1184 2204 25782 25805 52.1 41.7 4704 26183 26162 52.8 45.5 0.7 402 74.7 40.3 38 53.1

1185 2205 9131 9151 50.4 42.9 4705 9560 9540 51.6 42.9 1.2 430 75.3 41.4 38 52.9

1186 2206 7725 7743 50.8 47.4 4706 8188 8168 50.4 42.9 0.5 464 75.6 41.8 38 53.1

1187 2207 985 1004 51.1 50 4707 1494 1476 50.7 47.4 0.4 510 76.5 43.7 38 53.9

1188 2208 13039 13058 51.8 50 4708 13323 13304 51.1 45 0.7 285 75.8 44.6 38 53.5

1189 2209 9131 9151 50.4 42.9 4709 9559 9539 50.6 42.9 0.3 429 75.3 41.5 38 52.9

1190 2210 12352 12375 52.9 41.7 4710 12499 12480 51.8 45 1.1 148 73.3 43.9 38 52

1191 2211 3225 3244 52.4 55 4711 3646 3625 52 40.9 0.4 422 75.4 41.7 38 53.5

1192 2212 25676 25697 51.9 40.9 4712 25784 25765 53.3 50 1.4 109 70.3 40.4 38 49.9

1193 2213 25363 25381 51.1 52.6 4713 25548 25531 51.1 50 0 186 73.7 42.5 38 52

1194 2214 25363 25381 51.1 52.6 4714 25645 25626 50.8 45 0.4 283 74.2 40.6 38 52.3

1195 2215 18074 18093 50.3 45 4715 18642 18622 50.5 42.9 0.2 569 76.2 42.5 38 53.5

1196 2216 3225 3244 52.4 55 4716 3647 3628 50.6 45 1.8 423 75.5 41.8 38 53.1

1197 2217 3225 3244 52.4 55 4717 3650 3631 53.1 50 0.7 426 75.5 42 38 53.7

1198 2218 12352 12375 52.9 41.7 4718 12494 12476 52.2 47.4 0.6 143 73.2 44.1 38 52

1199 2219 13039 13058 51.8 50 4719 13326 13306 50.7 42.9 1.2 288 75.8 44.4 38 53.4

1200 2220 7617 7636 50.9 50 4720 8188 8169 50.5 45 0.5 572 76.1 42.3 38 53.5

1201 2221 988 1006 52.2 52.6 4721 1697 1678 50.3 45 2 710 76.9 43.8 38 54

1202 2222 12232 12250 51.9 52.6 4722 12739 12719 50.3 42.9 1.7 508 75.8 42.1 38 53.3

1203 2223 12232 12250 51.9 52.6 4723 12739 12718 51 40.9 1 508 75.8 42.1 38 53.5

1204 2224 988 1006 52.2 52.6 4724 1697 1677 51 42.9 1.2 710 76.9 43.8 38 54.2

1205 2225 8867 8886 50.7 50 4725 9341 9322 51.1 50 0.5 475 75.7 41.9 38 53.3

1206 2226 3223 3242 51.8 55 4726 3650 3631 53.1 50 1.3 428 75.6 42.1 38 53.6

1207 2227 8867 8886 50.7 50 4727 9340 9319 50.8 45.5 0.1 474 75.6 41.8 38 53.2

1208 2228 988 1006 52.2 52.6 4728 1697 1676 51.7 40.9 0.6 710 76.9 43.8 38 54.4

1209 2229 988 1006 52.2 52.6 4729 1694 1673 51.7 40.9 0.5 707 76.9 43.8 38 54.5

1210 2230 988 1006 52.2 52.6 4730 1494 1476 50.7 47.4 1.5 507 76.5 43.8 38 53.9

1211 2231 9931 9950 50.2 45 4731 10455 10434 51.1 40.9 1 525 75.3 40.6 38 52.8

1212 2232 3224 3242 50.5 52.6 4732 3646 3625 52 40.9 1.5 423 75.4 41.6 38 53

1213 2233 3224 3242 50.5 52.6 4733 3647 3628 50.6 45 0.1 424 75.4 41.7 38 53.1

1214 2234 3016 3036 50.2 42.9 4734 3187 3166 50.3 45.5 0.1 172 74.6 45.3 38 52.4

1215 2235 24559 24579 52 52.4 4735 25182 25164 51.4 47.4 0.6 624 76 41.8 38 53.7

1216 2236 1782 1802 53.3 47.6 4736 1881 1861 54.5 52.4 1.2 100 72.4 47 38 51.8

1217 2237 7880 7900 50.3 42.9 4737 8188 8169 50.5 45 0.1 309 74.8 41.7 38 52.6

1218 2238 8861 8880 50.2 45 4738 9248 9229 50.1 45 0 388 75 41 38 52.6

1219 2239 8868 8889 50.4 40.9 4739 9312 9293 50.6 45 0.1 445 75.3 41.3 38 53

1220 2240 17790 17813 54.3 41.7 4740 18220 18201 56.1 55 1.8 431 74.9 40.4 38 53.8

1221 2241 24569 24590 56.6 54.5 4741 25184 25164 55.9 52.4 0.7 616 75.9 41.7 38 55

1222 2242 13176 13196 51.4 47.6 4742 13328 13307 51.2 45.5 0.2 153 73.4 43.8 38 51.9

1223 2243 8861 8880 50.2 45 4743 9254 9236 50.6 47.4 0.4 394 74.9 40.9 38 52.6

1224 2244 24622 24643 57.1 54.5 4744 25400 25377 57.2 50 0.1 779 75.7 40.7 38 55.2

1225 2245 8868 8889 50.4 40.9 4745 9256 9237 50.8 45 0.4 389 75 41.1 38 52.7

1226 2246 3361 3381 50.5 42.9 4746 3497 3478 51.3 50 0.8 137 74.1 46.7 38 52.1

1227 2247 4593 4613 51.5 47.6 4747 4711 4693 50.4 47.4 1.1 119 71.5 42 38 50.2

1228 2248 19911 19930 50.7 50 4748 20615 20597 50.6 47.4 0.1 705 75.5 40.3 38 53.1

1229 2249 3221 3239 51.5 52.6 4749 3497 3478 51.3 50 0.2 277 74.6 41.9 38 52.7

1230 2250 3223 3241 50.2 52.6 4750 3504 3485 50.4 45 0.2 282 74.8 42.2 38 52.5

1231 2251 3223 3241 50.2 52.6 4751 3503 3484 51.5 50 1.2 281 74.9 42.3 38 52.6

1232 2252 3360 3380 51.4 42.9 4752 3504 3485 50.4 45 1 145 74.2 46.2 38 52.2

1233 2253 4593 4613 51.5 47.6 4753 4711 4692 51.2 45 0.3 119 71.5 42 38 50.5

1234 2254 4593 4613 51.5 47.6 4754 4710 4691 50.2 45 1.4 118 71.6 42.4 38 50.2
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1235 2255 3016 3036 50.2 42.9 4755 3186 3165 50.4 40.9 0.2 171 74.4 45 38 52.3

1236 2256 29182 29206 55.4 44 4756 29301 29282 55.3 55 0.1 120 73.4 46.7 38 53.1

1237 2257 29183 29206 52.9 41.7 4757 29306 29287 54.6 55 1.7 124 73.3 46 38 52.3

1238 2258 29186 29206 51.3 42.9 4758 29298 29279 52.6 55 1.3 113 72.8 46 38 51.5

1239 2259 16979 17000 52.6 50 4759 17483 17465 54.4 52.6 1.8 505 75.9 42.2 38 54

1240 2260 29182 29205 54.6 41.7 4760 29298 29279 52.6 55 1.9 117 73.1 46.2 38 52

1241 2261 16981 17000 51.3 50 4761 17111 17090 51.1 40.9 0.2 131 74.5 48.1 38 52.6

1242 2262 13177 13197 50.3 42.9 4762 13949 13932 51.6 50 1.3 773 75.8 41 38 53.3

1243 2263 8867 8887 52.3 47.6 4763 9252 9234 51.4 52.6 0.9 386 75.1 41.5 38 53.1

1244 2264 24420 24440 50.8 42.9 4764 25081 25063 52.4 52.6 1.6 662 75.7 40.9 38 53.3

1245 2265 7727 7745 50.8 47.4 4765 8188 8169 50.5 45 0.4 462 75.6 41.8 38 53.1

1246 2266 2387 2405 51.6 52.6 4766 3055 3036 50.6 50 1.1 669 76.7 43.3 38 53.9

1247 2267 2671 2692 52.1 40.9 4767 3055 3036 50.6 50 1.5 385 74.8 40.5 38 52.6

1248 2268 29182 29202 51.2 42.9 4768 29298 29279 52.6 55 1.4 117 73.1 46.2 38 51.6

1249 2269 24418 24439 52.9 45.5 4769 25081 25063 52.4 52.6 0.5 664 75.7 41.1 38 53.8

1250 2270 12373 12391 50.8 47.4 4770 12992 12974 51.2 52.6 0.4 620 76.5 43.1 38 53.9

1251 2271 29179 29199 51.4 42.9 4771 29298 29279 52.6 55 1.2 120 73.4 46.7 38 51.9

1252 2272 1783 1803 54.2 47.6 4772 1882 1861 56 50 1.8 100 72.4 47 38 52

1253 2273 12373 12391 50.8 47.4 4773 12498 12480 50 47.4 0.7 126 72.8 44.4 38 51

1254 2274 7728 7746 51.7 52.6 4774 8190 8172 50.3 47.4 1.4 463 75.6 41.9 38 53.1

1255 2275 16875 16896 52.2 45.5 4775 17064 17045 51.4 50 0.8 190 74.5 44.2 38 52.7

1256 2276 1402 1425 52.8 41.7 4776 2103 2082 52 45.5 0.8 702 76.7 43.3 38 54.4

1257 2277 28971 28993 51.9 43.5 4777 29358 29339 52.8 50 0.9 388 76.3 44.3 38 54.1

1258 2278 24380 24399 55 55 4778 25080 25061 54.1 50 1 701 75.9 41.4 38 54.5

1259 2279 24380 24399 55 55 4779 25080 25062 53.5 52.6 1.6 701 75.9 41.4 38 54.3

1260 2280 3168 3189 51 45.5 4780 3497 3478 51.3 50 0.3 330 75.3 42.4 38 53.1

1261 2281 1402 1426 54.1 40 4781 1626 1602 56.1 44 1.9 225 76.4 47.6 38 54.8

1262 2282 24379 24398 55 55 4782 25080 25061 54.1 50 1 702 75.9 41.3 38 54.4

1263 2283 24379 24398 55 55 4783 25080 25062 53.5 52.6 1.6 702 75.9 41.3 38 54.3

1264 2284 16875 16895 51.6 47.6 4784 17062 17045 50.2 50 1.4 188 74.4 44.1 38 52.2

1265 2285 12726 12746 51.3 47.6 4785 12998 12979 50.1 45 1.2 273 75.2 43.2 38 52.7

1266 2286 24378 24397 55 55 4786 24517 24494 53.2 41.7 1.8 140 72.7 42.9 38 51.9

1267 2287 24378 24397 55 55 4787 25080 25061 54.1 50 1 703 75.9 41.3 38 54.4

1268 2288 28939 28961 55.2 47.8 4788 29306 29285 56.7 54.5 1.5 368 76.6 45.1 38 55.3

1269 2289 28940 28961 53.1 45.5 4789 29306 29287 54.6 55 1.5 367 76.5 45 38 54.6

1270 2290 28941 28961 51.6 42.9 4790 29298 29279 52.6 55 1 358 76.3 44.7 38 54

1271 2291 28178 28200 52 43.5 4791 28284 28265 52.9 50 0.9 107 74.7 51.4 38 53

1272 2292 28941 28961 51.6 42.9 4792 29358 29339 52.8 50 1.2 418 76.5 44.5 38 54.2

1273 2293 24378 24397 55 55 4793 25080 25062 53.5 52.6 1.6 703 75.9 41.3 38 54.2

1274 2294 28938 28960 56.1 47.8 4794 29306 29285 56.7 54.5 0.6 369 76.5 45 38 55.5

1275 2295 12234 12252 50.6 47.4 4795 12498 12480 50 47.4 0.5 265 74.7 42.3 38 52.4

1276 2296 28939 28960 54.7 50 4796 29306 29287 54.6 55 0.1 368 76.6 45.1 38 55.1

1277 2297 28140 28158 54.1 52.6 4797 28411 28393 52.9 52.6 1.1 272 78.8 52.2 38 56.2

1278 2298 28941 28960 50.9 45 4798 29298 29279 52.6 55 1.7 358 76.3 44.7 38 53.8

1279 2299 28140 28158 54.1 52.6 4799 28416 28396 52.4 47.6 1.7 277 78.8 52 38 56

1280 2300 28941 28960 50.9 45 4800 29358 29339 52.8 50 1.9 418 76.5 44.5 38 53.9

1281 2301 24179 24200 53.3 40.9 4801 24815 24791 54.5 40 1.2 637 75.8 41.3 38 54.1

1282 2302 28938 28956 50.8 47.4 4802 29298 29279 52.6 55 1.8 361 76.4 44.9 38 53.8

1283 2303 12726 12746 51.3 47.6 4803 12992 12974 51.2 52.6 0.1 267 75.2 43.4 38 53.1

1284 2304 16874 16893 52.1 50 4804 17062 17045 50.2 50 1.9 189 74.6 44.4 38 52.3

1285 2305 1352 1371 56.1 55 4805 1484 1464 54.3 47.6 1.8 133 74.9 48.9 38 53.8

1286 2306 11540 11561 53.8 45.5 4806 11983 11965 53 52.6 0.7 444 75.1 40.8 38 53.6

1287 2307 24179 24199 52.7 42.9 4807 24815 24792 53.4 41.7 0.7 637 75.8 41.3 38 53.9

1288 2308 16555 16572 50.3 50 4808 16777 16758 51.5 50 1.2 223 73.6 40.8 38 51.7

1289 2309 24178 24198 52.7 42.9 4809 24815 24791 54.5 40 1.8 638 75.7 41.2 38 53.9

1290 2310 3192 3213 51.8 45.5 4810 3650 3631 53.1 50 1.3 459 75.7 42 38 53.6

1291 2311 3192 3213 51.8 45.5 4811 3647 3628 50.6 45 1.2 456 75.6 41.9 38 53.2

1292 2312 24174 24195 52.5 40.9 4812 24815 24792 53.4 41.7 0.9 642 75.8 41.3 38 53.9

1293 2313 16553 16571 53.4 52.6 4813 16780 16760 51.4 42.9 2 228 73.7 40.8 38 52.1

1294 2314 16550 16568 54.1 52.6 4814 17041 17023 53.5 52.6 0.6 492 75.9 42.3 38 54.3

1295 2315 3192 3213 51.8 45.5 4815 3646 3625 52 40.9 0.2 455 75.5 41.8 38 53.5

1296 2316 16551 16568 51.1 50 4816 16777 16758 51.5 50 0.4 227 73.9 41.4 38 52.2

1297 2317 12373 12391 50.8 47.4 4817 12998 12979 50.1 45 0.7 626 76.4 43 38 53.6

1298 2318 28868 28887 50.7 45 4818 29414 29395 50.5 50 0.2 547 77 44.8 38 54.2

1299 2319 24028 24047 53.8 50 4819 24815 24791 54.5 40 0.7 788 76.3 42 38 54.6

1300 2320 2427 2445 52.1 52.6 4820 3056 3038 50.8 52.6 1.3 630 76.4 42.9 38 53.8

1301 2321 28867 28886 53.2 50 4821 29306 29288 53.5 52.6 0.3 440 76.9 45.2 38 54.9

1302 2322 24021 24044 52.8 41.7 4822 24815 24791 54.5 40 1.6 795 76.2 41.9 38 54.3

1303 2323 28867 28885 51.5 52.6 4823 29414 29395 50.5 50 0.9 548 77.1 44.9 38 54.2

1304 2324 12369 12388 50.6 45 4824 13155 13137 52.1 52.6 1.5 787 76.8 43.3 38 54

1305 2325 27368 27392 58.2 48 4825 27467 27443 59.4 48 1.2 100 71.2 44 38 52.4

1306 2326 27369 27392 57.2 50 4826 27468 27444 58.4 44 1.2 100 71.2 44 38 52.1

1307 2327 27369 27392 57.2 50 4827 27468 27445 58.1 45.8 0.8 100 71.2 44 38 52.1

1308 2328 23841 23863 53.7 47.8 4828 24022 24003 55.5 55 1.7 182 74.4 44.5 38 53.3
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1309 2329 3192 3213 51.8 45.5 4829 3497 3478 51.3 50 0.5 306 75 42.2 38 53

1310 2330 23843 23863 50.3 42.9 4830 24526 24506 50.3 42.9 0 684 76.1 41.8 38 53.4

1311 2331 27366 27389 56.1 45.8 4831 27465 27443 56.4 47.8 0.3 100 71.2 44 38 51.8

1312 2332 27366 27389 56.1 45.8 4832 27465 27444 55.6 45.5 0.6 100 71.2 44 38 51.6

1313 2333 27366 27389 56.1 45.8 4833 27465 27445 55.1 47.6 1 100 71.2 44 38 51.5

1314 2334 16549 16567 54.9 52.6 4834 16779 16758 53.5 50 1.4 231 74 41.6 38 53

1315 2335 27369 27389 52.5 47.6 4835 27468 27448 53.7 47.6 1.1 100 71.2 44 38 50.7

1316 2336 27369 27389 52.5 47.6 4836 27468 27449 52.6 45 0 100 71.2 44 38 50.7

1317 2337 27369 27389 52.5 47.6 4837 27468 27450 51.9 47.4 0.7 100 71.2 44 38 50.5

1318 2338 28654 28672 50.6 52.6 4838 29412 29393 50.3 45 0.2 759 77.9 46.1 38 54.7

1319 2339 2429 2447 50.2 47.4 4839 3053 3034 50.3 50 0.1 625 76.3 42.6 39 53.6

1320 2340 1442 1461 51.6 55 4840 1697 1676 51.7 40.9 0 256 75.8 45.3 39 53.7

1321 2341 1442 1461 51.6 55 4841 1697 1677 51 42.9 0.6 256 75.8 45.3 39 53.5

1322 2342 1442 1461 51.6 55 4842 1697 1678 50.3 45 1.3 256 75.8 45.3 39 53.3

1323 2343 3214 3233 51.1 50 4843 3504 3485 50.4 45 0.7 291 74.8 41.9 39 52.6

1324 2344 3214 3233 51.1 50 4844 3503 3484 51.5 50 0.4 290 74.8 42.1 39 52.8

1325 2345 27374 27392 50.6 47.4 4845 27674 27653 52.5 40.9 1.9 301 74.1 40.2 39 52.2

1326 2346 9930 9949 52.2 50 4846 10670 10649 51.3 40.9 0.9 741 75.8 40.9 39 53.5

1327 2347 1442 1461 51.6 55 4847 2103 2083 50.6 42.9 1 662 76.7 43.4 39 53.9

1328 2348 8867 8887 52.3 47.6 4848 9375 9354 50.4 40.9 2 509 75.7 41.8 39 53.2

1329 2349 16367 16386 51.4 50 4849 16775 16755 51.1 42.9 0.3 409 75 40.8 39 52.9

1330 2350 18081 18100 51.7 50 4850 18702 18685 50.2 50 1.5 622 76.2 42.4 39 53.5

1331 2351 18083 18102 50.6 45 4851 18702 18685 50.2 50 0.4 620 76.1 42.3 39 53.4

1332 2352 18094 18113 51 50 4852 18702 18685 50.2 50 0.8 609 76.1 42.2 39 53.4

1333 2353 8865 8884 50.4 45 4853 9254 9236 50.6 47.4 0.2 390 75 41 39 52.7

1334 2354 16367 16386 51.4 50 4854 16774 16754 50.4 42.9 1 408 75 40.9 39 52.7

1335 2355 18008 18028 53 52.4 4855 18220 18202 54.8 52.6 1.9 213 74.4 43.2 39 53.1

1336 2356 27369 27389 52.5 47.6 4856 27674 27653 52.5 40.9 0.1 306 74.3 40.5 39 52.9

1337 2357 16367 16386 51.4 50 4857 16774 16753 51.1 40.9 0.3 408 75 40.9 39 52.9

1338 2358 1442 1461 51.6 55 4858 2113 2094 50.1 45 1.5 672 76.7 43.3 39 53.8

1339 2359 7876 7895 51.5 45 4859 8190 8172 50.3 47.4 1.2 315 75.1 42.2 39 52.7

1340 2360 18696 18715 51.7 50 4860 19482 19463 50.1 45 1.7 787 75.6 40.3 39 53

1341 2361 12370 12388 50.1 47.4 4861 12911 12892 50.5 50 0.4 542 76.1 42.4 39 53.4

1342 2362 887 905 50.1 47.4 4862 1493 1473 52 47.6 1.9 607 77.1 44.6 39 54.1

1343 2363 16367 16387 51.8 47.6 4863 16774 16751 53.6 41.7 1.8 408 75 40.9 39 53.2

1344 2364 16378 16397 50.4 45 4864 17111 17090 51.1 40.9 0.7 734 76.3 42.2 39 53.6

1345 2365 16378 16397 50.4 45 4865 16781 16761 51.3 47.6 0.8 404 75.1 41.1 39 52.8

1346 2366 1402 1425 52.8 41.7 4866 1501 1478 54.6 41.7 1.8 100 72 46 39 51.3

1347 2367 16378 16397 50.4 45 4867 16777 16758 51.5 50 1 400 75 41 39 52.7

1348 2368 16378 16397 50.4 45 4868 16775 16756 50.3 45 0.1 398 75 41 39 52.7

1349 2369 16378 16397 50.4 45 4869 16775 16755 51.1 42.9 0.6 398 75 41 39 52.7

1350 2370 16378 16397 50.4 45 4870 16774 16754 50.4 42.9 0 397 75 41.1 39 52.7

1351 2371 16378 16397 50.4 45 4871 16774 16753 51.1 40.9 0.7 397 75 41.1 39 52.8

1352 2372 16378 16397 50.4 45 4872 16774 16752 52.2 43.5 1.8 397 75 41.1 39 52.8

1353 2373 10250 10274 51.6 40 4873 10608 10589 51 50 0.6 359 74.6 40.4 39 52.6

1354 2374 16548 16566 54.9 52.6 4874 17112 17090 53.3 43.5 1.6 565 76.3 42.8 39 54.5

1355 2375 19709 19730 51.3 40.9 4875 19922 19902 50 42.9 1.2 214 73.8 41.6 39 51.8

1356 2376 3218 3237 50.5 45 4876 3504 3485 50.4 45 0.1 287 74.7 41.8 39 52.5

1357 2377 3218 3237 50.5 45 4877 3503 3484 51.5 50 0.9 286 74.7 42 39 52.6

1358 2378 19709 19730 51.3 40.9 4878 19920 19899 50.2 40.9 1.1 212 73.7 41.5 39 51.8

1359 2379 1402 1422 50.2 42.9 4879 1501 1480 51.9 40.9 1.7 100 72 46 39 50.6

1360 2380 1402 1422 50.2 42.9 4880 1501 1481 51.2 42.9 1.1 100 72 46 39 50.6

1361 2381 8867 8886 50.7 50 4881 9249 9230 51.5 45 0.9 383 75.2 41.5 39 52.9

1362 2382 19794 19813 50 50 4882 19928 19908 52 52.4 2 135 72.8 43.7 39 51.1

1363 2383 8867 8886 50.7 50 4883 9249 9231 50.8 47.4 0.2 383 75.2 41.5 39 52.9

1364 2384 9927 9945 50.8 52.6 4884 10183 10165 51.7 47.4 0.9 257 75.3 44 39 53.1

1365 2385 27366 27384 52.2 52.6 4885 27566 27546 50.7 47.6 1.5 201 74.7 44.3 39 52.6

1366 2386 9927 9945 50.8 52.6 4886 10183 10166 50.9 50 0.1 257 75.3 44 39 53.1

1367 2387 27366 27384 52.2 52.6 4887 27568 27548 50.2 42.9 1.9 203 74.6 43.8 39 52.4

1368 2388 27366 27384 52.2 52.6 4888 27571 27551 51.4 42.9 0.8 206 74.5 43.7 39 52.7

1369 2389 887 905 50.1 47.4 4889 1483 1465 50.5 47.4 0.4 597 77 44.6 39 54.1

1370 2390 27366 27384 52.2 52.6 4890 27579 27558 51.1 40.9 1.1 214 74.9 44.4 39 52.9

1371 2391 16549 16567 54.9 52.6 4891 16774 16751 53.6 41.7 1.3 226 74 41.6 39 53

1372 2392 19794 19813 50 50 4892 19916 19895 50.2 40.9 0.2 123 72.1 43.1 39 50.6

1373 2393 16551 16568 51.1 50 4893 17062 17045 50.2 50 0.9 512 76 42.4 39 53.3

1374 2394 12726 12746 51.3 47.6 4894 13155 13137 52.1 52.6 0.8 430 76.4 44 39 53.9

1375 2395 545 564 50.7 50 4895 1171 1153 50.4 47.4 0.3 627 78.2 47.2 39 54.9

1376 2396 887 905 50.1 47.4 4896 1483 1464 51.3 45 1.2 597 77 44.6 39 54.1

1377 2397 9927 9945 50.8 52.6 4897 10356 10336 52.4 47.6 1.6 430 75.6 42.1 39 53.3

1378 2398 887 905 50.1 47.4 4898 1481 1463 50.5 47.4 0.4 595 77 44.5 39 54.1

1379 2399 12726 12746 51.3 47.6 4899 12911 12891 51.2 47.6 0.1 186 73.5 41.9 39 51.9

1380 2400 19795 19814 50.4 45 4900 19917 19896 50.9 45.5 0.5 123 72.1 43.1 39 50.7

1381 2401 27361 27380 52.4 55 4901 27566 27546 50.7 47.6 1.7 206 75.1 45.1 39 52.9

1382 2402 27361 27380 52.4 55 4902 27569 27548 50.9 40.9 1.5 209 74.9 44.5 39 52.8
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1383 2403 27361 27380 52.4 55 4903 27571 27551 51.4 42.9 1 211 75 44.5 39 53

1384 2404 8867 8886 50.7 50 4904 9256 9237 50.8 45 0.1 390 75.1 41.3 39 52.9

1385 2405 8373 8391 50.7 47.4 4905 9109 9087 50.5 43.5 0.1 737 75.4 40 39 53

1386 2406 19800 19817 50.4 50 4906 19927 19908 52.1 55 1.7 128 72.6 43.8 39 51

1387 2407 19800 19817 50.4 50 4907 19924 19905 50.1 50 0.3 125 72.2 43.2 39 50.7

1388 2408 16553 16571 53.4 52.6 4908 16774 16751 53.6 41.7 0.3 222 73.7 41 39 52.7

1389 2409 2427 2445 52.1 52.6 4909 3053 3034 50.3 50 1.8 627 76.4 42.7 39 53.6

1390 2410 887 905 50.1 47.4 4910 1479 1460 51.6 50 1.5 593 77.1 44.7 39 54.1

1391 2411 13177 13197 50.3 42.9 4911 13321 13301 50.3 42.9 0 145 73.1 43.4 39 51.3

1392 2412 8374 8395 52.4 45.5 4912 9109 9087 50.5 43.5 1.9 736 75.4 40.1 39 53.1

1393 2413 9926 9944 50.5 52.6 4913 10183 10165 51.7 47.4 1.2 258 75.2 43.8 39 52.9

1394 2414 16562 16580 51.9 52.6 4914 17056 17035 51.8 45.5 0.1 495 75.8 42 39 53.7

1395 2415 16562 16581 52.6 50 4915 17056 17035 51.8 45.5 0.8 495 75.8 42 39 53.7

1396 2416 9926 9944 50.5 52.6 4916 10183 10166 50.9 50 0.4 258 75.2 43.8 39 52.9

1397 2417 13177 13197 50.3 42.9 4917 13325 13305 50.5 47.6 0.2 149 73.3 43.6 39 51.5

1398 2418 10141 10160 51 45 4918 10356 10336 52.4 47.6 1.4 216 73.5 40.7 39 51.8

1399 2419 2823 2844 50.4 45.5 4919 3185 3164 51 45.5 0.5 363 75.6 42.7 39 53.1

1400 2420 19800 19818 52.1 52.6 4920 19916 19895 50.2 40.9 1.9 117 71.7 42.7 39 50.3

1401 2421 8063 8084 51.4 45.5 4921 8189 8170 50.6 50 0.8 127 72.3 43.3 39 50.9

1402 2422 985 1008 56.1 50 4922 1485 1465 56 52.4 0 501 76.5 43.7 39 55.4

1403 2423 985 1008 56.1 50 4923 1485 1466 55.6 55 0.5 501 76.5 43.7 39 55.3

1404 2424 985 1008 56.1 50 4924 1495 1474 55.1 45.5 1 511 76.5 43.6 39 55.2

1405 2425 18017 18036 54.8 55 4925 18231 18209 53.5 47.8 1.3 215 74.5 43.3 39 53.3

1406 2426 985 1008 56.1 50 4926 1497 1476 56.4 50 0.3 513 76.6 43.9 39 55.5

1407 2427 13039 13057 51.1 52.6 4927 13155 13137 52.1 52.6 1 117 73.4 47 39 51.8

1408 2428 985 1008 56.1 50 4928 1498 1478 54.9 47.6 1.2 514 76.5 43.8 39 55.1

1409 2429 988 1006 52.2 52.6 4929 1496 1478 50.4 47.4 1.9 509 76.5 43.8 39 53.8

1410 2430 988 1006 52.2 52.6 4930 1497 1480 50.3 50 2 510 76.6 43.9 39 53.8

1411 2431 19856 19875 50.2 45 4931 20033 20016 50.4 50 0.2 178 74.1 43.8 39 52

1412 2432 988 1006 52.2 52.6 4932 1498 1481 51 50 1.2 511 76.6 43.8 39 54

1413 2433 3361 3382 51.9 45.5 4933 3650 3631 53.1 50 1.2 290 75.7 44.1 39 53.6

1414 2434 8867 8888 52.7 45.5 4934 9365 9347 53 52.6 0.3 499 75.8 42.1 39 54

1415 2435 24921 24938 50.4 50 4935 25645 25626 50.8 45 0.4 725 75.5 40.4 39 53.1

1416 2436 3361 3382 51.9 45.5 4936 3647 3628 50.6 45 1.3 287 75.6 43.9 39 53.2

1417 2437 24635 24653 50.5 52.6 4937 25398 25378 51.1 42.9 0.6 764 75.5 40.3 39 53.1

1418 2438 8867 8888 52.7 45.5 4938 9256 9237 50.8 45 1.9 390 75.1 41.3 39 52.9

1419 2439 18017 18036 54.8 55 4939 18712 18693 54.8 55 0 696 76.4 42.5 39 55

1420 2440 24633 24651 50.1 52.6 4940 25398 25378 51.1 42.9 0.9 766 75.6 40.3 39 53

1421 2441 18011 18032 55.7 54.5 4941 18220 18202 54.8 52.6 0.9 210 74.5 43.3 39 53.7

1422 2442 18014 18032 51 52.6 4942 18223 18206 51.8 50 0.8 210 74.3 42.9 39 52.4

1423 2443 24630 24648 50.8 52.6 4943 25398 25378 51.1 42.9 0.2 769 75.6 40.4 39 53.3

1424 2444 18014 18032 51 52.6 4944 18231 18210 52.2 45.5 1.2 218 74.5 43.1 39 52.5

1425 2445 18014 18032 51 52.6 4945 18233 18214 52 50 1.1 220 74.7 43.6 39 52.7

1426 2446 18014 18032 51 52.6 4946 18233 18215 51.3 52.6 0.4 220 74.7 43.6 39 52.7

1427 2447 18011 18031 54.5 52.4 4947 18220 18201 56.1 55 1.6 210 74.5 43.3 39 53.6

1428 2448 3361 3382 51.9 45.5 4948 3646 3625 52 40.9 0.1 286 75.5 43.7 39 53.5

1429 2449 4658 4677 50.5 50 4949 5306 5288 52.4 52.6 2 649 75.5 40.7 39 53.1

1430 2450 18012 18031 53.2 55 4950 18223 18205 53.3 52.6 0.2 212 74.5 43.4 39 53.2

1431 2451 18012 18031 53.2 55 4951 18712 18693 54.8 55 1.7 701 76.4 42.7 39 54.6

1432 2452 13040 13059 50.9 50 4952 13325 13305 50.5 47.6 0.4 286 75.7 44.4 39 53.3

1433 2453 8867 8888 52.7 45.5 4953 9249 9231 50.8 47.4 1.9 383 75.2 41.5 39 53

1434 2454 24179 24198 51 45 4954 24740 24717 52.5 41.7 1.4 562 76 42.2 39 53.6

1435 2455 18013 18031 50.6 52.6 4955 18229 18209 50.1 42.9 0.5 217 74.4 42.9 39 52.2

1436 2456 8865 8884 50.4 45 4956 9340 9319 50.8 45.5 0.3 476 75.5 41.6 39 53.1

1437 2457 24558 24577 50.7 50 4957 24936 24919 51.8 50 1.1 379 75.8 43 39 53.3

1438 2458 8867 8888 52.7 45.5 4958 9249 9230 51.5 45 1.2 383 75.2 41.5 39 53.2

1439 2459 26039 26058 54 55 4959 26753 26733 54 52.4 0.1 715 76 41.5 39 54.5

1440 2460 26039 26058 54 55 4960 26753 26734 52.6 55 1.4 715 76 41.5 39 54.1

1441 2461 18009 18028 51.6 55 4961 18223 18206 51.8 50 0.1 215 74.5 43.3 39 52.7

1442 2462 24482 24503 51.6 40.9 4962 25080 25062 53.5 52.6 1.8 599 75.5 40.7 39 53.4

1443 2463 8861 8880 50.2 45 4963 9109 9087 50.5 43.5 0.4 249 73.8 40.6 39 51.8

1444 2464 24483 24503 51 42.9 4964 25086 25069 50.3 50 0.6 604 75.5 40.7 39 53

1445 2465 18011 18030 52.9 55 4965 18220 18202 54.8 52.6 2 210 74.5 43.3 39 53.1

1446 2466 24481 24502 51.5 45.5 4966 24815 24792 53.4 41.7 1.9 335 75.5 43 39 53.4

1447 2467 24481 24502 51.5 45.5 4967 25081 25063 52.4 52.6 0.9 601 75.5 40.8 39 53.4

1448 2468 24482 24502 50.3 42.9 4968 25082 25064 51.1 52.6 0.8 601 75.5 40.8 39 53

1449 2469 24482 24502 50.3 42.9 4969 25085 25068 50.3 50 0 604 75.4 40.6 39 53

1450 2470 24482 24502 50.3 42.9 4970 25086 25069 50.3 50 0 605 75.5 40.7 39 53

1451 2471 18011 18030 52.9 55 4971 18223 18206 51.8 50 1.1 213 74.4 43.2 39 52.7

1452 2472 18011 18030 52.9 55 4972 18231 18210 52.2 45.5 0.7 221 74.7 43.4 39 53

1453 2473 18011 18030 52.9 55 4973 18233 18214 52 50 0.9 223 74.9 43.9 39 53.1

1454 2474 18011 18030 52.9 55 4974 18233 18215 51.3 52.6 1.6 223 74.9 43.9 39 52.9

1455 2475 24419 24440 52.3 45.5 4975 24815 24792 53.4 41.7 1.2 397 75.9 43.1 39 53.9

1456 2476 18008 18029 54.5 50 4976 18220 18201 56.1 55 1.6 213 74.4 43.2 39 53.6
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1457 2477 24420 24440 50.8 42.9 4977 24527 24507 51 42.9 0.2 108 70.7 41.7 39 49.9

1458 2478 12232 12250 51.9 52.6 4978 12994 12976 50.3 47.4 1.6 763 76.4 42.5 39 53.7

1459 2479 4644 4665 52.5 45.5 4979 5306 5288 52.4 52.6 0.1 663 75.6 40.9 39 53.8

1460 2480 18009 18029 53.3 52.4 4980 18712 18693 54.8 55 1.6 704 76.4 42.6 39 54.6

1461 2481 18010 18029 51.8 50 4981 18223 18205 53.3 52.6 1.5 214 74.4 43 39 52.7

1462 2482 24418 24439 52.9 45.5 4982 24527 24507 51 42.9 1.9 110 71.3 42.7 39 50.3

1463 2483 24418 24439 52.9 45.5 4983 24815 24792 53.4 41.7 0.5 398 75.9 43.2 39 54.1

1464 2484 9351 9370 51.2 50 4984 10017 9999 52.8 52.6 1.6 667 75.7 40.9 39 53.4

1465 2485 18011 18029 51.3 52.6 4985 18229 18209 50.1 42.9 1.2 219 74.4 42.9 39 52.2

1466 2486 13176 13196 51.4 47.6 4986 13314 13297 51 50 0.4 139 73 43.9 39 51.5

1467 2487 3229 3248 50.6 50 4987 3497 3478 51.3 50 0.6 269 74.5 41.6 39 52.4

1468 2488 25772 25793 52.4 40.9 4988 26182 26161 51.2 40.9 1.2 411 74.7 40.1 39 52.8

1469 2489 3229 3248 50.6 50 4989 3500 3481 51.2 50 0.5 272 74.5 41.5 39 52.4

1470 2490 13176 13196 51.4 47.6 4990 13323 13304 51.1 45 0.3 148 73.3 43.9 39 51.8

1471 2491 25771 25790 51.1 45 4991 26183 26163 51.7 42.9 0.6 413 74.8 40.4 39 52.8

1472 2492 24418 24436 50 47.4 4992 24526 24506 50.3 42.9 0.3 109 71.4 43.1 39 50.1

1473 2493 25769 25786 50.3 50 4993 26182 26161 51.2 40.9 0.9 414 74.8 40.3 39 52.6

1474 2494 18009 18028 51.6 55 4994 18231 18210 52.2 45.5 0.6 223 74.7 43.5 39 52.9

1475 2495 18009 18028 51.6 55 4995 18233 18214 52 50 0.4 225 74.9 44 39 53

1476 2496 24418 24436 50 47.4 4996 25082 25064 51.1 52.6 1.1 665 75.8 41.2 39 53.2

1477 2497 18009 18028 51.6 55 4997 18233 18215 51.3 52.6 0.3 225 74.9 44 39 53

1478 2498 24418 24436 50 47.4 4998 25209 25190 50.6 50 0.6 792 76.2 41.9 39 53.5

1479 2499 25363 25381 51.1 52.6 4999 25650 25631 51.3 45 0.1 288 74.2 40.6 39 52.4

1480 2500 25363 25381 51.1 52.6 5000 25651 25634 50.4 50 0.7 289 74.3 40.8 39 52.2

1481 2501 25354 25372 50.9 52.6 5001 25548 25531 51.1 50 0.2 195 74.1 43.1 39 52.2

1482 2502 18005 18024 51.1 50 5002 18223 18206 51.8 50 0.6 219 74.4 42.9 39 52.5

1483 2503 18005 18024 51.1 50 5003 18231 18210 52.2 45.5 1.1 227 74.6 43.2 39 52.7

1484 2504 25354 25372 50.9 52.6 5004 25651 25632 52.7 50 1.8 298 74.6 41.3 39 52.6

1485 2505 18005 18024 51.1 50 5005 18233 18215 51.3 52.6 0.2 229 74.9 43.7 39 52.8

1486 2506 18003 18023 53.5 52.4 5006 18712 18693 54.8 55 1.3 710 76.4 42.7 39 54.7

1487 2507 13176 13196 51.4 47.6 5007 13326 13306 50.7 42.9 0.7 151 73.4 43.7 39 51.7

1488 2508 8868 8889 50.4 40.9 5008 9311 9292 50.7 50 0.3 444 75.4 41.4 39 53

1489 2509 25354 25372 50.9 52.6 5009 25832 25811 52.1 50 1.2 479 75 40.3 39 52.9

1490 2510 8375 8396 51.8 45.5 5010 9109 9087 50.5 43.5 1.2 735 75.4 40 39 53

1491 2511 9918 9938 51.4 47.6 5011 10017 9999 52.8 52.6 1.3 100 72.4 47 39 51.2

1492 2512 8375 8396 51.8 45.5 5012 8933 8916 52.2 50 0.4 559 75.1 40.1 39 53.2

1493 2513 17840 17859 50.8 45 5013 18632 18611 50.2 40.9 0.6 793 76.1 41.5 39 53.4

1494 2514 13040 13059 50.9 50 5014 13155 13138 50.4 50 0.5 116 73.2 46.6 39 51.4

1495 2515 25348 25366 51.2 47.4 5015 25650 25631 51.3 45 0.1 303 74.6 41.3 39 52.7

1496 2516 25348 25366 51.2 47.4 5016 25651 25634 50.4 50 0.7 304 74.7 41.4 39 52.5

1497 2517 13040 13059 50.9 50 5017 13178 13157 50.4 40.9 0.5 139 73.6 45.3 39 51.7

1498 2518 17792 17813 51.6 40.9 5018 18223 18205 53.3 52.6 1.7 432 74.9 40.3 39 53

1499 2519 25348 25366 51.2 47.4 5019 25832 25811 52.1 50 0.9 485 75.1 40.4 39 53

1500 2520 25348 25366 51.2 47.4 5020 25833 25812 51.4 45.5 0.2 486 75 40.3 39 53

1501 2521 25347 25365 52 52.6 5021 25651 25632 52.7 50 0.7 305 74.8 41.6 39 53

1502 2522 8868 8889 50.4 40.9 5022 9252 9234 51.4 52.6 1 385 75.1 41.3 39 52.8

1503 2523 17793 17813 50 42.9 5023 18229 18209 50.1 42.9 0.1 437 74.9 40.3 39 52.5

1504 2524 17793 17813 50 42.9 5024 18231 18211 50.6 47.6 0.6 439 75 40.5 39 52.6

1505 2525 17793 17813 50 42.9 5025 18234 18216 51 52.6 1 442 75.1 40.7 39 52.7

1506 2526 17793 17813 50 42.9 5026 18238 18219 50.3 45 0.2 446 75.1 40.8 39 52.7

1507 2527 17793 17813 50 42.9 5027 18239 18220 50 45 0 447 75.1 40.7 39 52.7

1508 2528 24180 24199 50.3 40 5028 24938 24921 50.4 50 0.1 759 75.8 40.8 39 53.2

1509 2529 25348 25365 50.4 50 5029 25832 25811 52.1 50 1.7 485 75.1 40.4 39 52.8

1510 2530 25068 25085 50.3 50 5030 25182 25164 51.4 47.4 1.1 115 73.3 47 39 51.5

1511 2531 29260 29278 51.3 47.4 5031 29414 29395 50.5 50 0.8 155 74.3 45.8 39 52.3

1512 2532 24179 24198 51 45 5032 24933 24913 51.1 42.9 0.1 755 75.8 40.9 39 53.5

1513 2533 17790 17811 51.6 40.9 5033 18223 18205 53.3 52.6 1.7 434 74.9 40.3 39 53

1514 2534 8063 8084 51.4 45.5 5034 8190 8172 50.3 47.4 1.1 128 72.2 43 39 50.8

1515 2535 24178 24197 50.3 40 5035 24936 24919 51.8 50 1.5 759 75.8 41 39 53.2

1516 2536 17791 17811 50 42.9 5036 18229 18209 50.1 42.9 0.1 439 74.9 40.3 39 52.5

1517 2537 17791 17811 50 42.9 5037 18231 18211 50.6 47.6 0.6 441 75 40.6 39 52.6

1518 2538 24174 24194 50.9 42.9 5038 24740 24717 52.5 41.7 1.5 567 76 42.2 39 53.6

1519 2539 24174 24194 50.9 42.9 5039 24933 24913 51.1 42.9 0.2 760 75.8 40.9 39 53.4

1520 2540 17791 17811 50 42.9 5040 18234 18216 51 52.6 1 444 75.1 40.8 39 52.7

1521 2541 17791 17811 50 42.9 5041 18238 18219 50.3 45 0.2 448 75.1 40.8 39 52.7

1522 2542 17791 17811 50 42.9 5042 18239 18220 50 45 0 449 75.1 40.8 39 52.7

1523 2543 24035 24053 52.2 52.6 5043 24526 24506 50.3 42.9 1.9 492 75.4 41.3 39 53

1524 2544 24035 24053 52.2 52.6 5044 24527 24507 51 42.9 1.2 493 75.4 41.2 39 53.2

1525 2545 17607 17628 52.3 40.9 5045 18231 18209 53.5 47.8 1.2 625 75.2 40 39 53.4

1526 2546 29196 29216 52.5 47.6 5046 29358 29339 52.8 50 0.3 163 74.9 46.6 39 53.3

1527 2547 17608 17628 50.9 42.9 5047 18231 18211 50.6 47.6 0.4 624 75.2 40.1 39 52.9

1528 2548 8868 8889 50.4 40.9 5048 9248 9229 50.1 45 0.3 381 75 41.2 39 52.7

1529 2549 17608 17628 50.9 42.9 5049 18234 18216 51 52.6 0 627 75.3 40.2 39 53.1

1530 2550 29196 29215 51.8 50 5050 29358 29339 52.8 50 1 163 74.9 46.6 39 53.1
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1531 2551 24023 24044 51.4 40.9 5051 24527 24508 50.5 45 0.9 505 75.4 41 39 53

1532 2552 9409 9428 51.6 45 5052 9989 9968 51 40.9 0.6 581 75.3 40.4 39 53.1

1533 2553 29196 29214 51.1 52.6 5053 29358 29339 52.8 50 1.7 163 74.9 46.6 39 52.8

1534 2554 8861 8880 50.2 45 5054 9257 9238 50.5 45 0.3 397 74.9 40.8 39 52.6

1535 2555 17607 17627 51.6 42.9 5055 18231 18209 53.5 47.8 1.9 625 75.2 40 39 53.2

1536 2556 29195 29213 51.9 52.6 5056 29358 29339 52.8 50 0.9 164 74.8 46.3 39 53

1537 2557 17608 17627 50.2 45 5057 18231 18211 50.6 47.6 0.4 624 75.2 40.1 39 52.8

1538 2558 985 1004 51.1 50 5058 1622 1602 51.6 47.6 0.5 638 77.2 44.7 39 54.4

1539 2559 17608 17627 50.2 45 5059 18234 18216 51 52.6 0.8 627 75.3 40.2 39 52.9

1540 2560 23841 23860 52.1 55 5060 24496 24478 50.7 52.6 1.4 656 76.1 42.1 39 53.6

1541 2561 23841 23860 52.1 55 5061 24498 24479 51.2 50 0.9 658 76.1 42.1 39 53.8

1542 2562 3404 3422 50.5 47.4 5062 3647 3628 50.6 45 0.1 244 74.6 42.6 39 52.5

1543 2563 9349 9367 51.7 52.6 5063 10017 9999 52.8 52.6 1.1 669 75.7 41 39 53.6

1544 2564 23841 23859 50.5 52.6 5064 24496 24478 50.7 52.6 0.2 656 76.1 42.1 39 53.5

1545 2565 25068 25085 50.3 50 5065 25548 25531 51.1 50 0.8 481 75.8 42.2 39 53.3

1546 2566 29186 29205 50.1 40 5066 29414 29395 50.5 50 0.4 229 75.4 45 39 52.9

1547 2567 29182 29204 53.2 43.5 5067 29358 29339 52.8 50 0.4 177 74.6 45.2 39 53.2

1548 2568 23841 23859 50.5 52.6 5068 24498 24479 51.2 50 0.7 658 76.1 42.1 39 53.5

1549 2569 3404 3422 50.5 47.4 5069 3646 3625 52 40.9 1.5 243 74.5 42.4 39 52.4

1550 2570 29183 29204 50.4 40.9 5070 29414 29395 50.5 50 0.2 232 75.4 44.8 39 53

1551 2571 23841 23859 50.5 52.6 5071 24527 24508 50.5 45 0 687 76.1 41.9 39 53.5

1552 2572 23838 23857 50.4 50 5072 24093 24075 50.9 52.6 0.5 256 75.8 45.3 39 53.3

1553 2573 23838 23857 50.4 50 5073 24496 24478 50.7 52.6 0.3 659 76.1 41.9 39 53.4

1554 2574 23838 23857 50.4 50 5074 24498 24479 51.2 50 0.8 661 76.1 41.9 39 53.5

1555 2575 29181 29201 52.4 47.6 5075 29358 29339 52.8 50 0.4 178 74.8 45.5 39 53.2

1556 2576 29181 29201 52.4 47.6 5076 29414 29395 50.5 50 1.9 234 75.6 45.3 39 53.2

1557 2577 29180 29200 51.7 42.9 5077 29358 29339 52.8 50 1.2 179 74.7 45.3 39 52.9

1558 2578 985 1004 51.1 50 5078 1498 1481 51 50 0.1 514 76.5 43.8 39 54

1559 2579 985 1004 51.1 50 5079 1497 1480 50.3 50 0.8 513 76.6 43.9 39 53.8

1560 2580 8859 8879 50 42.9 5080 9254 9236 50.6 47.4 0.6 396 75 40.9 39 52.6

1561 2581 29178 29198 51.4 42.9 5081 29414 29395 50.5 50 0.9 237 75.6 45.1 39 53.2

1562 2582 8859 8879 50 42.9 5082 9340 9319 50.8 45.5 0.7 482 75.5 41.5 39 53

1563 2583 16909 16928 50.8 45 5083 17109 17089 50.4 42.9 0.4 201 74.9 44.8 39 52.7

1564 2584 8794 8813 51.6 45 5084 8919 8901 50.4 47.4 1.2 126 71.8 42.1 39 50.5

1565 2585 8794 8813 51.6 45 5085 8920 8902 52.8 52.6 1.2 127 72 42.5 39 51

1566 2586 985 1004 51.1 50 5086 1496 1478 50.4 47.4 0.7 512 76.5 43.8 39 53.8

1567 2587 18017 18036 54.8 55 5087 18223 18205 53.3 52.6 1.5 207 74.3 43 39 53.1

1568 2588 4593 4613 51.5 47.6 5088 4994 4974 51.2 47.6 0.3 402 76.1 43.5 39 53.7

1569 2589 18017 18036 54.8 55 5089 18220 18201 56.1 55 1.3 204 74.3 43.1 39 53.5

1570 2590 6155 6174 52.1 50 5090 6486 6467 50.8 45 1.2 332 74.5 40.7 39 52.5

1571 2591 6158 6178 51.3 42.9 5091 6486 6467 50.8 45 0.4 329 74.3 40.1 39 52.4

1572 2592 3232 3251 50.3 50 5092 3500 3481 51.2 50 0.8 269 74.5 41.6 39 52.3

1573 2593 3232 3251 50.3 50 5093 3497 3478 51.3 50 1 266 74.5 41.7 39 52.3

1574 2594 28523 28544 51.6 40.9 5094 29298 29279 52.6 55 1 776 78.4 47.3 39 52.3

1575 2595 28965 28984 52.9 55 5095 29358 29339 52.8 50 0.1 394 76.6 44.9 39 54.6

1576 2596 8866 8885 51.1 45 5096 9256 9237 50.8 45 0.3 391 75.1 41.2 39 52.9

1577 2597 28518 28538 51.2 42.9 5097 28672 28654 50.6 52.6 0.7 155 76.7 51.6 39 54

1578 2598 6165 6183 51.2 52.6 5098 6486 6467 50.8 45 0.3 322 74.5 40.7 39 52.5

1579 2599 6264 6283 50.4 50 5099 6483 6463 50.2 42.9 0.2 220 73.8 41.4 39 51.8

1580 2600 18074 18093 50.3 45 5100 18233 18215 51.3 52.6 1 160 73.9 44.4 39 51.9

1581 2601 6271 6291 51.1 47.6 5101 6483 6463 50.2 42.9 0.9 213 73.5 40.8 39 51.6

1582 2602 18074 18093 50.3 45 5102 18231 18210 52.2 45.5 1.9 158 73.5 43.7 39 51.7

1583 2603 6274 6293 50.1 45 5103 6483 6463 50.2 42.9 0.1 210 73.5 41 39 51.6

1584 2604 18074 18093 50.3 45 5104 18223 18206 51.8 50 1.5 150 73.2 43.3 39 51.4

1585 2605 5 23 51.3 52.6 5105 314 296 50.6 47.4 0.6 310 76.8 46.5 39 54

1586 2606 6343 6364 50.7 45.5 5106 6486 6467 50.8 45 0.1 144 71.7 40.3 39 50.5

1587 2607 3800 3820 50.6 42.9 5107 4445 4425 50.6 42.9 0 646 75.4 40.2 39 53

1588 2608 7615 7635 51.1 47.6 5108 7821 7798 52.8 41.7 1.6 207 73.7 41.5 39 52

1589 2609 7723 7741 52.2 52.6 5109 8049 8032 50.4 50 1.8 327 74.9 41.6 39 52.6

1590 2610 1 19 50.1 52.6 5110 314 296 50.6 47.4 0.6 314 76.8 46.5 39 53.9

1591 2611 7725 7742 50 50 5111 7856 7836 51.1 42.9 1.1 132 71.3 40.2 39 50

1592 2612 18074 18094 51.1 42.9 5112 18233 18215 51.3 52.6 0.3 160 73.9 44.4 39 52.1

1593 2613 3168 3189 51 45.5 5113 3503 3484 51.5 50 0.5 336 75.3 42.6 39 53.1

1594 2614 18074 18094 51.1 42.9 5114 18231 18210 52.2 45.5 1.1 158 73.5 43.7 39 51.9

1595 2615 13177 13197 50.3 42.9 5115 13312 13294 51 52.6 0.7 136 72.7 43.4 39 51.1

1596 2616 28190 28209 54.2 55 5116 28671 28652 52.8 55 1.5 482 79.9 52.1 39 56.8

1597 2617 28190 28209 54.2 55 5117 28673 28654 53.5 55 0.7 484 79.9 52.3 39 57.1

1598 2618 28190 28208 51.7 52.6 5118 28671 28652 52.8 55 1 482 79.9 52.1 39 56.5

1599 2619 28190 28208 51.7 52.6 5119 28671 28653 50.2 52.6 1.5 482 79.9 52.1 39 56.1

1600 2620 18074 18094 51.1 42.9 5120 18223 18206 51.8 50 0.7 150 73.2 43.3 39 51.6

1601 2621 28185 28205 53.5 47.6 5121 28284 28265 52.9 50 0.6 100 74.5 52 39 53.1

1602 2622 28187 28205 53.1 52.6 5122 28672 28653 51.8 55 1.2 486 79.9 52.3 39 56.6

1603 2623 2371 2389 50.3 47.4 5123 2900 2881 50.1 45 0.2 530 76.8 44.3 39 53.9

1604 2624 2371 2389 50.3 47.4 5124 3052 3033 50.3 50 0.1 682 76.7 43.4 39 53.9
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1605 2625 2371 2389 50.3 47.4 5125 3056 3038 50.8 52.6 0.5 686 76.7 43.4 39 53.9

1606 2626 18074 18095 52.2 45.5 5126 18223 18205 53.3 52.6 1.1 150 73.2 43.3 39 52

1607 2627 2220 2239 51.3 45 5127 2891 2873 50.8 47.4 0.5 672 76.8 43.8 39 54.1

1608 2628 18077 18097 51.5 47.6 5128 18662 18641 50.4 40.9 1.1 586 76.2 42.7 39 53.6

1609 2629 28117 28135 50.6 52.6 5129 28671 28653 50.2 52.6 0.4 555 80 51.9 39 56.1

1610 2630 28116 28134 50.8 47.4 5130 28671 28653 50.2 52.6 0.6 556 79.9 51.8 39 56.1

1611 2631 12232 12250 51.9 52.6 5131 13000 12981 51.1 45 0.8 769 76.5 42.5 39 54

1612 2632 18080 18098 51.2 52.6 5132 18702 18685 50.2 50 1 623 76.2 42.4 39 53.5

1613 2633 12232 12250 51.9 52.6 5133 12999 12980 50.6 40 1.4 768 76.4 42.4 39 53.8

1614 2634 28820 28840 54.8 47.6 5134 29306 29285 56.7 54.5 1.9 487 77.1 45.4 39 55.5

1615 2635 28820 28840 54.8 47.6 5135 29306 29287 54.6 55 0.3 487 77.1 45.4 39 55.5

1616 2636 18080 18098 51.2 52.6 5136 18642 18622 50.5 42.9 0.7 563 76.2 42.6 39 53.6

1617 2637 8865 8884 50.4 45 5137 9249 9231 50.8 47.4 0.4 385 75.1 41.3 39 52.8

1618 2638 8865 8884 50.4 45 5138 9249 9230 51.5 45 1.1 385 75.1 41.3 39 52.8

1619 2639 8865 8884 50.4 45 5139 9109 9087 50.5 43.5 0.1 245 73.9 40.8 39 51.9

1620 2640 28819 28839 56.6 52.4 5140 29306 29285 56.7 54.5 0.2 488 77.2 45.5 39 56.1

1621 2641 9130 9151 52 40.9 5141 9364 9346 53.9 52.6 2 235 74.8 43.4 39 53.1

1622 2642 28820 28839 54.3 50 5142 29306 29287 54.6 55 0.3 487 77.1 45.4 39 55.4

1623 2643 8865 8884 50.4 45 5143 9248 9229 50.1 45 0.3 384 75 41.1 39 52.7

1624 2644 18080 18098 51.2 52.6 5144 18229 18209 50.1 42.9 1.1 150 73.2 43.3 39 51.4

1625 2645 15752 15772 50.8 47.6 5145 16175 16155 51.8 47.6 1 424 75.1 41 39 52.9

1626 2646 12232 12250 51.9 52.6 5146 12498 12480 50 47.4 1.9 267 74.7 42.3 39 52.4

1627 2647 18078 18098 51.5 47.6 5147 18223 18205 53.3 52.6 1.8 146 73 43.2 39 51.6

1628 2648 7833 7853 50.7 47.6 5148 8054 8035 50.4 50 0.2 222 74.6 43.2 39 52.4

1629 2649 230 248 51.2 52.6 5149 713 695 50.7 47.4 0.5 484 79.3 50.6 39 55.8

1630 2650 1472 1491 51.2 45 5150 2153 2134 50.4 45 0.8 682 76.5 42.8 39 53.7

1631 2651 18076 18098 54.4 47.8 5151 18220 18201 56.1 55 1.8 145 73.1 43.4 39 52.6

1632 2652 1442 1461 51.6 55 5152 1694 1673 51.7 40.9 0.1 253 75.9 45.5 39 53.7

1633 2653 28618 28636 52.5 52.6 5153 29358 29339 52.8 50 0.3 741 78.2 47 39 55.6

1634 2654 940 959 56.3 55 5154 1701 1677 54.7 40 1.6 762 77.1 44.2 40 55.5

1635 2655 18076 18097 53.1 45.5 5155 18696 18672 53.9 40 0.8 621 76.2 42.4 40 54.4

1636 2656 940 959 56.3 55 5156 1697 1673 54.4 40 1.9 758 77.2 44.3 40 55.5

1637 2657 3016 3036 50.2 42.9 5157 3188 3167 50.2 40.9 0.1 173 74.5 45.1 40 52.3

1638 2658 18077 18097 51.5 47.6 5158 18696 18673 53.4 41.7 1.9 620 76.2 42.4 40 53.9

1639 2659 18077 18097 51.5 47.6 5159 18697 18679 51.9 52.6 0.3 621 76.2 42.5 40 53.9

1640 2660 9352 9371 50.6 45 5160 9989 9968 51 40.9 0.4 638 75.4 40.3 40 53

1641 2661 6042 6062 50.4 47.6 5161 6374 6353 50 40.9 0.3 333 74.6 40.8 40 52.3

1642 2662 942 960 52.1 52.6 5162 1697 1678 50.3 45 1.8 756 77.2 44.3 40 54.2

1643 2663 942 960 52.1 52.6 5163 1697 1677 51 42.9 1.1 756 77.2 44.3 40 54.4

1644 2664 6042 6062 50.4 47.6 5164 6292 6273 50.8 45 0.4 251 73.9 40.6 40 51.9

1645 2665 942 960 52.1 52.6 5165 1697 1676 51.7 40.9 0.5 756 77.2 44.3 40 54.6

1646 2666 942 960 52.1 52.6 5166 1694 1673 51.7 40.9 0.4 753 77.2 44.4 40 54.7

1647 2667 13176 13196 51.4 47.6 5167 13749 13727 50.5 43.5 0.9 574 76.2 42.7 40 53.6

1648 2668 13176 13196 51.4 47.6 5168 13949 13932 51.6 50 0.2 774 75.9 41.1 40 53.6

1649 2669 942 960 52.1 52.6 5169 1493 1473 52 47.6 0.1 552 76.9 44.4 40 54.5

1650 2670 6042 6062 50.4 47.6 5170 6292 6272 51.5 42.9 1.1 251 73.9 40.6 40 51.9

1651 2671 6042 6062 50.4 47.6 5171 6290 6270 50.9 42.9 0.6 249 73.8 40.6 40 51.9

1652 2672 6042 6062 50.4 47.6 5172 6289 6267 52.2 43.5 1.8 248 73.9 40.7 40 51.9

1653 2673 9402 9420 51.3 47.4 5173 10017 9999 52.8 52.6 1.4 616 75.6 41.1 40 53.5

1654 2674 943 961 50.3 47.4 5174 1697 1678 50.3 45 0 755 77.1 44.2 40 54.2

1655 2675 9139 9159 52.5 47.6 5175 9324 9300 52.9 40 0.4 186 73.9 43 40 52.6

1656 2676 9139 9159 52.5 47.6 5176 9324 9301 52.4 41.7 0.1 186 73.9 43 40 52.6

1657 2677 943 961 50.3 47.4 5177 1697 1677 51 42.9 0.7 755 77.1 44.2 40 54.2

1658 2678 6222 6246 52.2 40 5178 6486 6467 50.8 45 1.4 265 73.8 40 40 52

1659 2679 3895 3914 50.3 45 5179 4608 4590 51.5 52.6 1.2 714 75.5 40.3 40 53

1660 2680 3889 3911 54.2 47.8 5180 4610 4590 53.2 52.4 1.1 722 75.5 40.4 40 53.9

1661 2681 3889 3908 51.3 50 5181 4608 4590 51.5 52.6 0.3 720 75.5 40.4 40 53.4

1662 2682 9139 9159 52.5 47.6 5182 9359 9335 54.5 40 1.9 221 74.7 43.4 40 53.1

1663 2683 943 961 50.3 47.4 5183 1697 1676 51.7 40.9 1.4 755 77.1 44.2 40 54.2

1664 2684 943 961 50.3 47.4 5184 1694 1673 51.7 40.9 1.5 752 77.2 44.3 40 54.2

1665 2685 6302 6321 51.4 50 5185 6483 6463 50.2 42.9 1.2 182 72.9 40.7 40 51.2

1666 2686 9409 9428 51.6 45 5186 10017 9999 52.8 52.6 1.2 609 75.6 41.1 40 53.5

1667 2687 943 961 50.3 47.4 5187 1493 1473 52 47.6 1.7 551 76.8 44.3 40 54

1668 2688 13039 13058 51.8 50 5188 13312 13294 51 52.6 0.8 274 75.7 44.5 40 53.4

1669 2689 3799 3820 52.9 45.5 5189 4565 4542 53.9 41.7 1 767 75.5 40.2 40 53.8

1670 2690 985 1004 51.1 50 5190 1481 1463 50.5 47.4 0.6 497 76.4 43.5 40 53.7

1671 2691 13039 13058 51.8 50 5191 13325 13305 50.5 47.6 1.3 287 75.8 44.6 40 53.3

1672 2692 7615 7635 51.1 47.6 5192 8049 8032 50.4 50 0.8 435 75.7 42.3 40 53.2

1673 2693 7615 7635 51.1 47.6 5193 7853 7833 50.7 47.6 0.4 239 74.4 42.3 40 52.4

1674 2694 3034 3053 50.3 50 5194 3503 3484 51.5 50 1.2 470 76.3 43.4 40 53.6

1675 2695 9140 9159 50.1 45 5195 9334 9315 52.1 50 2 195 74.3 43.6 40 52.1

1676 2696 3799 3819 51.3 47.6 5196 4186 4168 51.8 52.6 0.5 388 75.3 41.8 40 53.2

1677 2697 3799 3819 51.3 47.6 5197 4434 4416 51.5 52.6 0.2 636 75.3 40.3 40 53.2

1678 2698 3799 3819 51.3 47.6 5198 4435 4417 50.5 52.6 0.8 637 75.4 40.3 40 53
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1679 2699 7617 7636 50.9 50 5199 8190 8172 50.3 47.4 0.6 574 76.1 42.3 40 53.4

1680 2700 18011 18032 55.7 54.5 5200 18443 18424 55.9 55 0.2 433 76.1 43.2 40 55.1

1681 2701 18013 18032 52.2 55 5201 18696 18672 53.9 40 1.7 684 76.3 42.4 40 54.2

1682 2702 18013 18032 52.2 55 5202 18696 18673 53.4 41.7 1.2 684 76.3 42.4 40 54.2

1683 2703 13177 13197 50.3 42.9 5203 13545 13527 50.3 52.6 0 369 77 46.1 40 54.1

1684 2704 9922 9941 51.3 50 5204 10455 10434 51.1 40.9 0.1 534 75.3 40.6 40 53.1

1685 2705 7617 7636 50.9 50 5205 7853 7833 50.7 47.6 0.3 237 74.4 42.2 40 52.4

1686 2706 13177 13197 50.3 42.9 5206 13329 13308 50.5 40.9 0.2 153 73.2 43.1 40 51.4

1687 2707 18014 18032 51 52.6 5207 18238 18219 50.3 45 0.7 225 74.8 43.6 40 52.5

1688 2708 18014 18032 51 52.6 5208 18239 18220 50 45 0.9 226 74.7 43.4 40 52.4

1689 2709 18014 18032 51 52.6 5209 18697 18679 51.9 52.6 0.9 684 76.3 42.4 40 53.8

1690 2710 7708 7730 50.6 43.5 5210 7853 7833 50.7 47.6 0.1 146 71.8 40.4 40 50.6

1691 2711 9140 9159 50.1 45 5211 9358 9338 51 42.9 0.9 219 74.4 42.9 40 52.2

1692 2712 7723 7741 52.2 52.6 5212 7856 7836 51.1 42.9 1.1 134 71.4 40.3 40 50.4

1693 2713 988 1006 52.2 52.6 5213 1171 1153 50.4 47.4 1.8 184 73.8 42.9 40 51.9

1694 2714 13177 13197 50.3 42.9 5214 13328 13307 51.2 45.5 0.9 152 73.3 43.4 40 51.5

1695 2715 9935 9955 50.4 42.9 5215 10608 10589 51 50 0.6 674 75.8 41.1 40 53.2

1696 2716 985 1008 56.1 50 5216 1484 1463 55.5 50 0.5 500 76.4 43.6 40 55.3

1697 2717 13033 13051 52.1 52.6 5217 13179 13158 50.4 40.9 1.7 147 74.3 46.3 40 52.2

1698 2718 12977 12996 50.2 40 5218 13320 13300 51.4 47.6 1.1 344 76.1 44.2 40 53.4

1699 2719 12977 12996 50.2 40 5219 13321 13301 50.3 42.9 0.1 345 76 44.1 40 53.4

1700 2720 2823 2844 50.4 45.5 5220 3192 3171 51.9 50 1.5 370 75.7 43 40 53.2

1701 2721 18009 18030 54.6 54.5 5221 18443 18424 55.9 55 1.4 435 76.1 43.2 40 54.7

1702 2722 12976 12995 51.1 45 5222 13320 13300 51.4 47.6 0.3 345 76.1 44.3 40 53.7

1703 2723 1046 1064 51.2 47.4 5223 1531 1512 52.7 55 1.5 486 76.7 44.2 40 54.1

1704 2724 12976 12995 51.1 45 5224 13321 13301 50.3 42.9 0.8 346 76.1 44.2 40 53.5

1705 2725 12976 12994 50.3 47.4 5225 13320 13300 51.4 47.6 1.1 345 76.1 44.3 40 53.5

1706 2726 12976 12994 50.3 47.4 5226 13321 13301 50.3 42.9 0 346 76.1 44.2 40 53.5

1707 2727 18011 18030 52.9 55 5227 18696 18672 53.9 40 1 686 76.3 42.4 40 54.4

1708 2728 18011 18030 52.9 55 5228 18696 18673 53.4 41.7 0.5 686 76.3 42.4 40 54.4

1709 2729 18011 18030 52.9 55 5229 18697 18679 51.9 52.6 1 687 76.3 42.5 40 54.1

1710 2730 9140 9159 50.1 45 5230 9374 9353 50.1 40.9 0 235 74.5 42.6 40 52.3

1711 2731 3 23 55.4 52.4 5231 204 185 56.6 55 1.3 202 75 45 40 54.2

1712 2732 15255 15273 50.3 52.6 5232 15761 15741 51.7 47.6 1.4 507 75 40 40 52.7

1713 2733 15255 15273 50.3 52.6 5233 15763 15743 52 47.6 1.7 509 75 40.1 40 52.7

1714 2734 12965 12985 51.2 42.9 5234 13320 13300 51.4 47.6 0.2 356 76.1 44.1 40 53.7

1715 2735 8373 8391 50.7 47.4 5235 9060 9039 50.3 40.9 0.4 688 75.4 40.1 40 53

1716 2736 12962 12980 50.7 47.4 5236 13320 13300 51.4 47.6 0.7 359 76.2 44.3 40 53.6

1717 2737 12938 12957 50.9 45 5237 13155 13137 52.1 52.6 1.2 218 75.4 45.4 40 53.2

1718 2738 2671 2692 52.1 40.9 5238 3190 3169 50.7 45.5 1.5 520 75.6 41.5 40 53.2

1719 2739 2671 2692 52.1 40.9 5239 3192 3171 51.9 50 0.2 522 75.7 41.8 40 53.7

1720 2740 12938 12956 50.1 47.4 5240 13155 13137 52.1 52.6 2 218 75.4 45.4 40 52.9

1721 2741 26421 26441 51.5 42.9 5241 26592 26574 52.4 52.6 0.9 172 72.4 40.1 40 51.2

1722 2742 18006 18028 54.5 52.2 5242 18443 18424 55.9 55 1.4 438 76.1 43.2 40 54.7

1723 2743 26421 26441 51.5 42.9 5243 26656 26635 52.9 45.5 1.4 236 74.2 41.9 40 52.5

1724 2744 3055 3074 51.1 50 5244 3210 3190 50.5 47.6 0.6 156 74.2 45.5 40 52.2

1725 2745 7833 7853 50.7 47.6 5245 8189 8170 50.6 50 0 357 75.6 42.9 40 53.2

1726 2746 26421 26441 51.5 42.9 5246 26658 26640 50.8 47.4 0.7 238 74.1 41.6 40 52.2

1727 2747 9131 9151 50.4 42.9 5247 9328 9310 51 52.6 0.7 198 74.3 43.4 40 52.2

1728 2748 24921 24938 50.4 50 5248 25650 25631 51.3 45 0.9 730 75.5 40.4 40 53.1

1729 2749 24921 24938 50.4 50 5249 25651 25634 50.4 50 0 731 75.6 40.5 40 53.1

1730 2750 9130 9151 52 40.9 5250 9324 9301 52.4 41.7 0.5 195 73.9 42.6 40 52.4

1731 2751 9130 9151 52 40.9 5251 9324 9300 52.9 40 1 195 73.9 42.6 40 52.4

1732 2752 8376 8396 50.6 42.9 5252 9107 9086 51.6 45.5 1 732 75.4 40 40 53.1

1733 2753 11541 11561 50.9 42.9 5253 11727 11708 50.4 45 0.5 187 73 40.6 40 51.3

1734 2754 11540 11561 53.8 45.5 5254 11984 11966 53 52.6 0.7 445 75.1 40.7 40 53.6

1735 2755 2371 2389 50.3 47.4 5255 2672 2654 50.9 52.6 0.5 302 77.1 47.4 40 54.2

1736 2756 2371 2389 50.3 47.4 5256 2998 2977 51.1 40.9 0.8 628 76.7 43.5 40 53.9

1737 2757 11543 11562 50.4 40 5257 11727 11708 50.4 45 0.1 185 72.9 40.5 40 51.2

1738 2758 26040 26061 56.4 54.5 5258 26589 26567 56.1 47.8 0.4 550 75.1 40 40 54.5

1739 2759 11541 11562 51.5 40.9 5259 11984 11966 53 52.6 1.5 444 75 40.5 40 53.1

1740 2760 7728 7746 51.7 52.6 5260 8187 8167 50.4 42.9 1.3 460 75.6 42 40 53.2

1741 2761 26040 26061 56.4 54.5 5261 26657 26634 54.6 41.7 1.9 618 75.5 40.6 40 54.3

1742 2762 2223 2243 50.2 42.9 5262 2675 2656 50.4 50 0.2 453 77 45.3 40 54

1743 2763 2220 2239 51.3 45 5263 2676 2657 50.7 50 0.5 457 76.9 45.1 40 54.1

1744 2764 11541 11560 50.1 45 5264 11727 11707 51.1 42.9 1 187 73 40.6 40 51.2

1745 2765 24559 24580 54.2 54.5 5265 25088 25070 54.5 52.6 0.2 530 75.5 41.1 40 54.2

1746 2766 12233 12251 51.1 52.6 5266 12998 12979 50.1 45 1 766 76.5 42.6 40 53.7

1747 2767 12233 12251 51.1 52.6 5267 12412 12392 50 42.9 1.1 180 73.2 41.7 40 51.4

1748 2768 24562 24580 50.1 52.6 5268 25086 25069 50.3 50 0.2 525 75.4 41 40 52.9

1749 2769 9931 9950 50.2 45 5269 10608 10589 51 50 0.8 678 75.8 41.2 40 53.2

1750 2770 24562 24580 50.1 52.6 5270 25209 25188 52 45.5 1.9 648 76.1 42 40 53.4

1751 2771 24562 24580 50.1 52.6 5271 25209 25189 51.4 47.6 1.3 648 76.1 42 40 53.4

1752 2772 3789 3807 51.8 52.6 5272 4445 4425 50.6 42.9 1.2 657 75.5 40.5 40 53.1
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1753 2773 26039 26058 54 55 5273 26656 26634 53.4 43.5 0.6 618 75.5 40.6 40 53.9

1754 2774 26039 26058 54 55 5274 26660 26639 52.5 45.5 1.5 622 75.4 40.5 40 53.7

1755 2775 3789 3807 51.8 52.6 5275 4444 4424 50.6 42.9 1.2 656 75.5 40.5 40 53.1

1756 2776 24559 24579 52 52.4 5276 25086 25069 50.3 50 1.6 528 75.5 41.1 40 53

1757 2777 12235 12253 50.1 52.6 5277 12999 12980 50.6 40 0.5 765 76.4 42.5 40 53.6

1758 2778 24559 24579 52 52.4 5278 25209 25188 52 45.5 0 651 76.1 42.1 40 54

1759 2779 24559 24579 52 52.4 5279 25209 25189 51.4 47.6 0.6 651 76.1 42.1 40 53.8

1760 2780 887 905 50.1 47.4 5280 1499 1482 50.1 50 0.1 613 77.1 44.7 40 54.1

1761 2781 24558 24577 50.7 50 5281 25182 25164 51.4 47.4 0.7 625 76 41.9 40 53.5

1762 2782 26039 26058 54 55 5282 26828 26810 52.9 52.6 1.2 790 76.4 42.4 40 54.5

1763 2783 8866 8885 51.1 45 5283 9597 9577 50.3 42.9 0.8 732 75.8 41.1 40 53.3

1764 2784 7727 7745 50.8 47.4 5284 8049 8032 50.4 50 0.5 323 74.8 41.5 40 52.6

1765 2785 13177 13197 50.3 42.9 5285 13747 13726 50.8 40.9 0.4 571 76.2 42.6 40 53.5

1766 2786 887 905 50.1 47.4 5286 1498 1481 51 50 0.9 612 77.2 44.8 40 54.1

1767 2787 1784 1803 52.5 50 5287 2103 2083 50.6 42.9 2 320 76 44.4 40 53.5

1768 2788 12235 12253 50.1 52.6 5288 12498 12480 50 47.4 0.1 264 74.7 42.4 40 52.4

1769 2789 1784 1802 51.8 52.6 5289 2103 2083 50.6 42.9 1.3 320 76 44.4 40 53.5

1770 2790 887 905 50.1 47.4 5290 1496 1478 50.4 47.4 0.3 610 77.1 44.8 40 54.1

1771 2791 1783 1801 52.9 52.6 5291 2153 2133 52.1 42.9 0.9 371 76 43.7 40 53.9

1772 2792 887 905 50.1 47.4 5292 1494 1476 50.7 47.4 0.6 608 77.1 44.7 40 54.1

1773 2793 3791 3809 51.8 52.6 5293 4445 4425 50.6 42.9 1.2 655 75.5 40.5 40 53.1

1774 2794 17813 17832 50.1 45 5294 18506 18488 51.2 52.6 1.2 694 75.8 41.2 40 53.2

1775 2795 3791 3809 51.8 52.6 5295 4444 4424 50.6 42.9 1.2 654 75.5 40.5 40 53.1

1776 2796 17840 17859 50.8 45 5296 18233 18215 51.3 52.6 0.5 394 74.9 40.9 40 52.8

1777 2797 17840 17859 50.8 45 5297 18233 18214 52 50 1.3 394 74.9 40.9 40 52.8

1778 2798 9930 9949 52.2 50 5298 10356 10336 52.4 47.6 0.2 427 75.6 42.2 40 53.7

1779 2799 15211 15230 50.2 45 5299 15949 15930 51.1 45 0.9 739 75.5 40.3 40 53

1780 2800 98 118 50.6 42.9 5300 253 233 51.8 47.6 1.2 156 74.5 46.2 40 52.4

1781 2801 18004 18023 51.1 50 5301 18233 18214 52 50 0.9 230 75 43.9 40 52.9

1782 2802 24420 24440 50.8 42.9 5302 24936 24919 51.8 50 1 517 75.9 42.2 40 53.5

1783 2803 24420 24440 50.8 42.9 5303 24938 24921 50.4 50 0.4 519 75.8 42 40 53.3

1784 2804 98 118 50.6 42.9 5304 254 235 50 45 0.6 157 74.4 45.9 40 52.2

1785 2805 11540 11557 50.4 50 5305 11727 11707 51.1 42.9 0.7 188 73.1 41 40 51.4

1786 2806 98 118 50.6 42.9 5306 642 622 51.6 47.6 0.9 545 79.1 49.7 40 55.6

1787 2807 15211 15230 50.2 45 5307 15595 15576 50.8 45 0.6 385 75.1 41.3 40 52.7

1788 2808 15255 15273 50.3 52.6 5308 15767 15747 50 42.9 0.3 513 75.1 40.2 40 52.6

1789 2809 12373 12391 50.8 47.4 5309 12911 12891 51.2 47.6 0.4 539 76.1 42.5 40 53.6

1790 2810 18009 18028 51.6 55 5310 18697 18679 51.9 52.6 0.2 689 76.4 42.5 40 54

1791 2811 18009 18028 51.6 55 5311 18696 18673 53.4 41.7 1.8 688 76.3 42.4 40 54

1792 2812 18009 18028 51.6 55 5312 18239 18220 50 45 1.6 231 74.9 43.7 40 52.5

1793 2813 18009 18028 51.6 55 5313 18238 18219 50.3 45 1.4 230 75 43.9 40 52.7

1794 2814 24417 24436 52.6 50 5314 25079 25061 52.7 52.6 0.1 663 75.8 41.3 40 54

1795 2815 10250 10271 50.6 45.5 5315 10356 10336 52.4 47.6 1.8 107 70.8 42.1 40 49.9

1796 2816 1356 1375 53.8 55 5316 1484 1464 54.3 47.6 0.5 129 74.4 48.1 40 53.3

1797 2817 1356 1375 53.8 55 5317 1484 1465 53.8 50 0 129 74.4 48.1 40 53.3

1798 2818 1356 1375 53.8 55 5318 1484 1466 53.1 52.6 0.7 129 74.4 48.1 40 53.1

1799 2819 24418 24436 50 47.4 5319 24560 24542 50.2 47.4 0.1 143 72.4 42 40 50.8

1800 2820 18008 18028 53 52.4 5320 18696 18672 53.9 40 0.9 689 76.3 42.4 40 54.4

1801 2821 25363 25381 51.1 52.6 5321 25646 25627 50.5 45 0.7 284 74.1 40.5 40 52.1

1802 2822 9131 9151 50.4 42.9 5322 9333 9315 52.2 52.6 1.9 203 74.6 43.8 40 52.4

1803 2823 9131 9151 50.4 42.9 5323 9374 9353 50.1 40.9 0.3 244 74.6 42.6 40 52.4

1804 2824 24380 24399 55 55 5324 24582 24560 54.2 52.2 0.9 203 74.4 43.3 40 53.4

1805 2825 19802 19820 53 52.6 5325 19921 19900 51.8 45.5 1.2 120 72.4 44.2 40 51.3

1806 2826 3055 3075 51.8 47.6 5326 3210 3190 50.5 47.6 1.3 156 74.2 45.5 40 52.2

1807 2827 3055 3075 51.8 47.6 5327 3207 3187 50.5 47.6 1.3 153 74 45.1 40 52

1808 2828 3055 3076 52.4 45.5 5328 3210 3190 50.5 47.6 2 156 74.2 45.5 40 52.2

1809 2829 24379 24398 55 55 5329 24582 24560 54.2 52.2 0.9 204 74.3 43.1 40 53.3

1810 2830 7876 7895 51.5 45 5330 8054 8035 50.4 50 1.1 179 73.5 42.5 40 51.7

1811 2831 3055 3076 52.4 45.5 5331 3207 3187 50.5 47.6 2 153 74 45.1 40 52

1812 2832 9130 9150 51.3 42.9 5332 9324 9300 52.9 40 1.6 195 73.9 42.6 40 52.2

1813 2833 9130 9150 51.3 42.9 5333 9324 9301 52.4 41.7 1.1 195 73.9 42.6 40 52.2

1814 2834 8794 8813 51.6 45 5334 9324 9301 52.4 41.7 0.8 531 75.7 41.6 40 53.6

1815 2835 8794 8813 51.6 45 5335 9324 9300 52.9 40 1.3 531 75.7 41.6 40 53.6

1816 2836 9130 9150 51.3 42.9 5336 9328 9310 51 52.6 0.3 199 74.2 43.2 40 52.4

1817 2837 9130 9150 51.3 42.9 5337 9333 9315 52.2 52.6 0.9 204 74.5 43.6 40 52.6

1818 2838 24179 24200 53.3 40.9 5338 24807 24786 51.7 45.5 1.6 629 75.8 41.3 40 53.7

1819 2839 4593 4613 51.5 47.6 5339 4708 4690 50.3 47.4 1.3 116 71.4 42.2 40 50.2

1820 2840 9130 9150 51.3 42.9 5340 9374 9353 50.1 40.9 1.2 245 74.6 42.4 40 52.3

1821 2841 29180 29199 50.1 40 5341 29412 29393 50.3 45 0.2 233 75.5 45.1 40 53

1822 2842 25348 25366 51.2 47.4 5342 25772 25753 51.9 50 0.8 425 74.9 40.5 40 52.9

1823 2843 24179 24200 53.3 40.9 5343 24815 24792 53.4 41.7 0.2 637 75.8 41.3 40 54.1

1824 2844 8794 8813 51.6 45 5344 9101 9081 50.5 47.6 1.2 308 74.8 41.6 40 52.6

1825 2845 16861 16880 50.8 50 5345 17056 17035 51.8 45.5 1 196 74.7 44.4 40 52.6

1826 2846 16562 16581 52.6 50 5346 17038 17021 50.7 50 1.9 477 75.7 41.9 40 53.3
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1827 2847 16562 16581 52.6 50 5347 17039 17022 51.4 50 1.2 478 75.6 41.8 40 53.5

1828 2848 16562 16581 52.6 50 5348 17041 17023 53.5 52.6 0.9 480 75.7 41.9 40 53.8

1829 2849 3090 3110 50.3 42.9 5349 3647 3628 50.6 45 0.3 558 76.2 42.7 40 53.5

1830 2850 16562 16580 51.9 52.6 5350 17038 17021 50.7 50 1.2 477 75.7 41.9 40 53.3

1831 2851 16562 16580 51.9 52.6 5351 17039 17022 51.4 50 0.5 478 75.6 41.8 40 53.5

1832 2852 24178 24198 52.7 42.9 5352 24815 24792 53.4 41.7 0.7 638 75.7 41.2 40 53.9

1833 2853 16562 16580 51.9 52.6 5353 17041 17023 53.5 52.6 1.6 480 75.7 41.9 40 53.6

1834 2854 24179 24198 51 45 5354 24807 24786 51.7 45.5 0.7 629 75.8 41.3 40 53.5

1835 2855 24179 24198 51 45 5355 24818 24797 51.6 40.9 0.6 640 75.8 41.2 40 53.4

1836 2856 3090 3110 50.3 42.9 5356 3646 3625 52 40.9 1.7 557 76.1 42.5 40 53.5

1837 2857 3089 3110 51.8 45.5 5357 3650 3631 53.1 50 1.3 562 76.3 42.9 40 54

1838 2858 29259 29279 54 52.4 5358 29358 29339 52.8 50 1.1 100 72.4 47 40 51.6

1839 2859 8794 8813 51.6 45 5359 8928 8911 51.9 50 0.2 135 72.2 42.2 40 51.1

1840 2860 24176 24197 52.1 40.9 5360 24815 24792 53.4 41.7 1.3 640 75.8 41.2 40 53.8

1841 2861 29259 29277 50.9 52.6 5361 29358 29339 52.8 50 2 100 72.4 47 40 51.1

1842 2862 29257 29276 51.3 50 5362 29358 29339 52.8 50 1.5 102 72.6 47.1 40 51.3

1843 2863 9915 9935 51.8 47.6 5363 10017 9999 52.8 52.6 1 103 72.9 47.6 40 51.6

1844 2864 4639 4659 51.1 47.6 5364 5306 5288 52.4 52.6 1.3 668 75.6 40.9 40 53.4

1845 2865 24178 24197 50.3 40 5365 24807 24786 51.7 45.5 1.4 630 75.8 41.3 40 53.2

1846 2866 28653 28671 50.2 52.6 5366 29414 29395 50.5 50 0.3 762 78 46.2 40 54.7

1847 2867 28653 28671 50.2 52.6 5367 29412 29393 50.3 45 0.1 760 78 46.2 40 54.7

1848 2868 28652 28671 52.8 55 5368 29358 29339 52.8 50 0 707 78 46.4 40 55.5

1849 2869 15752 15772 50.8 47.6 5369 16213 16195 50.8 52.6 0 462 75.4 41.3 40 53.1

1850 2870 24178 24197 50.3 40 5370 24818 24797 51.6 40.9 1.4 641 75.7 41.2 40 53.2

1851 2871 19794 19814 51.7 47.6 5371 19909 19885 52.5 40 0.8 116 71.8 43.1 40 50.8

1852 2872 8866 8885 51.1 45 5372 9341 9322 51.1 50 0 476 75.6 41.8 40 53.4

1853 2873 15951 15973 52.1 43.5 5373 16175 16155 51.8 47.6 0.3 225 73.7 40.9 40 52.2

1854 2874 24174 24195 52.5 40.9 5374 24815 24791 54.5 40 2 642 75.8 41.3 40 53.9

1855 2875 8866 8885 51.1 45 5375 9340 9319 50.8 45.5 0.3 475 75.6 41.7 40 53.2

1856 2876 15951 15973 52.1 43.5 5376 16169 16151 51.3 52.6 0.8 219 73.5 40.6 40 51.9

1857 2877 15951 15974 53.3 41.7 5377 16175 16154 53.4 45.5 0.1 225 73.7 40.9 40 52.7

1858 2878 27437 27456 50.2 40 5378 27541 27521 51.7 47.6 1.5 105 71.8 44.8 40 50.4

1859 2879 15650 15674 52.9 40 5379 16210 16192 54.3 52.6 1.4 561 75.1 40.1 40 53.6

1860 2880 8866 8885 51.1 45 5380 9334 9316 51.3 52.6 0.2 469 75.7 42 40 53.4

1861 2881 8866 8885 51.1 45 5381 9310 9291 51.2 45 0.1 445 75.3 41.3 40 53.2

1862 2882 8866 8885 51.1 45 5382 9252 9234 51.4 52.6 0.3 387 75.1 41.3 40 53

1863 2883 3360 3379 50.7 45 5383 3494 3473 50.4 40.9 0.3 135 73.7 45.9 40 51.8

1864 2884 8866 8885 51.1 45 5384 9248 9229 50.1 45 1 383 75.1 41.3 40 52.7

1865 2885 18081 18099 51.2 52.6 5385 18697 18679 51.9 52.6 0.7 617 76.3 42.6 40 53.9

1866 2886 8865 8884 50.4 45 5386 9257 9238 50.5 45 0.1 393 75 41 40 52.7

1867 2887 18081 18099 51.2 52.6 5387 18239 18220 50 45 1.2 159 74 44.7 40 51.9

1868 2888 18081 18099 51.2 52.6 5388 18238 18219 50.3 45 0.9 158 74.1 44.9 40 52

1869 2889 28117 28135 50.6 52.6 5389 28505 28487 50.2 47.4 0.4 389 79.5 51.9 40 55.8

1870 2890 8866 8885 51.1 45 5390 9109 9087 50.5 43.5 0.6 244 73.9 41 40 52

1871 2891 9055 9079 52.8 40 5391 9724 9706 51.3 52.6 1.5 670 75.4 40.3 40 53.3

1872 2892 3403 3423 54.1 47.6 5392 3502 3478 55.8 48 1.7 100 71.6 45 40 51.5

1873 2893 28855 28874 52.9 50 5393 29306 29288 53.5 52.6 0.6 452 77.1 45.6 40 54.9

1874 2894 24173 24194 52.5 40.9 5394 24815 24792 53.4 41.7 0.9 643 75.8 41.2 40 53.9

1875 2895 3094 3113 50 50 5395 3647 3628 50.6 45 0.6 554 76.2 42.8 40 53.5

1876 2896 24174 24194 50.9 42.9 5396 24807 24786 51.7 45.5 0.8 634 75.8 41.3 40 53.4

1877 2897 28856 28875 52.2 50 5397 29306 29288 53.5 52.6 1.3 451 77.1 45.7 40 54.7

1878 2898 24174 24194 50.9 42.9 5398 24818 24797 51.6 40.9 0.7 645 75.8 41.2 40 53.4

1879 2899 28857 28876 51.7 45 5399 29306 29288 53.5 52.6 1.8 450 77.1 45.6 40 54.6

1880 2900 8858 8877 51.2 45 5400 9254 9236 50.6 47.4 0.6 397 75 41.1 40 52.8

1881 2901 16553 16571 53.4 52.6 5401 16777 16758 51.5 50 1.9 225 73.7 40.9 40 52.1

1882 2902 29197 29219 54.8 47.8 5402 29301 29282 55.3 55 0.5 105 73.4 48.6 40 52.9

1883 2903 29198 29219 52.6 45.5 5403 29306 29288 53.5 52.6 0.9 109 73.3 47.7 40 52.2

1884 2904 28857 28877 52.3 42.9 5404 29306 29288 53.5 52.6 1.2 450 77.1 45.6 40 54.8

1885 2905 29199 29219 51.2 42.9 5405 29298 29280 51.4 52.6 0.2 100 72.4 47 40 51.1

1886 2906 3094 3113 50 50 5406 3646 3625 52 40.9 2 553 76.2 42.7 40 53.4

1887 2907 3224 3243 52.3 50 5407 3650 3631 53.1 50 0.8 427 75.5 41.9 40 53.7

1888 2908 29195 29216 53.8 45.5 5408 29306 29287 54.6 55 0.8 112 73.6 48.2 40 52.8

1889 2909 28867 28885 51.5 52.6 5409 29358 29339 52.8 50 1.4 492 76.9 44.9 40 54.4

1890 2910 29196 29216 52.5 47.6 5410 29298 29279 52.6 55 0.1 103 73.3 48.5 40 52.1

1891 2911 28867 28886 53.2 50 5411 29415 29395 53.4 52.4 0.2 549 77.1 45 40 55

1892 2912 3093 3113 51.7 47.6 5412 3650 3631 53.1 50 1.4 558 76.3 42.8 40 54

1893 2913 3225 3243 50.9 52.6 5413 3646 3625 52 40.9 1.2 422 75.4 41.7 40 53.1

1894 2914 3225 3243 50.9 52.6 5414 3647 3628 50.6 45 0.3 423 75.5 41.8 40 53.1

1895 2915 28867 28886 53.2 50 5415 29306 29287 54.6 55 1.4 440 76.9 45.2 40 54.9

1896 2916 3223 3241 50.2 52.6 5416 3500 3481 51.2 50 1 278 74.7 42.1 40 52.5

1897 2917 28867 28886 53.2 50 5417 29298 29279 52.6 55 0.5 432 76.8 45.1 40 54.7

1898 2918 24034 24053 53.4 55 5418 24815 24791 54.5 40 1.1 782 76.3 42.1 40 54.5

1899 2919 3221 3239 51.5 52.6 5419 3650 3631 53.1 50 1.6 430 75.5 41.9 40 53.4

1900 2920 18080 18099 53 50 5420 18696 18673 53.4 41.7 0.5 617 76.2 42.5 40 54.3
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1901 2921 3095 3116 51.9 45.5 5421 3650 3631 53.1 50 1.2 556 76.2 42.8 40 54

1902 2922 18080 18099 53 50 5422 18696 18672 53.9 40 1 617 76.2 42.5 40 54.3

1903 2923 28868 28887 50.7 45 5423 29298 29279 52.6 55 1.9 431 76.8 45 40 54.1

1904 2924 3218 3238 52.1 47.6 5424 3650 3631 53.1 50 1 433 75.5 41.8 40 53.6

1905 2925 8867 8886 50.7 50 5425 9252 9234 51.4 52.6 0.8 386 75.1 41.5 40 52.9

1906 2926 28867 28887 53.7 47.6 5426 29306 29287 54.6 55 0.8 440 76.9 45.2 40 55.1

1907 2927 3218 3237 50.5 45 5427 3497 3478 51.3 50 0.8 280 74.6 41.8 40 52.5

1908 2928 29195 29215 53.2 47.6 5428 29306 29287 54.6 55 1.4 112 73.6 48.2 40 52.6

1909 2929 29196 29215 51.8 50 5429 29298 29279 52.6 55 0.8 103 73.3 48.5 40 51.9

1910 2930 3218 3237 50.5 45 5430 3500 3481 51.2 50 0.6 283 74.6 41.7 40 52.5

1911 2931 8867 8886 50.7 50 5431 9245 9226 50 45 0.6 379 75 41.2 40 52.6

1912 2932 28868 28888 51.4 42.9 5432 29298 29279 52.6 55 1.2 431 76.8 45 40 54.3

1913 2933 8867 8886 50.7 50 5433 9107 9086 51.6 45.5 0.9 241 74.1 41.5 40 52.2

1914 2934 28867 28888 54.3 45.5 5434 29306 29287 54.6 55 0.3 440 76.9 45.2 40 55.2

1915 2935 19906 19925 50.1 50 5435 20615 20597 50.6 47.4 0.5 710 75.5 40.3 40 53

1916 2936 16551 16568 51.1 50 5436 16775 16756 50.3 45 0.8 225 73.8 41.3 40 51.9

1917 2937 8861 8880 50.2 45 5437 9341 9322 51.1 50 0.9 481 75.5 41.6 40 53

1918 2938 16368 16387 50.2 45 5438 16781 16761 51.3 47.6 1 414 75 40.8 40 52.7

1919 2939 3055 3074 51.1 50 5439 3209 3189 50.5 47.6 0.6 155 74.1 45.2 40 52.1

1920 2940 3217 3236 51.1 50 5440 3650 3631 53.1 50 2 434 75.5 41.9 40 53.3

1921 2941 28868 28889 52 40.9 5441 29298 29279 52.6 55 0.6 431 76.8 45 40 54.5

1922 2942 28867 28889 54.8 43.5 5442 29306 29287 54.6 55 0.2 440 76.9 45.2 40 55.3

1923 2943 3404 3422 50.5 47.4 5443 3503 3484 51.5 50 0.9 100 71.6 45 40 50.4

1924 2944 16368 16387 50.2 45 5444 16777 16758 51.5 50 1.2 410 75 40.7 40 52.6

1925 2945 24029 24047 52.1 52.6 5445 24815 24792 53.4 41.7 1.3 787 76.3 42.1 40 54.1

1926 2946 16368 16387 50.2 45 5446 16711 16691 51 42.9 0.8 344 75.1 41.9 40 52.7

1927 2947 28867 28890 55.2 41.7 5447 29306 29287 54.6 55 0.6 440 76.9 45.2 40 55.3

1928 2948 29196 29214 51.1 52.6 5448 29298 29279 52.6 55 1.5 103 73.3 48.5 40 51.7

1929 2949 18488 18507 53.7 55 5449 19224 19200 52.4 40 1.3 737 76 41.5 40 54

1930 2950 28395 28413 50.2 42.1 5450 28506 28488 50.2 47.4 0 112 74.4 50 40 52.2

1931 2951 16551 16568 51.1 50 5451 17032 17011 52 45.5 0.9 482 75.8 42.1 40 53.5

1932 2952 28871 28891 50.9 42.9 5452 29358 29339 52.8 50 1.9 488 76.9 44.9 40 54.2

1933 2953 28871 28891 50.9 42.9 5453 29298 29280 51.4 52.6 0.5 428 76.8 45.1 40 54.2

1934 2954 28870 28891 52.2 40.9 5454 29306 29288 53.5 52.6 1.2 437 76.8 45.1 40 54.6

1935 2955 28868 28891 53.8 41.7 5455 29301 29282 55.3 55 1.5 434 76.9 45.2 40 55.1

1936 2956 3404 3422 50.5 47.4 5456 3504 3485 50.4 45 0.1 101 71.5 44.6 40 50.3

1937 2957 29195 29213 51.9 52.6 5457 29298 29279 52.6 55 0.7 104 73.1 48.1 40 51.9

1938 2958 28938 28956 50.8 47.4 5458 29298 29280 51.4 52.6 0.6 361 76.4 44.9 40 53.8

1939 2959 18488 18507 53.7 55 5459 19210 19191 52 50 1.7 723 76 41.6 40 53.9

1940 2960 3095 3116 51.9 45.5 5460 3647 3628 50.6 45 1.3 553 76.2 42.7 40 53.6

1941 2961 3214 3233 51.1 50 5461 3497 3478 51.3 50 0.2 284 74.7 41.9 40 52.7

1942 2962 24017 24039 53 43.5 5462 24815 24791 54.5 40 1.5 799 76.2 41.9 40 54.4

1943 2963 3095 3116 51.9 45.5 5463 3646 3625 52 40.9 0.1 552 76.1 42.6 40 54

1944 2964 18550 18571 50.4 40.9 5464 19215 19194 50.2 40.9 0.2 666 75.8 41.1 40 53.2

1945 2965 3214 3233 51.1 50 5465 3500 3481 51.2 50 0.1 287 74.7 41.8 40 52.7

1946 2966 18586 18603 50.4 44.4 5466 19224 19200 52.4 40 1.9 639 75.6 40.8 40 53.1

1947 2967 18586 18603 50.4 44.4 5467 19217 19196 50.2 40.9 0.2 632 75.6 41 40 53.1

1948 2968 18586 18603 50.4 44.4 5468 19215 19194 50.2 40.9 0.2 630 75.6 41 40 53.1

1949 2969 18590 18608 50.6 42.1 5469 19224 19200 52.4 40 1.8 635 75.6 40.9 40 53.2

1950 2970 15255 15273 50.3 52.6 5470 15767 15746 50.7 40.9 0.4 513 75.1 40.2 40 52.7

1951 2971 28942 28961 50.2 45 5471 29414 29395 50.5 50 0.3 473 76.8 44.6 40 53.9

1952 2972 18590 18608 50.6 42.1 5472 19217 19196 50.2 40.9 0.3 628 75.7 41.1 40 53.1

1953 2973 3055 3074 51.1 50 5473 3207 3187 50.5 47.6 0.6 153 74 45.1 40 52

1954 2974 18590 18608 50.6 42.1 5474 19215 19194 50.2 40.9 0.3 626 75.7 41.1 40 53.1

1955 2975 18591 18611 51.7 42.9 5475 19224 19200 52.4 40 0.7 634 75.7 41 40 53.6

1956 2976 18591 18611 51.7 42.9 5476 19217 19196 50.2 40.9 1.4 627 75.7 41.1 40 53.2

1957 2977 18591 18611 51.7 42.9 5477 19215 19194 50.2 40.9 1.4 625 75.7 41.1 40 53.2

1958 2978 28546 28565 52.2 50 5478 28672 28654 50.6 52.6 1.6 127 76.5 53.5 40 53.8

1959 2979 29191 29210 54.4 55 5479 29415 29395 53.4 52.4 1 225 75.7 45.8 40 54.1

1960 2980 7880 7900 50.3 42.9 5480 8190 8172 50.3 47.4 0 311 74.9 41.8 40 52.6

1961 2981 3167 3189 51.6 43.5 5481 3650 3631 53.1 50 1.5 484 75.8 42.1 40 53.6

1962 2982 28965 28984 52.9 55 5482 29306 29288 53.5 52.6 0.6 342 76.5 45.3 40 54.5

1963 2983 3166 3188 51.6 43.5 5483 3650 3631 53.1 50 1.5 485 75.8 42.3 40 53.7

1964 2984 8867 8887 52.3 47.6 5484 9101 9081 50.5 47.6 1.9 235 74.1 41.7 40 52.1

1965 2985 23843 23863 50.3 42.9 5485 24013 23995 50.3 47.4 0 171 73.7 43.3 40 51.8

1966 2986 3403 3421 53.1 52.6 5486 3503 3484 51.5 50 1.7 101 71.9 45.5 40 50.9

1967 2987 16549 16567 54.9 52.6 5487 16777 16756 53.4 45.5 1.5 229 74 41.5 40 52.9

1968 2988 8868 8889 50.4 40.9 5488 9109 9087 50.5 43.5 0.1 242 73.9 40.9 40 51.9

1969 2989 8861 8880 50.2 45 5489 9311 9292 50.7 50 0.6 451 75.3 41.2 40 52.9

1970 2990 8868 8889 50.4 40.9 5490 9257 9238 50.5 45 0.1 390 75 41 40 52.7

1971 2991 8868 8889 50.4 40.9 5491 9313 9294 50.4 50 0 446 75.4 41.5 40 53

1972 2992 23841 23859 50.5 52.6 5492 24013 23995 50.3 47.4 0.1 173 74 43.9 40 52

1973 2993 28548 28568 50.5 42.9 5493 28672 28654 50.6 52.6 0 125 76.2 52.8 40 53.6

1974 2994 8867 8888 52.7 45.5 5494 9310 9291 51.2 45 1.5 444 75.4 41.4 40 53.2
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1975 2995 28968 28988 50.9 47.6 5495 29298 29279 52.6 55 1.8 331 76.2 44.7 40 53.7

1976 2996 19907 19926 52.1 55 5496 20615 20597 50.6 47.4 1.6 709 75.5 40.3 40 53.1

1977 2997 8861 8880 50.2 45 5497 9252 9235 50.1 50 0.1 392 75 41.1 40 52.6

1978 2998 19909 19929 50.7 52.4 5498 20615 20597 50.6 47.4 0.2 707 75.5 40.3 40 53.1

1979 2999 3361 3382 51.9 45.5 5499 3500 3481 51.2 50 0.7 140 74.1 46.4 40 52.3

1980 3000 18696 18715 51.7 50 5500 18881 18862 50.2 45 1.5 186 74.1 43.5 40 52.1

1981 3001 28968 28989 51.5 45.5 5501 29298 29279 52.6 55 1.1 331 76.2 44.7 40 53.9

1982 3002 19709 19730 51.3 40.9 5502 19923 19903 50.9 47.6 0.4 215 73.9 41.9 40 52.1

1983 3003 3361 3382 51.9 45.5 5503 3497 3478 51.3 50 0.6 137 74.1 46.7 40 52.4

1984 3004 3361 3384 53.7 41.7 5504 3495 3473 51.8 43.5 1.9 135 74 46.7 40 52.5

1985 3005 19709 19730 51.3 40.9 5505 19924 19905 50.1 50 1.2 216 73.9 41.7 40 51.8

1986 3006 16378 16397 50.4 45 5506 16711 16691 51 42.9 0.6 334 75.2 42.2 40 52.9

1987 3007 3361 3382 51.9 45.5 5507 3504 3485 50.4 45 1.5 144 74.3 46.5 40 52.2

1988 3008 18704 18724 50.8 47.6 5508 19406 19388 50.6 47.4 0.1 703 75.4 40.3 40 53.1

1989 3009 8868 8889 50.4 40.9 5509 9314 9295 51.1 50 0.7 447 75.5 41.6 40 53

1990 3010 3361 3382 51.9 45.5 5510 3503 3484 51.5 50 0.5 143 74.4 46.9 40 52.6

1991 3011 19709 19730 51.3 40.9 5511 19931 19912 50.9 55 0.4 223 74.2 42.2 40 52.3

1992 3012 16548 16566 54.9 52.6 5512 16777 16756 53.4 45.5 1.5 230 73.9 41.3 40 52.9

1993 3013 8868 8889 50.4 40.9 5513 9315 9296 50 45 0.4 448 75.4 41.5 40 52.9

1994 3014 22321 22341 51.6 42.9 5514 22460 22441 50.7 45 0.9 140 71.5 40 40 50.3

1995 3015 29182 29202 51.2 42.9 5515 29412 29393 50.3 45 0.9 231 75.4 45 40 53

1996 3016 22173 22193 51 42.9 5516 22460 22441 50.7 45 0.3 288 74.1 40.3 40 52.1

1997 3017 29181 29201 52.4 47.6 5517 29413 29393 51.1 42.9 1.3 233 75.5 45.1 40 53.3

1998 3018 18704 18724 50.8 47.6 5518 18881 18862 50.2 45 0.5 178 73.8 43.3 40 51.9

1999 3019 20751 20771 51.3 47.6 5519 21301 21278 51.3 41.7 0 551 75.5 41 40 53.3

2000 3020 29181 29200 50 45 5520 29412 29393 50.3 45 0.3 232 75.5 45.3 40 53

2001 3021 20751 20771 51.3 47.6 5521 21304 21283 50.5 40.9 0.8 554 75.5 41 40 53.1

2002 3022 29173 29197 54.2 40 5522 29415 29395 53.4 52.4 0.8 243 75.7 45.3 40 54.1

2003 3023 8867 8888 52.7 45.5 5523 9247 9226 52 45.5 0.7 381 75 41.2 40 53.2

2004 3024 8867 8888 52.7 45.5 5524 9255 9236 51.1 45 1.6 389 75 41.1 40 52.9

2005 3025 29178 29198 51.4 42.9 5525 29412 29393 50.3 45 1.1 235 75.5 45.1 40 53.1

2006 3026 3163 3185 53.6 47.8 5526 3650 3631 53.1 50 0.5 488 75.9 42.4 40 54.2

2007 3027 19800 19817 50.4 50 5527 20033 20016 50.4 50 0 234 74.9 43.6 41 52.7

2008 3028 8867 8886 50.7 50 5528 9376 9355 51 40.9 0.3 510 75.7 41.8 41 53.3

2009 3029 19800 19817 50.4 50 5529 19930 19910 50.6 47.6 0.2 131 72.6 43.5 41 51

2010 3030 24418 24439 52.9 45.5 5530 25082 25064 51.1 52.6 1.8 665 75.8 41.2 41 53.5

2011 3031 25771 25790 51.1 45 5531 26182 26161 51.2 40.9 0.1 412 74.8 40.3 41 52.8

2012 3032 12976 12994 50.3 47.4 5532 13326 13306 50.7 42.9 0.3 351 76.1 44.2 41 53.5

2013 3033 12976 12994 50.3 47.4 5533 13328 13307 51.2 45.5 0.9 353 76.1 44.2 41 53.5

2014 3034 2823 2844 50.4 45.5 5534 3500 3481 51.2 50 0.7 678 76.3 42.5 41 53.7

2015 3035 18009 18028 51.6 55 5535 18223 18205 53.3 52.6 1.7 215 74.5 43.3 41 52.7

2016 3036 8223 8240 50.4 50 5536 8933 8916 52.2 50 1.8 711 75.4 40.1 41 53

2017 3037 29180 29199 50.1 40 5537 29414 29395 50.5 50 0.4 235 75.5 45.1 41 53

2018 3038 19800 19817 50.4 50 5538 19925 19906 50.1 50 0.4 126 72.4 43.7 41 50.8

2019 3039 25772 25793 52.4 40.9 5539 26183 26162 52.8 45.5 0.4 412 74.8 40.3 41 53.2

2020 3040 14951 14975 52.2 40 5540 15152 15135 51.4 50 0.8 202 73.4 41.1 41 51.9

2021 3041 2823 2844 50.4 45.5 5541 3503 3484 51.5 50 1 681 76.4 42.6 41 53.7

2022 3042 18075 18095 50.6 47.6 5542 18231 18210 52.2 45.5 1.6 157 73.6 43.9 41 51.8

2023 3043 5 23 51.3 52.6 5543 269 251 51.1 52.6 0.1 265 76.4 46.4 41 53.9

2024 3044 9140 9159 50.1 45 5544 9249 9231 50.8 47.4 0.7 110 71.3 42.7 41 50

2025 3045 24418 24439 52.9 45.5 5545 24815 24791 54.5 40 1.6 398 75.9 43.2 41 54.1

2026 3046 8794 8813 51.6 45 5546 9358 9338 51 42.9 0.6 565 75.8 41.8 41 53.5

2027 3047 24418 24439 52.9 45.5 5547 24807 24786 51.7 45.5 1.2 390 75.9 43.3 41 53.8

2028 3048 2387 2405 51.6 52.6 5548 3186 3165 50.4 40.9 1.2 800 76.9 43.5 41 54.1

2029 3049 24418 24439 52.9 45.5 5549 24527 24506 51.7 40.9 1.2 110 71.3 42.7 41 50.5

2030 3050 24418 24439 52.9 45.5 5550 24517 24494 53.2 41.7 0.3 100 70.8 43 41 50.5

2031 3051 4255 4276 51.7 45.5 5551 4836 4817 51.2 45 0.5 582 75.9 41.9 41 53.6

2032 3052 24420 24440 50.8 42.9 5552 25082 25064 51.1 52.6 0.3 663 75.7 41 41 53.3

2033 3053 8867 8887 52.3 47.6 5553 9250 9232 51.6 47.4 0.8 384 75.1 41.4 41 53.2

2034 3054 14951 14975 52.2 40 5554 15275 15257 50.8 52.6 1.3 325 74.6 40.9 41 52.6

2035 3055 2387 2405 51.6 52.6 5555 3185 3164 51 45.5 0.7 799 76.9 43.6 41 54.2

2036 3056 8865 8884 50.4 45 5556 9252 9235 50.1 50 0.3 388 75.1 41.2 41 52.7

2037 3057 24420 24440 50.8 42.9 5557 24818 24797 51.6 40.9 0.8 399 75.8 42.9 41 53.4

2038 3058 24420 24440 50.8 42.9 5558 24807 24786 51.7 45.5 0.9 388 75.8 43 41 53.4

2039 3059 11541 11560 50.1 45 5559 12110 12090 51.1 42.9 1 570 75.9 41.9 41 53.3

2040 3060 2387 2405 51.6 52.6 5560 2672 2653 51.6 50 0 286 77 47.6 41 54.5

2041 3061 24420 24440 50.8 42.9 5561 24526 24506 50.3 42.9 0.5 107 70.8 42.1 41 49.8

2042 3062 11540 11557 50.4 50 5562 12110 12090 51.1 42.9 0.7 571 76 42 41 53.4

2043 3063 6263 6282 50.9 45 5563 6483 8463 50.2 42.9 0.7 221 73.7 41.2 41 51.8

2044 3064 24418 24440 55 47.8 5564 24815 24791 54.5 40 0.5 398 75.9 43.2 41 54.6

2045 3065 18075 118095 50.6 47.6 5565 18233 18214 52 50 1.4 159 74 44.7 41 52.1

2046 3066 18075 18095 50.6 47.6 5566 18233 18215 51.3 52.6 0.7 159 74 44.7 41 52.1

2047 3067 2429 2447 50.2 47.4 5567 3055 3036 50.6 50 0.4 627 76.3 42.6 41 53.6

2048 3068 19800 19818 52.1 52.6 5568 19917 19896 50.9 45.5 1.2 118 71.9 43.2 41 50.7
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2049 3069 24481 24500 50.1 45 5569 24936 24919 51.8 50 1.7 456 75.7 42.1 41 53.1

2050 3070 276 294 50.5 47.4 5570 713 695 50.7 47.4 0.2 438 79.1 50.7 41 55.7

2051 3071 19801 19819 53.2 52.6 5571 19927 19908 52.1 55 1.1 127 72.7 44.1 41 51.6

2052 3072 19801 19819 53.2 52.6 5572 19925 19905 51.4 52.4 1.9 125 72.5 44 41 51.3

2053 3073 3800 3824 53.6 40 5573 4318 4294 54.4 40 0.8 519 75.3 40.8 41 53.9

2054 3074 11540 11557 50.4 50 5574 12258 12238 50.3 42.9 0.2 719 76.2 42 41 53.5

2055 3075 24482 24502 50.3 42.9 5575 24938 24921 50.4 50 0.1 457 75.6 41.8 41 53.1

2056 3076 24482 24502 50.3 42.9 5576 24807 24786 51.7 45.5 1.4 326 75.4 42.9 41 53

2057 3077 8867 8888 52.7 45.5 5577 9364 9346 53.9 52.6 1.2 498 75.8 42.2 41 54

2058 3078 24481 24502 51.5 45.5 5578 25080 25062 53.5 52.6 2 600 75.5 40.8 41 53.4

2059 3079 8865 8884 50.4 45 5579 9107 9086 51.6 45.5 1.2 243 74 41.2 41 52

2060 3080 8867 8888 52.7 45.5 5580 9313 9293 52.1 47.6 0.6 447 75.5 41.6 41 53.5

2061 3081 2427 2445 52.1 52.6 5581 3055 3036 50.6 50 1.5 629 76.4 42.8 41 53.7

2062 3082 2823 2844 50.4 45.5 5582 3504 3485 50.4 45 0.1 682 76.3 42.5 41 53.7

2063 3083 24483 24503 51 42.9 5583 25085 25068 50.3 50 0.6 603 75.4 40.6 41 53

2064 3084 15255 15273 50.3 52.6 5584 15649 15632 50.1 50 0.2 395 75.1 41.3 41 52.7

2065 3085 24483 24503 51 42.9 5585 25082 25064 51.1 52.6 0.1 600 75.5 40.8 41 53.3

2066 3086 8867 8886 50.7 50 5586 9375 9354 50.4 40.9 0.3 509 75.7 41.8 41 53.2

2067 3087 12976 12994 50.3 47.4 5587 13329 13308 50.5 40.9 0.2 354 76.1 44.1 41 53.4

2068 3088 24483 24503 51 42.9 5588 25081 25063 52.4 52.6 1.4 599 75.5 40.7 41 53.2

2069 3089 379 398 50.1 45 5589 941 922 50.5 50 0.4 563 78.7 48.8 41 55.2

2070 3090 24483 24503 51 42.9 5590 24936 24919 51.8 50 0.8 454 75.7 42.1 41 53.4

2071 3091 19802 19820 53 52.6 5591 19927 19908 52.1 55 0.8 126 72.8 44.4 41 51.7

2072 3092 9934 9953 50.7 50 5592 10670 10649 51.3 40.9 0.6 737 75.7 40.8 41 53.3

2073 3093 8866 8885 51.1 45 5593 9312 9293 50.6 45 0.5 447 75.4 41.4 41 53

2074 3094 19846 19866 51.2 42.9 5594 20033 20016 50.4 50 0.8 188 74.2 43.6 41 52.2

2075 3095 19848 19867 50.7 45 5595 20033 20016 50.4 50 0.3 186 74.1 43.5 41 52.1

2076 3096 9538 9558 50.9 42.9 5596 10017 9999 52.8 52.6 1.9 480 75.5 41.5 41 53.2

2077 3097 8220 8238 51.5 47.4 5597 8933 8916 52.2 50 0.7 714 75.4 40.1 41 53.3

2078 3098 9140 9159 50.1 45 5598 9249 9232 50 50 0.1 110 71.3 42.7 41 50

2079 3099 12976 12994 50.3 47.4 5599 13332 13312 50.9 47.6 0.6 357 76.2 44.3 41 53.5

2080 3100 15752 15772 50.8 47.6 5600 16174 16154 50.4 42.9 0.4 423 75.1 40.9 41 52.8

2081 3101 18074 18094 51.1 42.9 5601 18232 18212 50.6 47.6 0.5 159 73.7 44 41 51.9

2082 3102 24559 24579 52 52.4 5602 25081 25063 52.4 52.6 0.4 523 75.5 41.1 41 53.5

2083 3103 24559 24579 52 52.4 5603 25079 25061 52.7 52.6 0.7 521 75.5 41.3 41 53.6

2084 3104 3169 3191 52.1 47.8 5604 3650 3631 53.1 50 1 482 75.9 42.3 41 53.8

2085 3105 28117 28135 50.6 52.6 5605 28672 28654 50.6 52.6 0.1 556 80 52 41 56.3

2086 3106 1809 1829 50.6 42.9 5606 2103 2082 52 45.5 1.5 295 75.4 43.4 41 53

2087 3107 24559 24579 52 52.4 5607 24933 24913 51.1 42.9 0.8 375 75.6 42.7 41 53.4

2088 3108 1809 1829 50.6 42.9 5608 2113 2094 50.1 45 0.4 305 75.4 43.3 41 52.9

2089 3109 28116 28134 50.8 47.4 5609 28505 28487 50.2 47.4 0.6 390 79.4 51.8 41 55.8

2090 3110 1808 1828 50.6 42.9 5610 2103 2082 52 45.5 1.5 296 75.5 43.6 41 53.1

2091 3111 15951 15975 53.1 40 5611 16210 16192 54.3 52.6 1.2 260 74.3 41.5 41 53.1

2092 3112 8865 8884 50.4 45 5612 9341 9322 51.1 50 0.7 477 75.6 41.7 41 53.1

2093 3113 15 33 50.7 52.6 5613 642 622 51.6 47.6 0.9 628 79 49.2 41 55.6

2094 3114 8861 8880 50.2 45 5614 9107 9086 51.6 45.5 1.4 247 73.9 40.9 41 51.9

2095 3115 1808 1828 50.6 42.9 5615 2113 2094 50.1 45 0.4 306 75.5 43.5 41 53

2096 3116 24562 24580 50.1 52.6 5616 24933 24913 51.1 42.9 1.1 372 75.5 42.5 41 53

2097 3117 28116 28134 50.8 47.4 5617 28672 28654 50.6 52.6 0.2 557 80 51.9 41 56.2

2098 3118 24560 24580 51.3 52.4 5618 25081 25063 52.4 52.6 1.1 522 75.4 41 41 53.3

2099 3119 24560 24580 51.3 52.4 5619 25079 25061 52.7 52.6 1.4 520 75.5 41.2 41 53.3

2100 3120 16366 16384 50.3 52.6 5620 16775 16755 51.1 42.9 0.7 410 75.1 41 41 52.7

2101 3121 16366 16384 50.3 52.6 5621 16774 16754 50.4 42.9 0.1 409 75.1 41.1 41 52.8

2102 3122 24569 24590 56.6 54.5 5622 25089 25070 55.8 55 0.8 521 75.4 40.9 41 54.6

2103 3123 24569 24590 56.6 54.5 5623 25088 25069 55 50 1.6 520 75.3 40.8 41 54.3

2104 3124 24567 24590 57.8 54.2 5624 25095 25072 59.3 54.2 1.5 529 75.4 40.8 41 55.2

2105 3125 24568 24591 58.9 54.2 5625 25095 25072 59.3 54.2 0.4 528 75.3 40.7 41 55.5

2106 3126 24568 24591 58.9 54.2 5626 25091 25070 59.1 54.5 0.2 524 75.4 40.8 41 55.5

2107 3127 24568 24591 58.9 54.2 5627 25090 25069 58.3 54.5 0.6 523 75.4 40.9 41 55.4

2108 3128 16366 16384 50.3 52.6 5628 16774 16753 51.1 40.9 0.8 409 75.1 41.1 41 52.8

2109 3129 1806 1825 51.1 45 5629 2103 2082 52 45.5 1 298 75.5 43.6 41 53.3

2110 3130 8374 8395 52.4 45.5 5630 9107 9086 51.6 45.5 0.8 734 75.5 40.2 41 53.4

2111 3131 24622 24643 57.1 54.5 5631 24935 24913 56.1 47.8 1 314 74.5 40.8 41 54.1

2112 3132 9130 9150 51.3 42.9 5632 9358 9338 51 42.9 0.3 229 74.5 42.8 41 52.5

2113 3133 12936 12957 53.7 45.5 5633 13530 13511 55.6 55 1.9 595 77.4 45.4 41 55.4

2114 3134 8373 8391 50.7 47.4 5634 9107 9086 51.6 45.5 0.9 735 75.4 40.1 41 53.1

2115 3135 1352 1371 56.1 55 5635 1701 1678 54.3 41.7 1.8 350 76.7 45.7 41 55.1

2116 3136 8867 8886 50.7 50 5636 9342 9323 52.1 50 1.4 476 75.7 42 41 53.3

2117 3137 1352 1371 56.1 55 5637 1701 1677 54.7 40 1.4 350 76.7 45.7 41 55.2

2118 3138 9130 9150 51.3 42.9 5638 9249 9232 50 50 1.3 120 71.7 42.5 41 50.3

2119 3139 16861 16880 50.8 50 5639 17062 17045 50.2 50 0.6 202 74.8 44.6 41 52.5

2120 3140 9130 9150 51.3 42.9 5640 9249 9231 50.8 47.4 0.5 120 71.7 42.5 41 50.5

2121 3141 9130 9150 51.3 42.9 5641 9249 9230 51.5 45 0.2 120 71.7 42.5 41 50.7

2122 3142 8372 8390 50.7 47.4 5642 9060 9039 50.3 40.9 0.4 689 75.4 40.2 41 53
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2123 3143 18074 18093 50.3 45 5643 18232 18212 50.6 47.6 0.3 159 73.7 44 41 51.8

2124 3144 2671 2692 52.1 40.9 5644 3193 3172 52.6 50 0.5 523 75.8 41.9 41 53.8

2125 3145 16562 16581 52.6 50 5645 17064 17045 51.4 50 1.2 503 75.8 42.1 41 53.6

2126 3146 2671 2692 52.1 40.9 5646 3193 3173 51.4 47.6 0.7 523 75.8 41.9 41 53.6

2127 3147 8372 8390 50.7 47.4 5647 9107 9086 51.6 45.5 0.9 736 75.5 40.2 41 53.1

2128 3148 12726 12746 51.3 47.6 5648 13321 13301 50.3 42.9 0.9 596 76.7 43.6 41 53.9

2129 3149 8867 8886 50.7 50 5649 9312 9293 50.6 45 0.1 446 75.4 41.5 41 53

2130 3150 16562 16580 51.9 52.6 5650 17062 17045 50.2 50 1.7 501 75.8 42.1 41 53.2

2131 3151 27377 27397 53.4 47.6 5651 27674 27653 52.5 40.9 0.9 298 74.3 40.6 41 52.8

2132 3152 16556 16573 50.3 50 5652 17111 17090 51.1 40.9 0.8 556 76.1 42.4 41 53.5

2133 3153 7815 7833 51.5 52.6 5653 8531 8512 52 45 0.5 717 75.7 40.7 41 53.5

2134 3154 3223 3241 50.2 52.6 5654 3494 3473 50.4 40.9 0.2 272 74.6 41.9 41 52.4

2135 3155 8372 8390 50.7 47.4 5655 9109 9087 50.5 43.5 0.1 738 75.4 40.1 41 53.1

2136 3156 3041 3065 57.7 48 5656 3650 3628 56.3 47.8 1.4 610 76.3 42.8 41 55.4

2137 3157 9569 9591 53 43.5 5657 10017 9999 52.8 52.6 0.3 449 75.4 41.4 41 53.7

2138 3158 3041 3065 57.7 48 5658 3649 3625 56.6 44 1.2 609 76.3 42.7 41 55.5

2139 3159 13176 13196 51.4 47.6 5659 13321 13301 50.3 42.9 1 146 73.3 43.8 41 51.5

2140 3160 16366 16385 52.9 55 5660 16775 16755 51.1 42.9 1.8 410 75.1 41 41 53

2141 3161 16366 16385 52.9 55 5661 16775 16754 51.7 40.9 1.1 410 75.1 41 41 53.2

2142 3162 16366 16385 52.9 55 5662 16774 16753 51.1 40.9 1.8 409 75.1 41.1 41 53

2143 3163 1402 1422 50.2 42.9 5663 2104 2084 50.6 42.9 0.4 703 76.7 43.2 41 53.8

2144 3164 1402 1422 50.2 42.9 5664 1697 1678 50.3 45 0.1 296 76 44.9 41 53.4

2145 3165 3055 3076 52.4 45.5 5665 3503 3484 51.5 50 1 449 76.1 43.2 41 53.8

2146 3166 15211 15230 50.2 45 5666 16001 15980 51.1 45.5 0.9 791 75.6 40.3 41 53.1

2147 3167 12267 12290 54.5 41.7 5667 12414 12392 53.9 43.5 0.6 148 72.2 41.2 41 51.8

2148 3168 8861 8880 50.2 45 5668 9256 9237 50.8 45 0.6 396 75 40.9 41 52.6

2149 3169 3049 3071 56.3 52.2 5669 3650 3628 56.3 47.8 0 602 76.4 42.9 41 55.4

2150 3170 3049 3071 56.3 52.2 5670 3648 3625 55.5 41.7 0.8 600 76.3 42.7 41 55.2

2151 3171 8861 8880 50.2 45 5671 9313 9294 50.4 50 0.3 453 75.3 41.3 41 52.9

2152 3172 12352 12375 52.9 41.7 5672 12911 12891 51.2 47.6 1.7 560 76.1 42.5 41 53.7

2153 3173 7965 7985 51.9 42.9 5673 8531 8512 52 45 0.2 567 75.1 40 41 53.2

2154 3174 18017 18036 54.8 55 5674 18233 18212 53.5 50 1.3 217 74.7 43.8 41 53.5

2155 3175 8867 8886 50.7 50 5675 9257 9238 50.5 45 0.2 391 75.1 41.2 41 52.8

2156 3176 3221 3239 51.5 52.6 5676 3494 3473 50.4 40.9 1.1 274 74.5 41.6 41 52.4

2157 3177 1402 1422 50.2 42.9 5677 1697 1677 51 42.9 0.8 296 76 44.9 41 53.4

2158 3178 1402 1422 50.2 42.9 5678 1697 1676 51.7 40.9 1.5 296 76 44.9 41 53.4

2159 3179 18011 18032 55.7 54.5 5679 18220 18201 56.1 55 0.4 210 74.5 43.3 41 53.9

2160 3180 12726 12746 51.3 47.6 5680 13329 13308 50.5 40.9 0.8 604 76.6 43.5 41 53.9

2161 3181 1402 1425 52.8 41.7 5681 1698 1678 51.7 42.9 1.1 297 76 44.8 41 53.8

2162 3182 18013 18032 52.2 55 5682 18223 18205 53.3 52.6 1.1 211 74.4 43.1 41 52.8

2163 3183 3777 3797 51.7 47.6 5683 4444 4424 50.6 42.9 1.1 668 75.6 40.7 41 53.2

2164 3184 3777 3797 51.7 47.6 5684 4445 4425 50.6 42.9 1.1 669 75.6 40.7 41 53.2

2165 3185 7876 7895 51.5 45 5685 8189 8170 50.6 50 0.9 314 75.1 42.4 41 52.9

2166 3186 18014 18032 51 52.6 5686 18229 18209 50.1 42.9 0.8 216 74.2 42.6 41 52.1

2167 3187 1402 1425 52.8 41.7 5687 1697 1677 51 42.9 1.8 296 76 44.9 41 53.6

2168 3188 1402 1425 52.8 41.7 5688 1697 1676 51.7 40.9 1.1 296 76 44.9 41 53.8

2169 3189 1402 1425 52.8 41.7 5689 1501 1481 51.2 42.9 1.6 100 72 46 41 50.9

2170 3190 12366 12384 51.7 52.6 5690 13155 13138 50.4 50 1.3 790 76.8 43.4 41 54

2171 3191 27361 27380 52.4 55 5691 27573 27552 52.3 40.9 0.1 213 75 44.6 41 53.3

2172 3192 18006 18028 54.5 52.2 5692 18220 18201 56.1 55 1.6 215 74.5 43.3 41 53.6

2173 3193 1442 1461 51.6 55 5693 1872 1854 53.2 52.6 1.6 431 76.2 43.6 41 53.9

2174 3194 27361 27380 52.4 55 5694 27567 27547 51.1 42.9 1.3 207 75.1 44.9 41 53

2175 3195 9131 9151 50.4 42.9 5695 9249 9230 51.5 45 1.2 119 71.8 42.9 41 50.5

2176 3196 3217 3236 51.1 50 5696 3504 3485 50.4 45 0.7 288 74.8 42 41 52.6

2177 3197 18011 18029 51.3 52.6 5697 18232 18212 50.6 47.6 0.7 222 74.8 43.7 41 52.6

2178 3198 3055 3074 51.1 50 5698 3503 3484 51.5 50 0.4 449 76.1 43.2 41 53.7

2179 3199 8866 8886 52.3 47.6 5699 9364 9346 53.9 52.6 1.6 499 75.8 42.1 41 53.9

2180 3200 16368 16387 50.2 45 5700 16774 16752 52.2 43.5 2 407 75 40.8 41 52.7

2181 3201 8859 8879 50 42.9 5701 9252 9235 50.1 50 0.1 394 75 41.1 41 52.6

2182 3202 9131 9151 50.4 42.9 5702 9249 9231 50.8 47.4 0.5 119 71.8 42.9 41 50.5

2183 3203 3217 3236 51.1 50 5703 3494 3473 50.4 40.9 0.7 278 74.6 41.7 41 52.4

2184 3204 8859 8879 50 42.9 5704 9341 9322 51.1 50 1.1 483 75.6 41.6 41 53

2185 3205 9131 9151 50.4 42.9 5705 9249 9232 50 50 0.3 119 71.8 42.9 41 50.4

2186 3206 8867 8886 50.7 50 5706 9248 9229 50.1 45 0.5 382 75.1 41.4 41 52.7

2187 3207 27366 27384 52.2 52.6 5707 27576 27555 51 40.9 1.2 211 74.8 44.1 41 52.7

2188 3208 1442 1461 51.6 55 5708 1879 1861 53 52.6 1.4 438 76.2 43.6 41 54

2189 3209 12366 12384 51.7 52.6 5709 12724 12705 52.4 55 0.7 359 75.6 42.9 41 53.5

2190 3210 12366 12384 51.7 52.6 5710 12498 12480 50 47.4 1.6 133 73 44.4 41 51.2

2191 3211 98 118 50.6 42.9 5711 713 695 50.7 47.4 0.1 616 79 49.4 41 55.6

2192 3212 12373 12391 50.8 47.4 5712 13155 13138 50.4 50 0.4 783 76.8 43.4 41 54

2193 3213 18011 18030 52.9 55 5713 18230 18209 51.3 45.5 1.6 220 74.5 43.2 41 52.7

2194 3214 1402 1426 54.1 40 5714 1700 1676 53.9 40 0.2 299 76 44.8 41 54.5

2195 3215 18011 18030 52.9 55 5715 18223 18205 53.3 52.6 0.5 213 74.4 43.2 41 53.1

2196 3216 1402 1426 54.1 40 5716 1698 1677 52.3 40.9 1.8 297 76 44.8 41 54
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2197 3217 16463 16483 51.3 42.9 5717 17032 17011 52 45.5 0.7 570 76 42.1 41 53.7

2198 3218 18009 18030 54.6 54.5 5718 18220 18201 56.1 55 1.6 212 74.5 43.4 41 53.6

2199 3219 1402 1426 54.1 40 5719 1700 1678 52.9 43.5 1.3 299 76 44.8 41 54.2

2200 3220 9131 9151 50.4 42.9 5720 9358 9338 51 42.9 0.6 228 74.6 43 41 52.4

2201 3221 3055 3075 51.8 47.6 5721 3503 3484 51.5 50 0.3 449 76.1 43.2 41 53.8

2202 3222 18013 18031 50.6 52.6 5722 18232 18212 50.6 47.6 0 220 74.7 43.6 41 52.6

2203 3223 8794 8813 51.6 45 5723 9249 9230 51.5 45 0.1 456 75.4 41.4 41 53.4

2204 3224 8794 8813 51.6 45 5724 9249 9231 50.8 47.4 0.8 456 75.4 41.4 41 53.1

2205 3225 16549 16567 54.9 52.6 5725 17065 17045 53.1 47.6 1.9 517 76 42.4 41 54.2

2206 3226 8794 8813 51.6 45 5726 9249 9232 50 50 1.6 456 75.4 41.4 41 52.9

2207 3227 1402 1426 54.1 40 5727 2104 2082 53.5 43.5 0.6 703 76.7 43.2 41 54.8

2208 3228 9927 9946 51.3 50 5728 10356 10336 52.4 47.6 1.1 430 75.6 42.1 41 53.4

2209 3229 3219 3238 50.7 50 5729 3494 3473 50.4 40.9 0.3 276 74.5 41.7 41 52.4

2210 3230 16549 16567 54.9 52.6 5730 17033 17011 53.2 43.5 1.7 485 75.8 42.1 41 54.1

2211 3231 18014 18032 51 52.6 5731 18702 18685 50.2 50 0.8 689 76.2 42.2 41 53.5

2212 3232 8794 8813 51.6 45 5732 9333 9315 52.2 52.6 0.6 540 75.9 42 41 53.7

2213 3233 8867 8888 52.7 45.5 5733 9249 9229 53 47.6 0.2 383 75.2 41.5 41 53.5

2214 3234 18009 18028 51.6 55 5734 18229 18209 50.1 42.9 1.5 221 74.5 43 41 52.3

2215 3235 9633 9651 51 47.4 5735 10017 9999 52.8 52.6 1.8 385 75.6 42.6 41 53.3

2216 3236 9915 9935 51.8 47.6 5736 10449 10428 51.9 40.9 0.1 535 75.4 40.9 41 53.4

2217 3237 29259 29277 50.9 52.6 5737 29414 29395 50.5 50 0.3 156 74.5 46.2 41 52.4

2218 3238 8868 8889 50.4 40.9 5738 9317 9297 50.5 42.9 0.1 450 75.4 41.6 41 53

2219 3239 29257 29276 51.3 50 5739 29414 29395 50.5 50 0.8 158 74.6 46.2 41 52.5

2220 3240 13176 13196 51.4 47.6 5740 13332 13312 50.9 47.6 0.5 157 73.6 43.9 41 51.9

2221 3241 9918 9938 51.4 47.6 5741 10449 10428 51.9 40.9 0.5 53.2 75.4 40.8 41 53.3

2222 3242 13176 13196 51.4 47.6 5742 13856 13835 50.1 45.5 1.3 681 75.8 41.1 41 53.2

2223 3243 29253 29270 50 50 5743 29414 29395 50.5 50 0.5 162 75.2 47.5 41 52.8

2224 3244 13037 13058 54.8 50 5744 13530 13511 55.6 55 0.8 494 77.3 45.7 41 55.6

2225 3245 18009 18028 51.6 55 5745 18702 18685 50.2 50 1.5 694 76.3 42.4 41 53.6

2226 3246 24178 24197 50.3 40 5746 24938 24921 50.4 50 0.1 761 75.8 40.9 41 53.2

2227 3247 24174 24195 52.5 40.9 5747 24740 24717 52.5 41.7 0 567 76 42.2 41 54

2228 3248 7679 7698 50.6 50 5748 8054 8035 50.4 50 0.1 376 75.6 42.6 41 53.1

2229 3249 18005 18024 51.1 50 5749 18229 18209 50.1 42.9 1 225 74.4 42.7 41 52.2

2230 3250 24174 24195 52.5 40.9 5750 24933 24913 51.1 42.9 1.4 760 75.8 40.9 41 53.5

2231 3251 3016 3036 50.2 42.9 5751 3500 3481 51.2 50 0.9 485 76.3 43.3 41 53.6

2232 3252 28820 28838 53.7 52.6 5752 29306 29288 53.5 52.6 0.2 487 77.1 45.4 41 55.1

2233 3253 18005 18024 51.1 50 5753 18233 18214 52 50 0.9 229 74.9 43.7 41 52.8

2234 3254 3016 3036 50.2 42.9 5754 3503 3484 51.5 50 1.2 488 76.3 43.4 41 53.6

2235 3255 7723 7741 52.2 52.6 5755 8054 8035 50.4 50 1.7 332 75 41.9 41 52.8

2236 3256 29200 29224 54.2 40 5756 29358 29339 52.8 50 1.4 159 74.5 45.9 41 53.1

2237 3257 3016 3036 50.2 42.9 5757 3504 3485 50.4 45 0.1 489 76.3 43.4 41 53.6

2238 3258 985 1004 51.1 50 5758 1499 1482 50.1 50 1.1 515 76.5 43.7 41 53.7

2239 3259 8866 8885 51.1 45 5759 9257 9238 50.5 45 0.6 392 75 41.1 41 52.8

2240 3260 3016 3036 50.2 42.9 5760 3647 3628 50.6 45 0.4 632 76.4 42.9 41 53.7

2241 3261 13039 13058 51.8 50 5761 13749 13727 50.5 43.5 1.3 711 76.7 43.2 41 53.9

2242 3262 24096 24119 54.4 41.7 5762 24815 24792 53.4 41.7 1 720 75.8 41 41 54.2

2243 3263 17840 17859 50.8 45 5763 18229 18209 50.1 42.9 0.7 390 74.7 40.3 41 52.4

2244 3264 15255 15273 50.3 52.6 5764 15647 15628 51 45 0.7 393 75.1 41.2 41 52.7

2245 3265 988 1006 52.2 52.6 5765 1500 1482 50.6 47.4 1.6 513 76.5 43.7 41 53.8

2246 3266 24035 24053 52.2 52.6 5766 24527 24508 50.5 45 1.7 493 75.4 41.2 41 53

2247 3267 18616 18636 51.4 47.6 5767 19215 19194 50.2 40.9 1.1 600 75.7 41.2 41 53.1

2248 3268 8374 8393 51.2 45 5768 9101 9081 50.5 47.6 0.7 728 75.5 40.2 41 53.1

2249 3269 17840 17859 50.8 45 5769 18238 18219 50.3 45 0.5 399 75 40.9 41 52.7

2250 3270 24030 24047 50.7 50 5770 24526 24506 50.3 42.9 0.4 497 75.5 41.2 41 53

2251 3271 24030 24047 50.7 50 5771 24527 24507 51 42.9 0.3 498 75.4 41.2 41 53.1

2252 3272 17840 17859 50.8 45 5772 18239 18220 50 45 0.8 400 74.9 40.8 41 52.6

2253 3273 985 1008 56.1 50 5773 1626 1602 56.1 44 0 642 77.1 44.5 41 55.9

2254 3274 13039 13057 51.1 52.6 5774 13749 13727 50.5 43.5 0.6 711 76.7 43.2 41 53.9

2255 3275 29200 29223 53.7 41.7 5775 29358 29339 52.8 50 0.9 159 74.5 45.9 41 53.1

2256 3276 1046 1063 50.3 50 5776 1498 1481 51 50 0.7 453 76.4 43.9 41 53.7

2257 3277 24019 24039 50.1 42.9 5777 24527 24508 50.5 45 0.4 509 75.4 41.1 41 52.9

2258 3278 24014 24035 50.6 40.9 5778 24527 24508 50.5 45 0.1 514 75.5 41.2 41 53.1

2259 3279 1046 1063 50.3 50 5779 1497 1480 50.3 50 0.1 452 76.5 44 41 53.7

2260 3280 29201 29222 51 40.9 5780 29358 29339 52.8 50 1.9 158 74.3 45.6 41 52.4

2261 3281 18583 18603 54.8 47.6 5781 18696 18672 53.9 40 0.8 114 70.5 40.4 41 50.6

2262 3282 12977 12996 50.2 40 5782 13326 13306 50.7 42.9 0.4 350 76 44 41 53.4

2263 3283 23843 23863 50.3 42.9 5783 24088 24070 50.5 52.6 0.2 246 75.7 45.1 41 53.2

2264 3284 29200 29221 52.6 45.5 5784 29358 29339 52.8 50 0.2 159 74.5 45.9 41 53

2265 3285 23843 23863 50.3 42.9 5785 24091 24073 50.9 52.6 0.5 249 75.8 45.4 41 53.3

2266 3286 17792 17813 51.6 40.9 5786 18231 18210 52.2 45.5 0.6 440 75 40.5 41 53.1

2267 3287 23843 23863 50.3 42.9 5787 24094 24076 50.9 52.6 0.5 252 75.9 45.6 41 53.4

2268 3288 8374 8393 51.2 45 5788 9109 9087 50.5 43.5 0.6 736 75.4 40.1 41 53.1

2269 3289 17793 17813 50 42.9 5789 18223 18206 51.8 50 1.7 431 74.9 40.4 41 52.5

2270 3290 1046 1063 50.3 50 5790 1481 1463 50.5 47.4 0.2 436 76.2 43.6 41 53.6
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2271 3291 23842 23862 50.9 47.6 5791 24093 24075 50.9 52.6 0 252 75.9 45.6 41 53.5

2272 3292 23842 23862 50.9 47.6 5792 24527 24507 51 42.9 0.1 686 76.1 41.8 41 53.6

2273 3293 2823 2844 50.4 45.5 5793 3082 3058 52.3 40 1.9 260 74.3 41.5 41 52.3

2274 3294 18550 18571 50.4 40.9 5794 19316 19295 50 40.9 0.4 767 75.5 40.3 41 53

2275 3295 23841 23860 52.1 55 5795 24527 24507 51 42.9 1.1 687 76.1 41.9 41 53.7

2276 3296 23841 23860 52.1 55 5796 24527 24508 50.5 45 1.6 687 76.1 41.9 41 53.5

2277 3297 17793 17813 50 42.9 5797 18233 18215 51.3 52.6 1.3 441 75.1 40.8 41 52.7

2278 3298 1 19 50.1 52.6 5798 269 251 51.1 52.6 1.1 269 76.4 46.5 41 53.6

2279 3299 23841 23859 50.5 52.6 5799 24094 24076 50.9 52.6 0.4 254 76.1 46.1 41 53.5

2280 3300 8908 8925 51.1 50 5800 9249 9231 50.8 47.4 0.2 342 75.1 41.8 41 52.9

2281 3301 8908 8925 51.1 50 5801 9249 9230 51.5 45 0.5 342 75.1 41.8 41 53

2282 3302 23841 23859 50.5 52.6 5802 24500 24481 50.1 45 0.4 660 76.1 42.1 41 53.4

2283 3303 23841 23859 50.5 52.6 5803 24526 24506 50.3 42.9 0.2 686 76.1 42 41 53.5

2284 3304 18225 18243 51.4 52.6 5804 18632 18611 50.2 40.9 1.2 408 75.7 42.6 41 53.2

2285 3305 3794 3812 52.9 52.6 5805 4318 4294 54.4 40 1.5 525 75.5 41.1 41 53.8

2286 3306 8908 8925 51.1 50 5806 9245 9226 50 45 1 338 74.9 41.4 41 52.5

2287 3307 17790 17811 51.6 40.9 5807 18231 18210 52.2 45.5 0.6 442 75 40.5 41 53.1

2288 3308 18077 18100 54.7 45.8 5808 18443 18424 55.9 55 1.3 367 75.8 43.3 41 54.6

2289 3309 23838 23857 50.4 50 5809 24527 24507 51 42.9 0.6 690 76 41.7 41 53.4

2290 3310 23838 23857 50.4 50 5810 24527 24508 50.5 45 0.1 690 76 41.7 41 53.4

2291 3311 23735 23752 51.2 50 5811 24013 23995 50.3 47.4 0.8 279 74.1 40.5 41 52.1

2292 3312 18080 18100 53.3 47.6 5812 18220 18202 54.8 52.6 1.5 141 73.1 44 41 52.3

2293 3313 18081 18100 51.7 50 5813 18223 18206 51.8 50 0.1 143 73.2 44.1 41 51.9

2294 3314 18081 18100 51.7 50 5814 18231 18210 52.2 45.5 0.5 151 73.6 44.4 41 52.1

2295 3315 18081 18100 51.7 50 5815 18233 18214 52 50 0.4 153 74 45.1 41 52.4

2296 3316 18081 18100 51.7 50 5816 18233 18215 51.3 52.6 0.4 153 74 45.1 41 52.3

2297 3317 8911 8928 51.9 50 5817 9252 9235 50.1 50 1.8 342 75 41.5 41 52.6

2298 3318 17791 17811 50 42.9 5818 18223 18206 51.8 50 1.7 433 74.9 40.4 41 52.5

2299 3319 8911 8928 51.9 50 5819 9249 9231 50.8 47.4 1 339 75 41.6 41 52.8

2300 3320 12352 12375 52.9 41.7 5820 12912 12892 53.6 52.4 0.8 561 76.2 42.6 41 54.3

2301 3321 8911 8928 51.9 50 5821 9249 9230 51.5 45 0.3 339 75 41.6 41 53

2302 3322 12352 12375 52.9 41.7 5822 12995 12976 51.1 45 1.8 644 76.4 42.9 41 53.9

2303 3323 17791 17811 50 42.9 5823 18233 18215 51.3 52.6 1.3 443 75.1 40.9 41 52.7

2304 3324 12977 12996 50.2 40 5824 13328 13307 51.2 45.5 1 352 76 44 41 53.4

2305 3325 12977 12996 50.2 40 5825 13329 13308 50.5 40.9 0.3 353 76 43.9 41 53.4

2306 3326 8911 8928 51.9 50 5826 9245 9226 50 45 1.8 335 74.8 41.2 41 52.5

2307 3327 8913 8931 55.5 52.6 5827 9252 9231 54 45.5 1.5 340 74.9 41.5 41 53.7

2308 3328 1402 1425 52.8 41.7 5828 1501 1480 51.9 40.9 0.9 100 72 46 41 51.1

2309 3329 24941 24960 52 50 5829 25646 25627 50.5 45 1.5 706 75.4 40.2 41 53

2310 3330 17608 17628 50.9 42.9 5830 17769 17749 50 42.9 0.9 162 72.4 40.7 41 50.8

2311 3331 24941 24960 52 50 5831 25404 25386 52.7 52.6 0.7 464 75.3 41.2 41 53.4

2312 3332 24941 24960 52 50 5832 25401 25383 50.6 47.4 1.4 461 75.2 41 41 53

2313 3333 24941 24960 52 50 5833 25400 25382 51.4 52.6 0.6 460 75.3 41.1 41 53.2

2314 3334 17608 17628 50.9 42.9 5834 18231 18210 52.2 45.5 1.2 624 75.2 40.1 41 53.1

2315 3335 18081 18099 51.2 52.6 5835 18232 18212 50.6 47.6 0.6 152 73.8 44.7 41 51.9

2316 3336 7725 7742 50 50 5836 7853 7833 50.7 47.6 0.7 129 71.2 40.3 41 49.9

2317 3337 8913 8931 55.5 52.6 5837 9252 9230 54.5 43.5 1 340 74.9 41.5 41 53.9

2318 3338 17608 17628 50.9 42.9 5838 18233 18215 51.3 52.6 0.4 626 75.3 40.3 41 53.1

2319 3339 19715 19735 52.5 47.6 5839 19931 19912 50.9 55 1.6 217 74 41.9 41 52.2

2320 3340 8913 8931 55.5 52.6 5840 9248 9226 54.7 47.8 0.7 336 74.9 41.4 41 53.9

2321 3341 18081 18099 51.2 52.6 5841 18642 18622 50.5 42.9 0.7 562 76.2 42.7 41 53.6

2322 3342 2823 2844 50.4 45.5 5842 3189 3168 51 45.5 0.5 367 75.6 42.8 41 53.2

2323 3343 19715 19735 52.5 47.6 5843 19927 19908 52.1 55 0.3 213 73.9 41.8 41 52.4

2324 3344 2823 2844 50.4 45.5 5844 3190 3169 50.7 45.5 0.2 368 75.6 42.7 41 53.1

2325 3345 28936 28956 55.2 52.4 5845 29306 29287 54.6 55 0.6 371 76.6 45.3 41 55.1

2326 3346 28936 28956 55.2 52.4 5846 29306 29285 56.7 54.5 1.6 371 76.6 45.3 41 55.3

2327 3347 28523 28544 51.6 40.9 5847 29298 29280 51.4 52.6 0.2 776 78.4 47.3 41 55.4

2328 3348 24180 24199 50.3 40 5848 24933 24913 51.1 42.9 0.9 754 75.8 40.8 41 53.2

2329 3349 19715 19735 52.5 47.6 5849 19925 19905 51.4 52.4 1.1 211 73.8 41.7 41 52.2

2330 3350 4645 4665 50.2 42.9 5850 4836 4817 51.2 45 0.9 192 75 45.3 41 52.6

2331 3351 18081 18099 51.2 52.6 5851 18702 18685 50.2 50 1 622 76.2 42.4 41 53.5

2332 3352 28522 28542 50.2 42.9 5852 29298 29280 51.4 52.6 1.2 777 78.4 47.2 41 55.1

2333 3353 24179 24199 52.7 42.9 5853 24740 24717 52.5 41.7 0.2 562 76 42.2 41 54

2334 3354 19715 19735 52.5 47.6 5854 19909 19885 52.5 40 0 195 73.3 41 41 52.1

2335 3355 1810 1830 51.2 42.9 5855 2103 2082 52 45.5 0.8 294 75.5 43.5 41 53.3

2336 3356 19716 19737 52.2 45.5 5856 19909 19885 52.5 40 0.3 194 73.1 40.7 41 51.9

2337 3357 19719 19739 50.6 42.9 5857 19909 19885 52.5 40 1.9 191 72.9 40.3 41 51.3

2338 3358 12977 12996 50.2 40 5858 13332 13312 50.9 47.6 0.6 356 76.1 44.1 41 53.4

2339 3359 19721 19745 52.3 40 5859 19909 19885 52.5 40 0.2 189 73 40.7 41 51.9

2340 3360 17608 17627 50.2 45 5860 17769 17749 50 42.9 0.2 162 72.4 40.7 41 50.8

2341 3361 17608 17627 50.2 45 5861 18231 18210 52.2 45.5 2 624 75.2 40.1 41 52.8

2342 3362 19794 19813 50 50 5862 20099 20078 50.5 40.9 0.5 306 74.4 40.8 41 52.2

2343 3363 4658 4677 50.5 50 5863 5306 5289 50.8 50 0.3 649 75.5 40.7 41 53.1

2344 3364 24179 24200 53.3 40.9 5864 24580 24560 51.3 52.4 2 402 74.6 40 41 52.7
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2345 3365 19794 19813 50 50 5865 19925 19906 50.1 50 0.1 132 72.8 43.9 41 51.1

2346 3366 1046 1064 51.2 47.4 5866 1498 1481 51 50 0.2 453 76.4 43.9 41 53.9

2347 3367 1046 1064 51.2 47.4 5867 1497 1480 50.3 50 0.9 452 76.5 44 41 53.7

2348 3368 2133 2152 50.7 45 5868 2675 2656 50.4 50 0.3 543 76.8 44.2 41 54

2349 3369 28965 28984 52.9 55 5869 29298 29279 52.6 55 0.3 334 76.4 45.2 41 54.4

2350 3370 24378 24397 55 55 5870 24564 24542 55 47.8 0 187 73.6 42.2 41 53.1

2351 3371 25348 25366 51.2 47.4 5871 25651 25632 52.7 50 1.6 304 74.7 41.4 41 52.7

2352 3372 19794 19813 50 50 5872 19923 19903 50.9 47.6 0.9 130 72.7 43.8 41 51

2353 3373 28967 28987 51.6 52.4 5873 29358 29339 52.8 50 1.2 392 76.5 44.6 41 54.1

2354 3374 17608 17627 50.2 45 5874 18233 18215 51.3 52.6 1.1 626 75.3 40.3 41 52.9

2355 3375 29186 29206 51.3 42.9 5875 29358 29339 52.8 50 1.5 173 74.5 45.1 41 52.6

2356 3376 24379 24398 55 55 5876 25093 25074 54.6 55 0.4 715 75.9 41.4 41 54.6

2357 3377 3170 3191 50.9 45.5 5877 3646 3625 52 40.9 1.1 477 75.7 41.9 41 53.4

2358 3378 3170 3191 50.9 45.5 5878 3647 3628 50.6 45 0.3 478 75.7 42.1 41 53.3

2359 3379 9140 9159 50.1 45 5879 9249 9230 51.5 45 1.4 110 71.3 42.7 41 50

2360 3380 12976 12995 51.1 45 5880 13326 13306 50.7 42.9 0.4 351 76.1 44.2 41 53.6

2361 3381 12976 12995 51.1 45 5881 13328 13307 51.2 45.5 0.1 353 76.1 44.2 41 53.7

2362 3382 3168 3189 51 45.5 5882 3494 3473 50.4 40.9 0.5 327 75.1 42.2 41 52.8

2363 3383 19794 19813 50 50 5883 19917 19896 50.9 45.5 0.9 124 72.3 43.5 41 50.7

2364 3384 24379 24398 55 55 5884 24517 24494 53.2 41.7 1.8 139 72.7 43.2 41 52

2365 3385 24380 24399 55 55 5885 25093 25074 54.6 55 0.4 714 76 41.5 41 54.6

2366 3386 2823 2844 50.4 45.5 5886 3201 3183 50.6 52.6 0.2 379 75.8 43 41 53.3

2367 3387 3798 3819 54.2 50 5887 4318 4294 54.4 40 0.2 521 75.4 41.1 41 54.2

2368 3388 9139 9159 52.5 47.6 5888 9852 9829 53.1 45.8 0.6 714 75.4 40.1 41 53.6

2369 3389 9139 9159 52.5 47.6 5889 9852 9828 53.6 44 1.1 714 75.4 40.1 41 53.6

2370 3390 19795 19814 50.4 45 5890 19927 19908 52.1 55 1.7 133 72.7 43.6 41 51.1

2371 3391 19795 19814 50.4 45 5891 19924 19905 50.1 50 0.3 130 72.4 43.1 41 50.8

2372 3392 12976 12995 51.1 45 5892 13329 13308 50.5 40.9 0.6 354 76.1 44.1 41 53.5

2373 3393 2133 2152 50.7 45 5893 2672 2654 50.9 52.6 0.2 540 76.8 44.3 41 54.1

2374 3394 4593 4613 51.5 47.6 5894 4836 4817 51.2 45 0.3 244 75.3 44.3 41 53.2

2375 3395 1810 1830 51.2 42.9 5895 2113 2094 50.1 45 1.1 304 75.5 43.4 41 53

2376 3396 17036 17058 53.5 47.8 5896 17483 17465 54.4 52.6 0.9 448 75.3 41.3 41 53.9

2377 3397 1046 1064 51.2 47.4 5897 1481 1463 50.5 47.4 0.6 436 76.2 43.6 41 53.6

2378 3398 9055 9079 52.8 40 5898 9255 9236 51.1 45 1.8 201 73.5 41.3 41 51.9

2379 3399 12976 12995 51.1 45 5899 13332 13312 50.9 47.6 0.2 357 76.2 44.3 41 53.7

2380 3400 8865 8884 50.4 45 5900 9311 9292 50.7 50 0.3 447 75.4 41.4 41 53

2381 3401 25363 25381 51.1 52.6 5901 25651 25632 52.7 50 1.6 289 74.3 40.8 41 52.5

2382 3402 3168 3189 51 45.5 5902 3504 3485 50.4 45 0.6 337 75.3 42.4 41 52.9

2383 3403 25363 25381 51.1 52.6 5903 25649 25629 51.5 42.9 0.3 287 74.1 40.4 41 52.3

2384 3404 29182 29202 51.2 42.9 5904 29414 29395 50.5 50 0.7 233 75.5 45.1 41 53.1

2385 3405 3031 3051 51.3 52.4 5905 3497 3478 51.3 50 0.1 467 76.3 43.5 41 53.9

2386 3406 29172 29192 51.5 42.9 5906 29412 29393 50.3 45 1.1 241 75.6 45.2 41 53.2

2387 3407 12040 12057 50.6 50 5907 12412 12392 50 42.9 0.6 373 75.9 43.4 41 53.2

2388 3408 11543 11562 50.4 40 5908 12110 12090 51.1 42.9 0.7 568 75.9 41.9 41 53.4

2389 3409 16909 16928 50.8 45 5909 17038 17021 50.7 50 0.1 130 72.7 43.8 41 51.2

2390 3410 16909 16928 50.8 45 5910 17039 17022 51.4 50 0.6 131 72.6 43.5 41 51.2

2391 3411 18077 18097 51.5 47.6 5911 18233 18214 52 50 0.5 157 73.9 44.6 41 52.3

2392 3412 18077 18097 51.5 47.6 5912 18233 18215 51.3 52.6 0.2 157 73.9 44.6 41 52.2

2393 3413 9055 9079 52.8 40 5913 9252 9234 51.4 52.6 1.4 198 73.7 41.9 41 52.1

2394 3414 25676 25697 51.9 40.9 5914 25832 25810 53.6 47.8 1.7 157 72.1 40.1 41 51.1

2395 3415 2223 2244 51.4 45.5 5915 2676 2657 50.7 50 0.7 454 76.9 45.2 41 54.2

2396 3416 619 640 50.4 45.5 5916 1171 1153 50.4 47.4 0 553 77.9 46.8 41 54.7

2397 3417 11541 11561 50.9 42.9 5917 12110 12090 51.1 42.9 0.3 570 75.9 41.9 41 53.5

2398 3418 3360 3379 50.7 45 5918 3497 3478 51.3 50 0.6 138 74 46.4 42 52.1

2399 3419 19725 19745 50 42.9 5919 19921 19901 50.2 47.6 0.1 197 73.5 41.6 42 51.6

2400 3420 19720 19740 51.3 42.9 5920 19921 19901 50.2 47.6 1.1 202 73.4 41.1 42 51.5

2401 3421 3360 3379 50.7 45 5921 3500 3481 51.2 50 0.5 141 74 46.1 42 52.1

2402 3422 19717 19738 50.8 40.9 5922 19921 19901 50.2 47.6 0.6 205 73.4 41 42 51.5

2403 3423 24562 24580 50.1 52.6 5923 25209 25190 50.6 50 0.5 648 76.1 42 42 53.4

2404 3424 24559 24579 52 52.4 5924 24740 24717 52.5 41.7 0.5 182 76 48.4 42 53.9

2405 3425 3360 3379 50.7 45 5925 3504 3485 50.4 45 0.3 145 74.2 46.2 42 52.2

2406 3426 19716 19737 52.2 45.5 5926 19921 19900 51.8 45.5 0.4 206 73.5 41.3 42 52.1

2407 3427 3232 3251 50.3 50 5927 3494 3473 50.4 40.9 0.1 263 74.3 41.4 42 52.2

2408 3428 26039 26058 54 55 5928 26657 26636 52.6 45.5 1.5 619 75.4 40.5 42 53.7

2409 3429 3232 3251 50.3 50 5929 3504 3485 50.4 45 0.1 273 74.6 41.8 42 52.4

2410 3430 19715 19735 52.5 47.6 5930 19921 19900 51.8 45.5 0.7 207 73.7 41.5 42 52.2

2411 3431 26039 26058 54 55 5931 26653 26631 53.2 43.5 0.9 615 75.3 40.3 42 53.8

2412 3432 3229 3248 50.6 50 5932 3494 3473 50.4 40.9 0.2 266 74.3 41.4 42 52.3

2413 3433 3229 3248 50.6 50 5933 3504 3485 50.4 45 0.3 276 74.5 41.7 42 52.4

2414 3434 3225 3244 52.4 55 5934 3495 3473 51.8 43.5 0.6 271 74.7 42.1 42 52.9

2415 3435 3222 3241 52 50 5935 3650 3631 53.1 50 1.1 429 75.5 42 42 53.6

2416 3436 24559 24579 52 52.4 5936 25209 25190 50.6 50 1.3 651 76.1 42.1 42 53.6

2417 3437 6158 6178 51.3 42.9 5937 6289 6267 52.2 43.5 0.9 132 71.3 40.2 42 50.4

2418 3438 19709 19730 51.3 40.9 5938 19917 19896 50.9 45.5 0.3 209 73.7 41.6 42 52
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2419 3439 3223 3241 50.2 52.6 5939 3497 3478 51.3 50 1.1 275 74.7 42.2 42 52.5

2420 3440 3223 3241 50.2 52.6 5940 3646 3625 52 40.9 1.8 424 75.4 41.7 42 53

2421 3441 3223 3241 50.2 52.6 5941 3647 3628 50.6 45 0.4 425 75.5 41.9 42 53

2422 3442 3217 3237 51.8 47.6 5942 3650 3631 53.1 50 1.3 434 75.5 41.9 42 53.5

2423 3443 9352 9372 51.3 42.9 5943 10014 9996 50.7 52.6 0.6 663 75.6 40.7 42 53.2

2424 3444 23733 23752 55.6 55 5944 24022 24003 55.5 55 0.1 290 74.5 41.4 42 53.9

2425 3445 26040 26061 56.4 54.5 5945 26661 26639 55.3 47.8 1.2 622 75.5 40.7 42 54.5

2426 3446 9918 9938 51.4 47.6 5946 10608 10589 51 50 0.4 691 75.8 41.1 42 53.4

2427 3447 7724 7742 51.4 52.6 5947 7843 7825 52.8 52.6 1.3 120 70.7 40 42 50

2428 3448 26040 26061 56.4 54.5 5948 26655 26631 56.2 48 0.2 616 75.4 40.6 42 54.8

2429 3449 28117 28135 50.6 52.6 5949 28506 28488 50.2 47.4 0.4 390 79.4 51.8 42 55.8

2430 3450 3217 3236 51.1 50 5950 3497 3478 51.3 50 0.2 281 74.7 42 42 52.7

2431 3451 3217 3236 51.1 50 5951 3500 3481 51.2 50 0.1 284 74.7 41.9 42 52.7

2432 3452 3165 3187 51.6 43.5 5952 3650 3631 53.1 50 1.5 486 75.8 42.2 42 53.6

2433 3453 19709 19730 51.3 40.9 5953 19925 19906 50.1 50 1.2 217 74 41.9 42 51.9

2434 3454 9927 9945 50.8 52.6 5954 10199 10180 51.5 45 0.7 273 75.3 43.6 42 53.1

2435 3455 9929 9946 50 50 5955 10670 10649 51.3 40.9 1.3 742 75.7 40.8 42 53.1

2436 3456 19709 19730 51.3 40.9 5956 19927 19908 52.1 55 0.9 219 74 42 42 52.3

2437 3457 9934 9953 50.7 50 5957 10356 10336 52.4 47.6 1.7 423 75.6 42.1 42 53.2

2438 3458 19709 19730 51.3 40.9 5958 19930 19910 50.6 47.6 0.7 222 74 41.9 42 52.1

2439 3459 3164 3186 51.6 43.5 5959 3650 3631 53.1 50 1.5 487 75.9 42.3 42 53.7

2440 3460 3089 3110 51.8 45.5 5960 3188 3166 51.6 43.5 0.2 100 72 46 42 51

2441 3461 18979 19000 51.6 45.5 5961 19215 19194 50.2 40.9 1.4 237 73.5 40.1 42 51.6

2442 3462 26421 26441 51.5 42.9 5962 26900 26882 51.5 52.6 0.1 480 77.5 46.2 42 54.8

2443 3463 26421 26441 51.5 42.9 5963 26828 26810 52.9 52.6 1.4 408 76.6 44.9 42 54.2

2444 3464 11540 11557 50.4 50 5964 11826 11802 51.3 40 0.8 287 74.4 41.1 42 52.3

2445 3465 26421 26441 51.5 42.9 5965 26695 26678 50.5 50 1 275 74.9 42.5 42 52.7

2446 3466 11540 11557 50.4 50 5966 11819 11798 50.3 40.9 0.1 280 74.3 41.1 42 52.2

2447 3467 11540 11557 50.4 50 5967 11817 11797 50.4 42.9 0.1 278 74.3 41 42 52.2

2448 3468 23841 23859 50.5 52.6 5968 24515 24494 50.4 40.9 0.1 675 76.1 41.9 42 53.5

2449 3469 3055 3077 52.8 43.5 5969 3495 3473 51.8 43.5 0.9 441 76 43.1 42 53.9

2450 3470 3795 3813 52.1 52.6 5970 4565 4542 53.9 41.7 1.8 771 75.6 40.3 42 53.6

2451 3471 11540 11560 53.2 47.6 5971 11984 11966 53 52.6 0.2 445 75.1 40.7 42 53.6

2452 3472 11541 11561 50.9 42.9 5972 12165 12147 51.2 47.4 0.4 625 75.7 41.3 42 53.4

2453 3473 3795 3815 54.6 52.4 5973 4318 4294 54.4 40 0.2 524 75.5 41.2 42 54.3

2454 3474 7723 7741 52.2 52.6 5974 7853 7833 50.7 47.6 1.5 131 71.3 40.5 42 50.2

2455 3475 3055 3075 51.8 47.6 5975 3504 3485 50.4 45 1.4 450 76.1 43.1 42 53.5

2456 3476 3055 3074 51.1 50 5976 3494 3473 50.4 40.9 0.7 440 76 43 42 53.4

2457 3477 26421 26441 51.5 42.9 5977 26651 26631 50.2 42.9 1.3 231 73.8 41.1 42 51.8

2458 3478 28109 28130 50.2 40.9 5978 28672 28654 50.6 52.6 0.4 564 79.9 51.6 42 56.1

2459 3479 3055 3074 51.1 50 5979 3504 3485 50.4 45 0.7 450 76.1 43.1 42 53.5

2460 3480 12232 12250 51.9 52.6 5980 12412 12392 50 42.9 1.9 181 73.2 41.4 42 51.3

2461 3481 3034 3053 50.3 50 5981 3210 3190 50.5 47.6 0.2 177 74.9 45.8 42 52.6

2462 3482 3034 3053 50.3 50 5982 3494 3473 50.4 40.9 0.1 461 76.1 43.2 42 53.5

2463 3483 3034 3053 50.3 50 5983 3504 3485 50.4 45 0.1 471 76.2 43.3 42 53.5

2464 3484 12236 12256 51.2 42.9 5984 12498 12480 50 47.4 1.1 263 74.6 42.2 42 52.4

2465 3485 12352 12375 52.9 41.7 5985 12724 12705 52.4 55 0.5 373 75.7 42.9 42 53.8

2466 3486 26421 26441 51.5 42.9 5986 26585 26567 51 47.4 0.5 165 72.2 40 42 50.9

2467 3487 3031 3051 51.3 52.4 5987 3503 3484 51.5 50 0.1 473 76.3 43.6 42 53.9

2468 3488 18704 18724 50.8 47.6 5988 19480 19459 50.3 40.9 0.4 777 75.5 40.2 42 53.1

2469 3489 3016 3036 50.2 42.9 5989 3646 3625 52 40.9 1.8 631 76.4 42.8 42 53.6

2470 3490 2823 2844 50.4 45.5 5990 3053 3034 50.3 50 0.2 231 74 41.6 42 52

2471 3491 12366 12384 51.7 52.6 5991 12994 12976 50.3 47.4 1.3 629 76.4 42.9 42 53.7

2472 3492 12366 12384 51.7 52.6 5992 12992 12974 51.2 52.6 0.5 627 76.5 43.1 42 54

2473 3493 2823 2844 50.4 45.5 5993 3056 3037 52.1 55 1.6 234 74.2 41.9 42 52.2

2474 3494 2522 2541 51.4 45 5994 2672 2654 50.9 52.6 0.5 151 75.3 48.3 42 53

2475 3495 2522 2541 51.4 45 5995 2675 2656 50.4 50 1 154 75.2 48.1 42 52.9

2476 3496 2429 2447 50.2 47.4 5996 3056 3037 52.1 55 1.9 628 76.3 42.7 42 53.6

2477 3497 2429 2447 50.2 47.4 5997 3190 3169 50.7 45.5 0.5 762 76.6 42.9 42 53.8

2478 3498 27436 27455 52.7 45 5998 27541 27521 51.7 47.6 1 106 72.1 45.3 42 51.1

2479 3499 2429 2447 50.2 47.4 5999 3192 3171 51.9 50 1.7 764 76.7 43.1 42 53.8

2480 3500 2427 2445 52.1 52.6 6000 3056 3037 52.1 55 0 630 76.4 42.9 42 54.2

2481 3501 27389 27407 50.6 47.4 6001 27541 27521 51.7 47.6 1.1 153 73.2 43.1 42 51.5

2482 3502 2427 2445 52.1 52.6 6002 3190 3169 50.7 45.5 1.4 764 76.7 43.1 42 54

2483 3503 18616 18636 51.4 47.6 6003 19316 19295 50 40.9 1.4 701 75.4 40.2 42 52.9

2484 3504 2377 2395 52.4 52.6 6004 2672 2653 51.6 50 0.8 296 77 47.3 42 54.5

2485 3505 18591 18611 51.7 42.9 6005 19216 19195 50.2 40.9 1.4 626 75.7 41.1 42 53.1

2486 3506 12366 12384 51.7 52.6 6006 12739 12718 51 40.9 0.7 374 75.6 42.8 42 53.3

2487 3507 2377 2395 52.4 52.6 6007 2672 2654 50.9 52.6 1.5 296 77 47.3 42 54.3

2488 3508 16982 17001 51.2 55 6008 17111 17090 51.1 40.9 0.1 130 74.6 48.5 42 52.6

2489 3509 2377 2395 52.4 52.6 6009 2675 2656 50.4 50 2 299 77 47.2 42 54.1

2490 3510 18590 18608 50.6 42.1 6010 19216 19195 50.2 40.9 0.3 627 75.6 41 42 53.1

2491 3511 2377 2395 52.4 52.6 6011 2891 2873 50.8 47.4 1.6 515 76.8 44.5 42 54.1

2492 3512 8220 8240 54 47.6 6012 8935 8917 54.5 52.6 0.4 716 75.4 40.1 42 54.1
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2493 3513 12370 12388 50.1 47.4 6013 12998 12979 50.1 45 0.1 629 76.4 42.9 42 53.6

2494 3514 2223 2244 51.4 45.5 6014 2675 2656 50.4 50 1 453 77 45.3 42 54.1

2495 3515 2220 2239 51.3 45 6015 2672 2654 50.9 52.6 0.4 453 77 45.3 42 54.2

2496 3516 24418 24439 52.9 45.5 6016 24936 24919 51.8 50 1.1 519 76 42.4 42 53.8

2497 3517 18586 18603 50.4 44.4 6017 19216 19195 50.2 40.9 0.2 631 75.6 40.9 42 53.1

2498 3518 2220 2239 51.3 45 6018 2675 2656 50.4 50 0.8 456 76.9 45.2 42 54.1

2499 3519 1402 1422 50.2 42.9 6019 2153 2134 50.4 45 0.2 752 76.7 43.1 42 53.8

2500 3520 1356 1375 53.8 55 6020 2153 2133 52.1 42.9 1.7 798 76.9 43.5 42 54.5

TABLE 5

Primers

TM Product

Forward primer SEQ Reverse primer SEQ (FOR & REV) length

ID NO & Co-ordinates ID NO & Co-ordinates (° C.) (bp)

6076  1-19 6171 199-183 50.1 50.3 199

6077 149-169 6172 334-315 51.5 52.4 186

6078 292-310 6173 560-541 50.8 51.1 269

6079 598-619 6174 749-731 52.6 50.6 152

6080 721-742 6175 930-912 50.4 50.3 210

6081 888-912 6176 1077-1058 52.8 51.2 190

6082  984-1003 6177 1149-1131 51.1 51.1 166

6083 1157-1175 6178 1479-1460 50.9 51.6 323

6084 1420-1441 6179 1700-1680 51.2 50.7 281

6085 1685-1707 6180 1834-1811 53.8 53.7 150

6086 1740-1764 6181 1987-1963 53.4 52.2 248

6087 2007-2025 6182 2251-2232 50.3 50.1 245

6088 2226-2245 6183 2385-2366 50.4 50.1 160

6089 2428-2446 6184 2749-2728 50.1 50.3 322

6090 2742-2763 6185 2893-2875 50.6 51.4 152

6091 2823-2844 6186 3082-3058 50.4 52.3 260

6092 3007-3031 6187 3185-3164 51.9 51.0 179

6093 3234-3254 6188 3497-3478 51.1 51.3 264

6094 3453-3476 6189 3647-3627 51.8 52.1 195

6095 3601-3622 6190 3877-3853 52.5 53.6 277

6096 4007-4027 6191 4158-4135 51.1 51.4 152

6097 4141-4165 6192 4316-4295 51.3 50.8 176

6098 4366-4387 6193 4567-4544 54.6 55.4 202

6099 4488-4508 6194 4708-4690 50.7 50.3 221

6100 4658-4677 6195 4994-4974 50.5 51.2 337

6101 4902-4922 6196 5115-5092 50.5 51.4 214

6102 5239-5260 6197 5450-5430 50.8 50.9 212

6103 5366-5389 6198 5560-5542 50.5 51.8 195

6104 5593-5612 6199 5860-5836 50.8 51.6 268

6105 6042-6062 6200 6291-6271 50.4 51.1 250

6106 6271-6291 6201 6483-6463 51.1 50.2 213

6107 7017-7040 6202 7171-7153 52.4 52.8 155

6108 7253-7272 6203 7504-7486 50.3 50.3 252

6109 7415-7434 6204 7677-7654 54.5 53.6 263

6110 7615-7635 6205 7821-7798 51.1 52.8 207

6111 7728-7746 6206 7936-7915 51.7 50.1 209

6112 7845-7867 6207 7994-7970 52.7 53.4 150

6113 8011-8029 6208 8189-8170 51.4 50.6 179

6114 8143-8166 6209 8300-8281 52.2 50.8 158

6115 8221-8239 6210 8388-8369 51.0 51.1 168

6116 8553-8575 6211 8931-8915 51.8 50.3 379

6117 8867-8886 6212 9254-9236 50.7 50.6 388

6118 9244-9267 6213 9597-9573 51.9 53.4 354

6119 9620-9640 6214 9990-9969 51.3 51.3 371

6120 10009-10027 6215 10188-10171 50.2 50.2 180

6121 10093-10113 6216 10244-10223 52.4 50.6 152

6122 10242-10265 6217 10608-10589 51.2 51.0 367

6123 10549-10571 6218 10783-10763 53.7 55.2 235

6124 10766-10785 6219 10930-10912 52.0 51.1 165

6125 11065-11085 6220 11305-11287 50.7 50.0 241

6126 11265-11287 6221 11429-11405 54.5 53.5 165

6127 11552-11571 6222 11730-11709 52.0 50.4 179

6128 11705-11726 6223 11869-11848 50.1 50.2 165

6129 11801-11824 6224 11984-11967 51.5 50.4 184

6130 12040-12058 6225 12254-12235 52.3 51.9 215

6131 12235-12253 6226 12406-12388 50.1 50.1 172

6132 12366-12384 6227 12730-12712 51.7 52.2 365

6133 12727-12748 6228 12994-12976 50.8 50.3 268

6134 12948-12966 6229 13224-13201 50.7 51.7 277
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6135 13175-13196 6230 13324-13300 54.3 55.1 150

6136 13237-13258 6231 13545-13526 52.9 52.9 309

6137 13790-13810 6232 13963-13945 50.9 50.7 174

6138 14080-14098 6233 14280-14257 51.5 51.0 201

6139 14405-14427 6234 14561-14540 50.2 50.9 157

6140 14882-14906 6235 15046-15024 50.9 51.5 165

6141 14951-14976 6236 15145-15124 53.1 52.9 195

6142 15113-15134 6237 15275-15257 51.6 50.8 163

6143 15211-15230 6238 15383-15363 50.2 50.1 173

6144 15364-15387 6239 15528-15506 54.0 52.1 165

6145 15456-15477 6240 15605-15585 52.0 53.2 150

6146 15513-15532 6241 15897-15876 51.2 50.4 385

6147 15837-15856 6242 15999-15978 52.3 50.8 163

6148 16073-16096 6243 16301-16277 51.7 52.8 229

6149 16245-16266 6244 16404-16380 50.3 52.0 160

6150 16366-16385 6245 16515-16492 52.9 53.8 150

6151 16553-16571 6246 16777-16758 53.4 51.5 225

6152 16832-16852 6247 17026-17004 51.0 51.6 195

6153 16982-17001 6248 17359-17340 51.2 50.2 378

6154 17354-17372 6249 17511-17490 51.3 50.4 158

6155 17422-17443 6250 17573-17552 50.2 51.1 152

6156 17603-17623 6251 17769-17748 50.7 51.5 167

6157 17728-17746 6252 17883-17862 50.9 51.2 156

6158 18011-18030 6253 18163-18140 52.9 51.9 153

6159 18076-18098 6254 18225-18205 54.4 55.0 150

6160 18270-18292 6255 18432-18413 51.9 51.4 163

6161 18352-18373 6256 18648-18629 51.3 50.8 297

6162 18550-18571 6257 18702-18684 50.4 51.9 153

6163 18720-18738 6258 19004-18983 50.6 51.0 285

6164 18960-18981 6259 19109-19085 54.7 54.3 150

6165 19065-19089 6260 19217-19195 52.8 51.7 153

6166 19310-19329 6261 19476-19454 50.2 52.1 167

6167 19569-19589 6262 19719-19701 50.5 51.8 151

6168 19707-19731 6263 19856-19833 55.7 55.9 150

6169 19771-19792 6264 19921-19901 50.1 50.2 151

6170 19833-19851 6265 19986-19966 50.9 50.7 154

TABLE 6

Primers

TM Product

Forward primer SEQ Reverse primer SEQ (FOR & REV) length

ID NO & Co-ordinates ID NO & Co-ordinates (° C.) (bp)

6266 20110-20132 6305 20425-20404 51.9 50.9 316

6267 20468-20492 6306 20617-20596 53.2 53.5 150

6268 20557-20578 6307 20891-20871 50.4 50.6 335

6269 20838-20856 6308 21037-21015 52.5 52.0 200

6270 21096-21116 6309 21295-21272 50.1 51.7 200

6271 22173-22194 6310 22414-22395 52.4 51.0 242

6272 22320-22342 6311 22501-22479 54.8 54.3 182

6273 22532-22552 6312 22695-22675 50.6 50.0 164

6274 22712-22736 6313 22873-22852 56.7 55.5 162

6275 22842-22861 6314 23086-23067 51.0 52.8 245

6276 23151-23170 6315 23395-23376 51.4 50.3 245

6277 23307-23326 6316 23524-23501 51.1 51.1 218

6278 23615-23635 6317 23776-23758 50.7 50.2 162

6279 23838-23857 6318 23996-23977 50.4 50.6 159

6280 24030-24051 6319 24407-24386 57.6 55.7 378

6281 24388-24407 6320 24581-24563 50.4 50.1 194

6282 24559-24579 6321 24938-24921 52.0 50.4 380

6283 24922-24941 6322 25184-25166 50.1 51.2 263

6284 25201-25220 6323 25400-25382 51.1 51.4 200

6285 25363-25381 6324 25646-25627 51.1 50.5 284

6286 25656-25681 6325 25839-25814 54.5 56.4 184

6287 25761-25782 6326 25982-25961 54.6 54.3 222

6288 26039-26058 6327 26189-26166 54.0 53.0 151

6289 26184-26205 6328 26333-26310 50.9 51.8 150

6290 26422-26442 6329 26660-26641 51.3 50.2 239

6291 26571-26589 6330 26739-26715 51.7 53.2 169

6292 26733-26752 6331 26960-26941 51.1 52.2 228

6293 26866-26885 6332 27139-27117 50.7 51.9 274

6294 27300-27321 6333 27458-27439 51.2 50.2 159

6295 27361-27380 6334 27579-27558 52.4 51.1 219

6296 27718-27740 6335 27917-27901 50.7 50.0 200
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6297 28041-28059 6336 28207-28189 50.8 50.8 167

6298 28166-28189 6337 28411-28393 52.2 52.9 246

6299 28395-28414 6338 28671-28653 51.5 50.2 277

6300 28654-28672 6339 28821-28800 50.6 52.3 168

6301 28867-28885 6340 29184-29166 51.5 51.6 318

6302 29183-29204 6341 29360-29342 50.4 50.4 178

6303 29262-29279 6342 29626-29606 50.1 50.2 365

6304 29538-29559 6343 29690-29670 50.0 50.4 153

TABLE 7

Primers

Name SEQ ID NO: Co-ordinates

AB4f 6344 19869-19888

AB5f 6345 20238-20257

BC1f 6346 20581-20600

BC2f 6347 20950-20969

BC3f 6348 21339-21358

BC4f 6349 21708-21727

BC5f 6350 22041-22060

BC6f 6351 22410-22429

BC7f 6352 22759-22778

BC8f 6353 23131-23150

BC9f 6354 23500-23519

BC10f 6355 23841-23860

BC11f 6356 24210-24229

BC12f 6357 24560-24579

BC13f 6358 24941-24960

BC14f 6359 25310-25329

BC15f 6360 25675-25694

BC16f 6361 26044-26063

BC17f 6362 26413-26432

BC18f 6363 26763-26782

BC19f 6364 27132-27151

BC20f 6365 27491-27510

BC21f 6366 27845-27864

CB1r 6367 28011-28030

CB2r 6368 27671-27690

CB3r 6369 27301-27320

CB4r 6370 26931-26950

CB5r 6371 26575-26594

CB6r 6372 26191-26210

CB7r 6373 25841-25860

CB8r 6374 25476-25495

CB9r 6375 25126-25145

CB10r 6376 24791-24810

CB11r 6377 24422-24441

CB12r 6378 24031-24050

CB13r 6379 23673-23692

CB14r 6380 23298-23317

CB15r 6381 22928-22947

CB16r 6382 22567-22586

CB17r 6383 22196-22215

CB18r 6384 21831-21850

CB19r 6385 21431-21450

CB20r 6386 21073-21092

CB21r 6387 20715-20734

BA1r 6388 20345-20364

BA2r 6389 19969-19988

BA3r 6390 19599-19618

BA4r 6391 19228-19247

BA5r 6392 18852-18871

TABLE 8

Primers

Name SEQ ID NO Co-ordinates

F1 6393  1-19

F2 6394 292-310

F3 6395 721-742

F4 6396 984-1003

F5 6397 1420-1441

F6 6398 1740-1764

F7 6399 2226-2245

F8 6400 2742-2763

F9 6401 3007-3031
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F10 6402 3453-3476

F11 6403 4007-4027

F12 6404 4366-4387

F13 6405 4658-4677

F14 6406 5239-5260

F15 6407 5593-5612

F16 6408 6271-6291

F17 6409 7253-7272

F18 6410 7615-7635

F19 6411 7845-7867

F20 6412 8143-8166

F21 6413 8553-8575

F22 6414 9244-9267

F23 6415 10009-10027

F24 6416 10242-10265

F25 6417 10766-10785

F26 6418 11265-11287

F27 6419 11705-11726

F28 6420 12040-12058

F29 6421 12366-12384

F30 6422 12948-12966

F31 6423 13237-13258

F32 6424 14080-14098

F33 6425 14882-14906

F34 6426 15113-15134

F35 6427 15364-15387

F36 6428 15513-15532

F37 6429 16073-16096

F38 6430 16366-16385

F39 6431 16832-16852

F40 6432 17354-17372

F41 6433 17603-17623

F42 6434 18011-18030

F43 6435 18270-18292

F44 6436 18550-18571

F45 6437 18960-18981

F46 6438 19310-19329

F47 6439 19707-19731

F48 6440 19833-19851

R1 6441 334-315

R2 6442 749-731

R3 6443 1077-1058

R4 6444 1479-1460

R5 6445 1834-1811

R6 6446 2251-2232

R7 6447 2749-2728

R8 6448 3082-3058

R9 6449 3497-3478

R10 6450 3877-3853

R11 6451 4316-4295

R12 6452 4708-4690

R13 6453 5115-5092

R14 6454 5560-5542

R15 6455 6291-6271

R16 6456 7171-7153

R17 6457 7677-7654

R18 6458 7936-7915

R19 6459 8189-8170

R20 6460 8388-8369

R21 6461 9254-9236

R22 6462 9990-9969

R23 6463 10244-10223

R24 6464 10783-10763

R25 6465 11305-11287

R26 6466 11730-11709

R27 6467 11984-11967

R28 6468 12406-12388

R29 6469 12994-12976

R30 6470 13324-13300

R31 6471 13963-13945

R32 6472 14561-14540

R33 6473 15145-15124

R34 6474 15383-15363

R35 6475 15605-15585
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R36 6476 15999-15978

R37 6477 16404-16380

R38 6478 16777-16758

R39 6479 17359-17340

R40 6480 17573-17552

R41 6481 17883-17862

R42 6482 18225-18205

R43 6483 18648-18629

R44 6484 19004-18983

R45 6485 19217-19195

R46 6486 19719-19701

R47 6487 19921-19901

TABLE 9

Primers

Name SEQ ID NO:

1 CB12R 6488

2 R0010 6489

3 R0011 6490

4 R0012 6491

5 BNI-ED 6492

6 BNI-EU 6493

7 SAR1S-U 6494

8 SAR1As-D 6495

9 SAR1S 6496

10 SAR1As 6497

11 IN2-U 6498

12 IN4-D 6499

13 IN-2 6500

14 IN-4 6501

15 IN-6 6502

16 IN-7 6503

17 COR1-U 6504

18 COR2-D 6505

19 COR-1 6506

20 COR-2 6507

21 HKUF-U 6508

22 HKUR-D 6509

23 HKU-F 6510

24 HKU-R 6511

25 1451-D 6512

26 1451-U 6513

27 690-D 6514

28 690-U 6515

29 690-D2 6516

30 690-U2 6517

31 EMC7-D 6518

32 EMC7-U 6519

33 EMC7-D2 6520

34 EMC7-U2 6521

35 EMC8-D 6522

36 EMC8-U 6523

37 EMC8-D2 6524

38 EMC8-U2 6525

39 EMC11-D 6526

40 EMC11-U 6527

41 ORF1B-D 6528

42 ORF1B-U 6529

43 ORFS-D 6530

44 ORES-U 6531

45 E7-717F 6532

46 E8-85R 6533

47 E8-307F 6534

48 E11-771F 6535

49 E11-96R 6536

50 CON1-F 6537

51 CON1-U 6538

52 CON2-F 6539

53 CON2-R 6540

54 CON3-F 6541

55 CON3-R 6542

56 15-F 6543

57 15-R 6544

58 15-F2 6545
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59 15-R2 6546

60 13-F 6547

61 13-R 6548

62 13-F2 6549

63 13-R2 6550

64 CONTIG-F 6551

65 QT3-R 6552

66 QT3-F 6553

67 QIN-R 6554

68 QIN-F 6555

69 AB1-F 6556

70 AB2-F 6557

71 AB3-F 6558

72 AB1-R 6559

TABLE 10

Features of the predicted proteins and open reading frames of the SARS virus

SARS ORF Length Cleavage

(SEQ ID NO) (aa) Role site Features Consd*

ORF1a P28 (9766)  179 Leader protein  179 (G/G)# +

P65 (9767)  639 Homologue of MHV p65  818 (G/A) +

cleavage product

Nsp1 2422## Papain like protease, 3240 (Q/S) phosphoesterase domain +

(9768) cleaves the �rst two Zn binding domain

proteins

Nsp2

 306 3C-like protease, cleaves 3546 (Q/G) +

(9769) proteins nsp1-nsp12

Nsp3 (9770)  290 ? 3836 (Q/S) 5 TMDs +

Nsp4 (9771)  83 ? 3919 (Q/A) 1 TMD +

Nsp5 (9772)  198 ? 4117 (Q/N) +

Nsp6 (9773)  113 ? 4230 (Q/A) +

Nsp7 (9774)  139 ? 4369 (Q/S) Putative growth factor-like motif +

ORF1b Nsp9 (9775)  932 RNA polymerase 5298 (Q/A) +

Nsp10 (9776)  601 Putative helicase 5899 (Q/A) Metal binding domain, +

Tanner et al. (2003) J Biol Chem ATP/GTP binding domain

278: 39578-82

Nsp11 (9777)  527 ? 6426 (Q/S) +

Nsp12 (9778)  346 ? 6772 (Q/A) +

Nsp13 (9779)  298 ? — +

Structural Spike (S) Major antigenic Leader peptide, 1 TMD, 17 N- +

region (6042) determinant, contains the glycosylation sites

receptor-binding domain

Orf3 (6043)  274 ? 2 TMDs, 1 N-glycosylation site, 10 −

O-glycosylation sites

Orf4 (6044)  154 ? −

Envelope (E)  76 Associated with viral 1 TMD, 2 N-glycosylation sites +

(6045) envelope

Matrix (M)  221 Associated with viral 3 TMDs, 1 N-glycosylation site +

(6046) envelope, membrane

spanning protein

Orf7

 63 ? 1 TMD −

(6047)

Orf8 (6048)  122 ? 1 TMD −

Orf9 (6049)  44 ? Surface-associated −

Orf10  39 ? Surface-associated −

Orf11(6050)  84 ? 1 N-glycosylation site −

Nucleocapsid (N)  422 Associated with viral phosphoprotein +

(6052) genomic RNA

Orf13

 98 ? 1 O-glycosylation site −

TMD: predicted transmembrane domain.

Consd*: + indicates presence of corresponding protein at least in one of the other coronaviruses

#Alternatively, cleaved after Gly-Gly (i.e. at G/A) to give a 180mer

##This 2422mer may be further cleaved after residue 1922 (Gly-2740 of SEQ ID NO: 6039) to give a 1922mer PLpro containing the Zn-binding motif (SEQ ID NO:

7254) and a 500mer.

TABLE 11

Protein homologies between SARS and other coronaviruses
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group

1 group 2 group 3

Proteins 229E TGV PEDV MHV BCoV AIBV

REPLICASE REGION

leader protein <20     <20     <20     27   <20     <20    

p28

p65 homologue <20     23   23   <20     20   <20    

nsp1 25.5 25.8 25.4 29   30   25  

(PLP protease)

nsp2 40.4 43.8 44.6 50   48.4 41  

(3CL protease)

nsp3 30   27   29.4 34.2 35.5 28.5

nsp4 38.6 42.2 39.8 47.5 46.1 37.3

nsp5 48.2 42.9 43.9 46.8 47.3 38.7

nsp6 45.1 38.9 45.1 45.1 46.9 39.8

nsp7 53.8 54.5 56.1 56.2 55.4 58.3

nsp9 59.8 59.6 60   67.3 66.9 62.4

(polymerase)

nsp10 60.7 62   62.3 67.2 68.6 58.9

(helicase)

nsp11 52.3 53.7 52.3 57.6 57.6 52  

nsp12 43.1 43   45.4 45.9 45   40.2

nsp13 56.4 54.4 55.3 63   65   53.4

STRUCTURAL REGION

Spike (S) 28.8  31.6* 30.3 31.1 31    32.7*

Envelope (E) 33*  27.9 20   23   26.5 23.2

Matrix 30.6 32.5 34.8 40.8 41.9 32.5

glycoprotein

(M)

Nucleocapsid 26.9 30.1 29.5 37.3 37.4 31.5

(N)

*These three alignments were obtained only on a fragment of the whole protein.

Numbers indicate percentage of aminoacid identity between SARS proteins and corresponding gene products of other coronaviruses. More conserved pairs are

in bold; more variable pairs are underlined.

TABLE 12

Nucleotide and aminoacid differences between �ve SARS isolates

FRA* TOR2* Urbani* CUHK* HKU*

position° base/aminoacid base/aminoacid base/aminoacid base/aminoacid base/aminoacid

ORF1a 2557 A/Thr G/Ala G/Ala G/Ala G/Ala

2601 T/Val C

7746 G/Pro T

7919 C/Ala T/Val

7930 G/Asp A/Asn

8387 G/Ser C/Thr

8416 G/Arg C/Thr

9404 T/Val C/Ala

9479 T/Val C/Ala

11448 T/Ile C C C C

ORF1b 13494 GT/Val AG/Ser

16622 C/Ala T

17564 T/Asp C/Glu

17846 C/Arg T

18065 G/Lys A

18965 A/Ile T T T T

19064 A/Glu G G

19084 T/Ile C/Thr C/Thr C/Thr C/Thr

spike 21721 G/Gly A/Asp

22222 T/Ile C/Thr

23220 T/Ser G/Ala

24872 T/Leu C

24933 T/Phe C/Leu C/Leu C/Leu C/Leu

ORF3 25298 G/Gly A/Arg

25569 T/Met A/Lys

matrix 26600 T/Val C/Ala C/Ala C/Ala

26857 T/Ser C/Pro

ORF10 27827 T/Cys C/Arg

nucleocapsid 28268 T/Ile C/Thr C/Thr C/Thr C/Thr

*SARS coronavirus FRA (accession number AY310120)

SARS coronavirus TOR2 (accession number AY274119)
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SARS coronavirus Urbani (accession number AY278741)

SARS coronavirus CUHK-W1 (accession number AY278554)

SARS coronavirus HKU-39849 (accession number AY278491)

°The position is based on the FRA sequence.

T-epitope predictions for SEQ ID NOS: 6039-6050 & 6052

TABLE 13

Epitopes for SEQ ID NO: 6039

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 1867 SEQ ID NO: 7400 8% 450

2 4139 SEQ ID NO: 7401 5.55% 312.5

3 88 SEQ ID NO: 7402 4% 225

4 4249 SEQ ID NO: 7403 3.55% 200

5 4059 SEQ ID NO: 7404 2.22% 125

6 2027 SEQ ID NO: 7405 1.6% 90

7 3413 SEQ ID NO: 7406 1.11% 62.5

8 1823 SEQ ID NO: 7407 0.88% 50

9 2798 SEQ ID NO: 7408 0.88% 50

10 220 SEQ ID NO: 7409 0.8% 45

11 3738 SEQ ID NO: 7410 0.8% 45

12 4182 SEQ ID NO: 7411 0.8% 45

13 4174 SEQ ID NO: 7412 0.66% 37.5

14 1940 SEQ ID NO: 7413 0.55% 31.25

15 38 SEQ ID NO: 7414 0.48% 27

16 1231 SEQ ID NO: 7415 0.44% 25

17 1613 SEQ ID NO: 7416 0.44% 25

18 3645 SEQ ID NO: 7417 0.44% 25

19 4192 SEQ ID NO: 7418 0.44% 25

20 378 SEQ ID NO: 7419 0.4% 22.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 1867 SEQ ID NO: 7420 8% 450

2 1495 SEQ ID NO: 7421 4% 225

3 3921 SEQ ID NO: 7422 2.4% 135

4 486 SEQ ID NO: 7423 2.22% 125

5 4139 SEQ ID NO: 7424 2.22% 125

6 62 SEQ ID NO: 7425 1.6% 90

7 1190 SEQ ID NO: 7426 1.6% 90

8 1284 SEQ ID NO: 7427 1.6% 90

9 3284 SEQ ID NO: 7428 1.6% 90

10 2921 SEQ ID NO: 7429 1.2% 67.5

11 349 SEQ ID NO: 7430 0.8% 45

12 789 SEQ ID NO: 7431 0.8% 45

13 1185 SEQ ID NO: 7432 0.8% 45

14 4184 SEQ ID NO: 7433 0.8% 45

15 1313 SEQ ID NO: 7434 0.64% 36

16 3948 SEQ ID NO: 7435 0.48% 27

17 149 SEQ ID NO: 7436 0.44% 25

18 941 SEQ ID NO: 7437 0.44% 25

19 1390 SEQ ID NO: 7438 0.44% 25

20 1613 SEQ ID NO: 7439 0.44% 25

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 1010 SEQ ID NO: 7440 1.48% 180

2 3155 SEQ ID NO: 7441 1.48% 180

3 1229 SEQ ID NO: 7442 1.23% 150

4 2405 SEQ ID NO: 7443 0.88% 108

5 2 SEQ ID NO: 7444 0.74% 90

6 2304 SEQ ID NO: 7445 0.74% 90

7 2358 SEQ ID NO: 7446 0.74% 90

8 3160 SEQ ID NO: 7447 0.74% 90

9 3771 SEQ ID NO: 7448 0.74% 90

10 4007 SEQ ID NO: 7449 0.74% 90

11 3079 SEQ ID NO: 7450 0.66% 81

12 4045 SEQ ID NO: 7451 0.66% 81

Epitope predictions were performed at http://www.mpiib-berlin.mpg.de/MAPPP/binding.html using a minimum score of 0.5 and the BIMAS matrix, with a

maximum of 20 results being selected. The analysis revealed 9 mer and 10 mer epitopes.

[1673]

[1674][1675][1676][1677][1678][1679][1680][1681][1682][1683][1684][1685][1686][1687][1688][1689][1690][1691][1692][1693][1694][1695][1696][1697][1698]
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13 1081 SEQ ID NO: 7452 0.49% 60

14 3268 SEQ ID NO: 7453 0.49% 60

15 4144 SEQ ID NO: 7454 0.49% 60

16 614 SEQ ID NO: 7455 0.37% 45

17 728 SEQ ID NO: 7456 0.37% 45

18 1537 SEQ ID NO: 7457 0.37% 45

19 313 SEQ ID NO: 7458 0.32% 40

20 1744 SEQ ID NO: 7459 0.32% 40

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 62 SEQ ID NO: 7460 4.44% 540

2 2151 SEQ ID NO: 7461 2.46% 300

3 633 SEQ ID NO: 7462 2.22% 270

4 1158 SEQ ID NO: 7463 2.22% 270

5 2565 SEQ ID NO: 7464 2.22% 270

6 2298 SEQ ID NO: 7465 1.77% 216

7 3159 SEQ ID NO: 7466 1.11% 135

8 640 SEQ ID NO: 7467 0.98% 120

9 2186 SEQ ID NO: 7468 0.74% 90

10 3869 SEQ ID NO: 7469 0.74% 90

11 2308 SEQ ID NO: 7470 0.66% 81

12 786 SEQ ID NO: 7471 0.55% 67.5

13 749 SEQ ID NO: 7472 0.49% 60

14 1080 SEQ ID NO: 7473 0.49% 60

15 2358 SEQ ID NO: 7474 0.49% 60

16 3955 SEQ ID NO: 7475 0.49% 60

17 714 SEQ ID NO: 7476 0.37% 45

18 1081 SEQ ID NO: 7477 0.37% 45

19 1170 SEQ ID NO: 7478 0.37% 45

20 1228 SEQ ID NO: 7479 0.37% 45

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 3797 SEQ ID NO: 7480 37.57% 600

2 4202 SEQ ID NO: 7481 37.57% 600

3 3189 SEQ ID NO: 7482 25.05% 400

4 1864 SEQ ID NO: 7483 23.14% 369.6

5 1066 SEQ ID NO: 7484 22.54% 360

6 2143 SEQ ID NO: 7485 22.54% 360

7 2693 SEQ ID NO: 7486 22.54% 360

8 1426 SEQ ID NO: 7487 18.78% 300

9 1238 SEQ ID NO: 7488 18.03% 288

10 3768 SEQ ID NO: 7489 18.03% 288

11 797 SEQ ID NO: 7490 15.03% 240

12 1882 SEQ ID NO: 7491 15.03% 240

13 1490 SEQ ID NO: 7492 13.77% 220

14 2237 SEQ ID NO: 7493 13.77% 220

15 95 SEQ ID NO: 7494 12.52% 200

16 1821 SEQ ID NO: 7495 12.52% 200

17 2289 SEQ ID NO: 7496 12.52% 200

18 3080 SEQ ID NO: 7497 12.52% 200

19 3660 SEQ ID NO: 7498 12.52% 200

20 4354 SEQ ID NO: 7499 12.52% 200

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 2143 SEQ ID NO: 7500 37.87% 604.8

2 1159 SEQ ID NO: 7501 26.30% 420

3 1650 SEQ ID NO: 7502 26.30% 420

4 1150 SEQ ID NO: 7503 18.78% 300

5 2763 SEQ ID NO: 7504 18.78% 300

6 3165 SEQ ID NO: 7505 18.78% 300

7 3201 SEQ ID NO: 7506 15.03% 240

8 3694 SEQ ID NO: 7507 15.03% 240

9 4204 SEQ ID NO: 7508 15.03% 240

10 1692 SEQ ID NO: 7509 13.77% 220

11 797 SEQ ID NO: 7510 12.52% 200

12 1610 SEQ ID NO: 7511 12.52% 200

13 1789 SEQ ID NO: 7512 12.52% 200

14 1881 SEQ ID NO: 7513 12.52% 200

15 3090 SEQ ID NO: 7514 12.52% 200

16 3763 SEQ ID NO: 7515 12.52% 200

17 2569 SEQ ID NO: 7516 11.27% 180

18 194 SEQ ID NO: 7517 9.39% 150

19 1771 SEQ ID NO: 7518 9.39% 150
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20 2488 SEQ ID NO: 7519 9.39% 150

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 2308 SEQ ID NO: 7520 0.20% 8144.13515256

2 3729 SEQ ID NO: 7521 0.10% 4047.23088

3 3574 SEQ ID NO: 7522 0.09% 3547.4996634

4 3615 SEQ ID NO: 7523 0.06% 2722.682592

5 3159 SEQ ID NO: 7524 0.05% 1999.734264

6 2339 SEQ ID NO: 7525 0.03% 1551.92907744

7 2201 SEQ ID NO: 7526 0.03% 1521.53694

8 3559 SEQ ID NO: 7527 0.02% 1174.38939504

9 3085 SEQ ID NO: 7528 0.02% 1146.296448

10 4070 SEQ ID NO: 7529 0.02% 970.4103696

11 3708 SEQ ID NO: 7530 0.02% 958.92888

12 3098 SEQ ID NO: 7531 0.02% 942.678

13 1362 SEQ ID NO: 7532 0.02% 900.6984

14 3563 SEQ ID NO: 7533 0.01% 735.86016

15 3774 SEQ ID NO: 7534 0.01% 687.655656

16 4242 SEQ ID NO: 7535 0.01% 685.78272

17 2340 SEQ ID NO: 7536 0.01% 668.37342936

18 650 SEQ ID NO: 7537 0.01% 640.1983392

19 3862 SEQ ID NO: 7538 0.01% 620.57772

20 2860 SEQ ID NO: 7539 0.01% 607.88448

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 2307 SEQ ID NO: 7540 0.40% 15915.66281448

2 2201 SEQ ID NO: 7541 0.12% 4772.09313

3 3558 SEQ ID NO: 7542 0.05% 2295.04855632

4 1772 SEQ ID NO: 7543 0.04% 1759.6656

5 3087 SEQ ID NO: 7544 0.03% 1215.76896

6 2339 SEQ ID NO: 7545 0.02% 1116.29986272

7 2308 SEQ ID NO: 7546 0.02% 970.14776112

8 3061 SEQ ID NO: 7547 0.02% 836.2525104

9 2748 SEQ ID NO: 7548 0.01% 726.706344

10 3837 SEQ ID NO: 7549 0.01% 720.8292

11 59 SEQ ID NO: 7550 0.01% 650.3112

12 2877 SEQ ID NO: 7551 0.01% 620.22996

13 4114 SEQ ID NO: 7552 0.01% 559.8936

14 805 SEQ ID NO: 7553 0.01% 484.4565072

15 1655 SEQ ID NO: 7554 0.01% 437.48208

16 611 SEQ ID NO: 7555 0.00% 319.9392

17 1961 SEQ ID NO: 7556 0.00% 305.94186

18 1223 SEQ ID NO: 7557 0.00% 289.08792

19 852 SEQ ID NO: 7558 0.00% 285.67242

20 2139 SEQ ID NO: 7559 0.00% 284.845869

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 4200 SEQ ID NO: 7560 50% 18

2 281 SEQ ID NO: 7561 25% 9

3 3236 SEQ ID NO: 7562 25% 9

4 509 SEQ ID NO: 7563 16.66% 6

5 848 SEQ ID NO: 7564 16.66% 6

6 2193 SEQ ID NO: 7565 16.66% 6

7 3542 SEQ ID NO: 7566 16.66% 6

8 541 SEQ ID NO: 7567 15% 5.4

9 1748 SEQ ID NO: 7568 12.5% 4.5

10 829 SEQ ID NO: 7569 11.11% 4

11 1149 SEQ ID NO: 7570 11.11% 4

12 2027 SEQ ID NO: 7571 11.11% 4

13 2576 SEQ ID NO: 7572 11.11% 4

14 873 SEQ ID NO: 7573 8.33% 3

15 2725 SEQ ID NO: 7574 8.33% 3

16 3541 SEQ ID NO: 7575 8.33% 3

17 1837 SEQ ID NO: 7576 7.5% 2.7

18 2475 SEQ ID NO: 7577 7.5% 2.7

19 2703 SEQ ID NO: 7578 7.5% 2.7

20 1823 SEQ ID NO: 7579 6.66% 2.4

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 3541 SEQ ID NO: 7580 50% 18

2 281 SEQ ID NO: 7581 25% 9

3 1495 SEQ ID NO: 7582 25% 9

4 2303 SEQ ID NO: 7583 25% 9
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5 2616 SEQ ID NO: 7584 25% 9

6 48 SEQ ID NO: 7585 16.66% 6

7 1394 SEQ ID NO: 7586 16.66% 6

8 1499 SEQ ID NO: 7587 16.66% 6

9 1862 SEQ ID NO: 7588 16.66% 6

10 1163 SEQ ID NO: 7589 11.11% 4

11 4006 SEQ ID NO: 7590 11.11% 4

12 4344 SEQ ID NO: 7591 11.11% 4

13 633 SEQ ID NO: 7592 10% 3.6

14 119 SEQ ID NO: 7593 8.33% 3

15 1190 SEQ ID NO: 7594 8.33% 3

16 1195 SEQ ID NO: 7595 8.33% 3

17 1725 SEQ ID NO: 7596 8.33% 3

18 2728 SEQ ID NO: 7597 8.33% 3

19 2895 SEQ ID NO: 7598 8.33% 3

20 3033 SEQ ID NO: 7599 8.33% 3

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 1335 SEQ ID NO: 7600 4.44% 240

2 2580 SEQ ID NO: 7601 4.44% 240

3 1703 SEQ ID NO: 7602 3.70% 200

4 113 SEQ ID NO: 7603 2.22% 120

5 168 SEQ ID NO: 7604 2.22% 120

6 2842 SEQ ID NO: 7605 2.22% 120

7 4027 SEQ ID NO: 7606 2.22% 120

8 3680 SEQ ID NO: 7607 1.66% 90

9 2085 SEQ ID NO: 7608 1.48% 80

10 2492 SEQ ID NO: 7609 1.48% 80

11 2660 SEQ ID NO: 7610 1.48% 80

12 2906 SEQ ID NO: 7611 1.48% 80

13 3346 SEQ ID NO: 7612 1.48% 80

14 4038 SEQ ID NO: 7613 1.48% 80

15 1163 SEQ ID NO: 7614 1.11% 60

16 1457 SEQ ID NO: 7615 1.11% 60

17 2351 SEQ ID NO: 7616 1.11% 60

18 2471 SEQ ID NO: 7617 1.11% 60

19 3499 SEQ ID NO: 7618 1.11% 60

20 3635 SEQ ID NO: 7619 1.11% 60

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 1703 SEQ ID NO: 7620 3.70% 200

2 17 SEQ ID NO: 7621 2.22% 120

3 3008 SEQ ID NO: 7622 2.22% 120

4 4106 SEQ ID NO: 7623 2.22% 120

5 3450 SEQ ID NO: 7624 1.66% 90

6 113 SEQ ID NO: 7625 1.48% 80

7 195 SEQ ID NO: 7626 1.48% 80

8 307 SEQ ID NO: 7627 1.48% 80

9 780 SEQ ID NO: 7628 1.48% 80

10 1000 SEQ ID NO: 7629 1.48% 80

11 1072 SEQ ID NO: 7630 1.48% 80

12 1404 SEQ ID NO: 7631 1.48% 80

13 1980 SEQ ID NO: 7632 1.48% 80

14 2262 SEQ ID NO: 7633 1.48% 80

15 2543 SEQ ID NO: 7634 1.48% 80

16 2906 SEQ ID NO: 7635 1.48% 80

17 3077 SEQ ID NO: 7636 1.48% 80

18 3175 SEQ ID NO: 7637 1.48% 80

19 4195 SEQ ID NO: 7638 1.48% 80

20 4251 SEQ ID NO: 7639 1.48% 80

TABLE 14

Epitopes for SEQ ID NO: 6040

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 20 SEQ ID NO: 7640 0.04% 2.25

2 91 SEQ ID NO: 7641 0.01% 1

3 125 SEQ ID NO: 7642 0.01% 0.75

4 56 SEQ ID NO: 7643 0.00% 0.5

5 145 SEQ ID NO: 7644 0.00% 0.5

HLA A1 - 10 mers
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Maximum possible score using this molecule type 5625

1 20 SEQ ID NO: 7645 0.01% 0.9

2 56 SEQ ID NO: 7646 0.00% 0.5

3 71 SEQ ID NO: 7647 0.00% 0.5

4 144 SEQ ID NO: 7648 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 115 SEQ ID NO: 7649 0.24% 30

2 87 SEQ ID NO: 7650 0.04% 6

3 80 SEQ ID NO: 7651 0.03% 4.05

4 125 SEQ ID NO: 7652 0.01% 1.8

5 39 SEQ ID NO: 7653 0.01% 1.5

6 56 SEQ ID NO: 7654 0.01% 1.5

7 135 SEQ ID NO: 7655 0.00% 1.2

8 91 SEQ ID NO: 7656 0.00% 1

9 119 SEQ ID NO: 7657 0.00% 1

10 141 SEQ ID NO: 7658 0.00% 0.9

11 150 SEQ ID NO: 7659 0.00% 0.6

12 137 SEQ ID NO: 7660 0.00% 0.54

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 36 SEQ ID NO: 7661 0.24% 30

2 144 SEQ ID NO: 7662 0.06% 8

3 101 SEQ ID NO: 7663 0.03% 4

4 99 SEQ ID NO: 7664 0.02% 3.6

5 80 SEQ ID NO: 7665 0.02% 2.7

6 125 SEQ ID NO: 7666 0.01% 1.6875

7 71 SEQ ID NO: 7667 0.01% 1.5

8 118 SEQ ID NO: 7668 0.01% 1.5

9 40 SEQ ID NO: 7669 0.01% 1.35

10 5 SEQ ID NO: 7670 0.00% 0.9

11 56 SEQ ID NO: 7671 0.00% 0.9

12 107 SEQ ID NO: 7672 0.00% 0.6

13 135 SEQ ID NO: 7673 0.00% 0.6

14 141 SEQ ID NO: 7674 0.00% 0.6

15 148 SEQ ID NO: 7675 0.00% 0.6

16 116 SEQ ID NO: 7676 0.00% 0.5

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 153 SEQ ID NO: 7677 1.05% 16.8

2 80 SEQ ID NO: 7678 0.75% 12

3 123 SEQ ID NO: 7679 0.50% 8

4 137 SEQ ID NO: 7680 0.50% 8

5 9 SEQ ID NO: 7681 0.45% 7.2

6 77 SEQ ID NO: 7682 0.45% 7.2

7 112 SEQ ID NO: 7683 0.45% 7.2

8 73 SEQ ID NO: 7684 0.41% 6.6

9 32 SEQ ID NO: 7685 0.37% 6

10 110 SEQ ID NO: 7686 0.37% 6

11 140 SEQ ID NO: 7687 0.37% 6

12 143 SEQ ID NO: 7688 0.37% 6

13 18 SEQ ID NO: 7689 0.30% 4.8

14 54 SEQ ID NO: 7690 0.30% 4.8

15 108 SEQ ID NO: 7691 0.30% 4.8

16 141 SEQ ID NO: 7692 0.30% 4.8

17 92 SEQ ID NO: 7693 0.27% 4.4

18 33 SEQ ID NO: 7694 0.25% 4

19 49 SEQ ID NO: 7695 0.25% 4

20 111 SEQ ID NO: 7696 0.25% 4

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 142 SEQ ID NO: 7697 12.52% 200

2 110 SEQ ID NO: 7698 0.75% 12

3 99 SEQ ID NO: 7699 0.50% 8

4 8 SEQ ID NO: 7700 0.45% 7.2

5 140 SEQ ID NO: 7701 0.45% 7.2

6 32 SEQ ID NO: 7702 0.37% 6

7 17 SEQ ID NO: 7703 0.30% 4.8

8 53 SEQ ID NO: 7704 0.30% 4.8

9 76 SEQ ID NO: 7705 0.30% 4.8

10 107 SEQ ID NO: 7706 0.30% 4.8

11 111 SEQ ID NO: 7707 0.30% 4.8
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12 72 SEQ ID NO: 7708 0.27% 4.4

13 91 SEQ ID NO: 7709 0.27% 4.4

14 31 SEQ ID NO: 7710 0.25% 4

15 127 SEQ ID NO: 7711 0.25% 4

16 139 SEQ ID NO: 7712 0.25% 4

17 80 SEQ ID NO: 7713 0.22% 3.6

18 38 SEQ ID NO: 7714 0.18% 3

19 118 SEQ ID NO: 7715 0.18% 3

20 49 SEQ ID NO: 7716 0.12% 2

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 80 SEQ ID NO: 7717 0.00% 171.96732

2 147 SEQ ID NO: 7718 0.00% 51.46848

3 143 SEQ ID NO: 7719 0.00% 11.6146182

4 56 SEQ ID NO: 7720 0.00% 11.304684

5 10 SEQ ID NO: 7721 0.00% 10.34586

6 6 SEQ ID NO: 7722 0.00% 6.56830734

7 26 SEQ ID NO: 7723 0.00% 6.07614

8 141 SEQ ID NO: 7724 0.00% 5.981472

9 148 SEQ ID NO: 7725 0.00% 5.194044

10 9 SEQ ID NO: 7726 0.00% 4.299183

11 137 SEQ ID NO: 7727 0.00% 4.299183

12 130 SEQ ID NO: 7728 0.00% 4.138344

13 84 SEQ ID NO: 7729 0.00% 3.42792

14 27 SEQ ID NO: 7730 0.00% 3.383484

15 2 SEQ ID NO: 7731 0.00% 3.381

16 62 SEQ ID NO: 7732 0.00% 3.251556

17 23 SEQ ID NO: 7733 0.00% 2.9542005

18 99 SEQ ID NO: 7734 0.00% 1.982232

19 33 SEQ ID NO: 7735 0.00% 1.86921

20 111 SEQ ID NO: 7736 0.00% 1.76402985

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 5 SEQ ID NO: 7737 0.00% 159.9696

2 25 SEQ ID NO: 7738 0.00% 69.552

3 80 SEQ ID NO: 7739 0.00% 36.5148

4 107 SEQ ID NO: 7740 0.00% 21.3624

5 148 SEQ ID NO: 7741 0.00% 17.73576

6 61 SEQ ID NO: 7742 0.00% 13.9104

7 147 SEQ ID NO: 7743 0.00% 11.304684

8 53 SEQ ID NO: 7744 0.00% 8.230458

9 17 SEQ ID NO: 7745 0.00% 7.3086111

10 110 SEQ ID NO: 7746 0.00% 6.174104475

11 9 SEQ ID NO: 7747 000% 6.0858

12 99 SEQ ID NO: 7748 0.00% 5.6823984

13 2 SEQ ID NO: 7749 0.00% 3.188283

14 41 SEQ ID NO: 7750 0.00% 12.206413

15 135 SEQ ID NO: 7751 0.00% 12.076624

16 76 SEQ ID NO: 7752 0.00% 2.005692

17 23 SEQ ID NO: 7753 0.00% 1.798209

18 40 SEQ ID NO: 7754 0.00% 1.68996456

19 39 SEQ ID NO: 7755 0.00% 1.516482

20 118 SEQ ID NO: 7756 0.00% 1.2683304

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 91 SEQ ID NO: 7757 2.77% 1

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 101 SEQ ID NO: 7758 33.33% 12

2 71 SEQ ID NO: 7759 2.77% 1

3 90 SEQ ID NO: 7760 1.66% 0.6

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 49 SEQ ID NO: 7761 2.22% 120

2 9 SEQ ID NO: 7762 1.11% 60

3 73 SEQ ID NO: 7763 0.66% 36

4 33 SEQ ID NO: 7764 0.37% 20

5 137 SEQ ID NO: 7765 0.37% 20

6 141 SEQ ID NO: 7766 0.37% 20

7 77 SEQ ID NO: 7767 0.22% 12

8 112 SEQ ID NO: 7768 0.22% 12

9 143 SEQ ID NO: 7769 0.22% 12
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10 81 SEQ ID NO: 7770 0.14% 8

11 13 SEQ ID NO: 7771 0.09% 5

12 69 SEQ ID NO: 7772 0.09% 5

13 18 SEQ ID NO: 7773 0.07% 4

14 32 SEQ ID NO: 7774 0.07% 4

15 54 SEQ ID NO: 7775 0.07% 4

16 80 SEQ ID NO: 7776 0.07% 4

17 92 SEQ ID NO: 7777 0.07% 4

18 108 SEQ ID NO: 7778 0.07% 4

19 111 SEQ ID NO: 7779 0.07% 4

20 123 SEQ ID NO: 7780 0.07% 4

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 99 SEQ ID NO: 7781 0.74% 40

2 17 SEQ ID NO: 7782 0.37% 20

3 8 SEQ ID NO: 7783 0.22% 12

4 72 SEQ ID NO: 7784 0.22% 12

5 91 SEQ ID NO: 7785 0.22% 12

6 127 SEQ ID NO: 7786 0.11% 6

7 31 SEQ ID NO: 7787 0.07% 4

8 32 SEQ ID NO: 7788 0.07% 4

9 53 SEQ ID NO: 7789 0.07% 4

10 76 SEQ ID NO: 7790 0.07% 4

11 107 SEQ ID NO: 7791 0.07% 4

12 110 SEQ ID NO: 7792 0.07% 4

13 111 SEQ ID NO: 7793 0.07% 4

14 140 SEQ ID NO: 7794 0.07% 4

15 9 SEQ ID NO: 7795 0.05% 3

16 19 SEQ ID NO: 7796 0.05% 3

17 33 SEQ ID NO: 7797 0.03% 2

18 93 SEQ ID NO: 7798 0.03% 2

19 102 SEQ ID NO: 7799 0.03% 2

20 129 SEQ ID NO: 7800 0.02% 1.5

TABLE 15

Epitopes for SEQ ID NO: 6041

% of

Start max.

Rank position Sequence score Score

HLA B7 - 10 mers

Maximum possible score using 5625

this molecule type

1 1818 SEQ ID NO: 7801 1.6% 90

2 373 SEQ ID NO: 7802 1.33% 75

3 681 SEQ ID NO: 7803 1.33% 75

4 74 SEQ ID NO: 7804 0.88% 50

5 786 SEQ ID NO: 7805 0.88% 50

6 1495 SEQ ID NO: 7806 0.88% 50

7 88 SEQ ID NO: 7807 0.8% 45

8 357 SEQ ID NO: 7808 0.8% 45

9 1271 SEQ ID NO: 7809 0.8% 45

10 1799 SEQ ID NO: 7810 0.8% 45

11 1393 SEQ ID NO: 7811 0.48% 27

12 386 SEQ ID NO: 7812 0.44% 25

13 2304 SEQ ID NO: 7813 0.44% 25

14 198 SEQ ID NO: 7814 0.4% 22.5

15 840 SEQ ID NO: 7815 0.4% 22.5

16 2359 SEQ ID NO: 7816 0.4% 22.5

17 1194 SEQ ID NO: 7817 0.32% 18

18 1546 SEQ ID NO: 7818 0.32% 18

19 2200 SEQ ID NO: 7819 0.22% 12.5

20 996 SEQ ID NO: 7820 0.2% 11.25

HLA A1 - 9 mers

Maximum possible score using 5625

this molecule type

1 995 SEQ ID NO: 7821 10% 562.5

2 1303 SEQ ID NO: 7822 2.22% 125

3 1582 SEQ ID NO: 7823 2% 112.5

4 1456 SEQ ID NO: 7824 1.6% 90

5 772 SEQ ID NO: 7825 1.11% 62.5

6 181 SEQ ID NO: 7826 0.88% 50

7 632 SEQ ID NO: 7827 0.88% 50

8 2281 SEQ ID NO: 7828 0.88% 50
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9 1586 SEQ ID NO: 7829 0.8% 45

10 2109 SEQ ID NO: 7830 0.8% 45

11 745 SEQ ID NO: 7831 0.55% 31.25

12 1916 SEQ ID NO: 7832 0.53% 30

13 966 SEQ ID NO: 7833 0.44% 25

14 1387 SEQ ID NO: 7834 0.44% 25

15 2263 SEQ ID NO: 7835 0.44% 25

16 2457 SEQ ID NO: 7836 0.26% 15

17 1057 SEQ ID NO: 7837 0.22% 12.5

18 2562 SEQ ID NO: 7838 0.22% 12.5

19 74 SEQ ID NO: 7839 0.17% 10

20 298 SEQ ID NO: 7840 0.17% 10

HLA A1 - 10 mers

Maximum possible score using 12150

this molecule type

1 536 SEQ ID NO: 7841 3.33% 405

2 986 SEQ ID NO: 7842 2.46% 300

3 805 SEQ ID NO: 7843 1.64% 200

4 2345 SEQ ID NO: 7844 1.48% 180

5 2481 SEQ ID NO: 7845 0.55% 67.5

6 204 SEQ ID NO: 7846 0.49% 60

7 895 SEQ ID NO: 7847 0.44% 54

8 1512 SEQ ID NO: 7848 0.44% 54

9 2491 SEQ ID NO: 7849 0.37% 45

10 436 SEQ ID NO: 7850 0.32% 40

11 917 SEQ ID NO: 7851 0.32% 40

12 1176 SEQ ID NO: 7852 0.32% 40

13 1517 SEQ ID NO: 7853 0.29% 36

14 466 SEQ ID NO: 7854 0.24% 30

15 1784 SEQ ID NO: 7855 0.24% 30

16 2039 SEQ ID NO: 7856 0.24% 30

17 2124 SEQ ID NO: 7857 0.24% 30

18 1049 SEQ ID NO: 7858 0.22% 27

19 2200 SEQ ID NO: 7859 0.22% 27

20 2598 SEQ ID NO: 7860 0.22% 27

HLA A3 - 9 mers

Maximum possible score using 12150

this molecule type

1 392 SEQ ID NO: 7861 2.46% 300

2 2230 SEQ ID NO: 7862 1.48% 180

3 590 SEQ ID NO: 7863 1.11% 135

4 697 SEQ ID NO: 7864 1.11% 135

5 919 SEQ ID NO: 7865 0.74% 90

6 1354 SEQ ID NO: 7866 0.74% 90

7 1430 SEQ ID NO: 7867 0.74% 90

8 2534 SEQ ID NO: 7868 0.74% 90

9 202 SEQ ID NO: 7869 0.49% 60

10 488 SEQ ID NO: 7870 0.49% 60

11 922 SEQ ID NO: 7871 0.49% 60

12 1735 SEQ ID NO: 7872 0.49% 60

13 2281 SEQ ID NO: 7873 0.49% 60

14 1894 SEQ ID NO: 7874 0.44% 54

15 2552 SEQ ID NO: 7875 0.44% 54

16 555 SEQ ID NO: 7876 0.37% 45

17 1134 SEQ ID NO: 7877 0.37% 45

18 1149 SEQ ID NO: 7878 0.29% 36

19 283 SEQ ID NO: 7879 0.24% 30

20 917 SEQ ID NO: 7880 0.24% 30

HLA A3 - 10 mers

Maximum possible score using 1596.672

this molecule type

1 2375 SEQ ID NO: 7881 36.07% 576

2 1751 SEQ ID NO: 7882 28.93% 462

3 195 SEQ ID NO: 7883 25.05% 400

4 2306 SEQ ID NO: 7884 21.04% 336

5 806 SEQ ID NO: 7885 20.66% 330

6 1252 SEQ ID NO: 7886 18.78% 300

7 160 SEQ ID NO: 7887 15.03% 240

8 517 SEQ ID NO: 7888 15.03% 240

9 375 SEQ ID NO: 7889 12.52% 200

10 1275 SEQ ID NO: 7890 12.52% 200

11 2175 SEQ ID NO: 7891 12.52% 200

12 2207 SEQ ID NO: 7892 12.52% 200
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13 2343 SEQ ID NO: 7893 12.52% 200

14 443 SEQ ID NO: 7894 11.27% 180

15 668 SEQ ID NO: 7895 7.51% 120

16 1825 SEQ ID NO: 7896 6.88% 110

17 1690 SEQ ID NO: 7897 4.69% 75

18 159 SEQ ID NO: 7898 3.75% 60

19 2550 SEQ ID NO: 7899 3.75% 60

20 1949 SEQ ID NO: 7900 3.38% 54

HLA A24 - 9 mers

Maximum possible score using 1596.672

this molecule type

1 641 SEQ ID NO: 7901 45.09% 720

2 809 SEQ ID NO: 7902 24.80% 396

3 1209 SEQ ID NO: 7903 22.54% 360

4 216 SEQ ID NO: 7904 18.03% 288

5 159 SEQ ID NO: 7905 15.03% 240

6 528 SEQ ID NO: 7906 15.03% 240

7 799 SEQ ID NO: 7907 15.03% 240

8 1436 SEQ ID NO: 7908 15.03% 240

9 2219 SEQ ID NO: 7909 15.03% 240

10 1065 SEQ ID NO: 7910 13.77% 220

11 1953 SEQ ID NO: 7911 13.15% 210

12 1966 SEQ ID NO: 7912 12.52% 200

13 2600 SEQ ID NO: 7913 12.52% 200

14 71 SEQ ID NO: 7914 9.39% 150

15 380 SEQ ID NO: 7915 9.39% 150

16 1989 SEQ ID NO: 7916 9.39% 150

17 342 SEQ ID NO: 7917 8.76% 140

18 1071 SEQ ID NO: 7918 8.76% 140

19 2570 SEQ ID NO: 7919 6.88% 110

20 2550 SEQ ID NO: 7920 6.26% 100

HLA A24 - 10 mers

Maximum possible score using 3925227.1

this molecule type

1 1632 SEQ ID NO: 7921 0.09% 3607.31448

2 1640 SEQ ID NO: 7922 0.04% 1748.2560912

3 1776 SEQ ID NO: 7923 0.03% 1492.58592

4 2512 SEQ ID NO: 7924 0.03% 1434.16845

5 1073 SEQ ID NO: 7925 0.03% 1338.876

6 230 SEQ ID NO: 7926 0.01% 685.78272

7 1001 SEQ ID NO: 7927 0.01% 559.8936

8 716 SEQ ID NO: 7928 0.01% 558.27486

9 2280 SEQ ID NO: 7929 0.01% 511.19781048

10 590 SEQ ID NO: 7930 0.01% 469.6692

11 664 SEQ ID NO: 7931 0.01% 442.076389524

12 1094 SEQ ID NO: 7932 0.00% 382.536

13 1735 SEQ ID NO: 7933 0.00% 382.536

14 1625 SEQ ID NO: 7934 0.00% 342.4606344

15 1974 SEQ ID NO: 7935 0.00% 336.885048

16 2382 SEQ ID NO: 7936 0.00% 319.9392

17 2417 SEQ ID NO: 7937 0.00% 319.9392

18 744 SEQ ID NO: 7938 0.00% 256.416670125

19 108 SEQ ID NO: 7939 0.00% 232.52724

20 390 SEQ ID NO: 7940 0.00% 228.0411084

HLA A 0201 - 9 mers

Maximum possible score using 3925227.1

this molecule type

1 2511 SEQ ID NO: 7941 0.38% 15126.90795

2 1608 SEQ ID NO: 7942 0.05% 2049.4656

3 2572 SEQ ID NO: 7943 0.04% 1879.5921264

4 255 SEQ ID NO: 7944 0.03% 1566.6522795

5 895 SEQ ID NO: 7945 0.03% 1338.876

6 1171 SEQ ID NO: 7946 0.02% 1107.960876

7 1691 SEQ ID NO: 7947 0.01% 782.95521024

8 20 SEQ ID NO: 7948 0.01% 549.9372312

9 1632 SEQ ID NO: 7949 0.01% 479.041993296

10 2280 SEQ ID NO: 7950 0.01% 472.418344576987

11 1963 SEQ ID NO: 7951 0.00% 358.73928

12 1955 SEQ ID NO: 7952 0.00% 331.093464

13 741 SEQ ID NO: 7953 0.00% 318.652488

14 523 SEQ ID NO: 7954 0.00% 278.7876

15 1073 SEQ ID NO: 7955 0.00% 266.6988828

16 2489 SEQ ID NO: 7956 0.00% 243.432
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17 777 SEQ ID NO: 7957 0.00% 218.5730664

18 1737 SEQ ID NO: 7958 0.00% 218.0785572

19 589 SEQ ID NO: 7959 0.00% 210.538251

20 229 SEQ ID NO: 7960 0.00% 205.230564

HLA A 0201 - 10 mers

Maximum possible score using 36

this molecule type

1 2337 SEQ ID NO: 7961 33.33% 12

2 2156 SEQ ID NO: 7962 25% 9

3 492 SEQ ID NO: 7963 20% 7.2

4 18 SEQ ID NO: 7964 16.66% 6

5 332 SEQ ID NO: 7965 16.66% 6

6 415 SEQ ID NO: 7966 16.66% 6

7 2479 SEQ ID NO: 7967 16.66% 6

8 1495 SEQ ID NO: 7968 11.11% 4

9 2035 SEQ ID NO: 7969 11.11% 4

10 1349 SEQ ID NO: 7970 10% 3.6

11 1194 SEQ ID NO: 7971 8.33% 3

12 1648 SEQ ID NO: 7972 8.33% 3

13 96 SEQ ID NO: 7973 6.66% 2.4

14 764 SEQ ID NO: 7974 6.66% 2.4

15 986 SEQ ID NO: 7975 6.66% 2.4

16 2345 SEQ ID NO: 7976 6.66% 2.4

17 698 SEQ ID NO: 7977 5.55% 2

18 1355 SEQ ID NO: 7978 5.55% 2

19 1987 SEQ ID NO: 7979 5.55% 2

20 2085 SEQ ID NO: 7980 5.55% 2

HLA A 1101 - 9 mers

Maximum possible score using 36

this molecule type

1 2083 SEQ ID NO: 7981 33.33% 12

2 2123 SEQ ID NO: 7982 25% 9

3 2147 SEQ ID NO: 7983 16.66% 6

4 331 SEQ ID NO: 7984 12.5% 4.5

5 1035 SEQ ID NO: 7985 11.11% 4

6 1064 SEQ ID NO: 7986 11.11% 4

7 2154 SEQ ID NO: 7987 11.11% 4

8 1048 SEQ ID NO: 7988 7.5% 2.7

9 202 SEQ ID NO: 7989 6.66% 2.4

10 721 SEQ ID NO: 7990 6.66% 2.4

11 2109 SEQ ID NO: 7991 6.66% 2.4

12 2230 SEQ ID NO: 7992 6.66% 2.4

13 1306 SEQ ID NO: 7993 5.55% 2

14 1622 SEQ ID NO: 7994 5.55% 2

15 1772 SEQ ID NO: 7995 5.55% 2

16 1796 SEQ ID NO: 7996 5.55% 2

17 186 SEQ ID NO: 7997 5% 1.8

18 414 SEQ ID NO: 7998 5% 1.8

19 697 SEQ ID NO: 7999 5% 1.8

20 1175 SEQ ID NO: 8000 5% 1.8

HLA A 1101 - 10 mers

Maximum possible score using 5400

this molecule type

1 1447 SEQ ID NO: 8001 14.81% 800

2 642 SEQ ID NO: 8002 3.70% 200

3 34 SEQ ID NO: 8003 2.22% 120

4 186 SEQ ID NO: 8004 1.48% 80

5 244 SEQ ID NO: 8005 1.48% 80

6 459 SEQ ID NO: 8006 1.48% 80

7 1475 SEQ ID NO: 8007 1.48% 80

8 1867 SEQ ID NO: 8008 1.48% 80

9 2032 SEQ ID NO: 8009 1.48% 80

10 2047 SEQ ID NO: 8010 1.48% 80

11 2335 SEQ ID NO: 8011 1.48% 80

12 622 SEQ ID NO: 8012 1.11% 60

13 1375 SEQ ID NO: 8013 1.11% 60

14 1617 SEQ ID NO: 8014 0.92% 50

15 1023 SEQ ID NO: 8015 0.83% 45

16 286 SEQ ID NO: 8016 0.74% 40

17 490 SEQ ID NO: 8017 0.74% 40

18 810 SEQ ID NO: 8018 0.74% 40

19 1420 SEQ ID NO: 8019 0.74% 40

20 1854 SEQ ID NO: 8020 0.74% 40
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HLA B7 - 9 mers

Maximum possible score using 5400

this molecule type

1 1617 SEQ ID NO: 8021 3.70% 200

2 752 SEQ ID NO: 8022 2.22% 120

3 1552 SEQ ID NO: 8023 2.22% 120

4 154 SEQ ID NO: 8024 1.48% 80

5 165 SEQ ID NO: 8025 1.48% 80

6 383 SEQ ID NO: 8026 1.48% 80

7 1501 SEQ ID NO: 8027 1.48% 80

8 2093 SEQ ID NO: 8028 1.48% 80

9 2564 SEQ ID NO: 8029 1.48% 80

10 622 SEQ ID NO: 8030 1.11% 60

11 1086 SEQ ID NO: 8031 1.11% 60

12 1262 SEQ ID NO: 8032 1.11% 60

13 1556 SEQ ID NO: 8033 1.11% 60

14 845 SEQ ID NO: 8034 1% 54

15 286 SEQ ID NO: 8035 0.74% 40

16 490 SEQ ID NO: 8036 0.74% 40

17 552 SEQ ID NO: 8037 0.74% 40

18 1858 SEQ ID NO: 8038 0.74% 40

19 2107 SEQ ID NO: 8039 0.74% 40

20 2582 SEQ ID NO: 8040 0.74% 40

TABLE 16

Epitopes for SEQ ID NO: 6042

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 846 SEQ ID NO: 8041 2.22% 125

2 798 SEQ ID NO: 8042 1.6% 90

3 787 SEQ ID NO: 8043 0.88% 50

4 1178 SEQ ID NO: 8044 0.88% 50

5 637 SEQ ID NO: 8045 0.8% 45

6 557 SEQ ID NO: 8046 0.44% 25

7 1020 SEQ ID NO: 8047 0.44% 25

8 282 SEQ ID NO: 8048 0.32% 18

9 1241 SEQ ID NO: 8049 0.24% 13.5

10 466 SEQ ID NO: 8050 0.22% 12.5

11 727 SEQ ID NO: 8051 0.2% 11.25

12 706 SEQ ID NO: 8052 0.17% 10

13 324 SEQ ID NO: 8053 0.16% 9

14 752 SEQ ID NO: 8054 0.16% 9

15 54 SEQ ID NO: 8055 0.13% 7.5

16 554 SEQ ID NO: 8056 0.13% 7.5

17 590 SEQ ID NO: 8057 0.12% 6.75

18 569 SEQ ID NO: 8058 0.08% 5

19 613 SEQ ID NO: 8059 0.08% 5

20 90 SEQ ID NO: 8060 0.08% 4.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 1241 SEQ ID NO: 8061 4.8% 270

2 967 SEQ ID NO: 8062 0.8% 45

3 1010 SEQ ID NO: 8063 0.48% 27

4 426 SEQ ID NO: 8064 0.44% 25

5 809 SEQ ID NO: 8065 0.44% 25

6 1178 SEQ ID NO: 8066 0.44% 25

7 787 SEQ ID NO: 8067 0.22% 12.5

8 958 SEQ ID NO: 8068 0.22% 12.5

9 727 SEQ ID NO: 8069 0.2% 11.25

10 610 SEQ ID NO: 8070 0.17% 10

11 12 SEQ ID NO: 8071 0.13% 7.5

12 1181 SEQ ID NO: 8072 0.12% 6.75

13 373 SEQ ID NO: 8073 0.11% 6.25

14 602 SEQ ID NO: 8074 0.11% 6.25

15 20 SEQ ID NO: 8075 0.04% 2.5

16 32 SEQ ID NO: 8076 0.04% 2.5

17 53 SEQ ID NO: 8077 0.04% 2.5

18 400 SEQ ID NO: 8078 0.04% 2.5

19 557 SEQ ID NO: 8079 0.04% 2.5

20 667 SEQ ID NO: 8080 0.04% 2.5

HLA A3 - 9 mers
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Maximum possible score using this molecule type 12150

1 768 SEQ ID NO: 8081 0.82% 100

2 808 SEQ ID NO: 8082 0.49% 60

3 85 SEQ ID NO: 8083 0.24% 30

4 663 SEQ ID NO: 8084 0.24% 30

5 1245 SEQ ID NO: 8085 0.14% 18

6 288 SEQ ID NO: 8086 0.09% 12

7 50 SEQ ID NO: 8087 0.08% 10

8 320 SEQ ID NO: 8088 0.07% 9

9 402 SEQ ID NO: 8089 0.07% 9

10 798 SEQ ID NO: 8090 0.07% 9

11 902 SEQ ID NO: 8091 0.06% 8.1

12 364 SEQ ID NO: 8092 0.05% 6.75

13 297 SEQ ID NO: 8093 0.04% 6

14 992 SEQ ID NO: 8094 0.04% 6

15 38 SEQ ID NO: 8095 0.03% 4.5

16 249 SEQ ID NO: 8096 0.03% 4.5

17 706 SEQ ID NO: 8097 0.03% 4.05

18 1204 SEQ ID NO: 8098 0.03% 4.05

19 1178 SEQ ID NO: 8099 0.03% 4

20 343 SEQ ID NO: 8100 0.02% 3.6

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 255 SEQ ID NO: 8101 1.48% 180

2 180 SEQ ID NO: 8102 0.55% 67.5

3 768 SEQ ID NO: 8103 0.49% 60

4 1177 SEQ ID NO: 8104 0.49% 60

5 380 SEQ ID NO: 8105 0.24% 30

6 100 SEQ ID NO: 8106 0.18% 22.5

7 786 SEQ ID NO: 8107 0.16% 20

8 1217 SEQ ID NO: 8108 0.16% 20

9 207 SEQ ID NO: 8109 0.14% 18

10 1183 SEQ ID NO: 8110 0.14% 18

11 38 SEQ ID NO: 8111 0.09% 12

12 52 SEQ ID NO: 8112 0.09% 12

13 8 SEQ ID NO: 8113 0.06% 8

14 679 SEQ ID NO: 8114 0.06% 8

15 73 SEQ ID NO: 8115 0.05% 6.75

16 1204 SEQ ID NO: 8116 0.05% 6.075

17 50 SEQ ID NO: 8117 0.04% 6

18 774 SEQ ID NO: 8118 0.04% 6

19 845 SEQ ID NO: 8119 0.04% 6

20 214 SEQ ID NO: 8120 0.04% 5.4

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 1118 SEQ ID NO: 8121 19.84% 316.8

2 51 SEQ ID NO: 8122 18.78% 300

3 161 SEQ ID NO: 8123 18.78% 300

4 434 SEQ ID NO: 8124 18.78% 300

5 365 SEQ ID NO: 8125 13.77% 220

6 736 SEQ ID NO: 8126 12.52% 200

7 620 SEQ ID NO: 8127 7.51% 120

8 1068 SEQ ID NO: 8128 7.51% 120

9 817 SEQ ID NO: 8129 3.75% 60

10 336 SEQ ID NO: 8130 3.44% 55

11 687 SEQ ID NO: 8131 3.13% 50

12 254 SEQ ID NO: 8132 2.34% 37.5

13 627 SEQ ID NO: 8133 1.87% 30

14 950 SEQ ID NO: 8134 1.75% 28

15 28 SEQ ID NO: 8135 1.56% 25

16 408 SEQ ID NO: 8136 1.56% 25

17 159 SEQ ID NO: 8137 1.31% 21

18 1166 SEQ ID NO: 8138 1.26% 20.16

19 45 SEQ ID NO: 8139 1.25% 20

20 185 SEQ ID NO: 8140 1.25% 20

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 438 SEQ ID NO: 8141 27.55% 440

2 489 SEQ ID NO: 8142 22.54% 360

3 254 SEQ ID NO: 8143 18.78% 300

4 354 SEQ ID NO: 8144 11.27% 180

5 406 SEQ ID NO: 8145 11.27% 180

6 1047 SEQ ID NO: 8146 11.27% 180
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7 473 SEQ ID NO: 8147 7.51% 120

8 350 SEQ ID NO: 8148 6.26% 100

9 769 SEQ ID NO: 8149 6.26% 100

10 193 SEQ ID NO: 8150 5.63% 90

11 479 SEQ ID NO: 8151 3.13% 50

12 0 SEQ ID NO: 8152 2.70% 43.2

13 813 SEQ ID NO: 8153 1.87% 30

14 739 SEQ ID NO: 8154 1.50% 24

15 782 SEQ ID NO: 8155 1.50% 24

16 1186 SEQ ID NO: 8156 1.31% 21

17 910 SEQ ID NO: 8157 1.05% 16.8

18 128 SEQ ID NO: 8158 0.93% 15

19 183 SEQ ID NO: 8159 0.93% 15

20 1069 SEQ ID NO: 8160 0.93% 15

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 1041 SEQ ID NO: 8161 0.01% 484.2379773

2 981 SEQ ID NO: 8162 0.00% 382.536

3 957 SEQ ID NO: 8163 0.00% 342.4606344

4 896 SEQ ID NO: 8164 0.00% 232.6931712

5 1173 SEQ ID NO: 8165 0.00% 201.447432

6 733 SEQ ID NO: 8166 0.00% 171.86796

7 410 SEQ ID NO: 8167 0.00% 135.45252

8 786 SEQ ID NO: 8168 0.00% 119.463012

9 150 SEQ ID NO: 8169 0.00% 102.17550222

10 1 SEQ ID NO: 8170 0.00% 94.98737754

11 595 SEQ ID NO: 8171 0.00% 93.239424

12 1095 SEQ ID NO: 8172 0.00% 89.41779

13 1166 SEQ ID NO: 8173 0.00% 87.58584

14 845 SEQ ID NO: 8174 0.00% 79.642008

15 734 SEQ ID NO: 8175 0.00% 73.47672

16 802 SEQ ID NO: 8176 0.00% 71.872056

17 1213 SEQ ID NO: 8177 0.00% 71.872056

18 105 SEQ ID NO: 8178 0.00% 50.232

19 939 SEQ ID NO: 8179 0.00% 49.13352

20 130 SEQ ID NO: 8180 0.00% 48.732354

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 372 SEQ ID NO: 8181 0.04% 1896.33528

2 410 SEQ ID NO: 8182 0.02% 1134.00849744

3 162 SEQ ID NO: 8183 0.01% 685.3897512

4 1076 SEQ ID NO: 8184 0.01% 640.90320525

5 1196 SEQ ID NO: 8185 0.01% 623.742666372

6 353 SEQ ID NO: 8186 0.01% 446.7384576

7 50 SEQ ID NO: 8187 0.00% 375.97824

8 733 SEQ ID NO: 8188 0.00% 271.863864

9 130 SEQ ID NO: 8189 0.00% 235.6873848

10 415 SEQ ID NO: 8190 0.00% 185.679

11 297 SEQ ID NO: 8191 0.00% 177.496704

12 1 SEQ ID NO: 8192 0.00% 152.42160582

13 56 SEQ ID NO: 8193 0.00% 110.013876

14 732 SEQ ID NO: 8194 0.00% 101.0988

15 6 SEQ ID NO: 8195 0.00% 98.26704

16 261 SEQ ID NO: 8196 0.00% 91.60164

17 1040 SEQ ID NO: 8197 0.00% 76.98537

18 928 SEQ ID NO: 8198 0.00% 71.2908

19 1188 SEQ ID NO: 8199 0.00% 69.81282

20 1094 SEQ ID NO: 8200 0.00% 52.5987

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 402 SEQ ID NO: 8201 25% 9

2 902 SEQ ID NO: 8202 22.5% 8.1

3 288 SEQ ID NO: 8203 11.11% 4

4 85 SEQ ID NO: 8204 6.66% 2.4

5 706 SEQ ID NO: 8205 6.66% 2.4

6 456 SEQ ID NO: 8206 5.55% 2

7 920 SEQ ID NO: 8207 5.55% 2

8 535 SEQ ID NO: 8208 5% 1.8

9 364 SEQ ID NO: 8209 3.33% 1.2

10 438 SEQ ID NO: 8210 3.33% 1.2

11 798 SEQ ID NO: 8211 3.33% 1.2

12 808 SEQ ID NO: 8212 3.33% 1.2

13 937 SEQ ID NO: 8213 3.33% 1.2
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14 956 SEQ ID NO: 8214 3.33% 1.2

15 557 SEQ ID NO: 8215 2.77% 1

16 1218 SEQ ID NO: 8216 2.77% 1

17 784 SEQ ID NO: 8217 2.5% 0.9

18 249 SEQ ID NO: 8218 2.22% 0.8

19 768 SEQ ID NO: 8219 2.22% 0.8

20 1178 SEQ ID NO: 8220 2.22% 0.8

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 38 SEQ ID NO: 8221 13.33% 4.8

2 807 SEQ ID NO: 8222 12.5% 4.5

3 100 SEQ ID NO: 8223 11.11% 4

4 380 SEQ ID NO: 8224 11.11% 4

5 767 SEQ ID NO: 8225 10% 3.6

6 533 SEQ ID NO: 8226 8.33% 3

7 967 SEQ ID NO: 8227 6.66% 2.4

8 919 SEQ ID NO: 8228 5.55% 2

9 305 SEQ ID NO: 8229 5% 1.8

10 211 SEQ ID NO: 8230 3.33% 1.2

11 511 SEQ ID NO: 8231 3.33% 1.2

12 1177 SEQ ID NO: 8232 3.33% 1.2

13 429 SEQ ID NO: 8233 2.77% 1

14 758 SEQ ID NO: 8234 2.77% 1

15 797 SEQ ID NO: 8235 2.5% 0.9

16 255 SEQ ID NO: 8236 2.22% 0.8

17 986 SEQ ID NO: 8237 2.22% 0.8

18 1157 SEQ ID NO: 8238 2.22% 0.8

19 170 SEQ ID NO: 8239 1.66% 0.6

20 893 SEQ ID NO: 8240 1.66% 0.6

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 200 SEQ ID NO: 8241 1.48% 80

2 1243 SEQ ID NO: 8242 1.48% 80

3 123 SEQ ID NO: 8243 0.74% 40

4 248 SEQ ID NO: 8244 0.66% 36

5 1036 SEQ ID NO: 8245 0.66% 36

6 494 SEQ ID NO: 8246 0.37% 20

7 495 SEQ ID NO: 8247 0.37% 20

8 523 SEQ ID NO: 8248 0.37% 20

9 842 SEQ ID NO: 8249 0.37% 20

10 932 SEQ ID NO: 8250 0.37% 20

11 274 SEQ ID NO: 8251 0.33% 18

12 588 SEQ ID NO: 8252 0.22% 12

13 656 SEQ ID NO: 8253 0.22% 12

14 657 SEQ ID NO: 8254 0.22% 12

15 767 SEQ ID NO: 8255 0.22% 12

16 911 SEQ ID NO: 8256 0.22% 12

17 939 SEQ ID NO: 8257 0.22% 12

18 1007 SEQ ID NO: 8258 0.22% 12

19 1170 SEQ ID NO: 8259 0.22% 12

20 1206 SEQ ID NO: 8260 0.22% 12

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 505 SEQ ID NO: 8261 4.44% 240

2 312 SEQ ID NO: 8262 3.70% 200

3 141 SEQ ID NO: 8263 1.11% 60

4 1006 SEQ ID NO: 8264 0.66% 36

5 411 SEQ ID NO: 8265 0.44% 24

6 122 SEQ ID NO: 8266 0.37% 20

7 134 SEQ ID NO: 8267 0.37% 20

8 184 SEQ ID NO: 8268 0.37% 20

9 367 SEQ ID NO: 8269 0.37% 20

10 402 SEQ ID NO: 8270 0.37% 20

11 494 SEQ ID NO: 8271 0.37% 20

12 560 SEQ ID NO: 8272 0.37% 20

13 626 SEQ ID NO: 8273 0.37% 20

14 931 SEQ ID NO: 8274 0.37% 20

15 956 SEQ ID NO: 8275 0.37% 20

16 1117 SEQ ID NO: 8276 0.37% 20

17 1169 SEQ ID NO: 8277 0.37% 20

18 1196 SEQ ID NO: 8278 0.37% 20

19 247 SEQ ID NO: 8279 0.22% 12

20 273 SEQ ID NO: 8280 0.22% 12

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

168 of 328 03.08.23, 17:42



TABLE 17

Epitopes for SEQ ID NO: 6043

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 168 SEQ ID NO: 8281 0.2% 11.25

2 212 SEQ ID NO: 8282 0.08% 4.5

3 223 SEQ ID NO: 8283 0.08% 4.5

4 104 SEQ ID NO: 8284 0.04% 2.5

5 170 SEQ ID NO: 8285 0.04% 2.5

6 99 SEQ ID NO: 8286 0.04% 2.25

7 188 SEQ ID NO: 8287 0.02% 1.35

8 180 SEQ ID NO: 8288 0.02% 1.25

9 219 SEQ ID NO: 8289 0.02% 1.25

10 18 SEQ ID NO: 8290 0.01% 1

11 226 SEQ ID NO: 8291 0.01% 1

12 98 SEQ ID NO: 8292 0.01% 0.625

13 151 SEQ ID NO: 8293 0.01% 0.625

14 10 SEQ ID NO: 8294 0.01% 0.6

15 13 SEQ ID NO: 8295 0.00% 0.5

16 32 SEQ ID NO: 8296 0.00% 0.5

17 70 SEQ ID NO: 8297 0.00% 0.5

18 78 SEQ ID NO: 8298 0.00% 0.5

19 82 SEQ ID NO: 8299 0.00% 0.5

20 145 SEQ ID NO: 8300 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 99 SEQ ID NO: 8301 0.8% 45

2 223 SEQ ID NO: 8302 0.8% 45

3 188 SEQ ID NO: 8303 0.48% 27

4 206 SEQ ID NO: 8304 0.2% 11.25

5 253 SEQ ID NO: 8305 0.17% 10

6 174 SEQ ID NO: 8306 0.13% 7.5

7 97 SEQ ID NO: 8307 0.04% 2.5

8 257 SEQ ID NO: 8308 0.04% 2.5

9 179 SEQ ID NO: 8309 0.04% 2.25

10 162 SEQ ID NO: 8310 0.02% 1.25

11 196 SEQ ID NO: 8311 0.02% 1.25

12 219 SEQ ID NO: 8312 0.02% 1.25

13 18 SEQ ID NO: 8313 0.01% 1

14 246 SEQ ID NO: 8314 0.01% 1

15 38 SEQ ID NO: 8315 0.01% 0.75

16 33 SEQ ID NO: 8316 0.00% 0.5

17 69 SEQ ID NO: 8317 0.00% 0.5

18 81 SEQ ID NO: 8318 0.00% 0.5

19 104 SEQ ID NO: 8319 0.00% 0.5

20 116 SEQ ID NO: 8320 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 104 SEQ ID NO: 8321 0.98% 120

2 123 SEQ ID NO: 8322 0.74% 90

3 82 SEQ ID NO: 8323 0.44% 54

4 106 SEQ ID NO: 8324 0.11% 13.5

5 99 SEQ ID NO: 8325 0.08% 10.8

6 127 SEQ ID NO: 8326 0.08% 10

7 71 SEQ ID NO: 8327 0.07% 9

8 1 SEQ ID NO: 8328 0.06% 8.1

9 113 SEQ ID NO: 8329 0.04% 6

10 84 SEQ ID NO: 8330 0.03% 4.5

11 109 SEQ ID NO: 8331 0.03% 4.05

12 58 SEQ ID NO: 8332 0.02% 3

13 138 SEQ ID NO: 8333 0.02% 3

14 44 SEQ ID NO: 8334 0.02% 2.7

15 81 SEQ ID NO: 8335 0.02% 2.7

16 226 SEQ ID NO: 8336 0.02% 2.7

17 184 SEQ ID NO: 8337 0.01% 1.8

18 102 SEQ ID NO: 8338 0.01% 1.215

19 39 SEQ ID NO: 8339 0.00% 1.2

20 234 SEQ ID NO: 8340 0.00% 0.9

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

169 of 328 03.08.23, 17:42



1 99 SEQ ID NO: 8341 1.33% 162

2 81 SEQ ID NO: 8342 0.44% 54

3 104 SEQ ID NO: 8343 0.24% 30

4 51 SEQ ID NO: 8344 0.16% 20

5 122 SEQ ID NO: 8345 0.11% 13.5

6 71 SEQ ID NO: 8346 0.07% 9

7 69 SEQ ID NO: 8347 0.04% 6

8 223 SEQ ID NO: 8348 0.04% 5.4

9 84 SEQ ID NO: 8349 0.03% 4.5

10 63 SEQ ID NO: 8350 0.02% 3.6

11 138 SEQ ID NO: 8351 0.02% 3

12 201 SEQ ID NO: 8352 0.01% 1.8

13 44 SEQ ID NO: 8353 0.01% 1.35

14 83 SEQ ID NO: 8354 0.01% 1.35

15 116 SEQ ID NO: 8355 0.00% 1.2

16 46 SEQ ID NO: 8356 0.00% 0.9

17 183 SEQ ID NO: 8357 0.00% 0.81

18 57 SEQ ID NO: 8358 0.00% 0.6

19 93 SEQ ID NO: 8359 0.00% 0.6

20 113 SEQ ID NO: 8360 0.00% 0.6

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 198 SEQ ID NO: 8361 13.15% 210

2 105 SEQ ID NO: 8362 9.39% 150

3 210 SEQ ID NO: 8363 4.69% 75

4 75 SEQ ID NO: 8364 3.15% 50.4

5 85 SEQ ID NO: 8365 2.63% 42

6 205 SEQ ID NO: 8366 2.10% 33.6

7 77 SEQ ID NO: 8367 1.87% 30

8 158 SEQ ID NO: 8368 0.65% 10.5

9 103 SEQ ID NO: 8369 0.56% 9

10 227 SEQ ID NO: 8370 0.55% 8.8704

11 32 SEQ ID NO: 8371 0.54% 8.64

12 74 SEQ ID NO: 8372 0.50% 8

13 131 SEQ ID NO: 8373 0.50% 8

14 54 SEQ ID NO: 8374 0.46% 7.5

15 99 SEQ ID NO: 8375 0.45% 7.2

16 44 SEQ ID NO: 8376 0.37% 6

17 62 SEQ ID NO: 8377 0.37% 6

18 87 SEQ ID NO: 8378 0.37% 6

19 89 SEQ ID NO: 8379 0.37% 6

20 154 SEQ ID NO: 8380 0.37% 6

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 105 SEQ ID NO: 8381 22.54% 360

2 204 SEQ ID NO: 8382 17.53% 280

3 209 SEQ ID NO: 8383 3.13% 50

4 75 SEQ ID NO: 8384 1.87% 30

5 85 SEQ ID NO: 8385 1.87% 30

6 77 SEQ ID NO: 8386 1.12% 18

7 74 SEQ ID NO: 8387 0.84% 13.44

8 210 SEQ ID NO: 8388 0.56% 9

9 226 SEQ ID NO: 8389 0.55% 8.8704

10 98 SEQ ID NO: 8390 0.54% 8.64

11 198 SEQ ID NO: 8391 0.46% 7.5

12 67 SEQ ID NO: 8392 0.45% 7.2

13 152 SEQ ID NO: 8393 0.43% 7

14 43 SEQ ID NO: 8394 0.37% 6

15 63 SEQ ID NO: 8395 0.37% 6

16 72 SEQ ID NO: 8396 0.37% 6

17 89 SEQ ID NO: 8397 0.37% 6

18 101 SEQ ID NO: 8398 0.37% 6

19 107 SEQ ID NO: 8399 0.37% 6

20 111 SEQ ID NO: 8400 0.37% 6

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 138 SEQ ID NO: 8401 0.21% 8532.082944

2 106 SEQ ID NO: 8402 0.10% 3977.8497792

3 44 SEQ ID NO: 8403 0.03% 1243.078056

4 71 SEQ ID NO: 8404 0.00% 348.872832

5 234 SEQ ID NO: 8405 0.00% 243.432

6 51 SEQ ID NO: 8406 0.00% 130.26096

7 109 SEQ ID NO: 8407 0.00% 91.182672
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8 81 SEQ ID NO: 8408 0.00% 73.342584

9 88 SEQ ID NO: 8409 0.00% 70.386624

10 1 SEQ ID NO: 8410 0.00% 65.32728732

11 38 SEQ ID NO: 8411 0.00% 47.876409

12 76 SEQ ID NO: 8412 0.00% 36.8637882

13 46 SEQ ID NO: 8413 0.00% 30.889782

14 211 SEQ ID NO: 8414 0.00% 21.616753941

15 201 SEQ ID NO: 8415 0.00% 19.657134

16 102 SEQ ID NO: 8416 0.00% 18.4318941

17 199 SEQ ID NO: 8417 0.00% 16.496865

18 74 SEQ ID NO: 8418 0.00% 15.783256167

19 62 SEQ ID NO: 8419 0.00% 13.9968225

20 99 SEQ ID NO: 8420 0.00% 10.31851392

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 78 SEQ ID NO: 8421 0.01% 556.494246

2 138 SEQ ID NO: 8422 0.01% 395.245972224

3 84 SEQ ID NO: 8423 0.00% 201.554244

4 71 SEQ ID NO: 8424 0.00% 143.65707264

5 44 SEQ ID NO: 8425 0.00% 132.54624

6 76 SEQ ID NO: 8426 0.00% 84.78671286

7 8 SEQ ID NO: 8427 0.00% 69.552

8 211 SEQ ID NO: 8428 0.00% 52.7237901

9 113 SEQ ID NO: 8429 0.00% 47.99088

10 61 SEQ ID NO: 8430 0.00% 37.4509575

11 93 SEQ ID No: 8431 0.00% 31.24872

12 137 SEQ ID NO: 8432 0.00% 31.1384304

13 37 SEQ ID NO: 8433 0.00% 27.531

14 55 SEQ ID NO: 8434 0.00% 22.9153278

15 98 SEQ ID NO: 8435 0.00% 22.1063618985

16 108 SEQ ID NO: 8436 0.00% 21.55457052

17 63 SEQ ID NO: 8437 0.00% 21.3624

18 45 SEQ ID NO: 8438 0.00% 19.657134

19 200 SEQ ID NO: 8439 0.00% 19.657134

20 104 SEQ ID NO: 8440 0.00% 13.87622016

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 58 SEQ ID NO: 8441 5.55% 2

2 125 SEQ ID NO: 8442 1.66% 0.6

3 226 SEQ ID NO: 8443 1.66% 0.6

4 229 SEQ ID NO: 8444 1.66% 0.6

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 122 SEQ ID NO: 8445 2.22% 0.8

2 228 SEQ ID NO: 8446 2.22% 0.8

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 97 SEQ ID NO: 8447 0.66% 36

2 86 SEQ ID NO: 8448 0.37% 20

3 37 SEQ ID NO: 8449 0.33% 18

4 62 SEQ ID NO: 8450 0.33% 18

5 32 SEQ ID NO: 8451 0.22% 12

6 102 SEQ ID NO: 8452 0.22% 12

7 227 SEQ ID NO: 8453 0.22% 12

8 53 SEQ ID NO: 8454 0.11% 6

9 1 SEQ ID NO: 8455 0.07% 4

10 44 SEQ ID NO: 8456 0.07% 4

11 56 SEQ ID NO: 8457 0.07% 4

12 64 SEQ ID NO: 8458 0.07% 4

13 74 SEQ ID NO: 8459 0.07% 4

14 76 SEQ ID NO: 8460 0.07% 4

15 87 SEQ ID NO: 8461 0.07% 4

16 106 SEQ ID NO: 8462 0.07% 4

17 131 SEQ ID NO: 8463 0.07% 4

18 23 SEQ ID NO: 8464 0.03% 2

19 157 SEQ ID NO: 8465 0.03% 2

20 166 SEQ ID NO: 8466 0.03% 2

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 119 SEQ ID NO: 8467 3.33% 180

2 264 SEQ ID NO: 8468 1.48% 80

3 98 SEQ ID NO: 8469 0.66% 36
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4 27 SEQ ID NO: 8470 0.37% 20

5 86 SEQ ID NO: 8471 0.37% 20

6 31 SEQ ID NO: 8472 0.22% 12

7 63 SEQ ID NO: 8473 0.22% 12

8 96 SEQ ID NO: 8474 0.22% 12

9 101 SEQ ID NO: 8475 0.22% 12

10 226 SEQ ID NO: 8476 0.22% 12

11 157 SEQ ID NO: 8477 0.14% 8

12 176 SEQ ID NO: 8478 0.14% 8

13 238 SEQ ID NO: 8479 0.14% 8

14 36 SEQ ID NO: 8480 0.11% 6

15 53 SEQ ID NO: 8481 0.11% 6

16 61 SEQ ID NO: 8482 0.11% 6

17 3 SEQ ID NO: 8483 0.07% 4

18 40 SEQ ID NO: 8484 0.07% 4

19 55 SEQ ID NO: 8485 0.07% 4

20 74 SEQ ID NO: 8486 0.07% 4

TABLE 18

Epitopes for SEQ ID NO: 6044

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 69 SEQ ID NO: 8487 0.04% 2.5

2 89 SEQ ID NO: 8488 0.02% 1.5

3 141 SEQ ID NO: 8489 0.01% 1

4 113 SEQ ID NO: 8490 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 21 SEQ ID NO: 8491 0.02% 1.5

2 88 SEQ ID NO: 8492 0.02% 1.5

3 8 SEQ ID NO: 8493 0.02% 1.25

4 31 SEQ ID NO: 8494 0.00% 0.5

5 112 SEQ ID NO: 8495 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 60 SEQ ID NO: 8496 1.23% 150

2 77 SEQ ID NO: 8497 1.11% 135

3 141 SEQ ID NO: 8498 0.49% 60

4 95 SEQ ID NO: 8499 0.32% 40

5 128 SEQ ID NO: 8500 0.08% 10

6 113 SEQ ID NO: 8501 0.04% 6

7 69 SEQ ID NO: 8502 0.01% 2

8 22 SEQ ID NO: 8503 0.01% 1.8

9 42 SEQ ID NO: 8504 0.01% 1.8

10 78 SEQ ID NO: 8505 0.00% 1.2

11 32 SEQ ID NO: 8506 0.00% 1

12 54 SEQ ID NO: 8507 0.00% 0.9

13 74 SEQ ID NO: 8508 0.00% 0.9

14 28 SEQ ID NO: 8509 0.00% 0.6

15 36 SEQ ID NO: 8510 0.00% 0.6

16 48 SEQ ID NO: 8511 0.00% 0.6

17 118 SEQ ID NO: 8512 0.00% 0.6

18 4 SEQ ID NO: 8513 0.00% 0.5

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 94 SEQ ID NO: 8514 0.49% 60

2 48 SEQ ID NO: 8515 0.16% 20

3 128 SEQ ID NO: 8516 0.16% 20

4 60 SEQ ID NO: 8517 0.12% 15

5 127 SEQ ID NO: 8518 0.12% 15

6 25 SEQ ID NO: 8519 0.04% 6

7 95 SEQ ID NO: 8520 0.04% 6

8 141 SEQ ID NO: 8521 0.04% 6

9 41 SEQ ID NO: 8522 0.04% 5.4

10 77 SEQ ID NO: 8523 0.04% 5.4

11 116 SEQ ID NO: 8524 0.04% 5.4

12 91 SEQ ID NO: 8525 0.03% 4

13 4 SEQ ID NO: 8526 0.01% 2

14 112 SEQ ID NO: 8527 0.01% 1.8

15 113 SEQ ID NO: 8528 0.01% 1.35

16 12 SEQ ID NO: 8529 0.00% 1.2
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17 31 SEQ ID NO: 8530 0.00% 1

18 32 SEQ ID NO: 8531 0.00% 1

19 15 SEQ ID NO: 8532 0.00% 0.9

20 27 SEQ ID NO: 8533 0.00% 0.9

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 61 SEQ ID NO: 8534 14.46% 231

2 16 SEQ ID NO: 8535 3.13% 50

3 120 SEQ ID NO: 8536 1.87% 30

4 41 SEQ ID NO: 8537 0.60% 9.6

5 71 SEQ ID NO: 8538 0.45% 7.2

6 21 SEQ ID NO: 8539 0.37% 6

7 53 SEQ ID NO: 8540 0.37% 6

8 65 SEQ ID NO: 8541 0.37% 6

9 121 SEQ ID NO: 8542 0.37% 6

10 74 SEQ ID NO: 8543 0.36% 5.76

11 20 SEQ ID NO: 8544 0.35% 5.6

12 79 SEQ ID NO: 8545 0.35% 5.6

13 105 SEQ ID NO: 8546 0.33% 5.28

14 48 SEQ ID NO: 8547 0.30% 4.8

15 88 SEQ ID NO: 8548 0.30% 4.8

16 106 SEQ ID NO: 8549 0.30% 4.8

17 37 SEQ ID NO: 8550 0.27% 4.4

18 70 SEQ ID NO: 8551 0.27% 4.4

19 18 SEQ ID NO: 8552 0.25% 4

20 57 SEQ ID NO: 8553 0.22% 3.6

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 120 SEQ ID NO: 8554 1.87% 30

2 73 SEQ ID NO: 8555 0.54% 8.64

3 19 SEQ ID NO: 8556 0.52% 8.4

4 78 SEQ ID NO: 8557 0.52% 8.4

5 104 SEQ ID NO: 8558 0.49% 7.92

6 61 SEQ ID NO: 8559 0.46% 7.5

7 47 SEQ ID NO: 8560 0.45% 7.2

8 36 SEQ ID NO: 8561 0.41% 6.6

9 52 SEQ ID NO: 8562 0.37% 6

10 64 SEQ ID NO: 8563 0.30% 4.8

11 70 SEQ ID NO: 8564 0.30% 4.8

12 105 SEQ ID NO: 8565 0.30% 4.8

13 123 SEQ ID NO: 8566 0.30% 4.8

14 69 SEQ ID NO: 8567 0.27% 4.4

15 20 SEQ ID NO: 8568 0.25% 4

16 66 SEQ ID NO: 8569 0.25% 4

17 83 SEQ ID NO: 8570 0.25% 4

18 86 SEQ ID NO: 8571 0.25% 4

19 101 SEQ ID NO: 8572 0.25% 4

20 119 SEQ ID NO: 8573 0.25% 4

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 62 SEQ ID NO: 8574 0.00% 136.1646

2 85 SEQ ID NO: 8575 0.00% 69.6969

3 47 SEQ ID NO: 8576 0.00% 60.153786

4 121 SEQ ID NO: 8577 0.00% 52.5182736

5 74 SEQ ID NO: 8578 0.00% 49.13352

6 23 SEQ ID NO: 8579 0.00% 21.99582

7 78 SEQ ID NO: 8580 0.00% 19.42488

8 114 SEQ ID NO: 8581 0.00% 14.6900655

9 4 SEQ ID NO: 8582 0.00% 11.304684

10 79 SEQ ID NO: 8583 0.00% 8.4687081

11 122 SEQ ID NO: 8584 0.00% 6.0996

12 100 SEQ ID NO: 8585 0.00% 5.382

13 105 SEQ ID NO: 8586 0.00% 4.981593

14 25 SEQ ID NO: 8587 0.00% 4.968

15 115 SEQ ID NO: 8588 0.00% 4.966482

16 24 SEQ ID NO: 8589 0.00% 4.4815221585

17 111 SEQ ID NO: 8590 0.00% 4.128201

18 94 SEQ ID NO: 8591 0.00% 3.67632

19 34 SEQ ID NO: 8592 0.00% 3.47553

20 12 SEQ ID NO: 8593 0.00% 3.30993

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 77 SEQ ID NO: 8594 0.00% 147.97188
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2 62 SEQ ID NO: 8595 0.00% 143.59176

3 113 SEQ ID NO: 8596 0.00% 106.83684

4 78 SEQ ID NO: 8597 0.00% 83.526984

5 86 SEQ ID NO: 8598 0.00% 83.526984

6 74 SEQ ID NO: 8599 0.00% 69.552

7 121 SEQ ID NO: 8600 0.00% 61.06776

8 12 SEQ ID NO: 8601 0.00% 50.232

9 44 SEQ ID NO: 8602 0.00% 26.082

10 4 SEQ ID NO: 8603 0.00% 18.3816

11 0 SEQ ID NO: 8604 0.00% 17.38386

12 72 SEQ ID NO: 8605 0.00% 17.1396

13 22 SEQ ID NO: 8606 0.00% 16.21914

14 122 SEQ ID NO: 8607 0.00% 14.02908

15 64 SEQ ID NO: 8608 0.00% 11.161854

16 46 SEQ ID NO: 8609 0.00% 10.34586

17 54 SEQ ID NO: 8610 0.00% 8.846145

18 47 SEQ ID NO: 8611 0.00% 7.575080337

19 131 SEQ ID NO: 8612 0.00% 7.452

20 114 SEQ ID NO: 8613 0.00% 6.735366

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 69 SEQ ID NO: 8614 5.55% 2

2 22 SEQ ID NO: 8615 5% 1.8

3 77 SEQ ID NO: 8616 5% 1.8

4 141 SEQ ID NO: 8617 3.33% 1.2

5 60 SEQ ID NO: 8618 2.22% 0.8

6 95 SEQ ID NO: 8619 2.22% 0.8

7 36 SEQ ID NO: 8620 1.66% 0.6

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 41 SEQ ID NO: 8621 3.33% 1.2

2 68 SEQ ID NO: 8622 33.33% 1.2

3 94 SEQ ID NO: 8623 3.33% 1.2

4 31 SEQ ID NO: 8624 2.77% 1

5 127 SEQ ID NO: 8625 2.5% 0.9

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 48 SEQ ID NO: 8626 0.74% 40

2 20 SEQ ID NO: 8627 0.37% 20

3 121 SEQ ID NO: 8628 0.33% 18

4 18 SEQ ID NO: 8629 0.07% 4

5 21 SEQ ID NO: 8630 0.07% 4

6 37 SEQ ID NO: 8631 0.07% 4

7 41 SEQ ID NO: 8632 0.07% 4

8 53 SEQ ID NO: 8633 0.07% 4

9 65 SEQ ID NO: 8634 0.07% 4

10 70 SEQ ID NO: 8635 0.07% 4

11 71 SEQ ID NO: 8636 0.07% 4

12 74 SEQ ID NO: 8637 0.07% 4

13 79 SEQ ID NO: 8638 0.07% 4

14 88 SEQ ID NO: 8639 0.07% 4

15 105 SEQ ID NO: 8640 0.07% 4

16 106 SEQ ID NO: 8641 0.07% 4

17 124 SEQ ID NO: 8642 0.07% 4

18 1 SEQ ID NO: 8643 0.03% 2

19 120 SEQ ID NO: 8644 0.03% 1.8

20 11 SEQ ID NO: 8645 0.02% 1.2

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 63 SEQ ID NO: 8646 1.48% 80

2 123 SEQ ID NO: 8647 0.74% 40

3 20 SEQ ID NO: 8648 0.37% 20

4 64 SEQ ID NO: 8649 0.22% 12

5 119 SEQ ID NO: 8650 0.11% 6

6 54 SEQ ID NO: 8651 0.09% 5

7 19 SEQ ID NO: 8652 0.07% 4

8 36 SEQ ID NO: 8653 0.07% 4

9 47 SEQ ID NO: 8654 0.07% 4

10 52 SEQ ID NO: 8655 0.07% 4

11 69 SEQ ID NO: 8656 0.07% 4

12 70 SEQ ID NO: 8657 0.07% 4

13 73 SEQ ID NO: 8658 0.07% 4

14 78 SEQ ID NO: 8659 0.07% 4
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15 83 SEQ ID NO: 8660 0.07% 4

16 86 SEQ ID NO: 8661 0.07% 4

17 101 SEQ ID NO: 8662 0.07% 4

18 104 SEQ ID NO: 8663 0.07% 4

19 105 SEQ ID NO: 8664 0.07% 4

20 15 SEQ ID NO: 8665 0.03% 2

TABLE 19

Epitopes for SEQ ID NO: 6045

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 4 SEQ ID NO: 8666 0.02% 1.35

2 66 SEQ ID NO: 8667 0.02% 1.35

3 33 SEQ ID NO: 8668 0.02% 1.25

4 44 SEQ ID NO: 8669 0.01% 1

5 50 SEQ ID NO: 8670 0.01% 1

6 14 SEQ ID NO: 8671 0.01% 0.75

7 48 SEQ ID NO: 8672 0.01% 0.75

8 11 SEQ ID NO: 8673 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 4 SEQ ID NO: 8674 0.12% 6.75

2 66 SEQ ID NO: 8675 0.12% 6.75

3 10 SEQ ID NO: 8676 0.00% 0.5

4 28 SEQ ID NO: 8677 0.00% 0.5

5 32 SEQ ID NO: 8678 0.00% 0.5

6 47 SEQ ID NO: 8679 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 17 SEQ ID NO: 8680 0.24% 30

2 44 SEQ ID NO: 8681 0.07% 9

3 19 SEQ ID NO: 8682 0.06% 8.1

4 50 SEQ ID NO: 8683 0.04% 5.4

5 29 SEQ ID NO: 8684 0.03% 4

6 52 SEQ ID NO: 8685 0.02% 3.24

7 54 SEQ ID NO: 8686 0.02% 3

8 11 SEQ ID NO: 8687 0.01% 1.8

9 37 SEQ ID NO: 8688 0.01% 1.8

10 25 SEQ ID NO: 8689 0.01% 1.35

11 10 SEQ ID NO: 8690 0.00% 0.9

12 16 SEQ ID NO: 8691 0.00% 0.9

13 35 SEQ ID NO: 8692 0.00% 0.6

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 49 SEQ ID NO: 8693 0.44% 54

2 17 SEQ ID NO: 8694 0.22% 27

3 10 SEQ ID NO: 8695 0.14% 18

4 16 SEQ ID NO: 8696 0.07% 9

5 32 SEQ ID NO: 8697 0.04% 6

6 19 SEQ ID NO: 8698 0.01% 1.8

7 29 SEQ ID NO: 8699 0.00% 1.2

8 23 SEQ ID NO: 8700 0.00% 0.9

9 26 SEQ ID NO: 8701 0.00% 0.9

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 18 SEQ ID NO: 8702 1.87% 30

2 24 SEQ ID NO: 8703 0.65% 10.5

3 9 SEQ ID NO: 8704 0.52% 8.4

4 12 SEQ ID NO: 8705 0.52% 8.4

5 28 SEQ ID NO: 8706 0.52% 8.4

6 42 SEQ ID NO: 8707 0.52% 8.4

7 57 SEQ ID NO: 8708 0.52% 8.4

8 66 SEQ ID NO: 8709 0.52% 8.4

9 55 SEQ ID NO: 8710 0.51% 8.25

10 0 SEQ ID NO: 8711 0.48% 7.7

11 22 SEQ ID NO: 8712 0.45% 7.2

12 10 SEQ ID NO: 8713 0.37% 6

13 25 SEQ ID NO: 8714 0.37% 6

14 30 SEQ ID NO: 8715 0.37% 6

15 19 SEQ ID NO: 8716 0.35% 5.6
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16 40 SEQ ID NO: 8717 0.31% 5

17 3 SEQ ID NO: 8718 0.30% 4.8

18 65 SEQ ID NO: 8719 0.30% 4.8

19 14 SEQ ID NO: 8720 0.27% 4.32

20 56 SEQ ID NO: 8721 0.25% 4

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 55 SEQ ID NO: 8722 18.78% 300

2 18 SEQ ID NO: 8723 2.63% 42

3 21 SEQ ID NO: 8724 2.25% 36

4 2 SEQ ID NO: 8725 1.87% 30

5 24 SEQ ID NO: 8726 1.87% 30

6 11 SEQ ID NO: 8727 0.52% 8.4

7 40 SEQ ID NO: 8728 0.52% 8.4

8 65 SEQ ID NO: 8729 0.42% 6.72

9 9 SEQ ID NO: 8730 0.37% 6

10 8 SEQ ID NO: 8731 0.35% 5.6

11 27 SEQ ID NO: 8732 0.35% 5.6

12 41 SEQ ID NO: 8733 0.35% 5.6

13 57 SEQ ID NO: 8734 0.31% 5

14 17 SEQ ID NO: 8735 0.25% 4

15 29 SEQ ID NO: 8736 0.25% 4

16 64 SEQ ID NO: 8737 0.25% 4

17 16 SEQ ID NO: 8738 0.22% 3.6

18 10 SEQ ID NO: 8739 0.18% 3

19 13 SEQ ID NO: 8740 0.18% 2.88

20 23 SEQ ID NO: 8741 0.08% 1.4

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 19 SEQ ID NO: 8742 0.03% 1310.8823136

2 15 SEQ ID NO: 8743 0.02% 1082.4143022

3 16 SEQ ID NO: 8744 0.02% 1040.33238624

4 49 SEQ ID NO: 8745 0.00% 382.536

5 25 SEQ ID NO: 8746 0.00% 342.863529264

6 56 SEQ ID NO: 8747 0.00% 63.28397376

7 12 SEQ ID NO: 8748 0.00% 40.19736105

8 10 SEQ ID NO: 8749 0.00% 21.3624

9 22 SEQ ID NO: 8750 0.00% 19.7762418

10 26 SEQ ID NO: 8751 0.00% 12.6684

11 20 SEQ ID NO: 8752 0.00% 11.544666

12 37 SEQ ID NO: 8753 0.00% 10.4328

13 32 SEQ ID NO: 8754 0.00% 8.4456

14 23 SEQ ID NO: 8755 0.00% 6.2888049

15 47 SEQ ID NO: 8756 0.00% 6.0858

16 3 SEQ ID NO: 8757 0.00% 4.582929078

17 18 SEQ ID NO: 8758 0.00% 4.4855150505

18 28 SEQ ID NO: 8759 0.00% 4.2923589

19 62 SEQ ID NO: 8760 0.00% 2.88098391

20 27 SEQ ID NO: 8761 0.00% 1.699677

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 17 SEQ ID NO: 8762 0.16% 6459.14167272

2 19 SEQ ID NO: 8763 0.01% 607.88448

3 25 SEQ ID NO: 8764 0.00% 126.83304

4 11 SEQ ID NO: 8765 0.00% 63.16728165

5 15 SEQ ID NO: 8766 0.00% 53.54651988

6 37 SEQ ID NO: 8767 0.00% 28.51632

7 14 SEQ ID NO: 8768 0.00% 21.8247414

8 29 SEQ ID NO: 8769 0.00% 21.3624

9 26 SEQ ID NO: 8770 0.00% 19.42488

10 3 SEQ ID NO: 8771 0.00% 17.2167282

11 48 SEQ ID NO: 8772 0.00% 15.7068219

12 12 SEQ ID NO: 8773 0.00% 9.8581266

13 27 SEQ ID NO: 8774 0.00% 7.3086111

14 39 SEQ ID NO: 8775 0.00% 7.10976

15 23 SEQ ID NO: 8776 0.00% 5.7419523

16 22 SEQ ID NO: 8777 0.00% 4.599126

17 45 SEQ ID NO: 8778 0.00% 2.5495155

18 31 SEQ ID NO: 8779 0.00% 2.52747

19 52 SEQ ID NO: 8780 0.00% 2.383605

20 20 SEQ ID NO: 8781 0.00% 2.332847151

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36
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1 44 SEQ ID NO: 8782 3.33% 1.2

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 3 SEQ ID NO: 8783 0.37% 20

2 12 SEQ ID NO: 8784 0.37% 20

3 22 SEQ ID NO: 8785 0.37% 20

4 56 SEQ ID NO: 8786 0.37% 20

5 30 SEQ ID NO: 8787 0.22% 12

6 9 SEQ ID NO: 8788 0.07% 4

7 10 SEQ ID NO: 8789 0.07% 4

8 19 SEQ ID NO: 8790 0.07% 4

9 25 SEQ ID NO: 8791 0.07% 4

10 28 SEQ ID NO: 8792 0.07% 4

11 42 SEQ ID NO: 8793 0.07% 4

12 65 SEQ ID NO: 8794 0.07% 4

13 35 SEQ ID NO: 8795 0.05% 3

14 66 SEQ ID NO: 8796 0.02% 1.2

15 15 SEQ ID NO: 8797 0.01% 1

16 47 SEQ ID NO: 8798 0.01% 1

17 20 SEQ ID NO: 8799 0.01% 0.6

18 23 SEQ ID NO: 8800 0.00% 0.5

19 27 SEQ ID NO: 8801 0.00% 0.5

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 27 SEQ ID NO: 8802 0.37% 20

2 8 SEQ ID NO: 8803 0.07% 4

3 9 SEQ ID NO: 8804 0.07% 4

4 11 SEQ ID NO: 8805 0.07% 4

5 17 SEQ ID NO: 8806 0.07% 4

6 29 SEQ ID NO: 8807 0.07% 4

7 41 SEQ ID NO: 8808 0.07% 4

8 52 SEQ ID NO: 8809 0.07% 4

9 64 SEQ ID NO: 8810 0.07% 4

10 65 SEQ ID NO: 8811 0.07% 4

11 3 SEQ ID NO: 8812 0.03% 2

12 23 SEQ ID NO: 8813 0.03% 2

13 21 SEQ ID NO: 8814 0.02% 1.2

14 15 SEQ ID NO: 8815 0.01% 1

15 35 SEQ ID NO: 8816 0.01% 0.6

16 39 SEQ ID NO: 8817 0.01% 0.6

17 12 SEQ ID NO: 8818 0.00% 0.5

18 22 SEQ ID NO: 8819 0.00% 0.5

19 45 SEQ ID NO: 8820 0.00% 0.5

TABLE 20

Epitopes for SEQ ID NO: 6046

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 186 SEQ ID NO: 8821 2.22% 125

2 156 SEQ ID NO: 8822 0.88% 50

3 14 SEQ ID NO: 8823 0.08% 4.5

4 0 SEQ ID NO: 8824 0.04% 2.5

5 29 SEQ ID NO: 8825 0.04% 2.5

6 85 SEQ ID NO: 8826 0.04% 2.5

7 168 SEQ ID NO: 8827 0.04% 2.5

8 133 SEQ ID NO: 8828 0.02% 1.35

9 111 SEQ ID NO: 8829 0.02% 1.125

10 61 SEQ ID NO: 8830 0.01% 1

11 7 SEQ ID NO: 8831 0.01% 0.9

12 131 SEQ ID NO: 8832 0.01% 0.9

13 211 SEQ ID NO: 8833 0.01% 0.625

14 4 SEQ ID NO: 8834 0.00% 0.5

15 43 SEQ ID NO: 8835 0.00% 0.5

16 95 SEQ ID NO: 8836 0.00% 0.5

17 136 SEQ ID NO: 8837 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 133 SEQ ID NO: 8838 0.04% 2.7

2 84 SEQ ID NO: 8839 0.04% 2.5

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

177 of 328 03.08.23, 17:42



3 167 SEQ ID NO: 8840 0.04% 2.5

4 186 SEQ ID NO: 8841 0.04% 2.5

5 131 SEQ ID NO: 8842 0.04% 2.25

6 14 SEQ ID NO: 8843 0.03% 1.8

7 205 SEQ ID NO: 8844 0.02% 1.25

8 111 SEQ ID NO: 8845 0.02% 1.125

9 60 SEQ ID NO: 8846 0.01% 1

10 188 SEQ ID NO: 8847 0.01% 0.75

11 211 SEQ ID NO: 8848 0.01% 0.625

12 26 SEQ ID NO: 8849 0.00% 0.5

13 94 SEQ ID NO: 8850 0.00% 0.5

14 135 SEQ ID NO: 8851 0.00% 0.5

15 168 SEQ ID NO: 8852 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 43 SEQ ID NO: 8853 0.24% 30

2 90 SEQ ID NO: 8854 0.14% 18

3 148 SEQ ID NO: 8855 0.09% 12

4 4 SEQ ID NO: 8856 0.05% 6.75

5 24 SEQ ID NO: 8857 0.04% 6

6 19 SEQ ID NO: 8858 0.04% 5.4

7 136 SEQ ID NO: 8859 0.04% 5.4

8 54 SEQ ID NO: 8860 0.03% 4.5

9 32 SEQ ID NO: 8861 0.03% 4

10 14 SEQ ID NO: 8862 0.02% 3.6

11 59 SEQ ID NO: 8863 0.02% 3.6

12 88 SEQ ID NO: 8864 0.02% 3

13 87 SEQ ID NO: 8865 0.02% 2.7

14 29 SEQ ID NO: 8866 0.01% 1.8

15 48 SEQ ID NO: 8867 0.01% 1.8

16 115 SEQ ID NO: 8868 0.01% 1.8

17 186 SEQ ID NO: 8869 0.01% 1.8

18 106 SEQ ID NO: 8870 0.01% 1.5

19 53 SEQ ID NO: 8871 0.01% 1.35

20 173 SEQ ID NO: 8872 0.00% 1.2

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 24 SEQ ID NO: 8873 0.22% 27

2 54 SEQ ID NO: 8874 0.18% 22.5

3 135 SEQ ID NO: 8875 0.08% 10.8

4 51 SEQ ID NO: 8876 0.07% 9

5 13 SEQ ID NO: 8877 0.06% 8.1

6 26 SEQ ID NO: 8878 0.04% 6

7 31 SEQ ID NO: 8879 0.04% 6

8 90 SEQ ID NO: 8880 0.04% 6

9 43 SEQ ID NO: 8881 0.03% 4.5

10 19 SEQ ID NO: 8882 0.03% 4.05

11 169 SEQ ID NO: 8883 0.02% 3

12 87 SEQ ID NO: 8884 0.02% 2.7

13 84 SEQ ID NO: 8885 0.01% 1.8

14 88 SEQ ID NO: 8886 0.01% 1.8

15 94 SEQ ID NO: 8887 0.01% 1.8

16 64 SEQ ID NO: 8888 0.00% 1.2

17 131 SEQ ID NO: 8889 0.00% 1.2

18 99 SEQ ID NO: 8890 0.00% 1

19 53 SEQ ID NO: 8891 0.00% 0.9

20 85 SEQ ID NO: 8892 0.00% 0.9

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 196 SEQ ID NO: 8893 27.55% 440

2 44 SEQ ID NO: 8894 18.78% 300

3 36 SEQ ID NO: 8895 12.52% 200

4 92 SEQ ID NO: 8896 12.52% 200

5 109 SEQ ID NO: 8897 2.70% 43.2

6 25 SEQ ID NO: 8898 1.87% 30

7 93 SEQ ID NO: 8899 1.12% 18

8 12 SEQ ID NO: 8900 0.75% 12

9 123 SEQ ID NO: 8901 0.70% 11.2

10 7 SEQ ID NO: 8902 0.64% 10.368

11 17 SEQ ID NO: 8903 0.52% 8.4

12 139 SEQ ID NO: 8904 0.52% 8.4

13 193 SEQ ID NO: 8905 0.46% 7.5

14 6 SEQ ID NO: 8906 0.45% 7.2
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15 19 SEQ ID NO: 8907 0.45% 7.2

16 110 SEQ ID NO: 8908 0.45% 7.2

17 114 SEQ ID NO: 8909 0.45% 7.2

18 210 SEQ ID NO: 8910 0.45% 7.2

19 46 SEQ ID NO: 8911 0.42% 6.72

20 52 SEQ ID NO: 8912 0.37% 6

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 92 SEQ ID NO: 8913 7.51% 120

2 42 SEQ ID NO: 8914 2.63% 42

3 109 SEQ ID NO: 8915 2.25% 36

4 23 SEQ ID NO: 8916 1.87% 30

5 34 SEQ ID NO: 8917 0.75% 12

6 6 SEQ ID NO: 8918 0.64% 10.368

7 45 SEQ ID NO: 8919 0.63% 10.08

8 196 SEQ ID NO: 8920 0.62% 10

9 44 SEQ ID NO: 8921 0.56% 9

10 40 SEQ ID NO: 8922 0.55% 8.8

11 62 SEQ ID NO: 8923 0.46% 7.5

12 193 SEQ ID NO: 8924 0.46% 7.5

13 18 SEQ ID NO: 8925 0.45% 7.2

14 113 SEQ ID NO: 8926 0.45% 7.2

15 56 SEQ ID NO: 8927 0.37% 6

16 176 SEQ ID NO: 8928 0.37% 6

17 16 SEQ ID NO: 8929 0.35% 5.6

18 138 SEQ ID NO: 8930 0.35% 5.6

19 127 SEQ ID NO: 8931 0.33% 5.28

20 36 SEQ ID NO: 8932 0.31% 5

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 13 SEQ ID NO: 8933 0.04% 1793.676528

2 87 SEQ ID NO: 8934 0.03% 1415.3832

3 24 SEQ ID NO: 8935 0.01% 618.0996816

4 19 SEQ ID NO: 8936 0.00% 223.23708

5 12 SEQ ID NO: 8937 0.00% 210.36400875

6 51 SEQ ID NO: 8938 0.00% 198.30859992

7 53 SEQ ID NO: 8939 0.00% 194.477328

8 88 SEQ ID NO: 8940 0.00% 180.58536756

9 106 SEQ ID NO: 8941 0.00% 169.74828

10 54 SEQ ID NO: 8942 0.00% 70.09848

11 59 SEQ ID NO: 8943 0.00% 43.42032

12 94 SEQ ID NO: 8944 0.00% 41.792058

13 20 SEQ ID NO: 8945 0.00% 37.46088108

14 63 SEQ ID NO: 8946 0.00% 35.73520902

15 22 SEQ ID NO: 8947 0.00% 20.5916435109

16 47 SEQ ID NO: 8948 0.00% 12.233222865

17 66 SEQ ID NO: 8949 0.00% 12.2199

18 56 SEQ ID NO: 8950 0.00% 11.486706

19 67 SEQ ID NO: 8951 0.00% 6.416172

20 117 SEQ ID NO: 8952 0.00% 5.827464

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 43 SEQ ID NO: 8953 0.10% 3977.8497792

2 24 SEQ ID NO: 8954 0.02% 836.2525104

3 51 SEQ ID NO: 8955 0.02% 815.616432

4 49 SEQ ID NO: 8956 0.01% 660.3245145

5 19 SEQ ID NO: 8957 0.00% 251.837856

6 59 SEQ ID NO: 8958 0.00% 159.9696

7 12 SEQ ID NO: 8959 0.00% 155.245377

8 45 SEQ ID NO: 8960 0.00% 141.1974531

9 21 SEQ ID NO: 8961 0.00% 117.22672269

10 53 SEQ ID NO: 8962 0.00% 84.55536

11 87 SEQ ID NO: 8963 0.00% 65.5671672

12 13 SEQ ID NO: 8964 0.00% 64.88888616

13 153 SEQ ID NO: 8965 0.00% 49.13352

14 178 SEQ ID NO: 8966 0.00% 26.082

15 18 SEQ ID NO: 8967 0.00% 24.802259691

16 116 SEQ ID NO: 8968 0.00% 21.5616168

17 65 SEQ ID NO: 8969 0.00% 20.77383

18 86 SEQ ID NO: 8970 0.00% 15.7068219

19 27 SEQ ID NO: 8971 0.00% 12.3159135

20 46 SEQ ID NO: 8972 0.00% 11.45624789925

HLA A 1101 - 9 mers
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Maximum possible score using this molecule type 36

1 4 SEQ ID NO: 8973 12.5% 4.5

2 136 SEQ ID NO: 8974 3.33% 1.2

3 156 SEQ ID NO: 8975 3.33% 1.2

4 140 SEQ ID NO: 8976 1.66% 0.6

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 169 SEQ ID NO: 8977 5.55% 2

2 94 SEQ ID NO: 8978 3.33% 1.2

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 146 SEQ ID NO: 8979 0.74% 40

2 154 SEQ ID NO: 8980 0.74% 40

3 80 SEQ ID NO: 8981 0.66% 36

4 139 SEQ ID NO: 8982 0.33% 18

5 83 SEQ ID NO: 8983 0.22% 12

6 209 SEQ ID NO: 8984 0.22% 12

7 7 SEQ ID NO: 8985 0.11% 6

8 3 SEQ ID NO: 8986 0.07% 4

9 6 SEQ ID NO: 8987 0.07% 4

10 12 SEQ ID NO: 8988 0.07% 4

11 19 SEQ ID NO: 8989 0.07% 4

12 24 SEQ ID NO: 8990 0.07% 4

13 38 SEQ ID NO: 8991 0.07% 4

14 46 SEQ ID NO: 8992 0.07% 4

15 56 SEQ ID NO: 8993 0.07% 4

16 110 SEQ ID NO: 8994 0.07% 4

17 114 SEQ ID NO: 8995 0.07% 4

18 123 SEQ ID NO: 8996 0.07% 4

19 129 SEQ ID NO: 8997 0.07% 4

20 166 SEQ ID NO: 8998 0.07% 4

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 56 SEQ ID NO: 8999 1.48% 80

2 40 SEQ ID NO: 9000 0.74% 40

3 127 SEQ ID NO: 9001 0.74% 40

4 170 SEQ ID NO: 9002 0.74% 40

5 140 SEQ ID NO: 9003 0.27% 15

6 35 SEQ ID NO: 9004 0.22% 12

7 79 SEQ ID NO: 9005 0.22% 12

8 82 SEQ ID NO: 9006 0.22% 12

9 208 SEQ ID NO: 9007 0.22% 12

10 209 SEQ ID NO: 9008 0.22% 12

11 80 SEQ ID NO: 9009 0.16% 9

12 129 SEQ ID NO: 9010 0.14% 8

13 138 SEQ ID NO: 9011 0.11% 6

14 73 SEQ ID NO: 9012 0.09% 5

15 2 SEQ ID NO: 9013 0.07% 4

16 5 SEQ ID NO: 9014 0.07% 4

17 6 SEQ ID NO: 9015 0.07% 4

18 16 SEQ ID NO: 9016 0.07% 4

19 18 SEQ ID NO: 9017 0.07% 4

20 24 SEQ ID NO: 9018 0.07% 4

TABLE 21

Epitopes for SEQ ID NO: 6047

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 53 SEQ ID NO: 9019 2% 112.5

2 10 SEQ ID NO: 9020 0.08% 4.5

3 33 SEQ ID NO: 9021 0.02% 1.5

4 3 SEQ ID NO: 9022 0.00% 0.5

5 27 SEQ ID NO: 9023 0.00% 0.5

6 29 SEQ ID NO: 9024 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 10 SEQ ID NO: 9025 0.8% 45

2 52 SEQ ID NO: 9026 0.2% 11.25

3 50 SEQ ID NO: 9027 0.04% 2.5

4 32 SEQ ID NO: 9028 0.02% 1.5
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5 48 SEQ ID NO: 9029 0.02% 1.35

6 27 SEQ ID NO: 9030 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 38 SEQ ID NO: 9031 1.85% 225

2 17 SEQ ID NO: 9032 0.02% 3.6

3 2 SEQ ID NO: 9033 0.02% 2.7

4 37 SEQ ID NO: 9034 0.01% 1.8

5 27 SEQ ID NO: 9035 0.01% 1.35

6 13 SEQ ID NO: 9036 0.00% 0.675

7 14 SEQ ID NO: 9037 0.00% 0.6

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 13 SEQ ID NO: 9038 0.04% 6

2 37 SEQ ID NO: 9039 0.01% 2.025

3 2 SEQ ID NO: 9040 0.00% 0.9

4 19 SEQ ID NO: 9041 0.00% 0.675

5 16 SEQ ID NO: 9042 0.00% 0.54

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 20 SEQ ID NO: 9043 1.25% 20

2 6 SEQ ID NO: 9044 0.52% 8.4

3 5 SEQ ID NO: 9045 0.51% 8.25

4 35 SEQ ID NO: 9046 0.36% 5.76

5 31 SEQ ID NO: 9047 0.35% 5.6

6 43 SEQ ID NO: 9048 0.27% 4.4

7 13 SEQ ID NO: 9049 0.26% 4.2

8 32 SEQ ID NO: 9050 0.21% 3.36

9 2 SEQ ID NO: 9051 0.11% 1.8

10 9 SEQ ID NO: 9052 0.10% 1.68

11 8 SEQ ID NO: 9053 0.09% 1.5

12 15 SEQ ID NO: 9054 0.09% 1.5

13 23 SEQ ID NO: 9055 0.09% 1.5

14 27 SEQ ID NO: 9056 0.08% 1.4

15 24 SEQ ID NO: 9057 0.07% 1.2

16 7 SEQ ID NO: 9058 0.06% 1

17 17 SEQ ID NO: 9059 0.06% 1

18 10 SEQ ID NO: 9060 0.05% 0.9

19 39 SEQ ID NO: 9061 0.04% 0.792

20 47 SEQ ID NO: 9062 0.04% 0.792

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 5 SEQ ID NO: 9063 2.63% 42

2 34 SEQ ID NO: 9064 0.54% 8.64

3 30 SEQ ID NO: 9065 0.52% 8.4

4 19 SEQ ID NO: 9066 0.50% 8

5 50 SEQ ID NO: 9067 0.33% 5.28

6 12 SEQ ID NO: 9068 0.26% 4.2

7 31 SEQ ID NO: 9069 0.21% 3.36

8 26 SEQ ID NO: 9070 0.15% 2.52

9 8 SEQ ID NO: 9071 0.13% 2.1

10 22 SEQ ID NO: 9072 0.12% 2

11 23 SEQ ID NO: 9073 0.11% 1.8

12 6 SEQ ID NO: 9074 0.09% 1.5

13 14 SEQ ID NO: 9075 0.09% 1.5

14 16 SEQ ID NO: 9076 0.09% 1.5

15 7 SEQ ID NO: 9077 0.06% 1

16 48 SEQ ID NO: 9078 0.04% 0.75

17 0 SEQ ID NO: 9079 0.04% 0.72

18 9 SEQ ID NO: 9080 0.04% 0.72

19 47 SEQ ID NO: 9081 0.04% 0.66

20 39 SEQ ID NO: 9082 0.03% 0.6

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 15 SEQ ID NO: 9083 0.00% 14.1442686

2 27 SEQ ID NO: 9084 0.00% 9.598176

3 22 SEQ ID NO: 9085 0.00% 9.5634

4 9 SEQ ID NO: 9086 0.00% 5.546246013

5 2 SEQ ID NO: 9087 0.00% 5.526462816

6 24 SEQ ID NO: 9088 0.00% 4.88163753

7 17 SEQ ID NO: 9089 0.00% 3.699285408

8 31 SEQ ID NO: 9090 0.00% 2.29699206
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9 6 SEQ ID NO: 9091 0.00% 2.0016040674

10 7 SEQ ID NO: 9092 0.00% 0.91287

11 49 SEQ ID NO: 9093 0.00% 0.71805678

12 16 SEQ ID NO: 9094 0.00% 0.6694257042

13 12 SEQ ID NO: 9095 0.00% 0.6539828625

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 16 SEQ ID NO: 9096 0.00% 34.28765802

2 19 SEQ ID NO: 9097 0.00% 18.9368775

3 14 SEQ ID NO: 9098 0.00% 14.1442686

4 27 SEQ ID NO: 9099 0.00% 11.406528

5 26 SEQ ID NO: 9100 0.00% 10.9304361558

6 34 SEQ ID NO: 9101 0.00% 5.580927

7 6 SEQ ID NO: 9102 0.00% 4.865742

8 9 SEQ ID NO: 9103 0.00% 2.64106953

9 50 SEQ ID NO: 9104 0.00% 2.6275752

10 30 SEQ ID NO: 9105 0.00% 2.29699206

11 7 SEQ ID NO: 9106 0.00% 0.86083641

12 42 SEQ ID NO: 9107 0.00% 0.7049592

13 22 SEQ ID NO: 9108 0.00% 0.6628440357

14 2 SEQ ID NO: 9109 0.00% 0.6530644656

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 37 SEQ ID NO: 9110 15% 5.4

2 38 SEQ ID NO: 9111 2.22% 0.8

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 37 SEQ ID NO: 9112 7.5% 2.7

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 35 SEQ ID NO: 9113 3.70% 200

2 17 SEQ ID NO: 9114 0.11% 6

3 6 SEQ ID NO: 9115 0.07% 4

4 20 SEQ ID NO: 9116 0.07% 4

5 31 SEQ ID NO: 9117 0.07% 4

6 43 SEQ ID NO: 9118 0.07% 4

7 7 SEQ ID NO: 9119 0.03% 2

8 23 SEQ ID NO: 9120 0.02% 1.2

9 24 SEQ ID NO: 9121 0.02% 1.2

10 10 SEQ ID NO: 9122 0.01% 0.9

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 35 SEQ ID NO: 9123 0.09% 5

2 19 SEQ ID NO: 9124 0.07% 4

3 30 SEQ ID NO: 9125 0.07% 4

4 34 SEQ ID NO: 9126 0.07% 4

5 7 SEQ ID NO: 9127 0.03% 2

6 16 SEQ ID NO: 9128 0.03% 1.8

7 23 SEQ ID NO: 9129 0.02% 1.2

8 50 SEQ ID NO: 9130 0.02% 1.2

9 9 SEQ ID NO: 9131 0.01% 1

TABLE 22

Epitopes for SEQ ID NO: 6048

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 66 SEQ ID NO: 9132 0.44% 25

2 80 SEQ ID NO: 9133 0.08% 5

3 93 SEQ ID NO: 9134 0.04% 2.7

4 11 SEQ ID NO: 9135 0.04% 2.5

5 89 SEQ ID NO: 9136 0.04% 2.25

6 48 SEQ ID NO: 9137 0.01% 1

7 3 SEQ ID NO: 9138 0.00% 0.5

8 9 SEQ ID NO: 9139 0.00% 0.5

9 56 SEQ ID NO: 9140 0.00% 0.5

10 101 SEQ ID NO: 9141 0.00% 0.5

11 106 SEQ ID NO: 9142 0.00% 0.5

12 110 SEQ ID NO: 9143 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625
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1 30 SEQ ID NO: 9144 0.4% 22.5

2 88 SEQ ID NO: 9145 0.12% 6.75

3 48 SEQ ID NO: 9146 0.04% 2.5

4 55 SEQ ID NO: 9147 0.02% 1.25

5 13 SEQ ID NO: 9148 0.01% 0.9

6 79 SEQ ID NO: 9149 0.01% 0.75

7 93 SEQ ID NO: 9150 0.01% 0.675

8 2 SEQ ID NO: 9151 0.00% 0.5

9 8 SEQ ID NO: 9152 0.00% 0.5

10 65 SEQ ID NO: 9153 0.00% 0.5

11 66 SEQ ID NO: 9154 0.00% 0.5

12 80 SEQ ID NO: 9155 0.00% 0.5

13 105 SEQ ID NO: 9156 0.00% 0.5

14 109 SEQ ID NO: 9157 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 109 SEQ ID NO: 9158 0.74% 90

2 3 SEQ ID NO: 9159 0.24% 30

3 111 SEQ ID NO: 9160 0.12% 15

4 106 SEQ ID NO: 9161 0.07% 9

5 95 SEQ ID NO: 9162 0.05% 6.075

6 101 SEQ ID NO: 9163 0.04% 6

7 110 SEQ ID NO: 9164 0.02% 3.6

8 84 SEQ ID NO: 9165 0.02% 3

9 80 SEQ ID NO: 9166 0.02% 2.7

10 37 SEQ ID NO: 9167 0.01% 2.25

11 9 SEQ ID NO: 9168 0.01% 2

12 54 SEQ ID NO: 9169 0.01% 2

13 99 SEQ ID NO: 9170 0.01% 1.35

14 1 SEQ ID NO: 9171 0.01% 1.215

15 11 SEQ ID NO: 9172 0.00% 0.9

16 15 SEQ ID NO: 9173 0.00% 0.9

17 69 SEQ ID NO: 9174 0.00% 0.6

18 5 SEQ ID NO: 9175 0.00% 0.54

19 103 SEQ ID NO: 9176 0.00% 0.54

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 75 SEQ ID NO: 9177 0.49% 60

2 109 SEQ ID NO: 9178 0.29% 36

3 22 SEQ ID NO: 9179 0.14% 18

4 15 SEQ ID NO: 9180 0.04% 6

5 110 SEQ ID NO: 9181 0.01% 2.25

6 95 SEQ ID NO: 9182 0.01% 1.8

7 101 SEQ ID NO: 9183 0.01% 1.35

8 43 SEQ ID NO: 9184 0.00% 1

9 2 SEQ ID NO: 9185 0.00% 0.9

10 5 SEQ ID NO: 9186 0.00% 0.9

11 7 SEQ ID NO: 9187 0.00% 0.9

12 107 SEQ ID NO: 9188 0.00% 0.9

13 102 SEQ ID NO: 9189 0.00% 0.81

14 3 SEQ ID NO: 9190 0.00% 0.75

15 8 SEQ ID NO: 9191 0.00% 0.6

16 103 SEQ ID NO: 9192 0.00% 0.54

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 88 SEQ ID NO: 9193 1.66% 26.6112

2 77 SEQ ID NO: 9194 0.77% 12.32

3 18 SEQ ID NO: 9195 0.56% 9

4 108 SEQ ID NO: 9196 0.56% 9

5 92 SEQ ID NO: 9197 0.54% 8.64

6 96 SEQ ID NO: 9198 0.54% 8.64

7 73 SEQ ID NO: 9199 0.46% 7.5

8 40 SEQ ID NO: 9200 0.45% 7.2

9 104 SEQ ID NO: 9201 0.42% 6.72

10 8 SEQ ID NO: 9202 0.41% 6.6

11 21 SEQ ID NO: 9203 0.37% 6

12 102 SEQ ID NO: 9204 0.37% 6

13 22 SEQ ID NO: 9205 0.25% 4

14 68 SEQ ID NO: 9206 0.25% 4

15 106 SEQ ID NO: 9207 0.22% 3.6

16 1 SEQ ID NO: 9208 0.18% 3

17 79 SEQ ID NO: 9209 0.18% 3

18 93 SEQ ID NO: 9210 0.18% 3
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19 101 SEQ ID NO: 9211 0.18% 3

20 37 SEQ ID NO: 9212 0.15% 2.4

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 100 SEQ ID NO: 9213 0.93% 15

2 18 SEQ ID NO: 9214 0.78% 12.6

3 98 SEQ ID NO: 9215 0.52% 8.4

4 73 SEQ ID NO: 9216 0.46% 7.5

5 91 SEQ ID NO: 9217 0.45% 7.2

6 103 SEQ ID NO: 9218 0.42% 6.72

7 7 SEQ ID NO: 9219 0.41% 6.6

8 21 SEQ ID NO: 9220 0.37% 6

9 46 SEQ ID NO: 9221 0.37% 6

10 93 SEQ ID NO: 9222 0.37% 6

11 96 SEQ ID NO: 9223 0.37% 6

12 101 SEQ ID NO: 9224 0.37% 6

13 77 SEQ ID NO: 9225 0.25% 4

14 92 SEQ ID NO: 9226 0.22% 3.6

15 105 SEQ ID NO: 9227 0.22% 3.6

16 2 SEQ ID NO: 9228 0.18% 3

17 53 SEQ ID NO: 9229 0.18% 3

18 36 SEQ ID NO: 9230 0.12% 2

19 55 SEQ ID NO: 9231 0.12% 2

20 102 SEQ ID NO: 9232 0.11% 1.8

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 84 SEQ ID NO: 9233 0.01% 441.342216

2 102 SEQ ID NO: 9234 0.00% 63.16728165

3 107 SEQ ID NO: 9235 0.00% 51.882640425

4 1 SEQ ID NO: 9236 0.00% 43.8816609

5 95 SEQ ID NO: 9237 0.00% 33.40165248

6 2 SEQ ID NO: 9238 0.00% 24.66305226

7 92 SEQ ID NO: 9239 0.00% 22.64458905

8 103 SEQ ID NO: 9240 0.00% 20.70206586

9 47 SEQ ID NO: 9241 0.00% 11.175953184

10 94 SEQ ID NO: 9242 0.00% 8.452983

11 15 SEQ ID NO: 9243 0.00% 8.1793152

12 8 SEQ ID NO: 9244 0.00% 4.993461

13 5 SEQ ID NO: 9245 0.00% 4.57284528

14 99 SEQ ID NO: 9246 0.00% 3.999468528

15 105 SEQ ID NO: 9247 0.00% 2.231322

16 20 SEQ ID NO: 9248 0.00% 1.3524

17 62 SEQ ID NO: 9249 0.00% 0.8631693

18 6 SEQ ID NO: 9250 0.00% 0.824619

19 57 SEQ ID NO: 9251 0.00% 0.72105

20 58 SEQ ID NO: 9252 0.00% 0.7147572

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 101 SEQ ID NO: 9253 0.03% 1243.078056

2 3 SEQ ID NO: 9254 0.01% 592.944462

3 106 SEQ ID NO: 9255 0.00% 94.2678

4 5 SEQ ID NO: 9256 0.00% 43.42032

5 107 SEQ ID NO: 9257 0.00% 33.30332334

6 102 SEQ ID NO: 9258 0.00% 32.53181778

7 54 SEQ ID NO: 9259 0.00% 27.324

8 7 SEQ ID NO: 9260 0.00% 21.3624

9 1 SEQ ID NO: 9261 0.00% 13.723479

10 95 SEQ ID NO: 9262 0.00% 13.00344192

11 94 SEQ ID NO: 9263 0.00% 10.01276388

12 99 SEQ ID NO: 9264 0.00% 5.6615328

13 39 SEQ ID NO: 9265 0.00% 3.6304212

14 111 SEQ ID NO: 9266 0.00% 2.53368

15 103 SEQ ID NO: 9267 0.00% 2.475394803

16 14 SEQ ID NO: 9268 0.00% 2.4519012

17 19 SEQ ID NO: 9269 0.00% 2.07604992

18 29 SEQ ID NO: 9270 0.00% 1.8179154

19 57 SEQ ID NO: 9271 0.00% 1.52076

20 47 SEQ ID NO: 9272 0.00% 1.27712376

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 80 SEQ ID NO: 9273 3.33% 1.2

2 69 SEQ ID NO: 9274 1.66% 0.6

3 109 SEQ ID NO: 9275 1.66% 0.6
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HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 22 SEQ ID NO: 9276 11.11% 4

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 22 SEQ ID NO: 9277 3.70% 200

2 77 SEQ ID NO: 9278 2.22% 120

3 104 SEQ ID NO: 9279 0.22% 12

4 40 SEQ ID NO: 9280 0.11% 6

5 8 SEQ ID NO: 9281 0.07% 4

6 21 SEQ ID NO: 9282 0.07% 4

7 68 SEQ ID NO: 9283 0.07% 4

8 92 SEQ ID NO: 9284 0.07% 4

9 102 SEQ ID NO: 9285 0.07% 4

10 46 SEQ ID NO: 9286 0.03% 2

11 98 SEQ ID NO: 9287 0.03% 2

12 103 SEQ ID NO: 9288 0.03% 2

13 88 SEQ ID NO: 9289 0.02% 1.2

14 105 SEQ ID NO: 9290 0.01% 0.9

15 43 SEQ ID NO: 9291 0.01% 0.6

16 79 SEQ ID NO: 9292 0.01% 0.6

17 95 SEQ ID NO: 9293 0.01% 0.6

18 107 SEQ ID NO: 9294 0.00% 0.5

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 46 SEQ ID NO: 9295 1.48% 80

2 98 SEQ ID NO: 9296 1.48% 80

3 91 SEQ ID NO: 9297 0.37% 20

4 103 SEQ ID NO: 9298 0.37% 20

5 7 SEQ ID NO: 9299 0.07% 4

6 21 SEQ ID NO: 9300 0.07% 4

7 101 SEQ ID NO: 9301 0.07% 4

8 107 SEQ ID NO: 9302 0.03% 2

9 67 SEQ ID NO: 9303 0.02% 1.2

10 93 SEQ ID NO: 9304 0.02% 1.2

11 69 SEQ ID NO: 9305 0.01% 1

12 39 SEQ ID NO: 9306 0.01% 0.6

13 77 SEQ ID NO: 9307 0.01% 0.6

14 22 SEQ ID NO: 9308 0.00% 0.5

TABLE 23

Epitopes for SEQ ID NO: 6049

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 0 SEQ ID NO: 9309 0.2% 11.25

2 35 SEQ ID NO: 9310 0.01% 0.9

3 4 SEQ ID NO: 9311 0.00% 0.5

4 5 SEQ ID NO: 9312 0.00% 0.5

5 10 SEQ ID NO: 9313 0.00% 0.5

6 19 SEQ ID NO: 9314 0.00% 0.5

7 21 SEQ ID NO: 9315 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 0 SEQ ID NO: 9316 0.2% 11.25

2 5 SEQ ID NO: 9317 0.04% 2.5

3 33 SEQ ID NO: 9318 0.02% 1.5

4 3 SEQ ID NO: 9319 0.02% 1.25

5 9 SEQ ID NO: 9320 0.00% 0.5

6 18 SEQ ID NO: 9321 0.00% 0.5

7 20 SEQ ID NO: 9322 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 4 SEQ ID NO: 9323 0.14% 18

2 16 SEQ ID NO: 9324 0.11% 13.5

3 23 SEQ ID NO: 9325 0.06% 8.1

4 18 SEQ ID NO: 9326 0.03% 4.05

5 21 SEQ ID NO: 9327 0.01% 2.025

6 9 SEQ ID NO: 9328 0.01% 1.8

7 15 SEQ ID NO: 9329 0.01% 1.8

8 25 SEQ ID NO: 9330 0.01% 1.8
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9 12 SEQ ID NO: 9331 0.00% 0.9

10 19 SEQ ID NO: 9332 0.00% 0.9

11 20 SEQ ID NO: 9333 0.00% 0.9

12 2 SEQ ID NO: 9334 0.00% 0.81

13 22 SEQ ID NO: 9335 0.00% 0.81

14 10 SEQ ID NO: 9336 0.00% 0.6

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 20 SEQ ID NO: 9337 0.16% 20.25

2 9 SEQ ID NO: 9338 0.09% 12

3 16 SEQ ID NO: 9339 0.07% 9

4 18 SEQ ID NO: 9340 0.07% 9

5 22 SEQ ID NO: 9341 0.06% 8.1

6 4 SEQ ID NO: 9342 0.03% 4.05

7 15 SEQ ID NO: 9343 0.03% 4.05

8 12 SEQ ID NO: 9344 0.02% 3.6

9 3 SEQ ID NO: 9345 0.00% 0.9

10 33 SEQ ID NO: 9346 0.00% 0.6

11 2 SEQ ID NO: 9347 0.00% 0.54

12 24 SEQ ID NO: 9348 0.00% 0.54

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 8 SEQ ID NO: 9349 18.78% 300

2 11 SEQ ID NO: 9350 1.87% 30

3 28 SEQ ID NO: 9351 1.50% 24

4 7 SEQ ID NO: 9352 0.75% 12

5 17 SEQ ID NO: 9353 0.56% 9

6 14 SEQ ID NO: 9354 0.46% 7.5

7 23 SEQ ID NO: 9355 0.37% 6

8 13 SEQ ID NO: 9356 0.36% 5.76

9 2 SEQ ID NO: 9357 0.35% 5.6

10 16 SEQ ID NO: 9358 0.35% 5.6

11 9 SEQ ID NO: 9359 0.30% 4.8

12 21 SEQ ID NO: 9360 0.26% 4.2

13 5 SEQ ID NO: 9361 0.25% 4

14 4 SEQ ID NO: 9362 0.22% 3.6

15 0 SEQ ID NO: 9363 0.18% 3

16 19 SEQ ID NO: 9364 0.18% 3

17 10 SEQ ID NO: 9365 0.15% 2.4

18 18 SEQ ID NO: 9366 0.13% 2.1

19 25 SEQ ID NO: 9367 0.06% 1.1

20 15 SEQ ID NO: 9368 0.05% 0.9

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 8 SEQ ID NO: 9369 22.54% 360

2 7 SEQ ID NO: 9370 1.25% 20

3 17 SEQ ID NO: 9371 0.65% 10.5

4 15 SEQ ID NO: 9372 0.52% 8.4

5 4 SEQ ID NO: 9373 0.45% 7.2

6 22 SEQ ID NO: 9374 0.37% 6

7 12 SEQ ID NO: 9375 0.36% 5.76

8 27 SEQ ID NO: 9376 0.30% 4.8

9 14 SEQ ID NO: 9377 0.28% 4.5

10 20 SEQ ID NO: 9378 0.26% 4.2

11 10 SEQ ID NO: 9379 0.25% 4

12 3 SEQ ID NO: 9380 0.18% 3

13 18 SEQ ID NO: 9381 0.18% 3

14 9 SEQ ID NO: 9382 0.15% 2.4

15 24 SEQ ID NO: 9383 0.10% 1.65

16 16 SEQ ID NO: 9384 0.07% 1.2

17 13 SEQ ID NO: 9385 0.06% 1

18 11 SEQ ID NO: 9386 0.05% 0.9

19 1 SEQ ID NO: 9387 0.05% 0.84

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 12 SEQ ID NO: 9388 0.10% 4267.988928

2 23 SEQ ID NO: 9389 0.03% 1360.69088544

3 9 SEQ ID NO: 9390 0.01% 569.948832

4 16 SEQ ID NO: 9391 0.00% 309.0498408

5 15 SEQ ID NO: 9392 0.00% 79.73570448

6 2 SEQ ID NO: 9393 0.00% 51.109542

7 18 SEQ ID NO: 9394 0.00% 45.25539984

8 25 SEQ ID NO: 9395 0.00% 34.28765802
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9 22 SEQ ID NO: 9396 0.00% 26.532116325

10 5 SEQ ID NO: 9397 0.00% 25.26691266

11 21 SEQ ID NO: 9398 0.00% 4.72873208445

12 11 SEQ ID NO: 9399 0.00% 2.638538265

13 8 SEQ ID NO: 9400 0.00% 2.4274552038

14 4 SEQ ID NO: 9401 0.00% 1.7415324

15 20 SEQ ID NO: 9402 0.00% 1.6025526

16 13 SEQ ID NO: 9403 0.00% 1.453803297

17 35 SEQ ID NO: 9404 0.00% 1.36878336

18 3 SEQ ID NO: 9405 0.00% 0.824619

19 33 SEQ ID NO: 9406 0.00% 0.513774

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 22 SEQ ID NO: 9407 0.09% 3636.068421648

2 4 SEQ ID NO: 9408 0.02% 1107.960876

3 15 SEQ ID NO: 9409 0.02% 836.2525104

4 16 SEQ ID NO: 9410 0.00% 150.9313176

5 12 SEQ ID NO: 9411 0.00% 76.55002416

6 1 SEQ ID NO: 9412 0.00% 49.0273014

7 10 SEQ ID NO: 9413 0.00% 42.1638414747

8 20 SEQ ID NO: 9414 0.00% 9.29480508

9 24 SEQ ID NO: 9415 0.00% 9.2669346

10 13 SEQ ID NO: 9416 0.00% 7.96581954

11 21 SEQ ID NO: 9417 0.00% 5.051306761875

12 5 SEQ ID NO: 9418 0.00% 2.6941464

13 11 SEQ ID NO: 9419 0.00% 2.3839914

14 34 SEQ ID NO: 9420 0.00% 1.465422

15 2 SEQ ID NO: 9421 0.00% 0.70794

16 9 SEQ ID NO: 9422 0.00% 0.6513048

17 19 SEQ ID NO: 9423 0.00% 0.51882640425

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 33 SEQ ID NO: 9424 1.66% 0.6

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 13 SEQ ID NO: 9425 0.22% 12

2 2 SEQ ID NO: 9426 0.07% 4

3 9 SEQ ID NO: 9427 0.07% 4

4 16 SEQ ID NO: 9428 0.07% 4

5 23 SEQ ID NO: 9429 0.07% 4

6 5 SEQ ID NO: 9430 0.02% 1.2

7 15 SEQ ID NO: 9431 0.01% 1

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 4 SEQ ID NO: 9432 0.07% 4

2 10 SEQ ID NO: 9433 0.07% 4

3 12 SEQ ID NO: 9434 0.07% 4

4 15 SEQ ID NO: 9435 0.07% 4

5 22 SEQ ID NO: 9436 0.07% 4

6 13 SEQ ID NO: 9437 0.02% 1.2

TABLE 24

Epitopes for SEQ ID NO: 6050

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 47 SEQ ID NO: 9438 0.01% 0.75

2 21 SEQ ID NO: 9439 0.00% 0.5

3 53 SEQ ID NO: 9440 0.00% 0.5

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 16 SEQ ID NO: 9441 0.04% 2.5

2 71 SEQ ID NO: 9442 0.04% 2.5

3 47 SEQ ID NO: 9443 0.02% 1.5

4 62 SEQ ID NO: 9444 0.01% 0.9

5 20 SEQ ID NO: 9445 0.00% 0.5

6 38 SEQ ID NO: 9446 0.00% 0.5

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150
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1 54 SEQ ID NO: 9447 0.02% 2.7

2 17 SEQ ID NO: 9448 0.01% 2

3 3 SEQ ID NO: 9449 0.01% 1.8

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 22 SEQ ID NO: 9450 0.09% 12

2 16 SEQ ID NO: 9451 0.01% 2

3 54 SEQ ID NO: 9452 0.00% 0.9

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 70 SEQ ID NO: 9453 2.10% 33.6

2 7 SEQ ID NO: 9454 1.12% 18

3 60 SEQ ID NO: 9455 0.46% 7.5

4 54 SEQ ID NO: 9456 0.37% 6

5 14 SEQ ID NO: 9457 0.31% 5

6 19 SEQ ID NO: 9458 0.30% 4.8

7 47 SEQ ID NO: 9459 0.30% 4.8

8 12 SEQ ID NO: 9460 0.25% 4

9 15 SEQ ID NO: 9461 0.25% 4

10 67 SEQ ID NO: 9462 0.25% 4

11 21 SEQ ID NO: 9463 0.18% 3

12 37 SEQ ID NO: 9464 0.06% 1

13 27 SEQ ID NO: 9465 0.03% 0.5

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 14 SEQ ID NO: 9466 12.52% 200

2 7 SEQ ID NO: 9467 0.93% 15

3 11 SEQ ID NO: 9468 0.75% 12

4 60 SEQ ID NO: 9469 0.56% 9

5 18 SEQ ID NO: 9470 0.45% 7.2

6 46 SEQ ID NO: 9471 0.45% 7.2

7 53 SEQ ID NO: 9472 0.37% 6

8 69 SEQ ID NO: 9473 0.35% 5.6

9 66 SEQ ID NO: 9474 0.25% 4

10 20 SEQ ID NO: 9475 0.12% 2

11 47 SEQ ID NO: 9476 0.07% 1.2

12 36 SEQ ID NO: 9477 0.06% 1

13 26 SEQ ID NO: 9478 0.04% 0.75

14 70 SEQ ID NO: 9479 0.04% 0.72

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 54 SEQ ID NO: 9480 0.02% 881.199

2 26 SEQ ID NO: 9481 0.00% 95.013

3 61 SEQ ID NO: 9482 0.00% 93.69648

4 19 SEQ ID NO: 9483 0.00% 40.2894864

5 74 SEQ ID NO: 9484 0.00% 12.6684

6 35 SEQ ID NO: 9485 0.00% 10.34586

7 69 SEQ ID NO: 9486 0.00% 3.3704706

8 13 SEQ ID NO: 9487 0.00% 1.656

9 15 SEQ ID NO: 9488 0.00% 1.47537042

10 68 SEQ ID NO: 9489 0.00% 0.966

11 22 SEQ ID NO: 9490 0.00% 0.942678

12 12 SEQ ID NO: 9491 0.00% 0.7669695

13 36 SEQ ID NO: 9492 0.00% 0.52661835

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 61 SEQ ID NO: 9493 0.00% 93.69648

2 25 SEQ ID NO: 9494 0.00% 63.33035625

3 34 SEQ ID NO: 9495 0.00% 50.232

4 53 SEQ ID NO: 9496 0.00% 45.2838375

5 26 SEQ ID NO: 9497 0.00% 14.35752

6 27 SEQ ID NO: 9498 0.00% 2.8557858

7 17 SEQ ID NO: 9499 0.00% 2.3973222

8 36 SEQ ID NO: 9500 0.00% 1.798209

9 69 SEQ ID NO: 9501 0.00% 1.03521597

10 67 SEQ ID NO: 9502 0.00% 0.966

11 68 SEQ ID NO: 9503 0.00% 0.910938

12 11 SEQ ID NO: 9504 0.00% 0.7669695

HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 17 SEQ ID NO: 9505 2.22% 0.8

HLA A 1101 - 10 mers
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Maximum possible score using this molecule type 36

1 16 SEQ ID NO: 9506 5.55% 2

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 27 SEQ ID NO: 9507 0.37% 20

2 54 SEQ ID NO: 9508 0.22% 12

3 70 SEQ ID NO: 9509 0.22% 12

4 67 SEQ ID NO: 9510 0.11% 6

5 12 SEQ ID NO: 9511 0.07% 4

6 15 SEQ ID NO: 9512 0.07% 4

7 19 SEQ ID NO: 9513 0.07% 4

8 49 SEQ ID NO: 9514 0.03% 2

9 69 SEQ ID NO: 9515 0.03% 1.8

10 47 SEQ ID NO: 9516 0.02% 1.2

11 5 SEQ ID NO: 9517 0.01% 1

12 9 SEQ ID NO: 9518 0.01% 1

13 35 SEQ ID NO: 9519 0.01% 1

14 37 SEQ ID NO: 9520 0.01% 0.6

15 68 SEQ ID NO: 9521 0.01% 0.6

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 69 SEQ ID NO: 9522 0.66% 36

2 53 SEQ ID NO: 9523 0.22% 12

3 5 SEQ ID NO: 9524 0.13% 7.5

4 66 SEQ ID NO: 9525 0.11% 6

5 11 SEQ ID NO: 9526 0.07% 4

6 27 SEQ ID NO: 9527 0.07% 4

7 46 SEQ ID NO: 9528 0.07% 4

8 18 SEQ ID NO: 9529 0.02% 1.2

9 9 SEQ ID NO: 9530 0.01% 1

10 26 SEQ ID NO: 9531 0.01% 1

11 25 SEQ ID NO: 9532 0.01% 0.75

12 17 SEQ ID NO: 9533 0.01% 0.6

13 36 SEQ ID NO: 9534 0.01% 0.6

14 68 SEQ ID NO: 9535 0.01% 0.6

15 35 SEQ ID NO: 9536 0.00% 0.5

16 42 SEQ ID NO: 9537 0.00% 0.5

17 73 SEQ ID NO: 9538 0.00% 0.5

TABLE 25

Epitopes for SEQ ID NO: 6052

Start % of max.

Rank position Sequence score Score

HLA A1 - 9 mers

Maximum possible score using this molecule type 5625

1 365 SEQ ID NO: 9539 0.8% 45

2 397 SEQ ID NO: 9540 0.44% 25

3 229 SEQ ID NO: 9541 0.32% 18

4 103 SEQ ID NO: 9542 0.17% 10

5 338 SEQ ID NO: 9543 0.17% 10

6 251 SEQ ID NO: 9544 0.16% 9

7 79 SEQ ID NO: 9545 0.11% 6.25

8 119 SEQ ID NO: 9546 0.10% 6

9 361 SEQ ID NO: 9547 0.08% 5

10 60 SEQ ID NO: 9548 0.04% 2.25

11 101 SEQ ID NO: 9549 0.04% 2.25

12 278 SEQ ID NO: 9550 0.04% 2.25

13 23 SEQ ID NO: 9551 0.02% 1.25

14 164 SEQ ID NO: 9552 0.02% 1.25

15 165 SEQ ID NO: 9553 0.02% 1.25

16 295 SEQ ID NO: 9554 0.02% 1.25

17 172 SEQ ID NO: 9555 0.01% 0.9

18 0 SEQ ID NO: 9556 0.01% 0.75

19 311 SEQ ID NO: 9557 0.01% 0.75

20 78 SEQ ID NO: 9558 0.01% 0.625

HLA A1 - 10 mers

Maximum possible score using this molecule type 5625

1 114 SEQ ID NO: 9559 1.11% 62.5

2 134 SEQ ID NO: 9560 0.8% 45

3 365 SEQ ID NO: 9561 0.8% 45

4 77 SEQ ID NO: 9562 0.66% 37.5

5 103 SEQ ID NO: 9563 0.44% 25

6 23 SEQ ID NO: 9564 0.22% 12.5
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7 338 SEQ ID NO: 9565 0.17% 10

8 361 SEQ ID NO: 9566 0.17% 10

9 324 SEQ ID NO: 9567 0.11% 6.25

10 375 SEQ ID NO: 9568 0.11% 6.25

11 79 SEQ ID NO: 9569 0.04% 2.5

12 295 SEQ ID NO: 9570 0.04% 2.5

13 346 SEQ ID NO: 9571 0.04% 2.5

14 378 SEQ ID NO: 9572 0.03% 2

15 251 SEQ ID NO: 9573 0.03% 1.8

16 214 SEQ ID NO: 9574 0.02% 1.125

17 160 SEQ ID NO: 9575 0.01% 1

18 172 SEQ ID NO: 9576 0.01% 0.9

19 229 SEQ ID NO: 9577 0.01% 0.9

20 376 SEQ ID NO: 9578 0.01% 0.9

HLA A3 - 9 mers

Maximum possible score using this molecule type 12150

1 229 SEQ ID NO: 9579 0.49% 60

2 361 SEQ ID NO: 9580 0.27% 33.75

3 330 SEQ ID NO: 9581 0.16% 20

4 218 SEQ ID NO: 9582 0.09% 12

5 338 SEQ ID NO: 9583 0.04% 6

6 352 SEQ ID NO: 9584 0.04% 6

7 103 SEQ ID NO: 9585 0.04% 5.4

8 291 SEQ ID NO: 9586 0.01% 2

9 241 SEQ ID NO: 9587 0.01% 1.8

10 290 SEQ ID NO: 9588 0.01% 1.8

11 316 SEQ ID NO: 9589 0.01% 1.8

12 222 SEQ ID NO: 9590 0.01% 1.35

13 266 SEQ ID NO: 9591 0.01% 1.35

14 53 SEQ ID NO: 9592 0.00% 1

15 100 SEQ ID NO: 9593 0.00% 0.9

16 138 SEQ ID NO: 9594 0.00% 0.9

17 240 SEQ ID NO: 9595 0.00% 0.9

18 119 SEQ ID NO: 9596 0.00% 0.675

19 44 SEQ ID NO: 9597 0.00% 0.6

20 161 SEQ ID NO: 9598 0.00% 0.6

HLA A3 - 10 mers

Maximum possible score using this molecule type 12150

1 338 SEQ ID NO: 9599 0.49% 60

2 160 SEQ ID NO: 9600 0.32% 40

3 352 SEQ ID NO: 9601 0.24% 30

4 361 SEQ ID NO: 9602 0.18% 22.5

5 103 SEQ ID NO: 9603 0.13% 16.2

6 290 SEQ ID NO: 9604 0.07% 9

7 351 SEQ ID NO: 9605 0.07% 9

8 44 SEQ ID NO: 9606 0.04% 6

9 228 SEQ ID NO: 9607 0.03% 4.05

10 394 SEQ ID NO: 9608 0.02% 3

11 240 SEQ ID NO: 9609 0.02% 2.7

12 100 SEQ ID NO: 9610 0.01% 1.8

13 114 SEQ ID NO: 9611 0.01% 1.8

14 93 SEQ ID NO: 9612 0.01% 1.5

15 134 SEQ ID NO: 9613 0.01% 1.5

16 221 SEQ ID NO: 9614 0.01% 1.35

17 330 SEQ ID NO: 9615 0.00% 1.2

18 112 SEQ ID NO: 9616 0.00% 0.9

19 218 SEQ ID NO: 9617 0.00% 0.9

20 55 SEQ ID NO: 9618 0.00% 0.6

HLA A24 - 9 mers

Maximum possible score using this molecule type 1596.672

1 345 SEQ ID NO: 9619 1.50% 24

2 306 SEQ ID NO: 9620 0.75% 12

3 222 SEQ ID NO: 9621 0.54% 8.64

4 111 SEQ ID NO: 9622 0.51% 8.25

5 159 SEQ ID NO: 9623 0.45% 7.2

6 219 SEQ ID NO: 9624 0.45% 7.2

7 283 SEQ ID NO: 9625 0.45% 7.2

8 266 SEQ ID NO: 9626 0.42% 6.72

9 56 SEQ ID NO: 9627 0.41% 6.6

10 131 SEQ ID NO: 9628 0.37% 6

11 214 SEQ ID NO: 9629 0.37% 6

12 297 SEQ ID NO: 9630 0.37% 6

13 86 SEQ ID NO: 9631 0.31% 5
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14 122 SEQ ID NO: 9632 0.31% 5

15 48 SEQ ID NO: 9633 0.30% 4.8

16 105 SEQ ID NO: 9634 0.30% 4.8

17 213 SEQ ID NO: 9635 0.30% 4.8

18 323 SEQ ID NO: 9636 0.30% 4.8

19 338 SEQ ID NO: 9637 0.30% 4.8

20 399 SEQ ID NO: 9638 0.30% 4.8

HLA A24 - 10 mers

Maximum possible score using this molecule type 1596.672

1 65 SEQ ID NO: 9639 0.93% 15

2 306 SEQ ID NO: 9640 0.75% 12

3 95 SEQ ID NO: 9641 0.66% 10.56

4 36 SEQ ID NO: 9642 0.60% 9.6

5 385 SEQ ID NO: 9643 0.50% 8

6 111 SEQ ID NO: 9644 0.46% 7.5

7 104 SEQ ID NO: 9645 0.45% 7.2

8 214 SEQ ID NO: 9646 0.45% 7.2

9 221 SEQ ID NO: 9647 0.45% 7.2

10 277 SEQ ID NO: 9648 0.45% 7.2

11 150 SEQ ID NO: 9649 0.37% 6

12 152 SEQ ID NO: 9650 0.37% 6

13 158 SEQ ID NO: 9651 0.37% 6

14 171 SEQ ID NO: 9652 0.37% 6

15 343 SEQ ID NO: 9653 037% 6

16 110 SEQ ID NO: 9654 0.34% 5.5

17 85 SEQ ID NO: 9655 0.31% 5

18 47 SEQ ID NO: 9656 0.30% 4.8

19 213 SEQ ID NO: 9657 0.30% 4.8

20 218 SEQ ID NO: 9658 0.30% 4.8

HLA A 0201 - 9 mers

Maximum possible score using this molecule type 3925227.1

1 222 SEQ ID NO: 9659 0.03% 1267.10434728

2 226 SEQ ID NO: 9660 0.00% 69.552

3 316 SEQ ID NO: 9661 0.00% 50.232

4 351 SEQ ID NO: 9662 0.00% 31.24872

5 159 SEQ ID NO: 9663 0.00% 13.6235739

6 406 SEQ ID NO: 9664 0.00% 11.4264

7 165 SEQ ID NO: 9665 0.00% 8.14407

8 238 SEQ ID NO: 9666 0.00% 7.0518

9 138 SEQ ID NO: 9667 0.00% 5.112072

10 130 SEQ ID NO: 9668 0.00% 3.00547233

11 303 SEQ ID NO: 9669 0.00% 2.59578

12 157 SEQ ID NO: 9670 0.00% 2.412585

13 219 SEQ ID NO: 9671 0.00% 2.103255861

14 305 SEQ ID NO: 9672 0.00% 1.86369

15 158 SEQ ID NO: 9673 0.00% 1.646892

16 331 SEQ ID NO: 9674 0.00% 1.614048

17 399 SEQ ID NO: 9675 0.00% 1.442246832

18 324 SEQ ID NO: 9676 0.00% 1.319625

19 312 SEQ ID NO: 9677 0.00% 1.233099

20 262 SEQ ID NO: 9678 0.00% 0.966

HLA A 0201 - 10 mers

Maximum possible score using this molecule type 3925227.1

1 221 SEQ ID NO: 9679 0.00% 309.0498408

2 112 SEQ ID NO: 9680 0.00% 98.26704

3 330 SEQ ID NO: 9681 0.00% 98.26704

4 158 SEQ ID NO: 9682 0.00% 36.31608

5 218 SEQ ID NO: 9683 0.00% 24.0754248

6 124 SEQ ID NO: 9684 0.00% 12.2199

7 55 SEQ ID NO: 9685 0.00% 10.467576

8 315 SEQ ID NO: 9686 0.00% 7.7274204

9 350 SEQ ID NO: 9687 0.00% 4.296699

10 405 SEQ ID NO: 9688 0.00% 4.286487

11 388 SEQ ID NO: 9689 0.00% 4.054785

12 322 SEQ ID NO: 9690 0.00% 3.883803

13 130 SEQ ID NO: 9691 0.00% 3.428691903

14 45 SEQ ID NO: 9692 0.00% 3.411230625

15 132 SEQ ID NO: 9693 0.00% 2.99943

16 410 SEQ ID NO: 9694 0.00% 2.63718

17 316 SEQ ID NO: 9695 0.00% 2.48686074

18 104 SEQ ID NO: 9696 0.00% 2.477311485

19 164 SEQ ID NO: 9697 0.00% 2.2011

20 282 SEQ ID NO: 9698 0.00% 2.16591
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HLA A 1101 - 9 mers

Maximum possible score using this molecule type 36

1 361 SEQ ID NO: 9699 16.66% 6

2 53 SEQ ID NO: 9700 2.77% 1

3 240 SEQ ID NO: 9701 1.66% 0.6

4 241 SEQ ID NO: 9702 1.66% 0.6

HLA A 1101 - 10 mers

Maximum possible score using this molecule type 36

1 361 SEQ ID NO: 9703 16.66% 6

2 93 SEQ ID NO: 9704 8.33% 3

3 338 SEQ ID NO: 9705 3.33% 1.2

4 134 SEQ ID NO: 9706 2.77% 1

5 228 SEQ ID NO: 9707 2.5% 0.9

6 160 SEQ ID NO: 9708 2.22% 0.8

7 239 SEQ ID NO: 9709 1.66% 0.6

8 240 SEQ ID NO: 9710 1.66% 0.6

9 257 SEQ ID NO: 9711 1.66% 0.6

10 379 SEQ ID NO: 9712 1.66% 0.6

HLA B7 - 9 mers

Maximum possible score using this molecule type 5400

1 105 SEQ ID NO: 9713 14.81% 800

2 66 SEQ ID NO: 9714 1.48% 80

3 93 SEQ ID NO: 9715 0.92% 50

4 257 SEQ ID NO: 9716 0.55% 30

5 323 SEQ ID NO: 9717 0.37% 20

6 211 SEQ ID NO: 9718 0.22% 12

7 219 SEQ ID NO: 9719 0.22% 12

8 403 SEQ ID NO: 9720 0.18% 10

9 343 SEQ ID NO: 9721 0.14% 8

10 12 SEQ ID NO: 9722 0.11% 6

11 113 SEQ ID NO: 9723 0.11% 6

12 48 SEQ ID NO: 9724 0.07% 4

13 56 SEQ ID NO: 9725 0.07% 4

14 150 SEQ ID NO: 9726 0.07% 4

15 153 SEQ ID NO: 9727 0.07% 4

16 159 SEQ ID NO: 9728 0.07% 4

17 213 SEQ ID NO: 9729 0.07% 4

18 216 SEQ ID NO: 9730 0.07% 4

19 222 SEQ ID NO: 9731 0.07% 4

20 283 SEQ ID NO: 9732 0.07% 4

HLA B7 - 10 mers

Maximum possible score using this molecule type 5400

1 36 SEQ ID NO: 9733 1.48% 80

2 150 SEQ ID NO: 9734 1.48% 80

3 343 SEQ ID NO: 9735 1.48% 80

4 12 SEQ ID NO: 9736 1.11% 60

5 308 SEQ ID NO: 9737 1.11% 60

6 130 SEQ ID NO: 9738 0.37% 20

7 55 SEQ ID NO: 9739 0.22% 12

8 210 SEQ ID NO: 9740 0.22% 12

9 218 SEQ ID NO: 9741 0.22% 12

10 201 SEQ ID NO: 9742 0.18% 10

11 121 SEQ ID NO: 9743 0.14% 8

12 391 SEQ ID NO: 9744 0.13% 7.5

13 112 SEQ ID NO: 9745 0.11% 6

14 385 SEQ ID NO: 9746 0.11% 6

15 47 SEQ ID NO: 9747 0.07% 4

16 66 SEQ ID NO: 9748 0.07% 4

17 95 SEQ ID NO: 9749 0.07% 4

18 104 SEQ ID NO: 9750 0.07% 4

19 152 SEQ ID NO: 9751 0.07% 4

20 158 SEQ ID NO: 9752 0.07% 4

TABLE 26

Cloned sequences for E. coli expression

DNA length Cloning

ORF bp pET pGEX

P28 537 NdeI/XhoI

P65 1917 NheI/HindIII

Nsp1A 2495 NheI/XhoI

Nsp1B 2153 NdeI/XhoI

Nsp1C 2612 NdeI/XhoI

Nsp2A
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431 NdeI/XhoI BamHI/XhoI

Nsp2B

426 NdeI/XhoI BamHI/XhoI

Nsp3 870 NdeI/XhoI

Nsp4 249 NdeI/XhoI BamHI/XhoI

Nsp5 594 NheI/XhoI

Nsp6 339 NdeI/XhoI BamHI/XhoI

Nsp7 417 NdeI/XhoI BamHI/XhoI

Nsp9A 1385 NheI/XhoI

Nsp9B 1409 NdeI/XhoI

Nsp10 1803 NheI/XhoI

Nsp11 1581 NdeI/XhoI

Nsp12 1038 NdeI/HindIII

Nsp13 897 NdeI/XhoI

Spike (S1) 1946 NdeI/XhoI

Spike (S2) 1598 NdeI/XhoI

Spike (S1-S2) 3545 NdeI/XhoI

HR1 287 NdeI/XhoI BamHI/XhoI

HR2 146 NdeI/XhoI BamHI/XhoI

ORF3Δ100 525 NdeI/XhoI

ORF4 465 NdeI/XhoI

Envelope (E) 231 NdeI/XhoI BamHI/XhoI

Matrix (M)Δ100 366 NdeI/XhoI BamHI/XhoI

ORF7Δ18 137 NdeI/XhoI BamHI/XhoI

ORF8 369 NdeI/XhoI BamHI/XhoI

ORF9 135 NdeI/XhoI BamHI/XhoI

ORF10 120 NheI/XhoI BamHI/XhoI

ORF11 255 NdeI/XhoI BamHI/XhoI

Nucleocapsid (N) 1269 NdeI/EcoRI

ORF12 297 NdeI/EcoRI BamHI/EcoRI

TABLE 27

Primers

ORF Forward primer Reverse primer

P28 9803 9818

P65 9804 9819

Nsp1A 9805 9820

Nsp1B 9806 9821

Nsp1C 9807 9822

Nsp2 + Nsp3 9808 9823

Nsp4 to Nsp7 9809 9824

Nsp9A 9810 9825

Nsp9B 9811 9826

Nsp10 9812 9827

Nsp11 9813 9828

Nsp12-Nsp13 9814 9829

ORF3-ORF4 9815 9830

Env-ORF10 9816 9831

ORF11-ORF12 9817 9832

TABLE 28

Primers

ORF Forward primer Reverse primer

Nsp2A SEQ ID NO: 9833 SEQ ID NO: 9858

Nsp2B SEQ ID NO: 9834 SEQ ID NO: 9859

Nsp3 SEQ ID NO: 9835 SEQ ID NO: 9860

Nsp4 SEQ ID NO: 9836 SEQ ID NO: 9861

Nsp5 SEQ ID NO: 9837 SEQ ID NO: 9862

Nsp6 SEQ ID NO: 9838 SEQ ID NO: 9863

Nsp7 SEQ ID NO: 9839 SEQ ID NO: 9864

Nsp12 SEQ ID NO: 9840 SEQ ID NO: 9865

Nsp13 SEQ ID NO: 9841 SEQ ID NO: 9866

Spike S1 SEQ ID NO: 9842 SEQ ID NO: 9867

Spike S2 SEQ ID NO: 9843 SEQ ID NO: 9868

Spike S1-S2 SEQ ID NO: 9844 SEQ ID NO: 9869

HR1 SEQ ID NO: 9845 SEQ ID NO: 9870

HR2 SEQ ID NO: 9846 SEQ ID NO: 9871

Orf3Δ100 SEQ ID NO: 9847 SEQ ID NO: 9872

Orf4 SEQ ID NO: 9848 SEQ ID NO: 9873

Env E SEQ ID NO: 9849 SEQ ID NO: 9874

Matrix MΔ100 SEQ ID NO: 9850 SEQ ID NO: 9875

Orf7Δ18 SEQ ID NO: 9851 SEQ ID NO: 9876

Orf8 SEQ ID NO: 9852 SEQ ID NO: 9877

Orf9 SEQ ID NO: 9853 SEQ ID NO: 9878
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Orf10 SEQ ID NO: 9854 SEQ ID NO: 9879

Orf11 SEQ ID NO: 9855 SEQ ID NO: 9880

Nucleocapsid N SEQ ID NO: 9856 SEQ ID NO: 9881

Orf12 SEQ ID NO: 9857 SEQ ID NO: 9882

TABLE 29

Cloning, puri�cation and expression in E. coli

M.W

SARS CoV ORFs Kd cloning Expr. puri�cation as

P28 19.7 + + his sol

P65 70.3 + + his sol

Nsp1A (N-term) 91.6 + + his sol

Nsp1B (core) 80.8 + −

Nsp1C (C-term) 95.3 + −

Nsp2A (N-term) 15.8 + + his ins

Nsp2B (C-term) 15.5 + + his sol

Nsp3 31.9 + −

Nsp4 9.1 + + his sol

Nsp5 21.8 + + his sol

Nsp6 12.4 + + his sol

Nsp7 15.3 + + his ins

Nsp9A (N-term) 50.8 + −

Nsp9B (C-term) 51.6 + + his ins

Nsp10

66 −

Nsp11 58 −

Nsp12 38 −

Nsp13 32.7 + + his ins

Spike (S1-his) 71.3 + + his ins

Spike (S2-his) 58.6 + −

Spike (S1S2-his) 130 + + his ins

HR1 11 + + his ins

HR2 5.4 + + his sol

ORF3 Δ1001 19.1 + −

ORF4 16.9 + + his ins (trimer)

Envelope (E) 34.3 + + gst ins (IB)

Matrix (M) Δ100 13.3 + + his ins

ORF7Δ182 31 + + gst sol

ORF8 39.5 + + gst ins (IB)

ORF9 30.8 + + gst sol

ORF10 30.3 + + gst ins (IB)

ORF11 35.2 + + gst ins (IB)

Nucleocapsid (N) 43.6 + + his ins

ORF12 36.7 + + his ins

TABLE 30

E. coli expression, purity and yield

Protein Tag Purity (%) Yield (mg/l)

Nsp2A (N-term) His 95 1.7

Nsp2B (C-term) His 95 4.1

Nsp4 His 95 12.6

Nsp5 His 95 5.88

Nsp6 His 95 8.1

P28 His 95 1

P65 His 80 0.553

HR2 His 95 11.9

HR1 His 80 2.64

Nsp1A His 95 0.267

Spike S1-S2 His 80 0.381

Matrix M His 85 12.4

ORF7 GST 85 4.9

TABLE 31

Primers

SEQ ID NO: Rank Model Local (Position)

10235 F1 1 1 (106)

10236 F2 2 1 (728)

10237 F3 3 1 (112)

10238 F4 5 2 (1331)

10239 F5 6 1 (12)

10240 F6 6 1 (346)

10241 F7 8 1 (904)

10242 F8 9 1 (1016)
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10243 F9 9 1 (1015)

10244 F10 9 1 (719)

10245 F11 9 1 (720)

10246 F12 10 1 (724)

10247 R1 2 1 (1283)

10248 R2 4 1 (756)

10249 R3 4 1 (758)

10250 R4 5 2 (259)

10251 R5 6 1 (54)

10252 R6 7 1 (648)

10253 R7 8 1 (948)

10254 R8 8 1 (260)

10255 R9 9 1 (1282)

10256 R10 9 1 (950)

10257 R11 9 1 (756)

10258 R12 10 1 (132)

TABLE 32

Primers

Scores

Rank Model Local Sequence (Position)

Primers List: (forward)

F1 7 1 SEQ ID NO: 10352 (290)

F2 7 1 SEQ ID NO: 10353 (291)

F3 7 1 SEQ ID NO: 10354 (294)

F4 7 1 SEQ ID NO: 10355 (292)

F5 7 1 SEQ ID NO: 10356 (293)

F6 9 1 SEQ ID NO: 10357 (198)

F7 9 1 SEQ ID NO: 10358 (199)

F8 10 1 SEQ ID NO: 10359 (33)

F9 11 1 SEQ ID NO: 10360 (200)

F10 11 1 SEQ ID NO: 10361 (299)

F11 12 1 SEQ ID NO: 10362 (298)

F12 12 1 SEQ ID NO: 10363 (297)

F13 14 1 SEQ ID NO: 10364 (35)

F14 14 1 SEQ ID NO: 10365 (34)

F15 16 1 SEQ ID NO: 10366 (300)

F16 17 1 SEQ ID NO: 10367 (295)

F17 17 1 SEQ ID NO: 10368 (296)

F18 17 1 SEQ ID NO: 10369 (175)

F19 17 1 SEQ ID NO: 10370 (36)

F20 20 1 SEQ ID NO: 10371 (202)

F21 20 1 SEQ ID NO: 10372 (201)

F22 28 1 SEQ ID NO: 10373 (204)

F23 28 1 SEQ ID NO: 10374 (203)

F24 29 1 SEQ ID NO: 10375 (269)

F25 29 1 SEQ ID NO: 10376 (268)

Primers List: (reverse)

R1 7 1 SEQ ID NO: 10377 (337)

R2 9 1 SEQ ID NO: 10378 (229)

R3 11 1 SEQ ID NO: 10379 (230)

R4 11 1 SEQ ID NO: 10380 (338)

R5 12 1 SEQ ID NO: 10381 (207)

R6 12 1 SEQ ID NO: 10382 (338)

R7 13 1 SEQ ID NO: 10383 (231)

R8 14 1 SEQ ID NO: 10384 (80)

R9 14 1 SEQ ID NO: 10385 (232)

R10 15 1 SEQ ID NO: 10386 (82)

R11 16 1 SEQ ID NO: 10387 (340)

R12 17 1 SEQ ID NO: 10388 (83)

R13 17 1 SEQ ID NO: 10389 (206)

R14 17 1 SEQ ID NO: 10390 (82)

R15 17 1 SEQ ID NO: 10391 (337)

R16 18 1 SEQ ID NO: 10392 (341)

R17 20 1 SEQ ID NO: 10393 (340)

R18 20 1 SEQ ID NO: 10394 (233)

R19 21 1 SEQ ID NO: 10395 (79)

R20 22 1 SEQ ID NO: 10396 (213)

R21 28 1 SEQ ID NO: 10397 (236)

R22 29 1 SEQ ID NO: 10398 (317)

R23 32 1 SEQ ID NO: 10399 (391)

R24 35 1 SEQ ID NO: 10400 (57)

R25 36 1 SEQ ID NO: 10401 (237)
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Primers List (left part): SEQ ID NOS: 10402-10433

Primers List (right part): SEQ ID NOS: 10434-10464

Primers List (forward): SEQ ID NOS: 10465-10484

Primers List (reverse): SEQ ID NOS: 10485-10504

TABLE 33

Primers

Scores

Rank Model Local Sequence (Position)

Primers List: (forward)

F1 1 1 SEQ ID NO: 10580 (637)

F2 2 1 SEQ ID NO: 10581 (439)

F3 2 1 SEQ ID NO: 10582 (440)

F4 3 1 SEQ ID NO: 10583 (729)

F5 4 1 SEQ ID NO: 10584 (696)

F6 4 1 SEQ ID NO: 10585 (697)

F7 4 1 SEQ ID NO: 10586 (111)

F8 5 1 SEQ ID NO: 10587 (867)

F9 5 1 SEQ ID NO: 10588 (868)

F10 5 1 SEQ ID NO: 10589 (869)

F11 5 1 SEQ ID NO: 10590 (640)

F12 6 1 SEQ ID NO: 10591 (438)

F13 6 1 SEQ ID NO: 10592 (437)

F14 6 1 SEQ ID NO: 10593 (436)

F15 6 1 SEQ ID NO: 10594 (732)

F16 6 1 SEQ ID NO: 10595 (635)

F17 6 1 SEQ ID NO: 10596 (457)

F18 6 1 SEQ ID NO: 10597 (458)

F19 6 1 SEQ ID NO: 10598 (636)

F20 7 1 SEQ ID NO: 10599 (854)

F21 7 1 SEQ ID NO: 10600 (855)

F22 7 1 SEQ ID NO: 10601 (581)

F23 7 1 SEQ ID NO: 10602 (853)

F24 7 1 SEQ ID NO: 10603 (342)

F25 7 1 SEQ ID NO: 10604 (343)

F26 7 1 SEQ ID NO: 10605 (112)

F27 7 1 SEQ ID NO: 10606 (94)

F28 7 1 SEQ ID NO: 10607 (642)

F29 8 1 SEQ ID NO: 10608 (638)

F30 8 1 SEQ ID NO: 10609 (639)

F31 8 1 SEQ ID NO: 10610 (730)

F32 8 1 SEQ ID NO: 10611 (641)

F33 8 1 SEQ ID NO: 10612 (731)

F34 8 1 SEQ ID NO: 10613 (326)

F35 8 1 SEQ ID NO: 10614 (325)

F36 9 1 SEQ ID NO: 10615 (517)

F37 9 1 SEQ ID NO: 10616 (701)

F38 9 1 SEQ ID NO: 10617 (208)

F39 9 1 SEQ ID NO: 10618 (209)

F40 9 1 SEQ ID NO: 10619 (702)

F41 9 1 SEQ ID NO: 10620 (210)

F42 10 1 SEQ ID NO: 10621 (634)

F43 10 1 SEQ ID NO: 10622 (694)

F44 10 1 SEQ ID NO: 10623 (693)

F45 10 1 SEQ ID NO: 10624 (728)

F46 10 1 SEQ ID NO: 10625 (695)

F47 10 1 SEQ ID NO: 10626 (95)

F48 11 1 SEQ ID NO: 10627 (455)

F49 11 1 SEQ ID NO: 10628 (456)

F50 11 1 SEQ ID NO: 10629 (454)

Primers List: (reverse)

R1 1 1 SEQ ID NO: 10630 (367)

R2 1 1 SEQ ID NO: 10631 (666)

R3 2 1 SEQ ID NO: 10632 (464)

R4 3 1 SEQ ID NO: 10633 (669)

R5 3 1 SEQ ID NO: 10634 (750)

R6 4 1 SEQ ID NO: 10635 (720)

R7 4 1 SEQ ID NO: 10636 (465)

R8 4 1 SEQ ID NO: 10637 (370)
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R9 4 1 SEQ ID NO: 10638 (668)

R10 4 1 SEQ ID NO: 10639 (135)

R11 5 1 SEQ ID NO: 10640 (901)

R12 5 1 SEQ ID NO: 10641 (667)

R13 6 1 SEQ ID NO: 10642 (609)

R14 6 1 SEQ ID NO: 10643 (464)

R15 6 1 SEQ ID NO: 10644 (665)

R16 6 1 SEQ ID NO: 10645 (486)

R17 6 1 SEQ ID NO: 10646 (356)

R18 6 1 SEQ ID NO: 10647 (758)

R19 7 1 SEQ ID NO: 10648 (366)

R20 7 1 SEQ ID NO: 10649 (368)

R21 7 1 SEQ ID NO: 10650 (136)

R22 7 1 SEQ ID NO: 10651 (675)

R23 7 1 SEQ ID NO: 10652 (366)

R24 7 1 SEQ ID NO: 10653 (608)

R25 7 1 SEQ ID NO: 10654 (884)

R26 7 1 SEQ ID NO: 10655 (120)

R27 8 1 SEQ ID NO: 10656 (355)

R28 8 1 SEQ ID NO: 10657 (671)

R29 8 1 SEQ ID NO: 10658 (756)

R30 8 1 SEQ ID NO: 10659 (751)

R31 8 1 SEQ ID NO: 10660 (666)

R32 9 1 SEQ ID NO: 10661 (242)

R33 9 1 SEQ ID NO: 10662 (543)

R34 9 1 SEQ ID NO: 10663 (724)

R35 9 1 SEQ ID NO: 10664 (482)

R36 10 1 SEQ ID NO: 10665 (121)

R37 10 1 SEQ ID NO: 10666 (662)

R38 10 1 SEQ ID NO: 10667 (750)

R39 10 1 SEQ ID NO: 10668 (719)

R40 10 1 SEQ ID NO: 10669 (242)

R41 11 1 SEQ ID NO: 10670 (484)

R42 11 1 SEQ ID NO: 10671 (375)

R43 11 1 SEQ ID NO: 10672 (728)

R44 11 1 SEQ ID NO: 10673 (373)

R45 11 1 SEQ ID NO: 10674 (998)

R46 11 1 SEQ ID NO: 10675 (486)

R47 12 1 SEQ ID NO: 10676 (881)

R48 12 1 SEQ ID NO: 10677 (882)

R49 12 1 SEQ ID NO: 10678 (244)

R50 12 1 SEQ ID NO: 10679 (1003)

Primers List (left part): SEQ ID NOS: 10680-10974

Primers List (right part): SEQ ID NOS: 10975-11282

Primers List (forward): SEQ ID NOS: 11283-11302

Primers List (reverse): SEQ ID NOS: 11303-11322

TABLE 34

Compound

# Structure Name MH+

1
N-methyl-4-[(2-{[2-(1- methylethyl)phenyl]amino}-1H- benzimidazol-5-yl)oxy]pyridine-

2-carboxamide

402.

5

2
N-methyl-4-{[1-methyl-2-({3- [(trimethylsilyl)ethynyl]phenyl}amino)-1H-benzimidazol-5-

yl]oxy}pyridine-2-carboxamide

470.

6

3
N-methyl-4-[(1-methyl-2-{[2- (phenylcarbonyl)phenyl]amino}- 1H-benzimidazol-5- yl)oxy]pyridine-

2-carboxamide

478.

5
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4 4-(methyloxy)-N-[6- (methyloxy)-1,3-benzothiazol-2- yl]-3-nitrobenzamide
360.

4

5 4-({2-[(4-butylphenyl)amino]- 1,3-benzothiazol-5-yl}oxy)-N- methylpyridine-2-carboxamide
433.

5

6
N-methyl-4-({1-methyl-2-[(6- pyrrolidin-1-ylpyridin-3-yl) amino]-1H-benzimidazol-5- yl}oxy)pyridine-

2-carboxamide

444.

5

7
4-({2-[1,1′-bi(cyclohexyl)-2- ylamino]-1-methyl-1H- benzimidazol-5-yl}oxy)-N- methylpyridine-

2-carboxamide

462.

6

8
4-({2-[(4-chlorophenyl)amino]- 1-methyl-1H-benzimidazol-5- yl}oxy)-N-1,3-thiazol-2- ylpyridine-

2-carboxamide

477.

9

9
4-[(1-methyl-2-{[2-(methyloxy) phenyl]amino}-1H- benzimidazol-5-yl)oxy]-N-[3-

(methyloxy)propyl]pyridine-2- carboxamide

462.

5

1

0
4-({2-[(4-ethylphenyl)amino]- 1,3-benzoxazol-5-yl}oxy)-N- methylpyridine-2-carboxamide

389.

4

1

1
1-[(3-�uorophenyl)carbonyl]-4- {[4-(tri�uoromethyl)phenyl]methyl}pierazine

367.

4

1

2
1-[2-(ethyloxy)phenyl]-4- {[3,4,5-tris(methyloxy)phenyl]carbonyl}piperazine

401.

5

1

3
1-(3-chlorophenyl)-4-{[2- (ethyloxy)phenyl]carbonyl}piperazine

345.

8

1

4

3-({4-[(2E)-3-phenylprop-2- enyl]piperazin-1-yl}carbonyl)-7- oxabicyclo[2.2.1]heptane-2- carboxylic

acid

371.

4
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1

5
1-[2-(methyloxy)phenyl]-4- {[3,4,5-tris(methyloxy) phenyl]carbonyl}piperazine

387.

4

1

6
3-[(4-pyridin-2-ylpiperazin-1- yl)carbonyl]-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid

332.

4

1

7
3-pentyl-7-[(4-phenylpiperazin- 1-yl)carbonyl]-2-thioxo-2,3- dihydroquinazolin-4(1H)-one

437.

6

1

8
1-[(E)-({4-[(2,4-dimethyl- phenyl)methyl]piperazin-1-yl}imino)methyl]naphthalen-2-ol

374.

5

1

9
5-chloro-1-{[3- (tri�uoromethyl)phenyl]methyl)-1H-indole-2,3-dione

340.

7

2

0
1-[(4-methylphenyl)methyl]-5- nitro-1H-indole-2,3-dione

297.

3

2

1
1-methyl-6,7-bis(methyloxy)-2- {[3-(methyloxy)phenyl]carbonyl}-1,2,3,4- tetrahydroisoquinoline

342.

4

2

2
1-methyl-6,7-bis(methyloxy)-2- (naphthalen-2-ylcarbonyl)- 1,2,3,4-tetrahydroisoquinoline

362.

4

2

3

[2-(tri�uoromethyl)phenyl]methyl 3-[4-(aminocarbonyl) phenyl]-2-cycloheptyl-1-oxo- 1,2,3,4-

tetrahydroisoquinoline- 4-carboxylate

565.

6

2

4
anthra[1,2,5]thiadiazole- 6,11-dione

267.

3

2

5
benzo[b]oxanthrene-6,11-dione

265.

2
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2

6
ethyl 6,11-dioxo-6,11- dihydrobenzo[b]phenazine-2- carboxylate

333.

3

2

7
N,N-dimethyl-9,10-dioxo-9,10- dihydroanthracene-1- sulfonamide

316.

3

2

8
2-(tri�uoromethyl)-3-{[3,4,5- tris(methyloxy)phenyl]carbonyl}naphtho[2,3-b]furan-4,9-dione

461.

4

2

9
2-(2-oxopropyl)-2-phenyl-1H- indene-1,3(2H)-dione

279.

3

3

0
ethyl 4-{5-[(3- nitrophenyl)carbonyl]-1,3- dioxo-1,3-dihydro-2H-isoindol- 2-yl}benzoate

445.

4

3

1
5,6-dichloro-2-[2-chloro-5- (tri�uoromethyl)phenyl]-1H- isoindole-1,3(2H)-dione

395.

6

3

2
3-bromo-4-{[(2- �uorophenyl)methyl]oxy}-5- (methyloxy)benzaldehyde thiosemicarbazone

413.

3

3

3
2-[4-(3-chlorophenyl)piperazin- 1-yl]-5-nitrobenzaldehyde thiosemicarbazone

419.

9

3

4
4-{[2-(3-chlorophenyl) ethyl]amino}-3- nitrobenzaldehyde thiosemicarbazone

378.

9

3

5
(1E)-6,9-dimethyl-2,3,4,9- tetrahydro-1H-carbazol-1-one thiosemicarbazone

287.

4

3

6
(2E)-1,1′-bi(cyclohexan)-1-en-2- one thiosemicarbazone

252.

4

3

7
4-{[2-(4-chlorophenyl) ethyl]amino}-3-nitro- benzaldehyde thiosemicarbazone

378.

9

3

8

4-(diethylamino)-2-{[(4- �uorophenyl)methyl]oxy}benzaldhyde N-(2-piperidin-1-

ylethyl)thiosemicarbazone

486.

7
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3

9
3,4-bis(methyloxy)benzaldehyde (1,1-dioxido-1,2-benzisothiazol- 3-yl)(methyl)hydrazone

360.

4

4

0
(2E)-2-[(4-chlorophenyl)(5- chlorothien-2-yl)methylidene]hydrazinecarboximidamide

314.

2

4

1
2-(4-amino-2-oxo-1-propyl-1,2- dihydroquinolin-3-yl)-1H- benzimidazole-6-carbonitrile

344.

4

4

2

4-amino-6-�uoro-7-({[4- (methyloxy)phenyl]methyl}amino)-3-[5-(4-methylpiperazin- 1-yl)-1H-

benzimidazol-2-yl]quinolin-2(1H)-one

528.

6

4

3
6-chloro-3-(5-chloro-1H- benzimidazol-2-yl)-4-{[2- (dimethylamino)ethyl]amino}quinolin-2(1H)-one

417.

3

4

4
4-amino-5-(1H-benzimidazol-2- yl)-1-methyl-1,7-dihydro-6H- pyrazolo[3,4-b]pyridin-6-one

281.

3

4

5
5,5-dimethyl-4-methylidene-3- (2,4,6-trinitrophenyl)-1,3- oxazolidin-2-one

339.

2

4

6
5-methyl-2-[4- (methyloxy)phenyl]hexahydro- 1H-isoindole-1,3(2H)-dione

274.

3

4

7
5-methyl-2-(4- methylphenyl)hexahydro-1H- isoindole-1,3(2H)-dione

258.

3

4

8
N-2˜-(4-chlorophenyl)-6,6- dimethyl-1,6-dihydro-1,3,5- triazine-2,4-diamine

252.

7

4

9
(7Z)-7-(furan-2-ylmethylidene)- 3-phenyl-3,4-dihydro-2H- [1,3]thiazolo[3,2-a][1,3,5]triazin-6(7H)-one

312.

4

5

0

(3aR,9R,9aR)-6,7-dihydroxy-9- [3,4,5-tris(methyloxy)phenyl]- 3a,4,9,9a-tetrahydronaphtho[2,3-

c]furan-1(3H)-one

387.

4
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5

1
6-chloro-2-(ethyloxy)-4-methyl- 3-(4-nitrophenyl)-3a,4,9,9a- tetrahydro-3H-pyrrolo[2,3- b]quinoxaline

387.

8

5

2
ethyl 2-(ethyloxy)-4-methyl- 3a,4,9,9a-tetrahydro-3H- pyrrolo[2,3-b]quinoxaline-3- carboxylate

304.

4

5

3
ethyl 4-({[2,5-bis(methyloxy) phenyl]amino}methyl)- 3,5-dimethyl-1H-pyrrole-2- carboxylate

333.

4

5

4

1-{3-[(6-amino-5-nitropyridin-2- yl)amino]propyl}-4-(2- chlorophenyl)-N-[(2S)-2- hydroxypropyl]-1H-

pyrrole-3- carboxamide

473.

9

5

5
(4-methylphenyl)(5-nitro-2- piperidin-1-ylphenyl)methanone

325.

4

5

6
(2S,5R)-N˜1˜-(4-methyl- phenyl)-5-phenyl-N˜2˜-(2- pyridin-2-ylethyl)pyrrolidine- 1,2-dicarboxamide

429.

5

5

7
2-[(3S)-3-(acetylamino)-2- oxopyrrolidin-1-yl]-N-[2-(4- �uorophenyl)ethyl]acetamide

322.

4

5

8

N-[2-(2,4-dichlorophenyl)ethyl]- 4-({(Z)-[(4,4-di�uoro- cyclohexyl)imino][(3S)-3- methylpiperazin-1-

yl]methyl}amino)benzamide

553.

5

5

9
4-[4-(methyloxy)phenyl]-5- phenylisoxazole

252.

3

6

0

methyl 4-{[4-(1-methylethyl)- 2,3-dioxo-7-(tri�uoromethyl)- 3,4-dihydroquinoxalin-1(2H)-

yl]methyl}benzoate

421.

4

6

1
(3beta, 16beta)-3,14,16- trihydroxybufa-20,22-dienolide

403.

5
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6

2
2-(aminomethyl)-1-(2-pyridin-2- ylethyl)quinazolin-4(1H)-one

281.

3

6

3

ethyl 4-{[5-[3,4-bis(methyloxy) phenyl]-7-(tri�uoromethyl) pyrazolo[1,5-a]pyrimidin-3-

yl]carbonyl}piperazine-1- carboxylate

508.

5

6

4

5-[3,4-bis(methyloxy)phenyl]-3- (piperidin-1-ylcarbonyl)-7- (tri�uoromethyl)pyrazolo[1,5-

a]pyrimidine

435.

4

6

5

5-[3,4-bis(methyloxy)phenyl]-N- methyl-N-(2-pyridin-2-ylethyl)- 7-(tri�uoromethyl)pyrazolo[1,5-

a]pyrimidine-2-carboxamide

486.

5

6

6
5-propyl-2-thien-2- ylpyrazolo[1,5-a]pyrimidin-7-ol

260.

3

BRIEF DESCRIPTION OF SEQUENCE LISTING

SEQ ID NO: Description

  1 Draft genome assembly from The Genome Science Center in British Colombia,

Canada of sequence from TOR2 isolate. TOR2_draft_genome_assembly_120403 Release 1

  2 CDC SARS-CoV strain sequence. Entire nucleotide sequence (Urbani strain)

 3-20 Group-speci�c coronavirus gene products

Feline infectious peritonitis virus (FIPV)

3/4 = ORF 3b; 5/6 = ORF 3X; 7/8 = ORF 3A

Canine coronavirus

9/10 = ORF 7b; 11/12 = ORF 7a

Avian infectious bronchitis virus

13/14 = ORF 5b; 15/16 = ORF 5a; 17/18 = ORF 3a; 19/20 = ORF 3b

 21-520 500 primers for left part

 521-1020 500 primers for right part

1021-3520 Forward primers from Table 4

3521-6020 Reverse primers from Table 4

6021-6026 FIG. 9 primers

6027-6033 FIG. 11 primers

6034-6038 Five primers from http://content.nejm.org/cgi/reprint/NEJMoa030781v2.pdf

6039-6051 PEP1 to PEP13

6052 Extended PEP13

6053-6056 229E human coronavirus sequences

6057-6060 TGV sequences

6061-6064 PEDV sequences

6065-6068 Bovine coronavirus sequences

6069-6071 Murine hepatitis virus sequences

6072-6075 AIBV sequences

6076-6170 Primer sequences (forward)

6171-6265 Primer sequences (reverse)

6266-6304 Primer sequences (forward)

6305-6343 Primer sequences (reverse)

6344-6366 Primer sequences (forward)

6367-6392 Primer sequences (reverse)

6393-6440 Primer sequences (forward) F1-F48

6441-6487 Primer sequences (reverse) R1-R47

6488-6559 Primer sequences

6560-6568 Primer sequences

6569 The nsp2 proteinase (3CL-PRO) sequence in SARS coronavirus

6570-72  The nsp2 proteinases (3CLp) of avian IBV, MHV, and BCoV
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6573 Consensus nsp2 proteinases sequence

6574-6577 IG sequences from FIG. 18

6578 Expression construct of nSh in pCMVIII

6579 Expression construct of nS in pCMVIII

6580 Expression construct of nSh ΔTC in pCMVIII

6581 Expression construct of nS ΔTC in pCMVIII

6582 Expression construct of nS1h in pCMVIII

6583 Expression construct of nS1 in pCMVIII

6584-6585 Primers for cDNA ampli�cation

6585-6587 Primers for RT-PCR

6588-6809 Component sequences of FIG. 23 (≧4 amino acids)

6810-7179 Component sequences of FIG. 24 (≧4 amino acids)

7180-7187 N-glycosylation sites within SEQ ID NO: 6039

7188-7189 Component sequences of FIG. 25

7190 Fragment of SEQ ID NO: 7188

7191 Polynucleotide encoding SEQ ID NO: 7190

7192 Amino acids 879-1005 of SEQ ID NO: 6042

7193 Amino acids 879-980 of SEQ ID NO: 6042

7194 Amino acids 901-1005 of SEQ ID NO: 6042

7195 Amino acids 1144-1201 of SEQ ID NO: 6042

7196 Amino acids 1144-1196 of SEQ ID NO: 6042

7197-7199 Membrane fusion peptide regions

7200-7206 NadA-based polypeptides

7207-7223 N-glycosylation sites within SEQ ID NO: 6042

7224-7231 Slippage region

7232 Or�ab polyprotein

7233-7244 Or�ab polyproteins

7245-7247 X2 sequences for SEQ ID NOS 7233-7244

7248-7253 Or�ab polyproteins

7254 Zinc binding region 2 site

7255-7271 N-glycosylation sites in SEQ ID NOS: 6040-41, 6043, 6045-46, 6050-51

7272-7291 Polypeptides and polynucleotides

7292-7293 Intergenic sequences

7294-7301 Nucleotides from 5′ end of SARSV genome followed by intergenic sequence

7302-7306 NadA constructs

7307-7308 Fragments of SEQ ID NO: 6042

7309 NadA sequence

7310-7311 NadA leader sequences

7312-7315 Amino acid sequencess from NadA

7316-7324 PCR primers

7325-7330 Primers

7331 CCACC sequence

7332-7336 3′ UTR forward primers

7337-7341 3′ UTR reverse primers

7342-7352 3′ UTR probes

7353-7362 5′ UTR forward primers

7363-7373 5′ UTR reverse primers

7374-7385 5′ UTR probes

7386 Conserved octanucleotide

7387 Reverse complement of SEQ ID NO: 7293

7388 Intergenic sequence

7389 Poly T

7390 Stem-loop sequence

7391-7392 Poly-glycine linkers

7393 Poly-histidine tag

7394 Nucleocapsid epitope site

7395 Antisense primer

7396-7397 Probes

7398-7399 Antigenic fragments of SEQ ID NO: 6042

7400-7639 T-epitope analysis of SEQ ID NO: 6039

7640-7800 T-epitope analysis of SEQ ID NO: 6040

7801-8040 T-epitope analysis of SEQ ID NO: 6041

8041-8280 T-epitope analysis of SEQ ID NO: 6042

8281-8486 T-epitope analysis of SEQ ID NO: 6043

8487-8665 T-epitope analysis of SEQ ID NO: 6044

8666-8820 T-epitope analysis of SEQ ID NO: 6045

8821-9018 T-epitope analysis of SEQ ID NO: 6046

9019-9131 T-epitope analysis of SEQ ID NO: 6047

9132-9308 T-epitope analysis of SEQ ID NO: 6048

9309-9437 T-epitope analysis of SEQ ID NO: 6049

9438-9538 T-epitope analysis of SEQ ID NO: 6050

9539-9752 T-epitope analysis of SEQ ID NO: 6052

9753-9763 Primers for spike protein ampli�cation, particularly fragments of spike
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9764-9765 N-glycosylation sites within SEQ ID NO: 6039

9766-9779 Cleavage products for ORFlab (Table 10)

9780-9782 Forward primer, reverse primer, probe

9783-9784 Lysine-rich region

9785-9798 Oligonucleotides used for S. cerevisiae expression

9799-9802 Sequences from FIGS. 65 & 66

9803-9882 Primers for E. coli cloning

9883-9885 BCV nucleotide sequences for FIGS. 3A, 3B, 3C

9886-9891 BCV amino acid sequences for FIGS. 4A, 4B, 4C, 4D, 4E, 4F

9892 BCV 5′ UTR

9893 BCV 3′ UTR

9894-9896 MHV nucleotide sequences for FIGS. 3A, 3B, 3C

9897-9902 MHV amino acid sequences for FIGS. 4A, 4B, 4C, 4D, 4E, 4F

9903-9904 AIBV nucleotide sequences for FIGS. 3A, 3B

9905-9909 AIBV amino acid sequences for FIGS. 4A, 4B, 4D, 4E, 4F

9910 AIBV 5′ UTR

9911 AIBV 3′ UTR

9912-9913 HOBMPRO, HOBHEGA nucleotide sequences for FIGS. 3B, 3C

9914-9918 Human CoV amino acid sequences for FIGS. 4A, 4B, 4C, 4E, 4F

9919 HCoV-OC43 5′ UTR

9920 HCoV-OC43 3′ UTR

9921-9923 pCMVKm2 vectors

9924-9926 Codon-optimised N, M and E sequences

9927 BNI-1

9928-9959 Constituent amino acid sequences ≧4aa inferred from SEQ ID NO: 9927

9960 ORF1ab variant

9961 ORF1a variant

9962 Spike variant

9963 Membrane variant

9964 Nucleocapsid variant

9965-9966 Short ORFs

9967 FRA complete genome

TABLE 35

Com-

pound

# Structure Source Literature Reference Patent Number

1
Aventis

Pasteur

1) Lang. J. -M.; Touraine, J. -L.; Trepo, C, et al. Lancet 1988,

2(8613): 702-5.

2 P�zer Dong, M. K. et al. Pharmacologist 1988, 30(3): Abst 87.8.
ES

8602792

3
Mitsui

Chemicals

Mizuno, O. et al. 4th Int Conf Immunopharmacol (May 15-19,

Osaka) 1988, Abst WS6-3.

EP

236929

4 Roche
EP

407788

5 Fujisawa 1) Iwami, M. et al. J Antibiot 1987, 40(5): 612-22.

JP

8716179

6

6 Novartis
FR

2604177

7
Roche

Bioscience

US

4725622
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8
Roche

Bioscience

US

4727069

9 Sumitomo
1) Nishikaku, F. and Koga. Y. 4th Int Conf Immunopharmacol

(May 15-19, Osaka) 1988, Abst WS6-8.

EP

248399

1

0
SSP

JP

8802205

3

1

1

Roche

Bioscience

US

4725622

1

2
Taisho 1) Kameo, K. et al. Chem Pharm Bull 1988, 36(6): 2050-60.

EP

164101

1

3
Novartis

FR

2604177

1

4
Novartis

FR

2604177

1

5
Novartis

FR

2604177

1

6
Novartis

FR

2604177

1

7
Novartis

FR

2604177

1

8
Novartis

FR

2604177
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19 Novartis FR 2604177

2

0
ADIR

AU

8811669

2

1
Pharmacia

AU

8810908

2

2

Aventis

Pharma

EP

284461

2

3
Eniricerche

EP

282891

2

4
Pharmacia

AU

8810908

2

5
Pharmacia

AU

8810908

2

6
Abbott

Swanson, R. N. et at. 28th Intersci Conf Antimicrob Agents Chemother (Oct

23-26, Los Angeles) 1988, Abst 972.

2

7

Mitsubishi

Pharma

JP

8811942

5

2

8

Ortho-

McNeil

EP

292302
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WO2004042001A2 * 2002-05-17 2004-05-21 Emory University Virus-like particles, methods of preparation, and immonogenic compositions

WO2004091524A2 * 2003-04-14 2004-10-28 Acambis Inc. Respiratory virus vaccines

US20060240515A1 * 2003-07-21 2006-10-26 Dimitrov Dimiter S Soluble fragments of the SARS-CoV spike glycoprotein

US20070258999A1 * 2003-04-28 2007-11-08 The Public Health Agency Of
Canada

Sars Virus Nucleotide and Amino Acid Sequences and Uses Thereof

Family To Family Citations

US6239116B1 1994-07-15 2001-05-29 University Of Iowa Research
Foundation

Immunostimulatory nucleic acid molecules

US6429199B1 1994-07-15 2002-08-06 University Of Iowa Research
Foundation

Immunostimulatory nucleic acid molecules for activating dendritic cells

US6207646B1 1994-07-15 2001-03-27 University Of Iowa Research
Foundation

Immunostimulatory nucleic acid molecules

ES2333069T3 1997-03-10 2010-02-16 Ottawa Hospital Research
Institute

USE OF NUCLEIC ACIDS CONTAINING NON-METHYLED CPG DINUCLEOTIDE
IN COMBINATION WITH ALUMINUM AS AN ASSISTANT.

GB9725084D0 1997-11-28 1998-01-28 Medeva Europ Ltd Vaccine compositions

CA2325939A1 1998-04-09 1999-10-21 Martin Friede Vaccine

US6562798B1 1998-06-05 2003-05-13 Dynavax Technologies Corp. Immunostimulatory oligonucleotides with modi�ed bases and methods of
use thereof

DK1187629T3 1999-04-19 2005-01-17 Glaxosmithkline Biolog Sa Adjuvant composition comprising saponin and an immunostimulatory
oligonucleotide

MXPA02003068A 1999-09-24 2002-09-30 Smithkline Beecham Biolog Adjuvant comprising a polyxyethylene alkyl ether or ester and at least one
nonionic surfactant.

CO5200837A1 1999-09-24 2002-09-27 Smithkline Beecham Corp VACCINES

EP1311288A1 2000-01-20 2003-05-21 Ottawa Health Research
Institute

Immunostimulatory nucleic acids for inducing a th2 immune response

US7262286B2 2000-09-26 2007-08-28 Idera Pharmaceuticals, Inc. Modulation of immunostimulatory activity of immunostimulatory
oligonucleotide analogs by positional chemical changes

WO2003035836A2 2001-10-24 2003-05-01 Hybridon Inc. Modulation of immunostimulatory properties of oligonucleotide-based
compounds by optimal presentation of 5' ends

US7375202B2 * 2003-03-24 2008-05-20 The University Of Hong Kong Human virus causing severe acute respiratory syndrome (SARS) and uses
thereof

US7267942B2 * 2003-03-24 2007-09-11 The University Of Hong Kong Diagnostic assay for the human virus causing severe acute respiratory
syndrome (SARS)

US7547512B2 * 2003-03-24 2009-06-16 The University Of Hong Kong High-throughput diagnostic assay for the human virus causing severe acute
respiratory syndrome (SARS)

EP1613650A2 * 2003-04-08 2006-01-11 CoroNovative B.V. Severe acute respiratory syndrome (sars) causing coronavirus

AT497506T * 2003-04-15 2011-02-15 Ca Minister Health & Welfare SARS-RELATED PROTEINS
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US20050002953A1 * 2003-05-06 2005-01-06 Jens Herold SARS-coronavirus virus-like particles and methods of use

US20050171044A1 * 2003-12-24 2005-08-04 Stein David A. Oligonucleotide compound and method for treating
nidovirus infections

US20060093616A1 * 2004-09-29 2006-05-04 Ralf Altmeyer Process for vaccinating eucaryotic hosts and for
protecting against SARS-CoV infection

US20060199176A1 * 2004-07-15 2006-09-07 Yeau-Ching Wang Coronavirus S peptides

US20060292178A1 * 2004-08-04 2006-12-28 Agency For Science, Technology And Research Proteins encoded by the severe acute respiratory
syndrome (SARS) coronavirus and a role in apoptosis

US20070042351A1 * 2003-08-22 2007-02-22 Kostrikis Leondios G Multi-allelic molecular detection of sars-associated
coronavirus

US20070105193A1 * 2003-05-16 2007-05-10 Vical Incorporated Severe acute respiratory syndrome DNA vaccine
compositions and methods of use

US20070190065A1 * 2005-06-03 2007-08-16 Ralf Altmeyer Nucleic acids, polypeptides, methods of expression, and
immunogenic compositions associated with SARS corona
virus spike protein

US20080096186A1 * 2003-12-12 2008-04-24 Hee-Kyun Lim Pcr primer set for detecting severe acute respiratory
syndrome (sars)-coronavirus, method and kit for detecting
sars-coronavirus using the same

US20080182339A1 * 2007-01-29 2008-07-31 Searete Llc, A Limited Liability Corporation Of
The State Of Delaware

Methods for allergen detection

US20080213284A1 * 2004-01-09 2008-09-04 National Health Research Institutes, A
Taiwanese Corporation

Receptor binding polypeptides

EP1982768A2 2007-03-27 2008-10-22 Searete LLC Methods for pathogen detection

US20090111091A1 * 2007-10-31 2009-04-30 Sysmex Corporation Specimen pretreatment liquid, kit for measuring virus, and
method for detecting virus

US20090275016A1 * 2008-05-02 2009-11-05 University Of Rochester Arrayed detector system for measurement of in�uenza
immune response

US20090304729A1 * 2005-11-01 2009-12-10 Novartis Vaccines And Diagnostics Gmbh & Co
Kg

Cell-derived viral vaccines with low levels of residual cell
dna

US20100075300A1 * 2008-05-02 2010-03-25 University Of Rochester Arrayed detector system for measurement of anti-viral
immune response

WO2010039154A1 * 2008-10-05 2010-04-08 Board Of Trustees Of Leland Stanford Junior
University

Hepatitis c antibodies and uses thereof

US20100285457A1 * 2003-03-24 2010-11-11 Peiris Joseph S M High-Throughput Diagnostic Assay For the Human Virus
Causing Severe Acute Respiratory Syndrome (SARS)

US20110002958A1 * 2004-05-21 2011-01-06 Novartis Vaccines And Diagnostics, Inc. Alphavirus Vectors for Respiratory Pathogen Vaccines

US20110053248A1 * 2006-10-23 2011-03-03 Medimmune, Llc Serum-Free Virus Propagation Platform For A Virus
Vaccine Candidate

WO2011114346A1 2010-03-18 2011-09-22 Chetan Balar Chitin and related compounds for use in treating bacterial
and viral infections

US20110251156A1 * 2010-04-07 2011-10-13 Yue Shen Vehicle for delivering a compound to a mucous membrane
and related compositions, methods and systems

US8068991B2 2005-11-30 2011-11-29 The Invention Science Fund I, Llc Systems and methods for transmitting pathogen related
information and responding

WO2012054879A1 * 2010-10-22 2012-04-26 Duke University Compositions and methods for the treatment of septic
arthritis, osteomyelitis, and bacteremia

US8541003B2 * 2003-06-20 2013-09-24 Protein Sciences Corporation Vectors expressing SARS immunogens, compositions
containing such vectors or expression products thereof,
methods and assays for making and using

US20130295596A1 * 2010-10-27 2013-11-07 Lonza Biologics Plc Rapid method for targeted cell (line) selection

US20130295165A1 * 2011-01-13 2013-11-07 Variation Biotechnologies, Inc. Compositions and methods for treating viral infections

US20140127671A1 * 2011-02-18 2014-05-08 Lg Life Sciences, Ltd. Simultaneous Diagnosis Kit For a Disease Due to a
Respiratory Virus

WO2014134439A1 * 2013-03-01 2014-09-04 New York Blood Center, Inc. Immunogenic composition for mers coronavirus infection

US9045728B2 2010-12-02 2015-06-02 Oncolytics Biotech Inc. Liquid viral formulations

US9044498B2 2010-12-02 2015-06-02 Oncolytics Biotech Inc. Lyophilized viral formulations

WO2015172076A1 * 2014-05-09 2015-11-12 Sloan-Kettering Institute For Cancer Research Naphthaquinone methyltransferase inhibitors and uses
thereof

US20150328307A1 * 2014-05-19 2015-11-19 Merial, Inc. Recombinant Spike Protein Subunit Based Vaccine for
Porcine Epidemic Diarrhea Virus (PEDV)

WO2016118880A1 * 2015-01-23 2016-07-28 The Trustees Of The University Of Pennsylvania Immunogenicity of an optimized synthetic consensus dna
vaccine for porcine epidemic diarrhea virus

13

71
Japan Tobac- co

JP

95002779

13

72
Japan Tobac- co

JP

95002779

13

73
Japan Tobac- co

JP

95002779

13

74
Japan Tobac- co

JP

95002779

13

75
Aventis Pharma WO 9520578

13

76
Aventis Pharma WO 9520578

13

77
Aventis Pharma WO 9520578

13

78
Aventis Pharma WO 9520578

13

79
Sano�- Synthe- labo WO 9526958

13

80
Cell Thera- peutics WO 9522546

13

81
Cell Thera- peutics WO 9522546

13

82
Cell Thera- peutics WO 9522546

13

83
Cell Thera- peutics WO 9522546

13

84
Cell Thera- peutics WO 9522546

13

85
Cell Thera- peutics WO 9522546

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

317 of 328 03.08.23, 17:42

https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patentimages.storage.googleapis.com/24/ac/32/3fa3722268bafc/US20060257852A1-20061116-C01500.png
https://patentimages.storage.googleapis.com/24/ac/32/3fa3722268bafc/US20060257852A1-20061116-C01500.png
https://patentimages.storage.googleapis.com/27/92/e1/c07c9be36c1df0/US20060257852A1-20061116-C01501.png
https://patentimages.storage.googleapis.com/27/92/e1/c07c9be36c1df0/US20060257852A1-20061116-C01501.png
https://patentimages.storage.googleapis.com/39/ca/ba/bcae561293fa53/US20060257852A1-20061116-C01502.png
https://patentimages.storage.googleapis.com/39/ca/ba/bcae561293fa53/US20060257852A1-20061116-C01502.png
https://patentimages.storage.googleapis.com/6e/08/d3/f45d29a54e925c/US20060257852A1-20061116-C01503.png
https://patentimages.storage.googleapis.com/6e/08/d3/f45d29a54e925c/US20060257852A1-20061116-C01503.png
https://patentimages.storage.googleapis.com/21/c6/40/e93a41c089c305/US20060257852A1-20061116-C01504.png
https://patentimages.storage.googleapis.com/21/c6/40/e93a41c089c305/US20060257852A1-20061116-C01504.png
https://patentimages.storage.googleapis.com/5d/09/13/1d55a24f407be9/US20060257852A1-20061116-C01505.png
https://patentimages.storage.googleapis.com/5d/09/13/1d55a24f407be9/US20060257852A1-20061116-C01505.png
https://patentimages.storage.googleapis.com/b0/bc/e1/309a6b02b3cd40/US20060257852A1-20061116-C01506.png
https://patentimages.storage.googleapis.com/b0/bc/e1/309a6b02b3cd40/US20060257852A1-20061116-C01506.png
https://patentimages.storage.googleapis.com/39/3f/0c/d1a0fe839617a8/US20060257852A1-20061116-C01507.png
https://patentimages.storage.googleapis.com/39/3f/0c/d1a0fe839617a8/US20060257852A1-20061116-C01507.png
https://patentimages.storage.googleapis.com/25/5b/03/24f4e332eb2d99/US20060257852A1-20061116-C01508.png
https://patentimages.storage.googleapis.com/25/5b/03/24f4e332eb2d99/US20060257852A1-20061116-C01508.png
https://patentimages.storage.googleapis.com/39/09/c2/092c4436897191/US20060257852A1-20061116-C01509.png
https://patentimages.storage.googleapis.com/39/09/c2/092c4436897191/US20060257852A1-20061116-C01509.png
https://patentimages.storage.googleapis.com/f6/e4/ad/9fd15e8ed5e5d7/US20060257852A1-20061116-C01510.png
https://patentimages.storage.googleapis.com/f6/e4/ad/9fd15e8ed5e5d7/US20060257852A1-20061116-C01510.png
https://patentimages.storage.googleapis.com/eb/b9/2d/c021a0b2276bc6/US20060257852A1-20061116-C01511.png
https://patentimages.storage.googleapis.com/eb/b9/2d/c021a0b2276bc6/US20060257852A1-20061116-C01511.png
https://patentimages.storage.googleapis.com/4e/5c/89/ac68a380d59efb/US20060257852A1-20061116-C01512.png
https://patentimages.storage.googleapis.com/4e/5c/89/ac68a380d59efb/US20060257852A1-20061116-C01512.png
https://patentimages.storage.googleapis.com/85/ad/89/8017fddd1aeb69/US20060257852A1-20061116-C01513.png
https://patentimages.storage.googleapis.com/85/ad/89/8017fddd1aeb69/US20060257852A1-20061116-C01513.png
https://patentimages.storage.googleapis.com/a7/a7/87/109a3f170d2d59/US20060257852A1-20061116-C01514.png
https://patentimages.storage.googleapis.com/a7/a7/87/109a3f170d2d59/US20060257852A1-20061116-C01514.png


Publication number Priority date Publication date Assignee Title

US20160222357A1 * 2015-01-30 2016-08-04 Zhaoqing Dahuanong Biological Medicine Co.,
Ltd

Puri�cation method for Embryo - derived Infectious
Bronchitis Virus (lBV)

US9539281B2 2011-07-12 2017-01-10 The Brigham And Women's Hospital, Inc. Lipid-containing PSA compositions, methods of isolation
and methods of use thereof

US9610248B2 2010-07-06 2017-04-04 Variation Biotechnologies, Inc. Compositions and methods for treating in�uenza

WO2017059204A1 * 2015-10-02 2017-04-06 Virginia Commonwealth University Azolylacryloyl derivatives as therapeutic agents for sickle
cell disease

WO2017066484A3 * 2015-10-13 2017-05-26 Carter Daniel C Nsp10 self-assembling fusion proteins for vaccines,
therapeutics, diagnostics and other nanomaterial
applications

US9849173B2 2009-07-06 2017-12-26 Variation Biotechnologies Inc. Methods for preparing vesicles and formulations
produced therefrom

US9907746B2 2009-07-06 2018-03-06 Variation Biotechnologies, Inc. Methods for preparing vesicles and formulations
produced therefrom

US10000545B2 2012-07-27 2018-06-19 Institut National De La Sante Et De La
Recherche Medicale

CD147 as receptor for pilus-mediated adhesion of
Meningococci to vascular endothelia

US10001496B2 2007-01-29 2018-06-19 Gearbox, Llc Systems for allergen detection

CN108949787A * 2018-07-05 2018-12-07 上海海洋⼤学 A kind of gold�sh Tgf2 transposase and its preparation
and store method

US10406222B2 * 2014-05-23 2019-09-10 Regeneron Pharmaceuticals, Inc. Human antibodies to Middle East Respiratory Syndrome
—coronavirus spike protein

CN110729022A * 2019-10-24 2020-01-24 江西中烟⼯业有限责任公司 Establishment method of passive smoking rat early liver
injury model and related gene screening method

US10707531B1 2016-09-27 2020-07-07 New Dominion Enterprises Inc. All-inorganic solvents for electrolytes

US10857177B2 2015-08-19 2020-12-08 President And Fellows Of Harvard College Lipidated PSA compositions and methods

WO2020247385A1 * 2019-06-03 2020-12-10 Immunolux International Corp. Smallpox vaccine and stem cells for treatment of disease

CN112063620A * 2020-06-16 2020-12-11 中国⼈⺠解放军陆军军医⼤学 shRNA for inhibiting expression of porcine epidemic
diarrhea virus M gene

US10973909B1 * 2020-04-03 2021-04-13 Peptc Vaccines Limited Coronavirus vaccine

WO2021092392A1 * 2019-11-07 2021-05-14 Cornell University Use of membrane inhibitors to enhance vaccine
development against enveloped viruses

WO2021168427A1 * 2020-02-20 2021-08-26 The Trustees Of Columbia University In The City
Of New York

Compositions and methods for rapid detection of sars-
cov-2

US11103575B2 2014-02-28 2021-08-31 The New York Blood Center, Inc. Immunogenic composition for MERS coronavirus
infection

WO2021178306A1 * 2020-03-01 2021-09-10 Dynavax Technologies Corporation Coronavirus vaccines comprising a tlr9 agonist

WO2021188334A1 * 2020-03-19 2021-09-23 Noveome Biotherapeutics, Inc. Use of st266 to treat severe systemic in�ammation and
post-acute covid-19 syndrome

WO2021188931A1 * 2020-03-20 2021-09-23 The Board Of Trustees Of The Leland Stanford
Junior University

Anti-coronaviral compositions and methods of using the
same

WO2021188906A1 * 2020-03-19 2021-09-23 Nature's Toolbox, Inc. Novel mrna-based covid-19 multi-valent vaccine and
methods of scaled production of the same

WO2021195025A1 * 2020-03-25 2021-09-30 City Of Hope Antisense rna for treatment of sars-associated
coronavirus

WO2021176397A3 * 2020-03-04 2021-10-21 Premas Biotech Pvt. Ltd Expression of sars-cov proteins, nucleic acid constructs,
virus like proteins (vlps) and methods relevant thereto

WO2021216575A1 * 2020-04-20 2021-10-28 The Trustees Of Indiana University Recombinant rotavirus expression system and
recombinant rotaviruses

WO2021151096A3 * 2020-01-23 2021-10-28 Sirnaomics, Inc. COMPOSITION AND METHODS OF RNAi
PROPHYLACTICS AND THERAPEUTICS FOR TREATMENT
OF SEVERE ACUTE RESPIRATORY INFECTION CAUSED BY
2019 NOVEL CORONAVIRUS (2019-nCoV)

WO2021217063A1 * 2020-04-24 2021-10-28 University Of Maryland, Baltimore Compositions and methods for treating lung injury

WO2021222569A1 * 2020-04-29 2021-11-04 LU, Shi-long Viral testing in saliva

WO2021222228A1 * 2020-04-27 2021-11-04 Ohio State Innovation Foundation A live attenuated measles virus vectored vaccine for sars-
cov-2

US11167033B2 2012-01-12 2021-11-09 Variation Biotechnologies Inc. Compositions and methods for treating viral infections

US11167032B2 2012-01-27 2021-11-09 Variation Biotechnologies Inc. Methods and compositions for therapeutic agents

WO2021231274A1 * 2020-05-11 2021-11-18 Ampel Biosolutions, Llc Methods and systems for analyzing targetable pathologic
processes in covid-19 via gene expression analysis

WO2021235616A1 2020-05-20 2021-11-25 주식회사 신테카바이오 Preventive or therapeutic composition for severe acute
respiratory syndrome coronavirus type 2 infectious
disease
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WO2021222772A3 * 2020-05-01 2021-12-02 The Johns Hopkins University Compositions and methods for coronavirus detection

US11191824B1 * 2020-05-22 2021-12-07 The Government of the United States of
America, as represented by the Secretary of
Homeland Security

Method of purifying virus-like-particles

WO2021220137A3 * 2020-04-27 2021-12-09 Sapir Pharmaceuticals Inc. Pannexin-1 inhibitors for the treatment of sars-cov-2
infected covid-19 patients with or without an associated
acute respiratory syndrome

WO2021247412A1 * 2020-06-04 2021-12-09 New York University Modi�ed alphavirus for use as covid-19 vaccine

US11213511B2 2020-05-20 2022-01-04 Syntekabio, Inc. Composition for preventing or treating SARS coronavirus 2
infection disease

US11213578B2 2017-03-03 2022-01-04 Treos Bio Limited Vaccine

WO2022005115A1 * 2020-06-30 2022-01-06 국방과학연구소 Coronavirus-speci�c double-stranded oligonucleotides,
and composition comprising same for preventing and
treating coronavirus disease-19

WO2022020815A1 * 2020-07-24 2022-01-27 Soligenix, Inc. Antibody/adjuvant compositions and methods of immune
response generation against coronaviruses

WO2022026921A1 * 2020-07-30 2022-02-03 Repertoire Immune Medicines, Inc. Identi�cation and use of t cell epitopes in designing
diagnostic and therapeutic approaches for covid-19

WO2022031410A1 * 2020-08-06 2022-02-10 The Regents Of The University Of California Antisense oligonucleotides targeting sars-cov-2

WO2022016048A3 * 2020-07-17 2022-02-24 The Trustees Of Columbia University In The City
Of New York

Monoclonal antibodies against sars-cov-2 nucleocapsid
phosphoprotein and sandwich elisa method

WO2022051713A1 * 2020-09-04 2022-03-10 The University Of Chicago Materials and methods of treating viral infection with
amphiphilic block copolymers

WO2022094139A1 * 2020-10-28 2022-05-05 Ohio State Innovation Foundation Peptide inhibitors for the treatment and prevention of
coronavirus infections

WO2022094287A1 * 2020-10-30 2022-05-05 Achelois Biopharma, Inc. Multivalent particles compositions and methods of use

US11331335B2 2015-06-10 2022-05-17 California Institute Of Technology Sepsis treatment and related compositions methods and
systems

WO2022144317A1 * 2020-12-30 2022-07-07 Isar Bioscience Gmbh Antigens and assays for detecting sars-cov-2 antibodies

WO2022173553A1 * 2021-02-12 2022-08-18 Siemens Healthcare Diagnostics Inc. Sample lysis reagent compositions and methods of
production and use thereof

WO2022176901A1 * 2021-02-18 2022-08-25 学校法⼈兵庫医科⼤学 Sars-cov-2 speci�c ctl inducing agent and sars-cov-2
speci�c ctl epitope

US11479582B2 2020-10-16 2022-10-25 King Faisal University Anti-SARS-CoV-2 fusion peptides

US11491181B2 2016-07-15 2022-11-08 President And Fellows Of Harvard College Glycolipid compositions and methods of use

US11512115B2 2019-05-10 2022-11-29 Boehringer Ingelheim Vetmedica Gmbh Modi�ed S1 subunit of the coronavirus spike protein

WO2022246116A3 * 2021-05-20 2022-12-15 Achelois Biopharma, Inc. Antibody-based antivirus compositions and methods of
use

WO2023023466A1 * 2021-08-14 2023-02-23 Vaxxinity, Inc. Sars-cov-2 multitope peptide/protein vaccine for the
prevention and treatment of coronavirus disease, 2019
(covid-19)

US11622973B2 2007-11-09 2023-04-11 California Institute Of Technology Immunomodulating compounds and related compositions
and methods

US11666644B2 2018-09-04 2023-06-06 Treos Bio Limited Peptide vaccines

US11684669B2 * 2020-03-01 2023-06-27 Valneva Austria Gmbh CpG-adjuvanted SARS-CoV-2 virus vaccine

Family To Family Citations

EP1613650A2 * 2003-04-08 2006-01-11 CoroNovative B.V. Severe acute respiratory syndrome (sars) causing
coronavirus

US7582740B2 * 2003-04-17 2009-09-01 The Trustees Of Columbia University In The City
Of New York

Methods and kits for detecting SARS-associated
coronavirus

WO2005019410A2 * 2003-04-25 2005-03-03 Intradigm Corporation Rnai agents for anti-sars coronavirus therapy

US7220852B1 2003-04-25 2007-05-22 The United States Of America As Represented
By The Secretary Of The Department Of Health
And Human Services, Centers For Disease
Control And Prevention

Coronavirus isolated from humans

GB2401175A * 2003-05-02 2004-11-03 Hong Kong Dna Chips Ltd Detection of SARS virus by PCR

AU2004245896A1 * 2003-06-10 2004-12-16 Agency For Science, Technology And Research Method of diagnosing SARS corona virus infection

WO2005013904A2 * 2003-08-04 2005-02-17 University Of Massachusetts Sars nucleic acids, proteins, vaccines, and uses thereof

TW200515917A * 2003-09-15 2005-05-16 Us Government Methods and compositions for the generation of a
protective immune response against SARS-COV

US7622112B2 2003-12-05 2009-11-24 Jody Berry Anti-SARS monoclonal antibodies
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US20070116716A1 * 2003-12-10 2007-05-24 Shuo Shen Sars coronavirus s proteins and uses thereof

WO2006071250A2 * 2004-04-05 2006-07-06 Government Of The United States Of America
As Represented By The Secretary Of The
Department Of Health And Human Services

Soluble fragments of the sars-cov spike glycoprotein

WO2006115509A2 2004-06-24 2006-11-02 Novartis Vaccines And Diagnostics Inc. Small molecule immunopotentiators and assays for their
detection

US20090317420A1 2004-07-29 2009-12-24 Chiron Corporation Immunogenic compositions for gram positive bacteria
such as streptococcus agalactiae

EP1632564A1 * 2004-09-03 2006-03-08 Consejo Superior De Investigaciones Cienti�cas Vaccine against severe accute respiratory syndrome
causing coronavirus (SARS-CoV)

US8232240B2 2005-02-23 2012-07-31 The Brigham And Women's Hospital, Inc. Inhibitors of enveloped virus infectivity

EP2357000A1 2005-10-18 2011-08-17 Novartis Vaccines and Diagnostics, Inc. Mucosal and systemic immunizations with alphavirus
replicon particles

WO2007081447A2 2005-11-22 2007-07-19 Novartis Vaccines And Diagnostics, Inc. Norovirus and sapovirus antigens

AT539079T 2006-03-23 2012-01-15 Novartis Ag IMIDAZOCHINOXALINE COMPOUNDS AS
IMMUNOMODULATORS

EP2343385B1 2006-04-11 2014-05-21 Bio-Rad Innovations HPV detection and quanti�cation by real-time multiplex
ampli�cation

GB0711858D0 * 2007-06-19 2007-07-25 Glaxosmithkline Biolog Sa Vaccine

MX2010002773A 2007-09-12 2010-03-31 Novartis Ag Gas57 mutant antigens and gas57 antibodies.

RU2498994C2 2007-12-21 2013-11-20 Новартис Аг Mutant shapes of o-streptolysin

EA018068B1 2008-03-03 2013-05-30 Айрм Ллк Compounds and compositions as tlr activity modulators

CN102227442B * 2008-11-28 2014-04-16 ⽇油株式会社 Cytotoxic t cell epitope peptide for sars coronavirus, and
use thereof

GB0822001D0 * 2008-12-02 2009-01-07 Glaxosmithkline Biolog Sa Vaccine

CN103897045A 2009-01-12 2014-07-02 诺华股份有限公司 Cna_b domain antigens in vaccines against gram positive
bacteria

EP2440245B1 2009-06-10 2017-12-06 GlaxoSmithKline Biologicals SA Benzonaphthyridine-containing vaccines

JP5988492B2 2009-09-02 2016-09-07 ノバルティス アーゲー Immunogenic composition comprising a TLR activity
modulator

TWI445708B 2009-09-02 2014-07-21 Irm Llc Compounds and compositions as tlr activity modulators

WO2011057148A1 2009-11-05 2011-05-12 Irm Llc Compounds and compositions as tlr-7 activity modulators

MX339146B 2009-12-15 2016-05-13 Novartis Ag Homogeneous suspension of immunopotentiating
compounds and uses thereof.

CN102905703B 2010-03-23 2016-09-28 诺华股份有限公司 As TLR2 agonist for treating compound (lipopeptid based
on cysteine) and the compositions of infection,
in�ammation, respiratory disorder etc.

KR20130121699A 2010-05-28 2013-11-06 테트리스 온라인, 인코포레이티드 Interactive hybrid asynchronous computer game
infrastructure

US9192661B2 2010-07-06 2015-11-24 Novartis Ag Delivery of self-replicating RNA using biodegradable
polymer particles

SG191781A1 2010-12-30 2013-08-30 Lab Francais Du Fractionnement Glycols as pathogen inactivating agents

CA2899787A1 2013-02-01 2014-08-07 Glaxosmithkline Biologicals Sa Intradermal delivery of immunological compositions
comprising toll-like receptor agonists

WO2015113102A1 * 2014-01-30 2015-08-06 Adelaide Research & Innovation Pty Ltd Self assembled carbon based structures and related
methods

GB201413020D0 2014-07-23 2014-09-03 Pribright The Inst Coronavirus

EA202091931A1 2018-02-12 2020-11-05 Иниммьюн Корпорейшн Toll-Like Receptor Ligands

WO2020198865A1 * 2019-04-03 2020-10-08 The University Of British Columbia Oligopeptides for quantitative viral proteomic analysis
methods and uses

CN111172327A * 2020-03-05 2020-05-19 杭州丹威⽣物科技有限公司 Method and kit for detecting novel coronavirus nucleic
acid without taking hands

WO2021203044A2 * 2020-04-03 2021-10-07 Icahn School Of Medicine At Mount Sinai High-throughput assay for circulating antibodies against
severe acute respiratory syndrome coronavirus 2

WO2021198999A1 * 2020-04-03 2021-10-07 Axon Neuroscience Se Epitope-based vaccines for treatment of coronavirus
associated diseases

US11124497B1 2020-04-17 2021-09-21 Pardes Biosciences, Inc. Inhibitors of cysteine proteases and methods of use
thereof

WO2021209925A1 * 2020-04-17 2021-10-21 P�zer Inc. Coronavirus serology assay

WO2021226137A1 * 2020-05-04 2021-11-11 Sigilon Therapeutics, Inc. Compositions, devices and methods for inducing immune
responses to infectious agents
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WO2021228853A1 * 2020-05-11 2021-11-18 Ose Immunotherapeutics Vaccine against sars-cov virus

EP4150096A1 * 2020-05-15 2023-03-22 Biomvis S.R.L. Bacterial outer membrane vesicles carrying coronavirus
polypeptides, method of preparation, compositions and
use thereof

CN111518959A * 2020-06-05 2020-08-11 上海市计量测试技术研究院 Digital PCR detection method and kit for novel coronavirus

EP3922262A1 * 2020-06-08 2021-12-15 Consejo Superior De Investigaciones Cientí�cas
(CSIC)

Assay for the detection of the cys-like protease (mpro) of
sars-cov-2

US11174231B1 2020-06-09 2021-11-16 Pardes Biosciences, Inc. Inhibitors of cysteine proteases and methods of use
thereof

KR20230040386A * 2020-06-09 2023-03-22 파르데스 바이오사이언시스, 인크. Inhibitors of cysteine proteases and methods of use
thereof

CN112029781B * 2020-08-14 2023-01-03 中⼭⼤学 Novel coronavirus SARS-CoV-2 safety replicon system and
application thereof

CN113512609A * 2020-09-28 2021-10-19 上海仁度⽣物科技股份有限公司 Novel real-time �uorescent nucleic acid isothermal
ampli�cation detection kit for coronavirus, and special
primer and probe thereof

KR20230084180A * 2020-10-14 2023-06-12 잇판사이단호진한다이비세이부쯔뵤우겐큐우카이 Beta coronavirus cold-puri�ed strains and vaccines

WO2022087600A1 * 2020-10-20 2022-04-28 Duquesne University Of The Holy Spirit Micro rna interactions as therapeutic targets for covid-19
and other viral infections

CN112239501B * 2020-10-29 2022-01-07 东莞市朋志⽣物科技有限公司 Antibody against novel coronavirus, reagent and kit for
detecting novel coronavirus

US11473093B2 2020-11-04 2022-10-18 Eligo Bioscience Cutibacterium acnes recombinant phages, method of
production and uses thereof

WO2022101307A1 * 2020-11-12 2022-05-19 Intervet International B.V. Recombinant vectors encoding chimeric coronavirus
spike proteins and use thereof

CN112724209B * 2021-01-18 2022-03-08 ⼴东华南疫苗股份有限公司 Coronavirus recombinant protein capable of forming
nano-particles and carrier and application thereof

US20220226465A1 * 2021-01-18 2022-07-21 ConserV Bioscience Coronavirus Immunogenic Compositions, Methods and
Uses Thereof

WO2022268916A2 2021-06-23 2022-12-29 Ose Immunotherapeutics Pan-coronavirus peptide vaccine

CN113633763B * 2021-06-28 2023-04-28 南华⼤学 Novel coronavirus S1-E vaccine and preparation method
thereof

* Cited by examiner, † Cited by third party, ‡ Family to family citation
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US20060257852A1 2006-11-16 Severe acute respiratory syndrome coronavirus

Yan et al. 2022 Structural biology of SARS-CoV-2: open the door for novel therapies

AU2012360168B2 2017-06-22 Vaccines directed against human Enteroviruses

JP5562316B2 2014-07-30 Vaccines containing attenuated pestiviruses

CN1829736A 2006-09-06 The severe acute respiratory syndrome coronavirus

CA2569142A1 2005-12-22 Sars vaccines and methods to produce highly potent antibodies

US9457075B2 2016-10-04 Modi�ed foot and mouth disease virus (FMDV) VP1 capsid protein

CN111778263A 2020-10-16 Compositions and methods for dengue virus chimeric constructs in vaccines

JP2019523647A 2019-08-29 Neutralizing antibodies against dengue fever for use in a method for preventing and / or treating zika infection

JP2009519014A 2009-05-14 Characterized bovine viral diarrhea virus vaccine

JP2023524860A 2023-06-13 SARS-CoV-2 vaccine

US10369209B2 2019-08-06 Drug target and construct for Japanese encephalitis virus infection

WO2016130786A2 2016-08-18 Flaviviridae proteins and virions and methods of use thereof

WO2011138586A1 2011-11-10 Dengue virus vaccine

TW201545755A 2015-12-16 Recombinant respiratory syncytial virus (RSV) and vaccines

Zhao et al. 2023 Development and e�cacy evaluation of remodeled canine parvovirus-like particles displaying major antigenic epitopes of a giant
panda derived canine distemper virus
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CN114369144A 2022-04-19 Yeast expressed gene engineering vaccine for resisting coronavirus
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Publication Publication Date Title

WO2021178844A1 2021-09-10 Zika and �avivirus immunogenic compositions and their use

AU2021378483A1 2023-06-08 Recombinant vectors encoding chimeric coronavirus spike proteins and use thereof

Leteane 2015 Translational control during viral infection, investigating the role of Severe Acute Respiratory Syndrome non-structural protein 1 and
Enterovirus 71 Internal Ribosome Entry Site

CN116472279A 2023-07-21 Measles carrier covd-19 immunogenic compositions and vaccines

Neill 2005 Interactions of virus and host

Meng 2013 Structure and molecular virology

Priority And Related Applications

Priority Applications (1)

Application Priority date Filing date Title

US10/822,303 2003-04-10 2004-04-09 Severe acute respiratory syndrome coronavirus

Applications Claiming Priority (22)

Application Filing date Title

US46221803P 2003-04-10

US46246503P 2003-04-11

US46241803P 2003-04-12

US46274803P 2003-04-13

US46310903P 2003-04-14

US46346003P 2003-04-15

US46366803P 2003-04-16

US46398303P 2003-04-17

US46397103P 2003-04-18

US46489903P 2003-04-22

US46483803P 2003-04-22

US46527303P 2003-04-23

US46553503P 2003-04-24

US46831203P 2003-05-05

US47314403P 2003-05-22

US49502403P 2003-08-14

US50565203P 2003-09-23

US51078103P 2003-10-11

US52946403P 2003-12-11

US53617704P 2004-01-12

US56075704P 2004-04-07

US10/822,303 2004-04-09 Severe acute respiratory syndrome coronavirus

Legal Events

Date Code Title Description

2006-04-25 AS Assignment Owner name: CHIRON BEHRING GMBH & CO., GERMANY

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNOR:GREGERSEN, JENS-
PETER;REEL/FRAME:017535/0380

Effective date: 20060313

Owner name: CHIRON CORPORATION, CALIFORNIA

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:CHIEN, DAVID;HAN,
JANG;POLO, JOHN M.;AND OTHERS;REEL/FRAME:017534/0366;SIGNING DATES FROM 20041001
TO 20060313

14

29
Leo WO 9737972
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30
Leo WO 9737972
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31
Leo WO 9737972
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32
Leo WO 9737972
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33
Glaxo- Smith Kline WO 9743250
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34
Pharm- acia WO 9745409
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35
Pharm- acia WO 9745409
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Pharm- acia WO 9745409
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Date Code Title Description

2006-04-26 AS Assignment Owner name: CHIRON S.R.L., ITALY

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:RAPPUOLI,
RINO;MASIGNNANI, VEGA;STADLER, KONRAD;REEL/FRAME:017542/0437;SIGNING DATES FROM
20060315 TO 20060325

2008-07-15 AS Assignment Owner name: CHIRON CORPORATION, CALIFORNIA

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNORS:KLENK, HANS-
DIETER;PHILLIPS-UNIVERSITAT MARBURG;REEL/FRAME:021240/0868;SIGNING DATES FROM
20031211 TO 20031217

Owner name: NOVARTIS VACCINES AND DIAGNOSTICS, INC., CALIFORNI

Free format text: CHANGE OF NAME;ASSIGNOR:CHIRON
CORPORATION;REEL/FRAME:021240/0894

Effective date: 20060419

2008-07-16 AS Assignment Owner name: NOVARTIS VACCINES AND DIAGNOSTICS S.R.L., ITALY

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNOR:CHIRON
S.R.L.;REEL/FRAME:021298/0241

Effective date: 20060503

Owner name: NOVARTIS VACCINES AND DIAGNOSTICS, INC., CALIFORNI

Free format text: CHANGE OF NAME;ASSIGNOR:NOVARTIS VACCINES AND DIAGNOSTICS
SRL;REEL/FRAME:021247/0854

Effective date: 20080701

2008-07-17 AS Assignment Owner name: NOVARTIS VACCINES AND DIAGNOSTICS, INC., CALIFORNI

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNOR:NOVARTIS VACCINES AND
DIAGNOSTICS GMBH & CO. KG;REEL/FRAME:021252/0334

Effective date: 20080701

Owner name: NOVARTIS VACCINES AND DIAGNOSTICS GMBH & CO. KG, G

Free format text: CHANGE OF NAME;ASSIGNOR:CHIRON BEHRING GMBH &
CO.;REEL/FRAME:021252/0249

Effective date: 20060607

2008-08-04 AS Assignment Owner name: NOVARTIS VACCINES AND DIAGNOSTICS, INC., CALIFORNI

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNOR:NOVARTIS VACCINES AND
DIAGNOSTICS SRL;REEL/FRAME:021336/0746

Effective date: 20080701

2016-06-22 AS Assignment Owner name: GLAXOSMITHKLINE BIOLOGICALS SA, BELGIUM

Free format text: ASSIGNMENT OF ASSIGNORS INTEREST;ASSIGNOR:NOVARTIS VACCINES AND
DIAGNOSTICS INC;REEL/FRAME:038979/0997

Effective date: 20160615

2017-02-02 STCB Information on status: application discontinuation Free format text: ABANDONED -- FAILURE TO PAY ISSUE FEE

Concepts

machine-extracted  Download Filter table

Name Image Sections Count Query match

SARS coronavirus title,claims,abstract,description 324 0.000

severe acute respiratory syndrome claims,abstract,description 199 0.000

mixture claims,abstract,description 127 0.000

Viruses claims,abstract,description 126 0.000

vaccines claims,abstract,description 76 0.000

nucleic acids claims,abstract,description 49 0.000

nucleic acids claims,abstract,description 43 0.000

compounds claims,abstract,description 38 0.000

anti-viral claims,abstract,description 31 0.000

preparation method claims,abstract,description 23 0.000

respiratory claims,abstract,description 12 0.000

polypeptide claims,description 511 0.000

alpha amino acid group claims,description 373 0.000

polynucleotide claims,description 311 0.000

14

37
Pharm- acia WO 9745409

14

38
LEK EP 477912

14

39
Astra Zeneca WO 9828275

14

40
Astra Zeneca WO 9828275

14

41
Astra Zeneca WO 9828270

14

42
Astra Zeneca WO 9828270

14

43
Astra Zeneca WO 9828270

14

44
Astra Zeneca WO 9828270

14

45
Astra Zeneca WO 9828270

14

46
Astra Zeneca WO 9828270

US20060257852A1 - Severe acute respiratory syndro... https://patents.google.com/patent/US20060257852A1/en

323 of 328 03.08.23, 17:42

https://patents.google.com/patent/US20060257852A1/en#title
https://patents.google.com/patent/US20060257852A1/en#title
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#
https://patentimages.storage.googleapis.com/f3/4c/c6/937c9b2e7d97fd/US20060257852A1-20061116-C01566.png
https://patentimages.storage.googleapis.com/f3/4c/c6/937c9b2e7d97fd/US20060257852A1-20061116-C01566.png
https://patentimages.storage.googleapis.com/e5/91/af/69047e6b2fd03e/US20060257852A1-20061116-C01567.png
https://patentimages.storage.googleapis.com/e5/91/af/69047e6b2fd03e/US20060257852A1-20061116-C01567.png
https://patentimages.storage.googleapis.com/9c/79/35/4387ccb5422410/US20060257852A1-20061116-C01568.png
https://patentimages.storage.googleapis.com/9c/79/35/4387ccb5422410/US20060257852A1-20061116-C01568.png
https://patentimages.storage.googleapis.com/9c/01/9a/a1d8241d8b7577/US20060257852A1-20061116-C01569.png
https://patentimages.storage.googleapis.com/9c/01/9a/a1d8241d8b7577/US20060257852A1-20061116-C01569.png
https://patentimages.storage.googleapis.com/7c/9e/86/3eca359e533751/US20060257852A1-20061116-C01570.png
https://patentimages.storage.googleapis.com/7c/9e/86/3eca359e533751/US20060257852A1-20061116-C01570.png
https://patentimages.storage.googleapis.com/81/2d/0c/8cded82acd23ab/US20060257852A1-20061116-C01571.png
https://patentimages.storage.googleapis.com/81/2d/0c/8cded82acd23ab/US20060257852A1-20061116-C01571.png
https://patentimages.storage.googleapis.com/c1/cd/9f/29e0ba25af4f98/US20060257852A1-20061116-C01572.png
https://patentimages.storage.googleapis.com/c1/cd/9f/29e0ba25af4f98/US20060257852A1-20061116-C01572.png
https://patentimages.storage.googleapis.com/f8/69/03/e20b28807a143c/US20060257852A1-20061116-C01573.png
https://patentimages.storage.googleapis.com/f8/69/03/e20b28807a143c/US20060257852A1-20061116-C01573.png
https://patentimages.storage.googleapis.com/c3/43/ad/d762faef81b816/US20060257852A1-20061116-C01574.png
https://patentimages.storage.googleapis.com/c3/43/ad/d762faef81b816/US20060257852A1-20061116-C01574.png
https://patentimages.storage.googleapis.com/d5/6d/4f/740cbc7253542f/US20060257852A1-20061116-C01575.png
https://patentimages.storage.googleapis.com/d5/6d/4f/740cbc7253542f/US20060257852A1-20061116-C01575.png
https://patents.google.com/patent/US20060257852A1/en#title
https://patents.google.com/patent/US20060257852A1/en#title
https://patents.google.com/patent/US20060257852A1/en#
https://patents.google.com/patent/US20060257852A1/en#


Name Image Sections Count Query match

polynucleotide claims,description 311 0.000

cells claims,description 196 0.000

antigens claims,description 192 0.000

antigens claims,description 192 0.000

antigen claims,description 191 0.000

virological claims,description 144 0.000

amino acids claims,description 104 0.000

antibodies claims,description 90 0.000

antibodies claims,description 90 0.000

Coronaviridae claims,description 88 0.000

S6 claims,description 76 0.000

gene expression claims,description 48 0.000

Homo sapiens claims,description 47 0.000

membrane claims,description 41 0.000

chemical substances by application claims,description 38 0.000

complement claims,description 37 0.000

puri�cation claims,description 35 0.000

sample claims,description 35 0.000

attenuated claims,description 34 0.000

particle claims,description 33 0.000

(ribonucleotides)n+m claims,description 32 0.000

inhibitory effect claims,description 29 0.000

inhibitor claims,description 28 0.000

Nucleic acid sequence claims,description 27 0.000

nucleotide group claims,description 27 0.000

immunogen claims,description 26 0.000

nucleotide claims,description 26 0.000

cell culture claims,description 25 0.000

Enzymes claims,description 20 0.000

Enzymes claims,description 20 0.000

inactivation claims,description 19 0.000

Peptidases claims,description 18 0.000

binding claims,description 18 0.000

mammalian cells claims,description 18 0.000

Protease claims,description 17 0.000

centrifugation claims,description 17 0.000

formaldehyde claims,description 16 0.000

inactivating claims,description 16 0.000

Vero Cells claims,description 15 0.000

adjuvant claims,description 15 0.000

adjuvant claims,description 15 0.000

peptide hydrolase inhibitor claims,description 15 0.000

substance claims,description 15 0.000

fetal claims,description 14 0.000

prevention claims,description 13 0.000

recombinant expression claims,description 13 0.000

chromatography analysis claims,description 12 0.000
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Name Image Sections Count Query match

cytosolic claims,description 12 0.000

detergent claims,description 12 0.000

ampli�cation claims,description 11 0.000

harvesting claims,description 11 0.000

kidney cell claims,description 11 0.000

nucleic acid ampli�cation method claims,description 11 0.000

Oligonucleotide claims,description 10 0.000

R1A claims,description 10 0.000

resin claims,description 10 0.000

resin claims,description 10 0.000

β-Propiolactone claims,description 9 0.000

RNA Replicase claims,description 8 0.000

density-gradient centrifugation claims,description 8 0.000

polymerase chain reaction claims,description 8 0.000

Respiratory syncytial virus claims,description 7 0.000

buffer claims,description 7 0.000

cationic group claims,description 7 0.000

monoclonal antibodies claims,description 7 0.000

monoclonal antibodies claims,description 7 0.000

serum-free culture media claims,description 7 0.000

ultra-�ltration claims,description 7 0.000

3C-like protease claims,description 6 0.000

Alphavirus claims,description 6 0.000

Bos taurus claims,description 6 0.000

Human rhinovirus sp. claims,description 6 0.000

Picornain 3C-like protease claims,description 6 0.000

Probable picornain 3C-like protease claims,description 6 0.000

a�nity chromatography claims,description 6 0.000

liquid claims,description 6 0.000

ultracentrifugation claims,description 6 0.000

Cricetulus griseus claims,description 5 0.000

Double-Stranded RNA claims,description 5 0.000

Lung claims,description 5 0.000

Ovary claims,description 5 0.000

aryl group claims,description 5 0.000

immune cell claims,description 5 0.000

mediated claims,description 5 0.000

proteolythic claims,description 5 0.000

refrigeration claims,description 5 0.000

supernatant claims,description 5 0.000

unidenti�ed in�uenza virus claims,description 5 0.000

Interferons claims,description 4 0.000

Interferons claims,description 4 0.000

Oligopeptides claims,description 4 0.000

Oligopeptides claims,description 4 0.000

Psoralen claims,description 4 0.000

anti-in�ammatory agent claims,description 4 0.000
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Name Image Sections Count Query match

chromatography puri�cation claims,description 4 0.000

hemagglutinin esterase claims,description 4 0.000

immunoassay claims,description 4 0.000

ion exchange chromatography claims,description 4 0.000

polyethylene glycol claims,description 4 0.000

precipitation claims,description 4 0.000

steroidlike claims,description 4 0.000

transcription claims,description 4 0.000

unidenti�ed adenovirus claims,description 4 0.000

Ammonium sulfate claims,description 3 0.000

Enterovirus claims,description 3 0.000

Equus caballus claims,description 3 0.000

Felis catus claims,description 3 0.000

Liver claims,description 3 0.000

Metapneumovirus claims,description 3 0.000

Ovis claims,description 3 0.000

Polyethylene glycol claims,description 3 0.000

Prostate claims,description 3 0.000

Rodentia claims,description 3 0.000

ammonium sulfate claims,description 3 0.000

ammonium sulphate claims,description 3 0.000

anionic group claims,description 3 0.000

interferon claims,description 3 0.000

ligase chain reaction claims,description 3 0.000

1-(aziridin-1-yl)ethanone claims,description 2 0.000

7683-64-9 claims,description 2 0.000

Acyclovir claims,description 2 0.000

Amantadine claims,description 2 0.000

Amantadine claims,description 2 0.000

Cidofovir claims,description 2 0.000

Cidofovirum claims,description 2 0.000

Ganciclovir claims,description 2 0.000

Ganciclovir claims,description 2 0.000

Hepatocytes claims,description 2 0.000

Interferon beta claims,description 2 0.000

Interferon beta claims,description 2 0.000

Interferon-alpha claims,description 2 0.000

Interferon-alpha claims,description 2 0.000

Interferon-beta claims,description 2 0.000

Keratinocytes claims,description 2 0.000

Melanocytes claims,description 2 0.000

Methylene blue claims,description 2 0.000

Methylene blue claims,description 2 0.000

Myocytes, Smooth Muscle claims,description 2 0.000

Peptoids claims,description 2 0.000

Ribavirin claims,description 2 0.000

Ribavirin claims,description 2 0.000

14

69
Gruen- enthal WO 0290317
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Name Image Sections Count Query match

Stromal Cells claims,description 2 0.000

Tri�uridine claims,description 2 0.000

Tri�uridine claims,description 2 0.000

Zidovudine claims,description 2 0.000

Zidovudine claims,description 2 0.000

aciclovir claims,description 2 0.000

acyclovir claims,description 2 0.000

ddC claims,description 2 0.000

ddIno claims,description 2 0.000

didanosine claims,description 2 0.000

diploid cell claims,description 2 0.000

displacement reaction claims,description 2 0.000

elevating claims,description 2 0.000

esters claims,description 2 0.000

ethyl amine claims,description 2 0.000

�broblast claims,description 2 0.000

heteroatoms claims,description 2 0.000

hydrolysis reaction claims,description 2 0.000

methylthioninium chloride claims,description 2 0.000

neural cell claims,description 2 0.000

nucleoside claims,description 2 0.000

oxygen claims,description 2 0.000

primary amino group claims,description 2 0.000

renotropic claims,description 2 0.000

size-exclusion chromatography claims,description 2 0.000

sodium chloride claims,description 2 0.000

strong anion exchange resin claims,description 2 0.000

sulfur claims,description 2 0.000

zalcitabine claims,description 2 0.000

ERVK-25 claims 2 0.000

Encephalitis venezuelan equine claims 2 0.000

Semliki Forest virus claims 2 0.000

Tryptanthrine claims 2 0.000

Venezuelan Equine Encephalomyelitis claims 2 0.000

Venezuelan equine encephalitis claims 2 0.000

measurement claims 2 0.000

1H-benzimidazol-2-amine;1H-quinolin-2-one claims 1 0.000

1H-pyrazolo[4,3-d]pyrimidine claims 1 0.000

Anthraquinone claims 1 0.000

Benzophenone claims 1 0.000

Isatin claims 1 0.000

Isoxazole claims 1 0.000

Poxvirus claims 1 0.000

Quinazolinone claims 1 0.000

Quinoxaline claims 1 0.000

Tetrahydroisoquinoline claims 1 0.000

Thioacetazone claims 1 0.000
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Name Image Sections Count Query match

aluminium salts claims 1 0.000
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