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Proteins encoded by the Severe Acute Respiratory Syndrome (SARS).
coronavirus and a role in apoptosis Technical Field The present invention
relates to expressed severe acute respiratory syndrome 5 (SARS)
coronavirus group-specific polypeptides. The present invention also
relates to uses of these polypeptides, in particular use for inducing
apoptosis in cells, diagnosing SARS infection and screening for
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pneumonia, severe acute respiratory syndrome (SARS) is thought to

have originated from Guang-domgfiauagesiRgpublic of China in late

2002. The mortality rate of individuals suffering from SARS can be as
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SARRE EARhrseapavipus (SARS-CoV) genome is ~ 30 kb in length and contains 14
potential open reading frames (ORFs). These encode the replicase gene la/lb and the 4
structural proteins (spike (S), envelope (E), membrane (M) and nucleocapsid (N)) as well
as 9 viral proteins, varying in length from 39 to 274 amino acids, with no homologue in
other coronaviruses. The present invention illustrates that at least three of these viral
proteins, termed as 3a, 3b and 7a, are expressed in SARS-CoV infected cells.

A question of interest is the nature of the SARS pathogenesis. Induction of
apoptosis in infected cells can contribute directly to the viral pathogenesis while
mnhibition of apoptosis can prevent premature death of the infected cells, allowing the
virus to replicate to a high titer or allowing the establishment of a persistent infection.
The present invention further indicates that at least SARS coronavirus group-specific
polypeptide 7a of SARS-CoV can induce apoptosis when over-expressed, and that the
expression of 7a during infection is an underlying mechanism for the pathogenesis of
SARS-CoV infection.



Summary of the Invention According to a first aspect of the present
invention there is provided an isolated expressed SARS coronavirus
group-specific polypeptide 7a. The expressed SARS coronavirus
group-specific polypeptide may be encoded by the nucleic acid sequence
of SEQ ID NO:1. The expressed SARszcoronavirus group- specific
polypeptide may have the amino acid sequence as set forth in SEQ ID
NO: 2 or the amino acid sequence as set forth in SEQ ID NO: 2 including
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Disclosed herein is a recombinant host cell capable of expressing the SARS
coronavirus group-specific polypeptide as defined above.

In a third aspect, the present invention provides an isolated ligand that selectively
binds to the SARS coronavirus group-specific polypeptide as defined above. For example,
the isolated ligand may be an antibody or fragment thereof

In a fourth aspect, the present imvention provides a method of identifying a
compound that interacts with the SARS coronavirus group-specific polypeptide as defined
above, the method comprising the steps of:

(a) contacting the SARS coronavirus group-specific polypeptide with a candidate
compound under conditions suitable to permit interaction of the candidate compound to
the polypeptide; and

(b) detecting the interaction between said candidate compound and the polypeptide.

The detection of the interaction may comprise adding a labelled substrate and

measuring a change in the labelled substrate.



3 Disclosed herein is a protein capable of interaction with the SARS

coronavirus group-specific polypeptide as defined above. The protein

may be small glutamine-rich tetratricopeptide (SGT) repeat-containing

protein. The interaction may comprise degradation of the small

glutamine-rich tetratricopeptide (SGT)_,,repeat-containing protein by the

SARS coronavirus group- specific polypeptide. Disclosed herein is an

agent for inhibiting apoptosis by the SARS coronavirus group-specific
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coronavirus group specific polypeptide 3a. According to a fifth aspect o
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candidate compo and the polypeptide. The assay for the formation of
a cdmplex raadinsaibctbe flosplosedgmaihednefstihg ninth aspect involves the

inhibition of apoptosis associated with the overexpression of the SARS coronavirus
group-specific polypeptide as defined above. The inhibition of apoptosis may be
achieved by inhibiting the formation of a complex between the SARS coronavirus group-
specific polypeptide of the first aspect of the invention and one or more polypeptides.
The one or more polypéptides may be SARS coronavirus group-specific polypeptides.
The SARS coronavirus group-specific polypeptide may be SARS coronavirus group
specific polypeptide 3a.

According to a fifth aspect of the present invention, there is provided a method of
identifying a compound that binds to the SARS coronavirus group-specific polypeptide as
defined above, the method comprising the steps of:

(a) contacting the SARS coronavirus group-specific polypeptide with a candidate
compound; and

(b) assaying for the formation of a complex between the candidate compound and the
polypeptide.

The assay for the formation of a complex may be selected from the group consisting
of a competitive binding assay, a two-hybrid assay and an immunoprecipitation assay.

According to a sixth aspect of the present invention, there is provided a method of
screening for a compound that modulates the activity of the SARS coronavirus group-

specific polypeptide as defined above, the method comprising the steps of:



of a competitive binding assay, a two-hybrid assay and an

immunoprecipitation assay. According to a sixth aspect of the present

invention, there is provided a method of screening for a compound that

modulates the activity of the SARS coronavirus group- specific

polypeptide as defined above, the metod comprising the steps of: 4 (a)

contacting the SARS coronavirus group-specific polypeptide with a
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the present invention, there is provided a method of identifying an agent
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comprising contacting a cell or cell extract with one or more candidate agents,
determining whether there is a decrease in the activity of the SARS coronavirus group-
specific polypeptide as defined above, and thereby determining whether the agent is an
inhibitor of a SARS coronavirus.

According to an eighth aspect of the present imnvention, there is provided a method of
identifying an agent suitable for use in the treatment or prevention of SARS coronavirus
in a subject, the method comprising:

(a) obtaining a biological sample from the subject,

{b) contacting the sample with a candidate agent,

(¢} determining whether there is a decrease in the activity of the polypeptide as

defined above, and

thereby determining whether the agent is suitable for use in the treatment of SARS
coronavirus.

In one embodiment, the disclosed method, involves identifying agents which
decrease the expression of the polypeptide
as defined above. In another embodiment, the compounds identified in accordance with

the disclosed method, decreases the expression of the polypeptide



(c) determining whether there is a decrease in the activity of the
polypeptide as defined above, and thereby determining whether the agent
is suitable for use in the treatment of SARS coronavirus. In one
embodiment, the disclosed method, involves identifying agents which
decrease the expression of the polypeptide as defined above. In another
embodiment, the compounds identifiedfin. accordance with the disclosed
method, decreases the expression of the polypeptide 5 as defined above
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therapeutically effective amount of the ligand as défined above or use of a
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coronavirus group-specific polypeptide as defined above in a biological
therapsprécabyapféationemeunjadt the ligand as defined above or use of a compound

identified by the method as defined above in the manufacture of a medicament for the

treatment or prevention of SARS coronavirus in a subject,

In a tenth aspect of the present invention, there is provided a method of diagnosing
SARS coronavirus infection in a subject, the method comprising the step of: assaying for
expression of the SARS coronavirus group-specific polypeptide as defined above in a
biological sample obtained from a subject.

Disclosed herein is a method of diagnosing SARS coronavirus infection in a subject,
the method comprising the steps of:

(a) obtaining a biological sample from the subject; and
(b) assaying for expression of the SARS coronavirus group-specific polypeptide of the
first aspect.

Assaying for the expression of the SARS coronavirus group-specific polypeptide

may comprise contacting the biological sample with a compound capable of interacting



Disclosed herein is a method of diagnosing SARS coronavirus infection in
a subject, the method comprising the steps of. (a) obtaining a biological
sample from the subject; and (b) assaying for expression of the SARS
coronavirus group-specific polypeptide of the first aspect. Assaying for
the expression of the SARS coronavirus group-specific polypeptide may
comprise contacting the biological sample with a compound capable of
interacting 5a with the polypeptide sugq that the interaction can be
detected. The compound capable of selectively interacting with the
polypeptide may be an antibody or fragment thereof to the SARS
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In a thirteenth aspect, there is provided an in vifro method for screening a subject
for infection by a SARS coronavirus, the method comprising: {a) contacting a biological
sample obtained from said subject with the nucleic acid encoding the polypeptide as
defined above; and (b) detecting the presence or absence of hybridisation between the
nucleic acid of said biological sample and the nucleic acid sequence encoding the
polypeptide as defined above.

In a fourteenth aspect, there is provided a vaccine, wherein said vaccine comprises
the polypeptide as defined above, or the ligand as defined above, together with a
pharmaceutically acceptable carrier, adjuvant and/or diluent.

In a fifteenth aspect, there is provided the use of an immunologically effective
amount of the polypeptide as defined above, or the vaccine as defined above in the
manufacture of a medicament for inducing an immune response in a subject against
infection by a SARS coronavirus.

In a sixteenth aspect, there is provided a use of a therapeutically effective amount

of the vaccine as defined above in the manufacture of a medicament for the treatment



pharmaceutically acceptable carrier, adjuvant and/or diluent. In a fifteenth
aspect, there is provided the use of an immunologically effective amount
of the polypeptide as defined above, or the vaccine as defined above in
the manufacture of a medicament for inducing an immune response in a
subject against infection by a SARS coronavirus. In a sixteenth aspect,
there is provided a use of a therapeutically effective amount of the
vaccine as defined above in the manufgcture of a medicament for the
treatment 5b and/or prophylaxis of infection by a SARS coronavirus. In a
seventeenth aspect, there is provided the use of a therapeutically effective
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above in the manufacture of a medicament for the treatment and/or

propHylaxds sniesnteraspeah Bigtstdemtouisisdcthenese of gribaerputisaldy effective
anRJRLeIDCARARIRIOS INtgrAGNANWIR NS RARS FOIPNRIEIS AroupResHive in the

polypeptide as defined above. In a nineteenth aspect, there is provided an
mReatTee piaoniicapsptderctiysaRSEaRG Didgieupdseane.
po'Yﬂﬁ%d&fﬁe@ﬁﬁP%@&%&qmﬁf&cPQ%&% Bl%f@i&@%&?e_iﬂﬁ <§!ﬂ_'ﬁ’céﬁ%ﬁon with
famﬂg of Bcl-2 related proteins. In a twentieth aspect, there is provided the
the, 38 BP s ornapsutisEaPetrsetfieralyrRmids A detigeh ebe @efined above in
the mapuipciuEaafARedicaRantionithe %@%?ﬂ%ﬁtﬂfi@%&#@@%% SARS
od for

infection by a SARS coronavirus. 6 Disclosed herein is a met )
CORRRIHIMYSASILBEETAF RABESEHT 28 GARS! RRPBRSOTRSISHE ARStADEIOTe proteins

frEAMRIBINY (&) Bat2IRNgA Bielegisal sample from. said subject; (b)
contacting said sample with the ligand or fragment as defined above, and

(c) d&Redtiftteirestrtle Biisefigainyidabditelpbating ibarewideisegfective
anAR SoFoNRNaEHS ROlpeRtidenthe sarrlenvithinwiichihg metheshh for the

screening is performed may be a plasma, nucleic acid or cell sample.
repy; feiiPPRy iR toaltsH e iehing RS EBRE B nfection by a
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(a) obtaining a biological sample from said subject; (b) contacting said
biological sample from said subject with the nucleic acid encoding the
polypeptide as defined above; and (c) detecting the presence or absence
of hybridisation between the nucleic acid of said biological sample and
the disclosed nucleic acid sequence. In the disclosed method, the nucleic
acid sequence corresponds to a regiomof the nucleic acid sequence
which is capable of selectively hybridising to the nucleic acid encoding

the SARS coronavirus group-specific polypeptide as d f| ove. The
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encodmg the SARS coronavirus group-specific polypeptide as defined above. The region
majf correspond to SEQ ID NO: 1 or a portion thereof. For instance, oligonucleotides as
set out in SEQ ID NOS 3 to 16 may be used as primers in a PCR reaction.

The hybridisation may occur and be detected through techniques that are standard
and routine amongst those skilled in the art, and include southem and northern
hybridisation, polymerase chain reaction (PCR).

.Disciosed herein is a vaccine, wherein said vaccine comprises a polypeptide as
defined in accordance with the first aspect of the invention, or a ligand as defined above,
together with a pharmaceutically acceptable carrier, adjuvant and/or diluent.

Typically, the vaccine is formulated for administration via an oral, inhalation or

parenteral route. More typically, the route of administration is parenteral.



For example, interaction with the SARS coronavirus group-specific
polypeptide 3a. Disclosed herein is a method for the treatment and/or
prophylaxis of cancer, wherein said method comprises administering a
therapeutically effective amount of the SARS coronavirus group-specific
polypeptide as defined above. In one embodiment, in accordance with the
above disclosed method, the treatment? and/or prophylaxis of infection by
a SARS coronavirus comprises promotion of apoptosis associated with
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oShI5BARE, SRIONANIYS, AIOUR 8 (Specic ROYRSPYdeag deined 00K o e;

ereb y détérminin e ag inAibitor of
emb@dmmsh@\cnblﬁwtwﬁ awmmimmmdobyhmbrbﬂ;mg theeftionagion of a

cc{re%agf%ngég%geas% %),&EQ iy an Q8% Sll'”t ee% t1 for 4R %Eﬁeé Shove and

tment or preventlon 0 V| US |n e me
Orrfompnerngm@ap@ﬁtdﬂmrﬁglditﬁ@lo@maswmrﬁDWIme gtsd@p(spet(tﬁc polypepudes.

|
FOCFwere kj} e ﬁg&g@gg{%ﬁ& e actﬁ/%%%%%e po ype%f)%';%(wfl1 g(%l i ﬁ% G4 ggé) o 3a.
andl?estetsd detemmining wireébiodr the d@ermtemtsanabmdf’or ygephsthais of cancer,
wH&%‘HX”?gCI}B %éﬁﬁ ﬁ?ﬂ%‘%’ '58&113 #gg?yﬂ@%@u%%%ﬁﬁe%&?ve amount of the

provided the use of therapeutic
SARS coronavirus gmup specific po}ypeptlde as defined above.

In one embodiment, in accordance with the above disclosed method, the treatment
-and/or prophylaxis of infection by a SARS coronavirus comprises promotion of apoptosis
associated with the overexpression of the polypeptide as defined above.

According to a twenty-first aspect of the invention, there is provided an isolated
expressed SARS coronavirus group-specific polypeptide 3b.

The expressed SARS coronavirus group-specific polypeptide 3b may be encoded by
the nucleic acid sequence of SEQ ID NO: 17. The expressed SARS coronavirus group-
specific polypeptide 3b may have the amino acid sequence as set forth in SEQ ID NO: 18
including one or more conservative amino acid substitutions.

According to a twenty-second aspect of the present invention, there is provided a
method of identifying an agent which is an inhibitor of infection by a SARS coronavirus,
the method comprising contacting a cell or cell extract with one or more
candidate agents, determining whether there is a decrease in the activity of the SARS

COTonavirus group-



amount of a compound identified by the method as defined above in the

manufacture of a medicament for the treatment or prevention of SARS

coronavirus in a subject. Disclosed herein is a method for treating or

preventing SARS coronavirus in a subject, the method comprising

administering to the subject a therapeutically effective amount of a

compound identified by the above discl®sed method. In one embodiment,

the above disclosed method involves the inhibition of cell death

associated with, the overexpression of the polypeptide of the twenty-third .
R e e T e e e R G THIBREI G ble scent i an
intdathr isfachieRBddydakibiiing the formation of a complex between the

SAd%SCC%%ona\(iruas rou -_ac?egigﬁjpogygpsﬁiide of thte .tweqtg-th'{ d aspect . ded

and One o more po yeﬁ]e tides, SUCH ad SARB Eoronavirds g% 5 spadifie’ ¢et @
mptiyperptidesti Defintiongefhmieiie foucleiciacid’ neferscid ar prevention of SARS
codgﬁ)x 1%)301%%9% ti%? %erir%o&%ﬁl%ggg%ggl /mer in either single- or

ouble-Stranded form, and unesS otherwise limited, encompasses known
analeyuesbtdfinaig rebioteteat des phatibybtidizettizatucleic acids in a
Irlnarg/%er Sc'énﬂ a&'{% Qﬁ\éusrall lg%%riar(?aﬂ&% gtg}%ggﬁ’As_used hgrein the term
polypeptide™ means a polymer made up of amimo acids 8a linked

togéther Bytpaptide bohdbe thete ima'idalsted imdanscivdtthe thateobipieptide  as

guestion Q&? Q en r\(/amovgd from its host, and associated impurities

reduced OF elminated; @)ssentially, it means an object species is the
thprelormitantispeciebphesaht (mgewnia makhibdsis itsis motte abeatoient of SARS
C(}poarév%g other individual species In the composition), and preferably a

substantially purified fraction is a composition wherein the object species

comprisesvatitasiatoas30pehcenisOpion @dnblanbasif pohathpeutically effective
am”%%%?oorﬁg'SgHﬁu%&eﬁgﬁ@{eecFSﬁg% %%ﬁ%'&y%sad%ﬁgg?g%@\%’ iP}# & manufacture of a

composition will comprise moré than about 80 to 90 percent o all
mptacromt|seular tspaties presevininothefCohiositionaWustiprefeladly, the

Obj%}s%)%%!]e%g&ﬁ%eﬁj 1%96‘{58361%@a‘l!rgé{mggoern?%é%%n AONROL D8GR3 rus in a

cannot be detected in the composition by S conventional-detection
subietihotls) whidselnctimarcomgoshionisensisttoedsestizdytof ahsmghutically effective

afARYFR I@o%l:%'ﬁ%ﬁ%ﬁ%%%iﬁed by the above disclosed method.

In one embodiment, the above disclosed method involves the inhibition of cell death
associated with the overexpression of the polypeptide of the twenty-third aspect of the
invention. In another embodiment, the inhibition of cell death is achieved by inhibiting the
formation of a complex between the SARS coronavirus group-specific polypeptide of the
twenty-third aspect and one or more polypeptides, such as SARS coronavirus group-

specific polypeptides.

Definitions

The term "nucleic acid" refers to a deoxyribonucieotide or ribonucleotide polymer in
either single- or double-stranded form, and unless otherwise limited, encompasses known
analogues of natural nucleotides that hybridize to nucleic acids in a manner similar to
naturally occurring nucleotides.

As used herein the term "polypeptide” means a polymer made up of amino acids



As used herein "sequence identity" refers to the residues in two
sequences that are the same when aligned for maximum correspondence
over a specified window of comparison by means of computer programs
known in the art such as GAP provided in is the GCG program package
(Program Manual for the Wisconsin Package, Version 8, August 1996,
Genetics Computer Group, 575 Science Drive, Madison, Wisconsin, USA
53711) (Needleman, S.B. and Wunsch, C.D., (1970), Journal of Molecular
Biology, 48, 443-453). The term "consg?vative amino acid substitution” as
used herein refers to a 15 substitution or replacement of one amino acid
fqr another amino acid with similar properties within a polypeptide chain
1‘(%?%5‘?%3&3&&\%%“8?% &in). For example, the substitution of the
chargaed @mingsakitdiwianmic meidHEhbéonthe shntaty el MaadeaNea from its

acid aspartic acid, (Asp) would be a ¢conservative amino acid substitution. ]
Ol FRHy PRSIEISE MR HE PSR Rl ULTIRR e bl DB 1o RERS 4 object

sppeefiz M prithpe onadperitigerssantidedias £ahe ahprisedof@abundant than

olyclonal mixture, or may be. monoclonal in nature. Further, antibodies i
B3 efemﬂléfﬁiﬁﬁﬁﬁﬁsaﬁ%%[ﬂiﬁ%ed%mea%ma AR LTARES YRRy purified
freatombinaniinposites: Wherdntihodigis @fseipresaniioventivastaBnesiShitcent

a variety of forms, including for example as a whole antibody, or as an
antibody fragment, or other immunologically active fragment thereof, such
as 25 complementarity determining regions. Similarly, the antibody may
exist as an antibody fragment having functional antigen-binding domains,
that is, heavy and light chain variable domains. Also, the antibody
fragment may exist in a form selected from the group consisting of, but
not limited to: Fv, Fab, F(ab)2, scFv (single chain Fv), dAb (single domain
antibody), bi-specific antibodies, diabodies and triabodies. 30 As used
herein the term "treatment”, refers to any and all uses which remedy a
disease state or symptoms, prevent the establishment of disease, or
otherwise prevent, hinder, retard, or reverse the progression of disease or
other undesirable symptoms in any way whatsoever. As used herein, the
term "selectively binds" refers to the ability of antibodies to the 35 SARS
coronavirus group-specific polypeptides, such as 7a, to preferentially bind
to 10 specified proteins and mimetopes thereof of the present invention.
Binding can be
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measured using a variety of methods standard in the art including enzyme
immunoassays (e.g., ELISA), immunoblot assays, etc. An anti-SARS
coronavirus group-specific antibody selectively binds to the SARS '
coronavirus group-specific polypeptide in such a 5 way as to reduce its
activity. As used herein, the term "selectively hybridises" refers to the
ability of nucleic acids, such as probes_ or pr_imers, of _the present
(dRvERINE-:RiSTeremtialvBindi LR Hcleic ac! F’e?&?pmgﬁg% substantially pure
coronavirus group-specific polygeptldes, such as 7a. In'indicating that a
CYTHOBHICE Sl Sy Hy BHIREsartib enPthéuds peferenoé @i macromolecular
spodieidisation, i9 undessiiRaent. hygﬂgi%ﬁ&m%i'ﬁfy;éb}&? t%l%%?éafg% purified to
nucleic acid target sequence to a detectably greater degree than
R TR S SRR G A WeTFHETESl R chsBemeation by
ceffetivenaneowntivinaliedes yitiieitn Mearing eI QXS AN SWRGIERL of 1 single
amoun: of an agent or compound to provide the desired therapeut_lc
meg%act. ‘t}‘ 16 exact amount required will vary from subject to subject is
depending:emi fhotors ‘Sagheascthidespieries heing tieateddthe agesanstquences that
eper ngditi ject, - everity of the condition bein .
e e R R G B e window of
COUBRsITSRANOMaHYE 9 forPUEIN Oglermokpowsible the spesccitb}_n an é‘néébtpr_owded in
thieRC pramunbadlauenst, IonAMANER R AKARRIRA R EIIEChiS ion §
amount'%ma be %%tergn\éintﬁéearo one of ordinary ékill inthe art u%?na%hly e'rswn ’
ABguE it éﬁ%?ﬂﬁ%ﬁt%ﬁ?%éﬁ%ﬂ@aé@tsmn@ SpdesticdadisotheNemnnsin, USA
s3zommizegemeansBineladingRANCInally 0ub NI RREESSRIN BION. Bioloey, 48,
urthermore, variations of the word "comprising”, such as "comprlse_ an
4 3c"om ises”, have correspondingly varied meanings. 25 Brief Description

of tfhBrewingseieteriedeaspeats atihesmsenisaveationwill RQW e eters to a
SIS P SLEIPIPE, it eEnec e Szompani
Prenesding thémonsispenirdt pheieisribiaglsapxes); as wekb@mPDRRS example, the
suBReRAIDA K1e b ustiakPalyRePldes (IBKDOXRR) 263, ISR 12, BRIl pcd

E, Envelope; M, Membrane; N, Nucleocapsid). Also, selecte
agReGHINA BB Asebyssiy Berastarshtidedmoxes)idmibhiwinT he

ORft¥a {&RF4Atbody" means an immunoglobulin molecule able to bind to a specific
epitope on an antigen. Antibodies can be comprised of a polyclonal mixture, or may be
monoclonal in nature. Further, antibodies can be entire immunoglobulins derived from
natural sources, or from recombinant sources. The antibodies of the present invention
may exist in a variety of forms, including for example as a whole antibody, or as an
antibody fragment, or other immunologically active fragment thereof, such as
complementarity determining regions. Similarly, the antibody may exist as an antibody
fragment having functional antigen-binding domains, that is, heavy and light chain
variable domains. Also, the antibody fragment may exist in a form selected from the
group consisting of, but not limited to: Fv, Fy, F(ab),, scFv (single chain Fv), dAb
(single domain antibody), bi-specific antibodies, diabodies and triabodies.

As used herein the term "treatment”, refers to any and all uses which remedy a
disease state or symptoms, prevent the establishment of disease, or otherwise prevent,
hinder, retard, or reverse the progression of disease or other undesirable symptoms in any
way whatsoever.

As used herein, the term “selectively binds” refers to the ability of antibodies to the

SARS coronavirus group-specific polypeptides, such as 7a, to preferentially bind to



20

25

30

= X4 = 8) encoding peptide 7a is represented by the striated box. 11
Figure 2. 7a is expressed in SARS CoV-infected Vero E6 cells. (A)
Analysis of the 7a putative sequence predicts a signal peptide sequence
(underlined) at the N-terminus, the cleavage site of which is indicated with
an arrow. A putative membrane-spannirty domain 5 (boxed) and an ER
retrieval motif (bold-italics) are found at the C-terminus. (B) 20 pg of
in from.uni t ro, E6 n 20 f proteins frgm .
S et s B ol et ol PSSR (Hhging con be

mﬁm-?g%ep@ﬁ%@fﬁ?tmgd@ fratproéteintfeomt Vietodii@: trangiecietnunoassays
(eviith BXMAL22piasmih(ang4), 289 total, Isaia e %@J&\A\J{}L%Cﬁg%@_speaﬁc

ro E6 culture (lane 5) was probed with mouse anti-7a io antiseru

vV ‘ _
ar’tﬁﬁﬂﬁééf‘é%“&ﬁ%ixxi?ugim GEPOED BB WG R ONTCPESEradlxpepsnd in such a

waieises redifvaiausaianii-7a antibody. Figure 3. Processing of 7a
explrlgssed ir}lVero I%EG cells. (Ag Untagged 7a was in vitro translated and
a

visuaﬁz‘é%‘%y AithrdBiolPaphy SRLNGIE BIREBFAT BiRrs vimadhgetbiisy ofsnucleic

acfBy, Wnthgg guichasloflariend)s, rftha fanen? ) ianchien (1872 pratRINDMEr® nucleic
extragted usjng RIPA

INaV E6 cells. Total proteins.wer e
o 30 0 Coehor T23ee GBS AGE WLREH RIS of e n ndicaing
thafr sreipgupmae HdbedvWithhyloidscatititiia savtibodidsdcfGl:MesncEGCeli®ridisation,

weredransiedt ' J for pulse-chase analysis. At
unposttran?ectiorﬁb’f:lgt-éylilqs%%f/l:(g:?rée(L’séq:ﬁ\gtfa]zc%IHfSC’Jrlﬂ Ogn% r%h%gy% g{ﬁlec- %Cﬁf%gﬂigﬁﬂ%me foa

defreiehdneppisiatnenve dhen subetientipualsiten it saBenie.with
[353slakeled @annenacidsmCells, &iﬂfﬂ%%&%@;irzﬁﬁﬂﬁr@ qHEl)uﬁgs avithin its

chased for 30, 60, 90 or 120 min. Cell lysates were immunoprecipitated
MG SUBETSIRES OB BRI ApKRE P by 159% SDSPIGEddo provide the

defotiaivpdrbycatitoca@iagrapbyie) Quaniiicalian-afWhe PUSSERASEbiect to subject
eX{l) riment..The am%unt f immaturﬁ (A) and mature (0) [35S]- 7a'was

depeading o Faciars such s tBrsss, B e e dths 2epand sergebeendition of

é
theotaibipotletieprsteinitat eAahdimenditioh(rbsiults aatemedns h & Rdhs MhFent being
af Iﬂg%gg qf,?? K>E protein is rapidly processed in transfected cells. .

4 (Aik)nUntaggen 7a <'§1%n(c)i5 a(ﬁi IB}%%Se{lrr?El (Gv%f% %)?Brg{%s d iﬁ?ﬁhé&éﬁtgﬁ[\?ﬁﬁible to
speBiyens. Sinebeisliotiree 3oneustifandlestiortotiiproeipis weraextractatbropriate

“eHelER H:)nﬁ)&%ﬁ%%m%g%&éﬁﬂ%ﬂt% M df b%ﬁ)&a: £§’(§I ; %l é eeszeglr:]aing only

blots of these proteins were probed with mouse anti antibodies.
TORFYD BB ERNEWIRMransfected with pXJU122K>E for pulse-chase

In the context of this specification, the term “comprising” means “including
principally, but not necessarily solely”.  Furthermore, variations of the word
“comprising”, such as “comprise” and “comprises”, have correspondingly varied

meanings.

Brief Description of the Drawings

Preferred aspects of the present invention will now be described, by way of example

only, with reference to the accompanying drawings.

Figure 1. Genome organization of SARS-CoV. ORFs encoding the nonstructural proteins
(black boxes), as well as ORFs encoding the structural polypeptides (grey boxes) are
indicated (S, Spike; E, Envelope; M, Membrane; N, Nucleocapsid). Also, selected ORFs
encoding for putative accessory genes (unshaded boxes) are shown. The ORF7a {ORK7a

= X4 = 8) encoding peptide 7a is represented by the striated box.
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analysis. At 6h posttranfection cells were starved for 30 min in cysteine-

and methionine- deficient medium and subsequently labeled for 10 min

with [35S]-labeled amino acids. 35 Cells were either lysed directly (0 min)

or chased for 10, 20, 30 or 60 mins. Cell lysates 12 were

immunoprecipitated with mouse anti-74 antibodies followed by separation

on a 15% SDS-PAGE gel and autoradiography. Figure 5. Intracellular

localization of expressed 7a and retrieval signal mutant. Vero E6 5 cells

were transfected with pXJU122 or pXJU122K>E. At 16 h posttransfection,
Figairs Ivete fixexpwitherhath8hBh abe/abéiet dvitlhrmdifsecdinti{Ay dntibedy of the 7a
p&!%%%ﬁ%%n@@%@@&ﬁ ?@f&%@'ﬁ%@d@& A u%rd%ggg%ﬁ égag%fﬁN—tenninus, the

anti-GR] t)(,)tht_e intermediate compartment marker
clghirgsetP1y oV Beigisrnsdicared 328 @alsbio whe @SREY ¢midaleraparsening domain
(bWdeN At TWSHESH WiTH ARIEAIRR Q) AR SECE b RLCIEORIHGAES) 20 g of

%oat ti 10 mouse and Rh-conjugated anti-rabbit antibodies (Santa Cruz
PrEiBEn dRTE S AT W REC SR agRSs ity Hhtibdibrrigins from SARS-CoV
infteuhieviabelingwithhanitstadamdapotit GRR WP F Il &reCONMARIRA AY-(AIE (lane 3);
nd Rh-conjugated anti-maouse (Santa Cruz Bipchemicals, USA
DT R N e e E A R e L
lysgedoatizatiofBdT irigeaied Kieko pidteinsundtti the Harker ppreseinsliightuse anti-7a
isFigure 6 Expression of the viral proteins in 2937 cells and the
e R S AR R e Fnea ana
stprefetih Consertiona Mddisdn, WI, USA) was used to measure the
activation of caspase-3 protease activity, which is a hallmark of
apoptosis, in cells that were transfected with a positive control (HA-BAX,

Yighksnin 17 ecsieigatiob toswenerad s terolimacs; 440 Wetestiedetn was in vitro
rapfiRSGaY Prefansd umne 3 K). Al §XpRr iﬂﬁﬁﬂtgf"yﬁf?.i)%ﬁ)?@gcgetected.

(Bié]é?[lg)licates and the average values with standard deviations are plotted.
8

BEAS i) L0, ) URETIEIS RerB bR GIANS PN REM SesTarferpressed in
VéheRvesigepaiCpniegas (wandardotayialinp Rioiva el aneomparastitfor 15%-

- ich is normalized to 100.%, are shown in parentheses above =~
SIS ERCH, e it eorﬁ%g%fﬂé’ﬁg}%?& KctieRARE BlHgRthfe antibodies.
(CGndegeddsusEll-leryth R RGeS witichp ISTA sebsfrateuitactivadednalysis. At 6h

cAsRass: 3, fram 1 D a{ypper panel).. Expression levels of )
pOth_e HE—SL%%%e%fE)Sro%%#S %égégge%%miiﬁeﬁ%ithnaﬁs-wﬂegn I aodl)}e middig deficient
meshiwa pad dthecarsotintabelotdoedPiysitevithdifsd-lebetederifiod byids. Cells were

citMeaguEngiinelevel pfigndeasnous ﬁﬁti@(ﬁlog‘(frg?ﬁg?l)rﬂ}nc&ﬁs%? li__ysates were
. fluorometric assay system from

immunoprecipitated with mouse anti-7a antibodies, separated on a 15% SDS-PAGE gel
followed by autoradiography. (D) Quantification of the pulse-chase experiment. The
amount of immature (A) and mature (o) [° SS}~ 7a was determined with a densitometer
and expressed as a percentage of the total labeled protein at each time point (results are

means = S.E.M., n=2).

Figure 4. The TaK>E protein is rapidly processed in transfected cells. (A) Untagged 7a
and 7aK>E proteins were expressed in transfected Vero E6 cells. Sixteen hours
posttransfection total proteins were extracted using RIPA buffer and 20 pg separated on
15%-SDS PAGE gel. Westemn blots of these proteins were probed with mouse anti-7a
antibodies. (B) Vero E6 cells were transfected with pXJUI22K>E for pulse-chase
analysis. At 6h postiranfection cells were starved for 30 min in cysteine- and methionine-
deficient medium and subsequently labeled for 10 min with [*S]-labeled amino acids.

Cells were either Iysed directly (0 min) or chased for 10, 20, 30 or 60 mins. Cell lysates
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Promega Corporation (Madison, WI, USA) was used to measure the

activation of caspase 30 3 in cells that were transfected 7a-HA, 7a and

HA-BAX in the presence of pan-caspase inhibitor, zZVAD-fink (columns 2

to 4) or an irrelevant peptide, zFA-fmk (columns 5 to 7). (D) Western blot

analysis were performed to determine the cleavage of endogenous PARP

(upper panel), expression levels of HA-GST, 7a-HA, 7a and HA-BA)_(

anti-7a or anti-HA, middle panels) and endogenous actin as a loading
W%&%{P&W’(ﬁ}ﬁﬂ%?&ﬁ}?&féé’fﬂi% ME A thenbihedissdhtiowwg Wasapetalmedon a 15%
SDSipaGE gdl-insl antpradebarabcognizes  both 7a and_GST protei_ns.
- Figure 7_ Induction of apoptosis by 7a in cell-lines derived from different

organs. The 5 cell-lines used were Hela, cervical carcinor_na (lanes I to
Figuueep Gy divel:darcimarizu/(lanefedioc)e AB4 dng aareinama(anes” Vero E6

9)..CO V, 6, ki (lane 2.and la 13to 15, .
C%@%&ﬁ?vtgy . A‘?It%dglﬁtr?]eg j\/Evhg?ele)guPcrh“g?sie}g %rE(()}rrl% ﬁ% gﬁ%gﬁérquﬁmom cells

W@lﬁlféj’?@d@t’iﬁbéﬁ@tﬁ%ﬂéﬁa@é@wlbﬁ\wu&mﬁ@awﬁ% dhtihvodyeiit: dagalt) and either
aiviianss kom,p rﬁﬁ‘%%@r@ﬁiﬁggn(@@aﬂﬁg@g{\gé?#iﬁ%% %rrli'llst’??ida%g cgmpartment

measure the activation of 10 caspase-3 prote rent cell-linestha

MAERS Pahdle S18RPH ArrtisTecPdIHA £hel Bl AmSkBA G2 hardihiv\estans Pt (middle

paindlyswhve e periornedta detprmine;ths oleanage.of; [‘ﬁﬁ@'&%ﬁ Gg(%%d_ goat anti-
PARP nel), expression levels of HA-GST, 7a-HA and HA-BAX™(anti-

R @%&%@B?&ﬁﬁdeﬁ%&éﬁk&w&w@é ESRding woRierlemiralstin/Sn) were

uspelmeslﬁd&ﬁig]nyea%.tilﬁtdﬂeiloﬂo@fc&ﬁ@mé)qsﬁegiﬁgwgﬁCﬁ@SggﬁhQJ%@9}?@4, FITC-
7 tant -l and mat7a) in.A and Vero EG6 cells and by

e L R e RS ACE . rbfe g, USA)

andifxtéies frome RrothegacCorparatioib@dadisbieél SRy sWRSWSEAdQocalization of

' of caspase-3 protease in different cell-lines that
7%%%2 s%?t%% %‘ﬁ'} ?A- r? ré)go Ve @o%#&??gg; s 1 and 5), wild-type
Figgrgeheeprantion) o/t innlianrpan idatfed 3y dndefiutantmgidaosis. (A)
cilgnes @icdhéhianaly TadsoniainspRtalens BLING SR RRRIIGY ysa)
cleavage site and is cleaved less efficiently than wild-type and mat/a

VHREhE SorRsHRtHE Siefivatiseptitieasnasstdratplistsaisisy wereh is a hallmark of
appptéelsnad delis that were transfected with a positive control (HA-BAX, column 1), a

negative control (HA-GST, column 2), and the different SARS-CoV proteins {columns 3
to 7). All experiments were performed in duplicates and the average values with standard
deviations are plotted. For cell viability assays, experiments were performed in triplicates
and the average percentages (+standard deviations) of live cells, compared to HA-GST
which is normalized to 100 %, are shown in parentheses above each column.

(B} Western blot analysis to determine the cleavage of endogenous full-length PARP,
which is a substrate of activated caspase-3, from 116 kDa to 83 kDa (upper panel).
Expression levels of the HA-tagged proteins were determined with anti-HA antibody
(middle panel) and the amounts of total cell lysates loaded were verified by measuring the
level of endogenous actin (lower panel). (C) CaspACE fluorometric assay system from
Promega Corporation (Madison, WI, USA) was used to measure the activation of caspase
3 in cells that were transfected 7a-HA, 7a and HA-BAX in the presence of pan-caspase
inhibitor, zZVAD-fink (columns 2 to 4) or an irrelevant peptide, zZFA-fimk (columns 5 to 7).
{D) Western blot analysis were performed to determine the cleavage of endogenous
PARP (upper panel), expression levels of HA-GST, 7a-HA, 7a and HA-BAX {(anti-7a or

anti-HA, middle panels) and endogenous actin as a loading control (anti-actin, lower
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nd determine the expression levels of GST and 7a proteins (anti-7a, 2
panel) and rd endogenous actin as a loading control (anti-actin, 3 pe_mel).
(B) Caspase-3 protease 25 activities in Vero E6 cells transfected with 1.0
sg (lane 1), or 2.0 g (lane 2) of 7a plasmid or mocked inf_ected cells (lane
3), or SARS-CoV infected cells (lane 4),were St determined (I panel).
Western blot analyses were performed to determine the expression nd
Ievels of 7a (anti-7a, 2 panel), SARS-CoV N and endogenous tubulin as a
RiSHing StHhegHtbof nigHberbh SasrrbtameshySignali lptseiip2eg oftcettognizes
btyma}z@aﬂa@grgtﬁ%tgugp immunoprecipitation experiments (A) 293T cells
were transiently transfected with pXJ40myc-GST or pXJ40myc-7a and
the various HA-tagged constructs. After -16 to 24 h, the cells were
Fli@wegteﬂzanmuaeﬂf wp@pfﬂﬁmﬂjﬁ@w e&;@ﬂﬂé!%%%%&?%ﬁz %ﬁﬂ%@%&ép Yins. The
cribed. Briefl sate was incubated with an anti-myc polyclona
C%EZ%’% gan aly ruzeIB¥ SCRSBlogy T 1oP 3% Qe Ifcff?ox'f\)ecﬁ??%%/’s istigrircinoma

(igﬁ%l‘imol@)i 6bpkleimeAsephanesizhendsq Rpahe daledWato E6, kldney (lanes 10
tcﬁi‘%‘?&}?d%?f%l?l 3Ttt5€ tkt)@e%éct?\? )?i/vyﬁem hgg v% t'm§§7%§§° IIB the American

reaction buffer, an ted to Anah ySi
Tm@mltsrescwlgqfecme@ﬂﬁnwawaﬁéfecwﬂof Siysp GSE \ﬂllhrblﬁetN«; assay system
MYl d dAHANLESRAC 4, 6 8

represe%% Cz(rﬁa%i%%g}or@g? 7631 msg?w?hy%%? %%I@ﬁ s(éﬁﬁas}l e “8 vation of
C@@W%&B@eﬁwydtﬁﬁ@%f@%héﬁ@ﬁ BT avwiRt ot ér SARBA\SHVIprotdidts and HA-

B@EOEITM cipitakion Brrefmests wete performad todetaminet 7a £
u|g‘lm;g?§mﬁ iththe S RS CoV structur ﬁk?rotelns M, E e?r%gHN as We?vage ©
O&ﬁrr?%% a%&& iR S SN Th m&lﬁ@éraféuﬁé& gariéfh and HA-BAX (anti-

Hmmuqmpeemmatmg@»umwas&pm@ﬁ@chﬁ@rmmm@ﬁ%ctp't@&%@l)

E HA (lane 6) and M- HA (Iane 4) and neither of these showed any

f din (lanes 5 10 and 3). HA-N did not interact
o iy b ey MBS e FaGlg s (7oL

a@éemﬂ%ﬂlwvdﬂ%aﬂéﬁw%méﬂﬂ):;ﬂr@tlﬁéﬂ&@aﬁﬁﬁ%ﬁmmt%cells (A)
Cmﬁk@ieﬁacﬁ%ﬁﬁgri@ 'ﬁ&?es%%l? f'rA‘ ?nsrﬂ’%vnqeigal er%gra {10%8 adls n, %’? UUSA)
specifically

was used to measure the activation of caspase-3 protease in different cell-lines that were
transfected with HA-GST (negative control, lanes 1 and 5), wﬂd—type 7a (lanes 2 and 6),
mutant 7a-L (lanes 3 and 7), and mutant mat7a (lanes 4 and 8) (1 panel) 7a-L contains
mutations at the signal peptide cleavage site and is cleaved less efficiently than wild-type
and mat7a does not contain the signal peptide. Western blot analyses were performed to
determine the expression levels of GST and 7a protems (anti-7a, 2“d panel) and
endogenous actin as a loading control (anti-actin, 3 panel). (B) Caspase-3 protease
activities in Vero E6 cells transfected with 1.0 pg (lane 1), or 2.0 ng (lane 2) of 7a
plasmid or mocked infected cells (lane 3), or SARS-CoV infected cells (lane 4), were
determined (I panel) Weetem blot analyses were performed to determine the expression
levels of 7a (anti-7a, 2 panel), SARS- COV N and endogenous tubulin as a loading

control (monoclonal anti-tubulin (Sigma), 4 panel) in 20 pg of cell lysates.

Figure 9: Co-immunoprecipitation experiments (A) 293T cells were transiently
transfected with pXJ40myc-GST or pXJ40myc-7a and the various HA-tagged constructs.
After ~16 to 24 h, the cells were harvested and used in co-immunoprecipitation
experiments as previously described. Briefly, the lysate was incubated with an anti-myc
polyclonal antibody (Santa Cruz Biotechnology) for 2 h at 4°C, followed by adsorption
onto 10 pl of protein A-sepharose beads (Roche Molecular Biochemicals). Then the
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immunoprecipitate 7a-HA, suggesting that 7a can also form dir_ners or
oligomers. Panels 2 and 3 show the expression levels of the dlffer(_ant
proteins by Western blot analysis is (WB). Figure 10: Overexpression
ofBcl XL prevents the induction ofapoptosis by SARS-CoV 7a (A) The
expression of Bcl-XL in 293T cells (29374Vec, clone IA, lane 1) and 293T

cells stably expressing Bcl-XL (293T-Bcl-XL, clone 10A, lane 2) was
an anti-Bcl-XL antibody (lIst

d mined b estern 20 blot analysis usin i

bﬁg‘%ﬁ{e S Rion EHSISF ot dro6Lore Ltk thbisistis Xt estern blot
apgitibodyigimdried, atkean, @sterizko bguakam QMﬁ@fgi& Wﬁ&?(yés@?@ﬂ Ryvith HA-

n verified, by the level of endogenous actin anel).
R T o P o haa bt 10 represnt co-
travension, W1 1829 wits Udedliovrddsufelie datatiandBeaspassctively. (B)
tivity,: MvhichLi I f 25.apoptosis, in cells that were ,

o L e Bl R o P yperiments
WEshREITRACE I EINSS D7 arrp Bl dntewirh B ARBeGAR Baardteinictural proteins,

Mealumng and)- &0kmns iR 3stonsihe resulis.abiingd Heing (upper panel,

. 293TV lls and_columns 4 to 6 shows the results obtained using
1‘5%?95’59351‘%%% TRiPeBberifiemesiferdh e tormunnracipicied Sard thene 6) and
Mavtsagenval)esdvitiiséandakesdewaionsAieRedi SRR Soldiye-GST (lanes

anSdA3R.S.I:BP-¥I Zi?di%[%rig tr%é ae%}ﬂcallﬁ%%%&ﬁ%?ﬁ”ﬂ@%@ﬁ%@%' I ;?;ezﬁso interacts

conlalnlng myc-
stfangly prdteinsifienilg-Bith)dh, (fayes Bl BhdTiy); BAGL &Y€ §AXS ARVS-BM brotein that

- W - : rotgin were immunoprecipitated with anti-SARS-CoV

o oo Ar SR et TG 1S of SKIS. CEVF74 rbraiee el

ingRRERUiPRPHe e tlpitaeri e idhatti mc%ggedﬁﬂim@@mwgﬁmerf.s Panels
FNy I b ibody (Ist panel). ressi )

? %%fé“é?ﬁ?ﬁé‘i\“é@%%%@@%%&%yﬁﬁ? etgerrrﬁi 6 %?sugj?g%ﬁ%lali branalysis
e lysates before immunoprecipation to Western blot analysis with an

anti-SARS-CoV 7a antibody (2nd panel). The first blot containing the

immupo-complexes (i.e. ypper panel) was stripped and re-probed with an
Figttislt she@risa 'b%pdy‘fwéféﬁfﬁﬂw@memf epentnyistaggeas-CoV 7a

(Aprdteins ressismopl Suipikatad z%dpaé]g!)(.zﬁ'gme%%fkﬂﬁ@ ii?jtgé :Pezﬁctéé%T 48d 293T cells
AR EQ A By ani S sl il e
blggyndysimmimgoprestpiution ahtibgdSGIk pateM G wA-Eulay SRS cross-
reg'@mg\(m el anti-Bel-X; antibody is marked with an asterisk. Equal amounts of cells
were used in each lane as verified by the level of endogenous actin (2" panel). (B)
CaspACE fluorometric assay system from Promega Corporation (Madison, WI, USA)
was used to measure the activation of caspase-3 protease activity, which is a hallmark of
apoptosis, in cells that were transfected with a negative contro} (HA-GST, columns 1 and
4), a positive control (HA-BAX, columns 2 and 5) and with SARS-CoV 7a protein
(columns 3 and 6). Columns 1 to 3 shows the results obtained using 293TVec cells and
columns 4 to 6 shows the results obtained using 293T-Bcl-X; cells. All experiments were
performed in duplicates and the average values with standard deviations are plotted.

Figure 11: SARS-CoV 7a interacts specifically with Bcl-X; and BAD. Cell lysates
containing myc-GST (negative control) or different mye-tagged Bcel-2 family proteins
(mye-Bel-Xi, myc-BID, myc-BAD, myc-BAX, myc-BAK) with SARS-CoV 7a protein
were immunoprecipitated with anti-SARS-CoV 7a antibody and protein A beads. The
amounts of SARS-CoV 7a protein that co-immunoprecipitated (IP) with the myc-tagged

proteins were determined with an anti-SARS-CoV 7a antibody (Ist panel). Expression
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to cells transfected with flag-SGT and/or 7a-HA were extracted and
immunoprecipitated (IP) with rabbit anti-flag (lane 1), rabbit anti-SGT
(lane 2 and 4) or rabbit anti-myc antibody (lane 3) conjugated to Protein-A
beads, respectively. IP samples (upper panel), together with direct
lysates (WB - lower panel) were analyzgd by 15% SDS-PAGE and
Western blotting with rabbit anti-HA. (C) Vero E6 cells were transfected

with 7a an flag- T. At 16 hours post-transfection, cells were lysed.
D AT o A LT T R R R e e et ysates
befitte mmousecpnésiiagiantibddystastiblwasmdneioefiagRadin® SAWP!7a antibody
Fi 3: isgn, of the aming,acid sequence of monkey SGT with a
thgrﬂ%gﬁ%oﬁlj%nr}%%gsaqg onceptual %]r%iﬁlgrggﬂf) SEUIRGEES of TS BPP (aRanel) was
stepRedared ot ednifith acidnegwe moerot hBE BfNIOBY accssiomBURRbSRount of
mwtgégéq Bmg&h%;&'&?&ﬁ&ﬂ‘ﬂ%&%ﬁ% visualized with GENEDOC
te

software. Identical residues are represe ith black shading. 25
Figure 14: Co-localization offlag-SGT and 7a-HA in Vero E6 cells. Vero E

Figerlls Were Jrp wp anrcayer-Sins And trapgfesigd (‘M*k%%ﬁ%?"é@:aﬁ'r@ag‘&ciﬁcany

XJ40flag-SGT. At 16 firs  post-transfection, the cells were fixe

de@%‘if&‘i PRI BOIR b AR Melg &fdosibuss wsll-ratrmsifecindgtiag-hSGT. (B)
e YAl o
con antibody .and rhadamine-conjugate anti-mouse antibody.
P r%?f} 3\{‘} %nt‘fﬁ%% i%%‘sg\?\i;se(lreg[2 LP&QI;%O& i"‘lfﬁ'{%n‘é’?ﬁel%ﬁé"é‘ﬁh YKk dpaiyoprecipitated
(Iahttdieslat a0l oiereslips rivbie mauser oR@assoRides @Nhbbit anti-myc

' i lugrescence. Panels on the left .represent cells stained
o T e SEr L SR g panel),
togHywNHRHETRghbsaleel Wb —Higuee pmdiS&dinterhetsividth 1thie, SDS-PAGE and
WEsistminatEeol e (A) SC ic rgpresentation of 7a-H :

deletion mb%ﬁﬂu@%%ﬁ?#%égﬁyt@ uﬂéﬁgﬁ??gﬁ-ﬁﬁ 28 12 %&té& with 72 and
flaghS a0 Doy RAst ransiertoascls-wem hiredRSwsicibirotelirect lysates

fromereniAatngaediatdhe Gdermiows.«R) Hantagasdfullle nt .
7a-HA waT co-transfected 5 into Vero-E6 cells wit%e flléa%lglﬁgsgngé?ﬁmy&?’ actin. was

inchidsd AR l029 88 FRBRins were extracted and co- immunoprecipitated

with mouse anti-flag beads. The name of each clone is shown on the left
Fi r l:J| of the. co-IP,are shown onét(ge right. (striated box = signal

lgﬁ%‘[igg; ”t(?]grézp oxZ troe{r?tsh%e‘%n"%'fgngc rﬁ%ﬁ?ﬁ?ﬁcﬁfbﬁﬁ%sgﬁg‘i‘”m a human
horetfieyal Signaephotifumino acid sequence of mSGT was compared to the amino acid
sequence of hSGT (NCBI accession number NP_003012) using CLUSTAL X. Results

were visualized with GENEDOC software. Identical residues are represented with black

shading.

Figure 14: Co-localization of flag-SGT and 7a-HA in Vero E6 cells. Vero E 6 cells were
grown on cover-slips and transfected with pXJ3'-7a-HA and pXJ40flag-SGT. At 16 hrs
post-transfection, the cells were fixed and co-stained with both rabbit anti-flag and mouse
anti-HA. Following washes, the cells were treated with FITC-conjugated anti-rabbit
secondary antibody and rhodamine-conjugated (Rh) anti-mouse antibody. Primary
antibodies were used at dilutions of 1:200 and secondary antibodies at 1:100. Cover-stips
were mounted on glass-slides and viewed by immunofluorescence. Panels on the left
represent cells stained with FITC, those in the centre panels with Rh and composite

photos are shown in the right panels.



20

25

30

33

ro Figure 16: TPR 2 is essential, for the interaction with SARS-CoV
7a-HA. (A) Full length flag-hSGT (aa 1-313) and deletion mutants
flag-SGTAN-1 (aa 125-313), flag-SGTAC (aa 1- 192), flag-SGTAC-3 (aa
1-158), flag-SGTAC3-2 (aa 1-124) and flag-SGTAC3-1 (aa 1- 91) are
shown. All hSGT proteins were flag-tagpged at the N-terminus. The
Iocations of the TPR motifs 1, 2 and 3 are represented by shaded boxes

d.cosl shown 0 is, the right. The name of each clone is )
'g;/?/n logn) tﬁ%J ft 4n ‘rzélssul & s csrr%k SEMCOBNYhe Fight: (&)) Schematic
rapregetdgyenl ﬁﬂIﬂeﬂr@tshdﬂwhuﬂanﬂinﬁ@TumTemmhﬁm&fgpt@dﬂnI&g’ﬁrdaﬁﬁﬁ (aa 1-
|s-wit e ly, JQt re extracted and c i
%m%%%%r%pﬁge{mt@r%ﬁ%g % agab F’qcom pmeé?vﬂlgrgtems were HA
taggediatrihms| Giticapings Fﬁﬁb&i\wm&lﬂﬁﬁnﬂh@mmﬂﬂﬂadﬂﬁﬂas co-transfected

iRhtibadies; 20iKigUIR Bl 1R BQ&W Sﬁﬁapg\éé%ﬁgcwcrra&‘l %%)Jel{é% and co-
Co-immunoprecipitation anaIyS|s between 7a-myc
1%“8?%6&’%65 drargurs Pibidagstvada Bieiene ST gagh wiesdrislslfadn on the

leﬁSaﬁGg&BtlEsC@ﬂfHE' c@ﬁif'e;!'écrﬁléiré f@é@‘#flﬁ@ﬁ @fti?&!ll%@&méﬁgf%@%%epude lined
SARS CoV 3 in. (A uorometric assay syste
b oragEes? (@ %r? RRF DER) s qesteval vrmal gratit).

activation of caspase-3 protease activity, which is a hallmark of apoptosis
in_untran ted cells or cells.that were transfected with
Lot e D45 267 & Ll Bore (g Full engts
flepludnlpot SARS:GaVdiap rmnemssﬂ e@@cﬁrﬁnsun D) D5-SARFROYGTAC (aa
0 7.t i S or
: %QS HEJQSS@?H@@S(% P@gﬁ g}vgv% stan— V\i glewatf ngieﬁia f\%3 -1 (aa l-

upllcates and the average v ons were
T Byrnbsiem Hidthetaly sroiwias @eemeﬂamaggd@wrmméf{tm:iewa@eedbcamns of

thendggenaus fulkigpgih, P &B@sc\!ﬁlﬁéﬁrblf S snyAle ol acty %;yr%sul(tjs are shown on

caspase-3, from 116 kDa to 83 kDa (1St panel). The anti use
the Skelific 1BF e edvaghrsinorsARENRe. B8 labanthsselrotitheeedB are shown

ordurmg@pommgjtt@@a\mt&@gww gelldvsategtoaded wera VRIfiedilg vero-

rn of endo enous actin (2nd panel). Expression
ﬂj of gl ﬁgren? p%Z\hSYWé’F& SRrmirid byPEHSBIRgG WS theskeesirsktipad  co-

lmme‘s@“@bd‘mmd@kﬁ paiéls), ragaelR:dAd R shevexebal Blotted and
prgggg%%:% % y aXtin ells tr tﬁ%b él %/Igfgnsfeg with 5 cDNA for
ta

expressing e b protein Stumn 1), Bax protein
(column 2) or empty vector (column 3). Ml represents untransfected cells

Fi@iﬂ@@ﬁ:@’a%%@éﬁa%r?"wirh SAR-CoV structural proteins. Co-immunoprecipitation
analysis between 7a-myc and SARS-CoV HA-epitope tagged structural proteins N, M

and E. GST-HA was included as negative control.

Figure 18. Induction of cell-death/apoptosis by SARS-CoV 3b protein. (A} CaspACE
fluorometric assay system from Promega Corporation (Madison, WI, USA) was used to
measure activation of caspase-3 protease activity, which is a hallmark of apoptosis, in
untransfected cells (column 1) or cells that were transfected with a negative control (HA-
GST, column 2), or a positive control (HA-BAX, column 3), or SARS-CoV 7a proteins
(columns 4 to 5) or SARS-CoV 3b proteins (columns 7 to 9). All experiments were
performed in duplicates and the average values with standard deviations were plotted. (B)
Western blot analysis was carried out to determine the cleavage of endogenous full-length
PARP, which is a substrate of activated caspase-3, from 116 kDa to 83 kDa {1st panel).
The antibody used is specific for the cleaved form of PARP (i.e. 83 kDa) that is produced

during apoptosis. The amounts of total cell lysates loaded were verified by measuring the
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CoV 3b and Bax induce apoptosis as shown by the higher levels of

caspase 3 activities compared to control cells (columns 3 and 4), but the

level induced by 3b is significantly lower than Bax. (B) shows the level of

cell death, as measured by the leakage of LDH to into culture medium, for

cells transfected in a similar manner aslin (A). Both SARS-CoV 3b and

Bax induce similar level of cell-death. Our results showed that SARS-CoV
legd) cein cirtivise wull-dwath bydbptndaspage3depdndest ahdiffdependettins were
ddRathwavs,is,Retalled: ription,of the lnventio %?éeic 'lg\IpSe nce

There is dgspsizprzl)be he}ﬁ(i%r%§ (tghljg%ﬁgtrggt;eiﬂtzla |§hesbﬁﬁ% &%@go aﬂ%gﬁ

group-specific gene product encoded by ORF7a (also known as ORFX4
Figu2RF8) (5ign dh whighs.referred to. as 7a (involving a unigue protein of .

I%22 amir?(o gcids). To asf:siglt ?r{le %gﬁzrllts e%rzfg’ﬁ ﬁ% TheTo en;[?l%st e}g ﬁl%rﬁgs’l??ded with
cliptidfe iy soin8ARS @R Y] SHeR&cteriyatioprofethéeganeris saBouphetinicolumn
2 LYRisalY. $he i %cﬁ ggll encoding th RS coronaviru i

)grou%@s'yblecific _Lptj%lﬁl/peptl erﬂﬂt% f%stﬂgsg%%%%?g%%lﬁ%gs{%{ﬁ%t 5 SE%SARS
Ca/dnandoBradgreet epentosiucieibionid bedberncehwterveln shichyariart activities

aTdhje ti in 5 biolggical activity which is.
oy s Carts (ONEEL el o e S P Al ety
lopigniibapuBheic @oidhmoteduld ofdhefivolindiathimpartienlard iy nhelkigagidof LDH

inRPANENES ARlne P REQIR QL MNerSin, said yariant can P@{%%FQARS-CW

and isolated using standard techniques in molecular biology,
3hymulBariandine skpeanhertaeibreliFHeatiograe ofshtimlogpdttareetRrGoV 3b can

; i i e rpl ans.of computer

e Ko oo R o
package (Program Manual for the Wisconsin Package, Version 8, August
1996, Genetics Computer Group, 575 Science Drive, Madison,
Wisconsin, USA 53711) (Needleman, S.B. and Wunsch, C.D., (1970),

Journal of MoleculapBialesy s ddRH8n‘SBIhk fifd Fighwith the
NiRllwing saLings,{r DNA sequence comparison: GAP  creation penalty of

5.0 and GAP extension penalty of 0.3. Nucleic acid molecules may be
alighber¢oieslescsthet bstisiptifecPieupttigneiont fofhwale Rivrdilableasp-specific

geRATIARS GRGIRIONATRRBGKANS, Ysingy QL e ’otrh%ﬂf UK 1) which is
settings of gap creation penalty of 5 and gap width penalty of 0-3.

referred to as 7a (involving a unique protein of 122 amino acids). To assist in

understanding the role that 7a plays in the infectivity of SARS-CoV, characterization of

the gene is set out below.

Typically, the nucleic acid molecule encoding the SARS coronavirus group-specific
polypeptide of the first aspect also includes within its scope a variant or fragment of the
nucleic acid sequence, wherein said variant or fragment encodes a polypeptide having a
biological activity which is functionally the same as the polypeptide (or fragment thereof)
encoded by the nucleic acid molecule of the invention, in particular the nucleic acid sequence
defined in SEQ ID NO:1 wherein said variant can be located and isolated using standard
techniques in molecular biology, without undue trial and experimentation.

The degree of homology between two nucleic acid sequences may be determined by
means of computer programs known in the art such as GAP provided in the GCG
program package (Program Manual for the Wisconsin Package, Version 8, August 1996,
Genetics Computer Group, 575 Science Drive, Madison, Wisconsin, USA 53711)

(Needleman, S.B. and Wunsch, C.D., (1970), Journal of Molecular Biology, 48, 443-
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The nucleic acid molecule may also include within its scope a variant

capable of hybridising to the nucleic acid molecules of the invention, in

particular the nucleic acid sequences defined in SEQ ID NO:1 under

conditions of low stringency, more preferably, medium stringency and still

more preferably, high stringency. Low stBngency to hybridisation

conditions may correspond to hybridisation performed at 500C in 2 x SSC.
48\litablerekgenmerittl cbadildesiier detenginfng Whetherqugivercongigicon: GAP

crRgibdpeleeyIe Pyl idiges A9 %ﬁ@&&@iﬁ@éﬁ% i ﬁf_&d may involve

presoaking of a filter containing a relevant sample of the nucleic acid to

be examiipreLiBRMTRPLdRs 1PEe ARdarehyRudisation ofthe flisrina . _

solution of 5 x SSC, 5 x De%ha?rgt's solution, O.S%Higsas%su %ﬁ %Sé%ff#ﬁ 8Pgnn rent
SRt R Uahie Afeashirh She B IDNA TO e R By sigbriflis sidmire e default

seSange Sojufiancaviaining & eencart@irn atd BAfp! af a32P-dCTP-
Iabeleqs,grobe far 12 hours at approximately 45C, in accordance with the
[

hybridisATioH HHERTE A AL BT S HBRSOR 1At s 1598De MuRstmapapable of
h)@k@diingngLmbclrrawas'gc M&hﬂail&igibeﬁiﬁ?ﬁb gg@xﬁ@ﬁm lﬁg&b@ggﬁéﬁ%%émzeic acid
. e filtet. shed twice far 30 minutes in 2 x , 0.5%
s A ko et aeieregyeareteray,
mighars5igedinnghiyrstdtrimgerncypratteblst 70K highsiangency).oar altringency
hi I ridisation may be.detected .
e o o D O L T e m 2 x 55
conditi¥isahkd Papesicnall senstitions thosdeskittedir@s i eteart, giichucleic acid
mauke pyppiaved 16 alteptbasstingens 19i5aHQnL 5o Bstange.
mthe_le_ngﬁﬁand nature (DIEA, RNAQ,%?:E% gﬁ%@%ﬁﬁ&%@lﬁe %}S(Sf 5?6“5%8%3 filter
copBHAiILels vie beputRiel theanrdeieiacidotichnpatioinet alts af®Gtier 10 min,
a@?ammaiu?ma&mﬁlffqﬁ%wéaf@pée@f S;é@rmﬁf}?%a?ﬁgr&ﬁuﬁon, 0.5%
ate, polyet e glycol etc; and altering_ the temperature of the
S Aiath AHTEF o e G, 50 R e B poRe B Ao followed by
hylprediratioallin phediahe elibs:otaatiniagiVemUiHgin A REARSRCESMb_dCTp-
idi I certain specified condijtio ccordingly, as a .
I S Lo Bt T v disaton
meghotte e daswyiridnimubleibaokl sequen@®sil Milkidider ta theingclaicLaboratory

Masdimalgeuiadelingd %&ggﬁ&%g@ Wiég,t?%rfii(rg aspect, or more

specifically, the nucleic acidof SEQ 1D NO:. can be based on a
theore%%f@%ﬂ%mélﬁ@wﬁh%dM%@na@ emplesdue) SEWhILAMRDS at least 55°

C (low stringency), at least 60°C (medium stringency), at least 65°C (medium/high
stringency), at least 70°C (high stringency), or at least 75°C (very high stringency).

Hybridisation may be detected by exposure of the filter to an x-ray film.
Further, there are numerous conditions and factors, well known to those skilled

in the art, which may be employed to alter the stringency of hybridisation. For instance,
the length and nature (DNA, RNA, base composition) of the nucleic acid to be hybridised
to a specified nucleic acid; concentration of salts and other components, such as the
presence or absence of formamide, dextran sulfate, polyethylene glycol etc; and altering
the temperature of the hybridisation and/or washing steps.

Further, it is also possible to theoretically predict whether or not two given
nucleic acid sequences will hybridise under certain specified conditions. Accordingly, as
an alternative to the empirical method described above, the determination as to whether a
variant nucleic acid sequence will hybridise to the nucleic acid molecule defined in

accordance with the first aspect, or more specifically, the nucleic acid of SEQ ID NO:1 ,
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heterologous nucleic acid sequences with known sequences will hybridise
under specified conditions, such as salt concentration and temperature.
In determining the melting temperature for heterologous nucleic acid
sequences 5 (Tm(hetero)) it is necessary first to determine the melting
temperature (Tm(homo)) for homologd#s nucleic acid sequence. The

melting temperature (Tn%homo ) between two fully complementary
ca hadiessgiarsdhaerehsm salinksi sorafation) mdnbbiogterminedur) at which two

heRGERrganc, ith_the following formula, as outlined in Cu %P_rotocols in
ot IO AR GRS s o ooy Dwseecitid
condiGoBlomyii)as G LIMG A atd:H inbcdopm)attf)/L M = denotes the

molarity of monovalent cations, %GC = % guanine and cytosine (C) of

total numb_er_%?%lggstg ?nn'gﬁgu}s%aeﬁn %3%%&ﬂlgt%}oﬁ%ﬁ%%%‘?ﬁtﬁ‘éd sequences
(Thyhedisationibulfeessary 15tLte deterigntbé telnugleirqeid see WeNGfomo)) for

Tin determincgd by the above formula is the Tin of a homoduplex formation

hopta RS BEtvERH SRUTIRF coMpIBHEMarF RSBl nemiaapebetieen two
el ' g m%{ terol nucleic acid o
fu Bl@lq%}p%‘]-d[k%a%% o /(;Sog}%/f\{egr% GhIER (%g%rjastirélég 1%'&(1: a'ﬁéltn%%eﬂnll"md n

sequences, it is assume_d that nce in nucleo se
acpEgiBeh Wid Hbtefolbyvne Joruehsess enubis:d HCQOdacrBagedslTm. Molecular

Bi&'&%ﬁfﬂﬂﬁl the r&({}pg%r[g)g frydhe heteroduplex formation is obtained

through subtracting the hdmology % difference between the analogous
sequeheghinmayestibadnhd Htectlogldblicte graPeCiescrifad sbhtver framitine
Tm(hz\gqg) ngical\)f/?thegu,cleic acid maqlecule defined in SEQ ID NO:1
also iNBInALRHIH TRAeEpeos BRI sRi¢#HRseule which is an

oligorcientide fragmentshergoind2vtvaicalbGther AGANHEIERUAR f bases in the
s firla ment is between about 8 to about 375 nucleotides in length. More
Qyﬁiggily, the oligonucleotide fragment is between about 8 to about 250

nucleétidasir-lendimmaved e mdypisatisaith herliganucleotide
fragment i ut 8 to about 125 nucleotides in length. Yet still

%b tween éﬁ;
more typic ﬁf?lﬂ% Sy ORIHEISIHRCIH S6AHERESs about 150 nucleotides in
lengthl 30dtelypeptideynieoasislerifgihaSARERCO[QNGVEUR BBHEplex formation
specific polypeptide 7a, sequence analysis predicted a 122 amino acid
(Tpgippeptibeisem Spuatlveemperyastioevstriencsl sequences. Tn order to adapt

the Ty, value to that of two heterologous nucleic acid sequences, it is assumed that a 1%

difference in nucleotide sequence between two heterologous sequences equals a 1°C

decrease in Tp,;. Therefore, the Tm(hetero) for the heteroduplex formation is obtained

through subtracting the homology % difference between the analogous sequence in

question and the nucleotide probe described above from the Tm(homo)-

Typically the nucleic acid molecule defined in SEQ ID NO:1 also includes
within its scope a nucleic acid molecule which is an oligonucleotide fragment thereof.
Typically, the oligonucleotide fragment is between about § to about 375 nucleotides in
length. More typically, the oligonucleotide fragment is between about 8 to about 250
nucleotides in length. Even more typically still, the oligonucleotide fragment is between
about 8 to about 125 nucleotides in length. Yet still more typically, the oligonucleotide
fragment is about 150 nucleotides in length.

Polypeptide
In considering the SARS coronavirus group specific polypeptide 7a, sequence

analysis predicted a 122 amino acid polypeptide, with a putative signal peptide sequence,
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20 C terminus transmembrane domain, and short cytoplasmic tail
containing the endoplasmic reticulum (ER) retrieval motif KRKTE (Fig.
2A). Using Western blot and immunofluorescence, it is apparent that 7a
was expressed in SARS-CoV-infected cells. The initial characterization of
the localization and processing of 7a is?2presented herein, s and
additionally, mutational analysis was used to characterize the putative

csl ' retrieval sequences, and this is set out below in :
O el 0 R e RS A S LR Dot
regeR)peptiteRof tretistile firotidspeBiGF the (Frgenfion. alsbimglutiésswithirblot  and

iﬂﬁﬁtﬁﬁﬁﬁﬁ)l@i&@ﬂ&@?ﬁt@ra é%?ﬁQEQ@%QQW£eBE§1%s§ (9'18 '?E]i(é"lﬂ% —Ipn E?Clt%d cells.
variant or fragment reflects a polypeptide having a biological activity whic

TheaYahehsrsifraieeant hs ineabshiiaptod praprssing abpects Forsented herein,
adﬂ%k&ﬂﬁ@nmﬂ&ﬂhﬁfti&ﬁﬁ%ﬂﬂ&i@f@ﬁgstéé@{&(%ﬁg&éﬁ%:ﬁﬂ?pﬁﬂmqg@é%ﬁg% peptide

[ ic to produce ap Jmmune response against the polypepti
o T e o e A S AET R OB P a7 AP0 Belbice FeTeles.

to a'r@xanaa@pﬂ@mms@hapispa@ﬁaqst:‘wm@mbl@ﬁrﬁgﬂe BARRpect of the
. navirus. group-specific polypeptide. The term "variant”" refers to a is
LAy ST LAt e (5 il GPSRISTCEIBMAAL I GROGER SRR Revcnce
wirsiipepiitivar@smeriigrvenianflipdly pepligesptivhylshaig abieastibA%4ctivity which
. 65%.,.700 0 0 % 0 %, 96%,.97%, 98% or 99% .
" %é%%?%@rﬁ%%%ﬁ%ﬁ?@% 2 (ggf{g%f?%%l‘f/ﬁgb%éﬁﬁm%%ﬁuﬁgﬁ Aftance, variant or
fr%@w@!%a@myfﬁ@@m\%w@@Mﬁmm_mmgmwman immune
re§@ivabvRinlanRAR PRI HR ITRYRSRECHIH P PAMBQ% WA e context of

derivative comprises 20 addition, deletion or substitutio ne or more

2 BAhRGRLAL Cath that RRBSRID feavResitBas ibstaprialihet saffribe full-length
SARItion@mnialive SARSsaInRavIsHaRsPeqific RQYPERIGe PN erers to a
Suge&rlrgl Ug nserv. givg aminé) aci substitution"l refers to a substitution or a )
piacernent BF ofie SIARCE Y FortaplotfeR RifSRTIARS  SpBmesshififnpal ypeptide.

Gopotpbigptideiachainl A fhiditr ardetebtion of ke pelyRemiies rIwarants 8v, 85%,
s T R T ——
maysEd0e/as @l etotinghénemuhe pretipiatidegant ineansnoPobypeeiehich is a
AR IR P R R SRR
adgiliomeInis it AR BRIEE Y i 038 Ricldisgininwuadkistochetinis tyeusigpeptide
ret@iiRDellRd AP ARS SAMRNAUHLSAUP-SRBANS ARS coronavirus group-specific
polypeptide. The term “conservative amino acid substitution” refers to a substitution or a
placement of one amino acid for another with similar properties within a polypeptide
chain

In vitro detection of the polypeptides or variants or fragments thereof of the present
invention may be achieved using a variety of techniques including ELISA (enzyme linked
immunosorbent assay), Western blotting, immunoprecipitation and immunofluorescence.
Such techniques are commonly used by those of skill in the art. Similarly, suitable
techniques of the in vivo detection of the polypeptide, or fragments or analogues thereof,
including immunohistochemistry using a labelled anti- SARS coronavirus group-specific
polypeptide, will be readily understood by persons skilled in the art.

In accordance with the present invention, fusion proteins may also be engineered to
improve characteristics of the SARS coronavirus group-specific polypeptide.  For
example, a region of additional amino acids, particularly charged amino acids, may be

added to the N-terminus of the SARS coronavirus group-specific polypeptide to improve
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polypeptide, will be readily understood by persons skilled in the art. In

accordance with the present invention, fusion proteins may also be

engineered to improve characteristics of the SARS coronavirus

group-specific polypeptide. For example, a region of additional amino

acids, particularly charged amino acidspmay be 35 added to the

N-terminus of the SARS coronavirus group-specific polypeptide to
sga [ﬂr?vedg} stabilifty c%urin%‘gurific tion frgm a host cell, Alternatively, .

peptide MorctiBe Mad 58 LG F 18 e oty pEpFgertt $htiRSR 4k rfieisticn. may be
a@iwchtodhiops! ppaytiie terfravbh priarn it clinah preparatigoef M8 be removed prior to

y ide. The ition of peptide Moieties to facilitate . .handling of -

ﬁg%ygg t%ggéogreoﬁ)%gt?ng ?e&:%grﬂgé%s “\?v%éﬁl 1?6?83698 ot éjs%)%g]%k‘mh%’ﬁ’é &y facilitate
hgntypafipehe ppiiise ptidedgfinsetimsres rdal dmowth ththfissodisRALn the art.

wherei - i g[(;‘tl I ithin, j sgtopt in SE .

DN 2 e M i gt wherein

SEb iR RGHERTATHIBE WikWeEh s IS tomonin SERMIMAIEds #so includes
wﬁﬁmmﬁﬁgﬁ@%w@ﬁd@ﬁ%&w@%@em\@%ﬁ%@ﬁw@% DAL BQween about
he pepfide

abouyt 100_amino acids in length. Alternatiyg‘clf/, fragment may

> B8 TV BelWERROAHE 18 Lt o6 Lrmab wliadhn Rentts. aareativey be between
aboeipfepiidedrd e aininaydedaIVIeRnROWEI@BoUhSDAMINOBLFR M may be
bl\: nggh. Ig%rtr_wgtévelg t@%ﬁe tide fragmer}ée%be between about 8 to

about 2b amino adids in eﬁ%ml%é’gs ofth SgrRRAtGsthe peptide fragment
ngro bp-bpeeidko pobhyyeptidedHald Aﬁltﬂmﬁﬁeﬁdﬁﬁprﬁpwﬂ@@amlb@iliiﬁﬁ/é% uﬁg peptide

' i ' en thod, s as that set out in Harlow, E. an
fﬂgg}ﬁﬁkre%%g%%%r?}%%% iae"%:hﬁ(}l1 %agoo%?glr{grkn grr%%?, €oia'8 é)?ﬁ% Harbor

Laboratory, New York, U.S.A. (the disclosure of which is incorporated

UREISIndRY §§E€Se&ﬁ%mﬁ¥lﬂegP§ﬁﬂ¢sﬁQ@iﬁ@%§&%¥%§T}?&’ePe a, polyclonal or

monoclonal antibody 20 preparation, identi a person skilled in the
Aé’l‘fll?ﬁ{éﬁ"reading of the present disclosure. Monoclonal antibodies, which

are hPRHeEeRRUSRAIIREGHS @é@mik}&diﬁﬁemi%npégi&%@arl FRLAEA, MAY Rthat set
obtained b%ang)cl)techmque that n1Lé;OVldes for the product
y

for t] ion of antibody
OB ROy EorfiMlblsiPline REihrsiDPAISe feldhEiey ansyel, Cold Spring

Hirtaw . ainstatoutjdédy Used:jUas 2defthie @iveldaaksialsREIROmBFHEA%erein by
S e e T B A S B3 onat antibod

mouse or rabbit or any other animal; obtaini | greaifeinaher Y
ppireisnandefusinglthé cellprisorarskniimibrial Gell suchpas acading of the present
disclosure. Monoclonal antibodies, which are homogenous populations of antibodies to a
particular antigen, may be obtained by any technique that provides for the production of
antibody molecules by continuous cell line culture. These techniques are well known and
routinely used in academic and industrial settings. Producing monoclonal Antibodies
requires immunizing an animal, such as a mouse or rabbit or any other animal; obtaining
the immune celis from the animals; and fusing the cells with an immortal cell such as a
cancer cell, a stem cell or any other continuous cell. This fused cell then becomes an
immortal cell line, which means that it will grow and divide indefinitely like a tumor. The
tumor of the immortal fused cells is called a hybridoma, and these cells produce
monoclonal Antibodies that are then isolated from the hybridomas. Some techniques
include but are not limited to the hybridoma technique of Kohler and Milstein, (1975,
Nature 256:495-497; and US Patent Number 4 376 110), the human B-cell hybridoma
technique (Kosbor et al., 1983, Immunology Today 4:72; Cole et al., 1983, Proc. Natl
Acad. Sci. USA 80:2026-2030), and the EBV-hybridoma teéhnique (Cole et al., 1985,
Monoclonal Antibodies And Cancer Therapy, Alen R. Liss, Inc., pp77-96).]
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cancer cell, a stem cell or any other continuous cell. This fused cell then

becomes an immortal cell line, which means that it will grow and divide

indefinitely like a tumor. The tumor of the immortal fused cells is called a

hybridoma, and these cells produce 30 monoclonal Antibodies that are

then isolated from the hybridomas. Sord@ techniques include but are not

limited to the hybridoma technique of Kohler and Milstein, (1975, Nature

256i495:497- an '6.110), the human B-cell

b e b el LR T s ¥ oty vsed to
seoeE e 1 08biP RetyMarl Asaidsesem USn80meheds0R)vandiththe art, such as, a

cdaByechyhrislemateehaiaye(Cale | ihodies, ..
And Cancer Therapy, AleneR.glijgg?ﬁg%%%%%#%%%g%@%ﬁ%ﬁp specific

> P

POIYRRRIP S RIS YD GrEtIISSpetifle BroRsplisisy BRosscumgemedatequence
oyt polyelgaal antise iy usivng R lRdsknew it NG RERUEH &ide may be

qgr%@ef%lllgroguctégn service. lj"rf]?gddltlfﬁn Sg{bv%-lole SARS cgronavirus
USGrolp-SpateEndly e FdE kit by RHEHO T ptitfiieration L pstiidty of the
repuiligse antibodieid sédjuencietrovirdps alliamparbBlbtiad NiguaSARSfied SARS

' roup-specifig pol tide be used as immunogensto . .

o B R R T e gl oo
cagnhBogtaswitdb e genermiheld byrirmnpamobibtthng S4&RiRstpranifiethBARSup-specific
pcg%gﬁgggus group-specific polypeptide. Based upon these results,

monoclonal antibodies can be generated against whole or a part of the

SARBERiKELIRISHisnfspadsicnabedigs eptitrezmindsphesent iwerdiomively bind
to AFRVEIGR Stikadies Rl dragmenis thepsafihat selaciively hind ifRféHﬁon, as well as

SARS corgnavirus group-specific polypeptide of the present invention, as

VRN OV AFRTRSYS fikigHithts tHEFRRIE Sutbslicaninsdenss imdude, Bot dimited to

pohpiibmileehtopliyelprhlnteeaosonal chimarig humanisad s5i0gle.ehaild an Fab

Fab fragments, and.an Fab is expression library. Antibodies of the present
o o e s

vention'may act as-agonis
ofgmwmwmmmidepﬁmﬁwmpﬁbﬁdéesm@m@aﬁ&db&ﬁ@ are prepared
AisG: ions qr f nts.of coronavirus group-specific .
O Etie A BTN I FOCE RTA BB bCRead Ay ypeptid,
in & fbpsréryehadiio aofeuitbipepttibodieswill be readily

appesiaiad Ry 4Q haseskiliedin et Fersample, g0 ﬁi@%ﬁ%ﬁred ated by

coronayirus group-specific polypeptide monoclonal antibo
th%tsa]ﬁmf?& Fab B6rtBhs, hay sepraaréd anti-SARS coronavirus group-specific

polypeptide monoclonal antibody, typically containing Fab portions, may be prepared
using the hybridoma technology described in Antibodies-A Laboratory Manual, Harlow
and Lane, eds., Cold Spring Harbor Laboratory, N.Y. (1988).

In essence, in the preparation of monoclonal antibodies directed toward SARS
coronavirus group-specific polypeptides, such as SARS coronavirus 7a or 3a proteins, any
technique that provides for the production of antibody molecules by continuous cell lines
in culture may be used. These again include the hybridoma technique originally
developed by Kohler et al., Nature, 256:495-497 (1975), as well as the trioma technique,
the human B-cell hybridoma technique [Kozbor e al., Immunolegy Today, 4:72 (1983)],
and the EBV-hybridoma technique to produce human monoclonal antibodies [Cole et al.,
in Monoclonal Antibodies and Cancer Therapy, pp. 77-96, Alan R. Liss, Inc., (1985)].
Immortal, antibody-producing cell lines can be created by techniques other than fusion,
such as direct transformation of B lymphocytes with oncogenic DNA, or transfection with

Epstein-Barr virus. See, e.g., M. Schreier es al, "Hybridoma Techmques" (1980);



20

25

30

35

using the hybridoma technology described in Antibodies-A Laboratory
Manual, Harlow and Lane, eds., Cold Spring Harbor Laboratory, N.Y.
(1988). In essence, in the preparation of monoclonal antibodies directed
toward SARS 25 coronavirus group-specific polypeptides, such as SARS
coronavirus 7a or 3a proteins, any techtique that provides for the
production of antibody molecules by continuous cell lines in culture may

in_inglude the.hybridoma techpi ariginally )
BT S AT T BB e
afrioManedeniduentielinsidA®cell hybridoma technique [Kozbor et al.,
|mmh'lnQlﬂﬂbﬁgﬂgaey’rﬂéggs(%%Bﬁ%d%giﬁEdathégﬁgﬁ%b fﬁfﬁ%&“ et NS hocional

produce human monoclonal antibodies [Co , In Monoclonal _
axihaslyaissprducsthcer TElpg, ph. o scfarereisingnesl(1085))s fused with

IAROEALseEhRAd FFORUEIRGBHIDES CRIMDR A RAIRH A IRGORIANES 4 recognition
other than fusion, such as direct transformation of B lymphocytes with o
fa&ﬁ%@%‘ IEPREBP e B A HRATES SRR Py AL GaR-SBeg I DNA-binding
p&cbreibeebdl., Fﬂﬁ&ﬁﬂdﬂﬁﬁp?@cﬁﬁﬂi@@%é}h@%%ﬁ%g?ﬁﬁﬁﬁ %@iﬁf} Qtﬁ QJIracti cing this

. ibodj - [ " (1 X et al.,
OO RSO G o8 i S FHRARY o Qe B BRGR g aghiton factor
an Brictorhelifroim indiih thecified ociosal pantibbahytirsi roduege, @itsyeloma

0 RerReiyal Il ine is fused.with, 5 lymphocytes .obtained
ggm%ﬁé%%l%%%%f a mgﬁr%%%ﬁgﬁgr rﬁﬁ%ﬁfl Wifﬁegg%tcgéﬁlﬁb% can be produced
bYAgiganacig poreionahbybuficonz evdgnitioactsngr antoyimspagificontaining a
f j ' .monoglonal .. .
hiNAsRIRGING ROFlieR gﬁ%’fﬁﬁf‘{ W&@%@éﬁﬂﬁ?@%@ﬁﬁﬁ%&% aﬁﬁ% en Bﬁ)lemiggﬂy. The

antibody useful in practicing this invention are i y their ability

YU OReRRtiRed Welareeafitienopiibn mbte peripthenl ity forititsbiybridoma

tospRediedHsannmsitionaliastiviyintareeheallinl 9h fmmﬂ%%'rﬁﬁmﬁ%d%ﬁedmm is
useful.in practicing the present invention can be produced Dy initiating a
thﬁ%bﬁﬁ%bﬁ?ﬁ%fﬁhy A hEPOdvurRClElsHshig dltfrRen frrbgiuinctd Rty dl-known
tebiyliridesma that secretes antibody molecules of the appropriate antigen
spegificity., The culture is.maintained under conditions and for a time
S % i

period Suffitient 1or the Ty BrdBIME torER SR g HhiBddynsBistads ited for the
pm@ﬂﬁedimﬁ.pmmmlwﬁwmmghamis:dsdhaﬁm@llpmgﬁbpﬁhes. For the
Ny PSR SR MRS Ty con
1%@@%@@(3%@?@ with the SARS coronavirus polypeptides, such as 7a protein or a
fragment or variant thereof, including but not limited to rabbits, mice, rats, sheep, goats,
ete.

Further, the SARS coronavirus polypeptides, such as 7a protein or fragment or
variant thereof can be conjugated to an immunogenic carrier, e.g., bovine serum albumin
(BSA) or keyhole limpet hemocyanin (KLH). Also, various adjuvants may be used to
increase the immunological response, including but not limited to Freund's (complete and
incomnplete), mineral gels such as aluminium hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanins, dinitrophenol, and potentially useful human adjuvants such as BCG (bacille
Calmette-Guerin) and Corynebacterium parvum.

Screening for the desired SARS coronavirus antibody can also be accomplished by
a variety of techniques known in the art. Assays for immunospecific binding of
antibodies may include, but are not limited to, radioimmunoassays, ELISAs (enzyme-

linked immunosorbent assay), sandwich immunoassays, immunoradiometric assays, gel

diffusion precipitation reactions, immunodiffusion assays, in situ immunoassays, Western
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production of polyclonal antibodies to the SARS coronavi_rus polypgptides.
For the production of a SARS coronavirus polyclonal antibody, various
host animals can be 20 immunized by injection with the SARS coronavirus
polypeptides, such as 7a protein or a fragment or variant thereof,
including but not limited to rabbits, miceg4rats, sheep, goats, etc. Further,

the SARS coronavirus polypeptides, such as 7a protein or fragment or
an.immunogenic carrjer, e.g., bovine

i f b jugated t
g G T e -
inyMend uiprants nisaybepusenh td h@sa@)asmﬂlmimmmmag&lﬂid;%m%%{s, and the
¥ i imi d's (c lete and. jncomplete ner ,
L 8 oA 00 RS i

ViJsdiedithh Wit potolicpaemiofe peptiaebodit dindisipnsakeyhdigccted by
vikiper Nameqysn r}%aiei{f&@}%@ﬁ'ag%ﬂ%%@ﬁ Xalééeéc#é)rgﬁjené'a Quirus polypeptide

agjuyants such as BCG (bacille 30 Calmette-Guerin) a _ ‘

"“6% ebaCe TSR uCSEEehHyTor thenasisie iR deonatirady may be
daatibadycanralgo die BeagimpishedihY aa sRHsBRf t&&fl&ﬁeyeéﬁ@(@%@dp which is
the art. As a¥s o&i munospecific binding of antibodies may include, but
o N TEAE 5 b GIAO  EELE E FoR TG A e tecting binding i

animmauRTSCEaE Rhd ssayy; thantiwiciv o mheassays, iipsauagradiometric

assays;ael. iffusion_precipitation reactions, jmmunodiffusion assays, .
in s%%%%%%%q;{skf T WesErs ™A hidE P epit B BASEREsgRethods and kits that

argg@uthqmtaggayasp6ordpiamelqﬂriimtlmaastsaysgﬂmmun@&@ﬁfﬁﬁ@@a@&sposition

j [ [ d the
1o BSSAYSS RIRIEHARASSAYS,and immunoelectrophoresis assays, an _
0Iike see, for example, A?uesubel et all, eds, 1994, Current Protocols in

MolekEEH Bieflagyr frgmentdisrewileised Seamshrtbe SI&RSYark)navitibogiylypeptide
I3 triue t l,on rimar
e e M o
b“é‘?[}ﬁgsﬁfg’gté’o%ﬁ&\ﬁms%%w‘ﬁébﬁaé%r Yhayisee aerberbdbgrvitadion about
]Oﬁ%fndiﬁgﬂpﬁé’fﬁaﬁﬂ?@ﬂﬂa@éﬁaﬂMyﬁdﬁqgﬁmiwmﬁhdﬁ)s@%%%}_ Ig\frf_:ater than
Iat%ell@%l}\ variety of methods are known in the art for dett_ac mg_bln Ing in
abgﬁ immunoassay and are within the scope of the present invention. 10
Antibogiessob fheb piesentinviabienapasuhe sSad EhdRENOsHICGRIAIAUSthe present

e R R e Rttty serom fe
medium. After fermentation the antibody may be purified via a multistep procedure
incorporating chromatography and viral inactivation/removal steps. For instance, the
antibody may be first separated by Protein A affinity chromatography and then treated
with solvent/detergent to inactivate any lipid enveloped viruses. Further purification,
typically by anion and cation exchange chromatography may be used to remove residual
proteins, solvents/detergents and nucleic acids. The purified antibody may be further
purified and formulated into 0.9% saline using gel filtration columns. The formulated
bulk preparation may then be sterilised and viral filtered and dispensed.

In a related aspect, the invention may feature a monoclonal antibody, or an Fab,
(Fab)p, scFv (single chain Fv), dAb (single domain antibody), bi-specific antibodies,
diabodies and triabodies, or other immunologically active fragment thereof (eg., a CDR-
region). Such fragments are useful as immunosuppressive agents. Alternatively, the
antibody of the invention may have attached to it an effector or reporter molecule. For
instance, an antibody or fragment thereof of the invention may have a macrocycle, for

chelating a heavy metal atom, or a toxin, such as ricin, attached to it by a covalent
bridging structure. In addition, the Fc fragment or CH3 domain of a complete antibody
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The antibody or fragment thereof raised against the SARS coronavirus
polypeptide has binding affinity for the polypeptide. Preferably, the
antibody or fragment thereof has is binding affinity or avidity greater than
about 105 M-1, more preferably greater than about 106 M-1, more
preferably still greater than about 10" M5l and most preferably greater
than about 108 M-1. In terms of obtaining a suitable amount of an

ibody according,to the present invention, one may manufacture the
mg%lgged)%?gy u%?née N i, 8%(\% SHRURTERE 28 AfsdRumCkegale. such as
chiddptentation.thisumstibo gyodag heapdrifigehmtian thelllistepiv@ebdure chain may be
bdRELIPQIAING, SR aaraphy.and viral inactivation/removal steps. For
instance, thgj an%i%qdy may be flgrstr < e%%?ré{gg\iﬁf/‘%gfo%ﬁg Sasf’i li%} Euomcmomes’
Pbéﬁﬂ?ﬁ’fé%@@ rAEHFEddaTen tRiansei figitnsbivding deteenbtopineittivdtianyordance

wiiigtamelonedediaesfTurbarmnyificalion tyically Jy anion and cation
excii?nge chromatogrvaph)é may be used to remove residual 25 proteins,

solvetftsPietEth dRYSHHE N atsaEeplsiserigiaeaemibodyodidyite the antibody
vaitathe ariusifieshaadtfarmatediie & L eaing using 88l U dUA% e and constant

columns. The formulated bulk preparation may then be sterilised and viral
S P RS TR 2 S DREE TNV NITR NP aeatupllabe made to
PRy ?Cwmrmmdgl%dﬁ@gfﬁ&@ar#@ba&fb@gﬁ@d&ﬁg&;&g@@ Ef{:)ibgé\p or fragment
in.antibo i-specific antibodies, iabogdies an
o ool SAS Sl Ui PSOHFn o EFT oo phnprove or
othegitsn . rSudityfraighoeinsl grepsefed, s ithms nasupleressivixagenSinteraction with
mEMISRRLVEIY (ghgeraé%@%lp(yfg&ﬁgdgvention may have attached to it an

effector or reporter molecule. For instance, an antibody or fragment

thef8dhepiREH s mEyrxety domciaeyeiasfors shélatingapethuy differences

in e 'ﬁ‘it&w‘ QXHT bl i\ a(ﬁ“t% - %%%1”&:1: er n
brig?:l g st,rfjt?:?%g. In aﬁ&ﬁ%n tl‘rlé?@c_@fg me?ltg?)lﬁhocggf (cil%)qr¥n n ol%%e?h eof may not
aligy ﬁ%@dé?ﬁiﬁ%av%ﬂﬁ%%eﬁ@?r]%{gﬁ%@%ém%@@w%m@gafed@mgﬂs of amino

aciidzyraeperiisiableolaCuffscthiel akoftRIEESs 10XINen AR OfoRECAVYS, resultant
anf dda BraﬁtaOf thgtlgprpg?o tIobulln chain may be bonded with a
POlyPeptide eactoro ergoaﬁbsrlrtﬁ e REBRATS biotin, fluorochromes,

phasphetases cnogeroxitiagedyBippdeific artipatiesymaialsade thereof may be

o I e R R A ek cxample,
amiRgptheheneetissdye vlirbictaneiolectidstantl regions tednelpes which include
theHestihrly NmelogRusHataRlG:A0H fRISIA/ks, under the proviso that the proper
reading frame is maintained. Exemplary techniques include random mutagenesis, site-
directed mutagenesis, oligonucleotide-mediated or polynucleotide-mediated mutagenesis,
deletion of selected region(s) through the use of existing or engineered restriction enzyme

sites, and the polymerase chain reaction.

Modulator and inhibitor compounds

In addition to specific anti-SARS coronavirus polypeptides, the polypeptides of the
present invention are particularly useful for the screening and identification of compounds
and agents that interact with the SARS coronavirus. In particular, desirable compounds
include those that decrease the activity of the SARS coronavirus, for example, via
inhibiting the overexpression of 7a and apoptosis associated therewith. Such compounds
may modulate by inhibiting or preventing SARS viral pathogenesis. Suitable compounds
may exert their effect by virtue of either a direct (for example binding) or indirect

nteraction.
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region amino acid sequences. Generally, changes in the variable region

will be made to improve or otherwise modify antigen binding properties of

the antibody or fragment io thereof Changes in the constant region will, in

general, be made in order to improve or otherwise modify biological

properties, such as complement fixatiopg interaction with membranes, and

other effector functions. In the present context, effectively homologous

refei%to the gongep t%at ifferences .in the primary structure of the )

variableregion 8 antitody SHFREHRARtHE o a0t 1Rsit&ptARavirus, and
spemting charapteridticstatthemadtibedyher fraginentitherep{ RShangaahus, may be
. iA( ' re permissaple in effectively homologaus sequences so long |
e S R A R PR B minea
usmigifiendeld epranges va tedputypseptiderdwthbdntibedyosfsagmnent thereof

ma To]® B rsons skilled in th .

e G R M e SHetag gy (Filds and

SoitseIL OBt vajsabe msh foe Hstqeiéramnisimprodeintiataudtion, dBiatby, dnis assay
taBeDsIkBARAS MUEIBRIIHCSo M BRER B PSR 0 PLOREA JR2HDP ex ample, the

Df ame is maintained. Exemplary techniques include random mutagenesis,
P i PRBR RN R0y St tteshagtiiaiomay be fused to the SARS
copaiyniraleqtideppiridiatedsnuitagenesisrdealetionf aglected 180iPShain of the

trthsrgrlil E‘OHA s 1eve?f exrjE,ti or e(rilsc%g%eered restriction enzyme 25 sites, and
e DoNrerass REinEECvA, (RSP R InniBIESR K RstivieRn the candidate

prawditimdo@pe@iﬁﬁ&nt@cﬁé«ﬁﬁimomﬂy’;ﬁaﬁmlymmidﬁmghﬂ@owmng and
acﬂ(fm%frilpd@r%%m?l %\feﬂﬂ%otrxla%ré ljglgggﬁ%a&rcl:\{iy 8&?}]{{% t‘t:eoeses %ﬁﬁ%&/@fﬁgaction can

identification o compounds and agents ract

thepisndsieaedibpatiibiiae! desisabigiconmpouspisificludeothasgeatabctivated by the
trRCRasRdNR GClivity of the SARS coronavirus, for example, via inhibiting
the overexpression of 7a and apoptosis associated therewith. Such

compBarHE s ap Bt shemyatosisiig B pleyeathSARS SRS coronavirus

pWﬁlﬁnﬁlﬂﬁ@ﬁl@&OW@Mﬁpf@ﬁyﬁ%gr%%ﬁragﬁﬁg%BY%' %lt'ﬁe%f such as 7a,
either.a direct (for example blndlng% or indirect 35 interaction. 2
M¥o p‘BHH‘&Eﬁﬁﬁ&f%iﬁcﬁ“é’PthéW\ﬁ nEsFReEWrth e SRk setpasirdsover the

cobmohspificad!piodingaunis iiebbitioct iR aotvief ﬁ&ygé}ﬁ& can then be
ol e O 2 N ek roteine may De identi :

Ihteraction asd/or e g HRaviss o R RiYeRrch Y entified by N
terminal amino acid sequencing for example.

Methods for detecting compounds that modulate the activity of SARS coronavirus
polypeptides, such as 7a, homologue activity may involve combining the SARS
coronavirus polypeptide with a candidate compound and a suitable labelled substrate and
monitoring the effect of the compound on the SARS coronavirus polypeptide by changes
in the substrate (may be determined as a function of time). Suitable labelled substrates
include those labelled for colourimetric, radiometric, fluorimetric or fluorescent
resonance energy transfer (FRET) based methods, for example. Alternatively,
compounds that modulate the activity of the SARS coronavirus polypeptide may be
identified by comparing the catalytic activity of SARS coronavirus polypeptide in the
presence of a candidate compound with the catalytic activity of the SARS coronavirus
polypeptide in the absence of the candidate compound.

The present invention also contemplates compounds which may exert their
modulatory effect on SARS coronavirus polypeptides, such as 7a proteins by altering
expression of the protein. In this case, such compounds may be identified by comparing

the level of expression of the SARS coronavirus polypeptide in the presence of a
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using standard competitive binding assays or two-hybrid assay systems. 5
For example, the two-hybrid assay is a yeast-based genetic assay system
(Fields and Song, 1989) typically used for detecting protein-protein
interactions. Briefly, this assay takes advantage of the multi-domain
nature of transcriptional activators. For £kample, the DNA-binding domain
of a known transcriptional activator may be fused to the SARS

cAATRBRVIMS RAINBSRILS. RUCH @ise%ﬁrgggltt%%(ﬁ?g g)ﬁ{%{‘ fiyation 'domailr)]zpoefptide in

the 10 transcriptional activator fused to a candidate pro ein. Interaction

thsethrsared Gandrpdiia dieArsiadhe SRS woroasvire Ppolypeptide such as 7a
prvittibsingathepiWARingingend a%@tWﬁq%sd&m%@ﬁs%ﬁwgﬂﬁﬁ%ﬁ%ﬂrﬁ@ screens to

activatOé.i to close proximity. Interaction can thus be detected by Virtue o

AN SERBHEICOT AHPBIAR fepoierbRing otatetpbytiiherdrise iptiormil with these
pdgtieptlesl5 Alternatively, affinity chromatography may be used to identify

SARS caronavirus .polypeptide hinding partners. For example, SARS
cora T RSN SR 4B AT Tk dctiom & pgemes of e
tmchfa@@bpﬂams@lamgiib|mes}rpassewavﬁfﬁmn%muﬁm.tﬁa@t%iescapable of
. hindina.t ' ili orgnayirus eptide can then be .
o e ool el 2 ol e SRR Mg plpeptides, such
a5 dentiied yeReent tarhirrg asmico heidde qiigheingdameianeptéoMethidds suitable

miRSIRIGSING SANPRYHHEhat maduiate tﬁkeaﬁcﬁhﬁt){rgfuﬁ&% 1L %Vgﬁgw present
. polypeptides, such as 7a, homologue activity may involve combin g the
MEHBA. coronavirus polypeptide with a candidate compound and a suitable

labalieehsubstrate @Rgd Menipt s e FRcheh IR CAMRAURA. AN IS ate (agonists)
S@@l%cr?ronaku% olygleptlde by changes 25 in the substrate (may be
BRI A AR AOR B il e} RSt raBEEd Sthshrassepaneiidamay be, for

exthopke |abhebedifor dolowiisieiriar Ii&éﬂ@’iﬂ%ﬂﬁicf&?ﬂﬁ&%&ftc &ﬁ&@@lﬁﬁﬁﬁmot‘einaeeoug
e energy transfer (FRET) based methods, for example.

01% te?r%%%?/% i/%,%%ompounds that modulate the activity of the SARS
corSAdresooliaptidenntay benidentifiedddy comipaiiag thethataldiexpression of
AGHY IhDERARST GRECRANITYS,PAhEpSPIids, Iy the 30 presence of 2

“candidate compound with th %ﬁl%ti%:%%ﬁ%i&%%ﬂ% Sﬁ%%%’r‘ﬁwa?&r%%l 2-related

Prﬁ%ﬂﬁé%‘?ﬁé’ﬁ%ﬁfr@é MQH@@HMGMWMPWBWG%@%& process of
ap%%?@l%ﬁ@@tﬁmgﬁﬁ%&ij@@PHEQEW!%%&%%E@;%@‘rtl:}is fagltign%re anti-

modulatory effect on SARS coronavirus polypeptides, such as 7a pr
PEYIAHETAG: SXpTESERBRSHOThd PO 2 RIS & asused hbvompoyindiéiaent stimuli
(Goesidenallieid by, Comgariftiden and Thompson 1999; Tsujimoto and Shimizu 2000:

Adams and Cory 2001). Examples of the antt-apoptotic members are Bel-2, which was
the first member of the family to be identified and was cloned from lymphoma cells
carrying t(14;18) chromosomal translocations (Tsujimoto et al. 1985}, and its functional
homologue, Bel-Xp (Boise et al. 1993).

Identification of host proteins. interacting with SARS coronavirus 7a can be vital in
elucidating possible functions of this unique viral protein. It can also provide crucial insight
into the biology and pathogenicity of SARS coronavirus 7a. A yeast two-hybrid system to
screen a B-lymphocyte cDNA. expression library for cellular proteins capable of interacting
with SARS-CoV 7a may be employed for identification of such host proteins. One principal
cDNA identified from the screen encoded a ~37.5-kDa peptide was identified as a human
small glutamine-rich tetratricopeptide repeat (hSGT) containing protein.

The SARS coronavirus function may also be reduced or inhibited by antisense
nucleic acids. The therapeutic or prophylactic use of such nucleic acids of at least six

nucleotides, generally up to about 150 nucleotides, that are antisense to nucleic acids
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35 the level of expression of the SARS coronavirus polypeptide ?n the
presence of a 27 candidate compound with the level of expression of the
SARS coronavirus polypeptide in the absence of the candidatg
compound. SARS coronavirus polypeptides, such as 7a proteins and
appropriate fragments and variants can-e used in hlgh-thr_oughput
screens to assay candidate compounds for the ability to bind to, or

otherwis ract with.these ' 5 polypeptides. It will be appreciated that the
“A o%e esc%% SPTRRIKBYS BPAYRIAr o xcticiblas &t tietefies bt fhisthoeence, these

mwhmmm;pmempbmﬁrtmudmﬁ&m@uﬁt@gﬁ;{@%&@@&&fat least a portion
with, or ting.the 0 e coronavirus

Of|c?ogle§§;peptl e‘%“%‘(} % aH% fragre r#ﬁ%c&gaeﬁ‘ﬁf& He@Hefeobborpge of some
SASTEREG mpmﬁr@mefr, mea@mmmemm wugmkn@mcgo PRIERIRS. Absolute
caiirdimibmart and: argwithin t etlc]glfgtae Ir(?ﬁS &ot In\é‘cnifo}ﬂ‘@ %\tfgeunhty as

above methods, compounds can TthRr
thesgsie %?’irﬂﬁfﬁl??a‘?ﬁ&@bmgtﬁﬁa%ﬁvﬁyr@ﬁms Goronavirugl Suchbe used in its

tréMPRUAGS RN, for example, antibodies, low molecular weight
peptlges nucleic acids or non-proteinaceous 15 organic molecules.

SARSCORS PRI IAR M EasTER Fedlisetcistsinmbikscbyttivast six nucleotides and
am\@iﬁxal’g%ltgd}ﬂic%lﬁ@t{s mmtb%g&h&h%ﬁ%&ﬂ”ﬁf&ﬁ %%?azsglﬂt??oﬁ{é?é?é&édes For

Th f B I-2-related s.constitutes one of the biologically
A B ST oY S8 oG8 7k ol Gl 13 nuclecids,
atgrograffimediceti disati. @mimem@e&a&%m%@@bj{f@@@a%@ can be DNA or

ver-expressjon | hibits a induced by man
Rg%zgéor%ﬁ&{l% | |m€é ross et a?nl g%¥/8h dﬁs‘iié”ﬁféwa‘%ﬁ&mﬁgowbwmded or
dopbighsiorodedd Shimizu 2000; Adams and Cory 2001). Examplesfo:] the
t t] ich was the first membero t
B0, L e Y IR e i

Su?S?%ﬁ%%é%er&ﬁ@M@aﬁbﬁh@(mpnﬁm §MS19®5)1mst$hgmmrmlude can

indfodomalaguh ot Uas ehalld Wk ULERPR L ISR ing, but
hera ?{g%lf with SARS coronavirus 7a can be vital in elucidating possi

o, HEHERS 6r tRILOR TR ir arBrnanagibai-ghderpraistle Trodiatinslghyiintanthine,
xatftbibiglogy aAcpeiiogesitty of SARGLBERRAYHHS {An ANERS twoupy&fld 5.

cDNA expression library for cellular
Ca%’\)r(s:emst%gpgrﬁen 5 %g‘? ﬁ{ ('}ltSI P S-carb oxyrgethyiaminomeﬂlyluraml

dihydrouracil, beta-D- galactosquueosine, inosine, 2,2-dimethylguanine, 2-methyl-
adenine, 2-methylguanine, 3-methylcytosine, S5-methylcytosine, Né6-adenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-
D-mannosylqueosine, 5-methoxycarboxymethyluracil, pseudouracil, 2-thiocytosine, 5-
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid (v), queosine, wybutoxosine, 5-methyl-2-thiouracil,
3-(3-amino-3-N-2-carboxypropyl) uracil, and 2,6-diaminopurine.

In another aspect, the anti-sense oligonucleotide may include at least one modified
sugar motety, such as arabinose, 2-fluoroarabinose, xylulose, and hexose. The
oligonucleotide may also include at least one modified phosphate backbone selected from
a phosphorothioate, a phosphorodithioate, a phosphoramidothioate, a phosphoramidate, a
phosphordiamidate, a methylphosphonate, an alkyl phosphotriester, and a formacetal or
analog thereof.

The anti-sense oligonucleotide can be conjugated to another molecule, such as a
peptide, hybridisation triggered cross-linking agent, transport agent or a hybridisation-

triggered cleavage agent.
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30 with SARS-CoV 7a may be employed for identification of such host
proteins. One principal cDNA identified from the screen encode_d a
-'37.5-kDa peptide was identified as a human small glutamine-rich ‘
tetratricopeptide repeat (hSGT) containing protein. The SARS_ coronavirus
function may also be reduced or inhibiteg by antisense nucleic acids. The

therapeutic or prophylactic use of such nucleic acids of at least six 35
leotides, that are antisense to

nucleotides, generally up to about 150 nuc '
i SR DRSS B b hEHEHS: it g ANA can be
byroteips i thikinstarioghthaseoantisanaenelkio. agids dRfeMANULIBIC and may

- A f idisin t least a portion .of SARS coronavirus _
R e L S G BTGB S v
cabniplRRR At g R idgeristainy (Harenbigh Stringe8y: GiHdRiaNsL981), promoter in

I Hyhis, RO ired. Antisense n cIeiaidi s
s e e e s RS 2 B e 757797
IR RS R e kitss Reomatar {dHesrrevehtiBrocT AaGARSd. Sci. U. S. A,

7R0ranpvinS antise)se micleicuanidls naybeef aFleastshnugletide eﬁg‘?Bn'nster

are generally oligonucleotides Which_rang,e in length from 6 to about 15 .
iy de%%ﬁ’ég.)%%i ?o"“e‘%?aﬁ%8?@%%&%&15&&%@%@%%@0&% iRcarmested herein by
referelemtides, at least 15 nucleotides, at least 100 nucleotides, or at least

L2 SRR T R ceouen ot be DA BASLCATE 1

mixtures or erlva(ﬁ?/ S or fe
bajcudestdntiednliibg aht-sensessligonotlactidacambarimedifiethat @n¥oronavirus

iti i t ith i ituent ally known in the art.
B e e ol B AT e aE o ety doubie
SUBAde RNl whidre iessdlecasddiramithe-gfolagfimcliatiny{dtibds et limitg ebithe use of
Rﬁ?ﬂp%c&‘ﬂé}ﬁib g%@WHﬁﬁﬁl&QWé%{g&)}l, Eﬁlf)qg#gggg’ Eﬁ%%é( Qihﬁggg) Nature
xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uraclil, 5-

394 AUtk et EoNbuNaree Rev, Genet. 2: 110-1119; Hammond ef al.
(2600arNexymathylaninometyhag ,ezgzdgm?uﬂ%?ﬂm_ 409 363-366; Elbashir ef al
Im

-D-galactgsylgueosine, jnosine, 2,2-dimethylguanine, 2-methy '
O R RS, SRR RS0 SRBEBIEy MV 01/29058; g
IntiBraidienihel CTmathlitigtianinsp5-mathyiBmiremethyeraciciosures of which are

. B )ﬁa‘gnin methyl-2-thiouracil, beta- D-mannosylqueosine,
m(gqﬂge]tttﬁ%{}(ycé%lgb rrr?eéflﬁiﬂﬁer:acil, pseudouracil, 2-thiocytosine, 5-

R memy gz(;tlg(igluvracil, 2-thiouracil, 4-thiouracil, 5-methyluracil,
uraclii- -o&yaéetic acid
7a is the first ORF of subgenomic RNA7 and contains a signal peptide at the N

terminus and a typical ER retrieval motif, KRKTE, at the C terminus. Induction of
apoptosis i infected cells can contribute dircctly to the viral pathogenesis while
mhibition of apoptosis can prevent premature death of the infected cells, allowing the
virus to replicate to a high titer or allowing the establishment of a persistent infection.

In the case of SARS-CoV, studies on the clinical features of the disease have
revealed some common abnormalities like elevated lactate dehydrogenase, lymphopenia,
thrombocytopenia, hypocalcemia as well as liver enzyme abnormalities, However, until
the present invention it was not apparent as to whether apoptosis plays an important role
during SARS-CoV infection. In order to determine whether 7a had a role in the induction
of apoptosis during infection, the inventors examined the ability of this SARS-CoV
specific protein to induce apoptosis in cell-lines derived from different organs, and this is

described in more detail in Example 3 set out below.
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25 methylester, uracil-5-oxyacetic acid (v), queosine, wybuto_xosine,
5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, anpl
2,6-diaminopurine. In another aspect, the anti-sense oligonucleotide may
include at least one modified sugar moiety, such as arabinose,
2-fluoroarabinose, xylulose, and hexosé0The oligonucleotide may also
include at least one modified phosphate backbone selected from 30 a

Dihasp herathioatand Bh@mggodithioate, a phosphoramidothioate, a
pho%phorami%at : a,g@ﬁgsphordiamidate, a methylphosphonqte, an alkyl
phospHBRiEE r,’%‘?ﬁ’a‘ R dberaboreamabadnarapba Hecittiasshempeutic agents,

pmii‘gmiuﬁyebiid&CMibﬁi@thfg@gﬁﬁgtmi?n%mmeﬁ?ﬁwﬁ%%@?e@s%onr gf the gene
ide, hyhbridisation triggered cross-linking agent, transport agent or )

px%?@hﬂi%%% gtrllageecrtg’ Clég}?éﬁecgwlﬁé%r‘é%i of gPiHBPle, in treating or
prEquenge dncoding the: SARGecorbpadinisisnizens e RYNAMGARDE 8YeeMVe amount

i t in mammalian, including. human, cells, o
o g 50 cions

CHPGRBIE shaduators D SRy promotetmegieiiBernaist anedEiamabn, Suitable
R 8203V A3 10, L 98 104 REQter| e 3'long,terminal re efat of .

) Rous slarligom%rulégwagn%am%to et at,gggﬁ%%:w ?89'7%@%5%%,%%@59“1’ e, by

thi, o kAL e Rliamater iplyneiceptabprevrivatind cad cSeitive Sméunt of the

maéBulbdf1-1445 (1981), or the regulatory sequences of the metallothionein

rinster et al., Nature 296: 39-42 (1982), the disclosures of which
green %@%?E%%ta NGY cuRRerRds PoResaH dheneectRNANVEdon may be

adeginGhuahgetca2R00)NE AT SArFe 4285 can ﬂ?@v@ﬂ%ﬁll@l)j?dt%? DRI peutic
ression of .a gene encading a SARS coronavirus polypeptides, _
o D AR L e it e rom a discase
ngpamfad RNAicicahthewssd o Benepate diissetAafudtione Mgtm%rfnplicatiens.
lati : f I ilence genes in organisms are known, for_ .
8 8 0 L T B AR o
ef{erioe) Neer EhRBYtiEENet. 2: 110-1119; Hammond et at (2000) Nature

4041"}2@9%8%963@%5}819&&&?@3 @OQL):Natyre 5411396{3% o0 ﬁigg\ti%leé&)lend upon
. %01) r?a%ture glll: 494-498; In_terrnatlonaI_PC pplication No. he disorder

Sg0saginss e HiRS e siesPdsp hitio i sated MaXgbee Bl ythé the disorder;
actiisgjostites efmficharte dpeRrRapIsdReign Mﬁ(@@ﬁ?&?%mp}oyed; the age, body
weight, general health, sex and diet of the patient; the time of administration; the route of
administration; the rate of sequestration of the agent or compound; the duration of the
treatment; drugs used in combination or coincidental with the treatment, together with
other related factors well known in medicine.

One skilled in the art would be able, by routine experimentation, to determine an
effective, non-toxic amount of agent or compound which would be required to treat
applicable diseases.

Generally, an effective dosage is expected to be in the range of about (.000Img to
about 1000mg per kg body weight per 24 hours; typically, about 0.001mg to about 750mg
per kg body weight per 24 hours; about 0.01mg to about 500mg per kg body weight per
24 hours; about 0.1mg to about 500mg per kg body weight per 24 hours; about 0.1mg to
about 250mg per kg body weight per 24 hours; about 1.0mg to about 250mg per kg body
weight per 24 hours. More typically, an effective dose range is expected to be in the range
about 1.0mg to about 200mg per kg body weight per 24 hours; about 1.0mg to about
100mg per kg body weight per 24 hours; about 1.0mg to about 50mg per kg body weight
per 24 hours; about 1.0mg to about 25mg per kg body weight per 24 hours; about 5.0mg



16

20

25

30

35

20 Role in Apoptosis 7a is the first ORF of subgenomic RNA7 and
contains a signal peptide at the N terminus and a typical ER retrieval
motif, KRKTE, at the C terminus. Induction of apoptosis in infected cells
can contribute directly to the viral pathogenesis while 25 inhibition of
apoptosis can prevent premature death3df the infected cells, allowing the
virus to replicate to a high titer or allowing the establishment of a
t istepLipfection: : -C0oV,. studies an the clinical
e e Shme e TR ke body
WESDLRS Hdeate vyt Sgtmade, pbhdpenier Karbedbouyigiigrin24 hours.
hypogalgestiiveRs welbASHiM @D e:ARnoEMAliieSHaNaYSL Ut 38408 A1y, an
e{%{ﬁ%sent invention it was not apparent as to whether apoptosis plays an
|

OIS 1R SA LT BVIR SOl A knte? o didherh 9 mizamhepreferably
aenhad aararl:&)in t?@iﬂ?ﬂ@ﬁqsmxaésggaa\?s@ (él%'ﬂﬁg i@f%é?tmug@d@% Setill more
¥amined the ability of this -Co\, specific protein to induce

pgpoptggisal%’r? lé‘él? ines 3@33&&%Wdﬁfer§ﬁf’%ré‘é‘ﬁ§, BrarRRlis dpestribedo about
2ﬁﬁ)lifr@irezd@‘tdibtﬁl§xarrm6 sefaublyelbuut35 30 abiseasedigatfent and

dia i |dentified by the above methods be useful as,

e T o L oAU oS lufion of the
d’\ﬁﬁﬂﬁf‘oﬁﬁé‘i‘“expression of the gene product 7a in SARS infection. These

commaunds findiseefg ple, in freati I S preventing a disease .

state in a subjeclt, b %a&%ﬁ%r%ﬁg%%&%a%%ﬁ@lIi’/gggégti\t%eeaaﬁrfc%ﬁrl?tt gie optimal
TG ARG PR ?g i ddpnd dlosaees riHdhy, dsttemmined bicdkynasefubnd extent of
thealispesitiens LeAmRFsing MRIRIAINS B SAR SIEUPRANIUS BTN, M8he nature of

¢ contem#lated .Syita, {)e, compositions may be formulated accordinhg to
hﬁ pafe agt%ga B gg}g&f%&é%f%%ﬁ%@@h&ons can be determined
bypbarmateuticalhmeaeptable carrier and an effective amount of the 10

modplater. Mogdulator and inhibitoy. co oun%s and agents of the present
invgrtjtlivoirf]? rar%%‘ix%” A ifons Bitheath abistieaiyel course of

e ministered as 85
trgsigvaritived. s dltherapbetiof applisatfocoamipositionsparenaserigisigid: defined
BP0 TSRS )
of treatment determination tests.

In general, suitable compositions may be prepared according to methods which are
known to those of ordinary skill in the art and accordingly may include a
pharmaceutically acceptable carrier, diluent and/or adjuvant.

These compositions can be administered by standard routes. In general, the
compositions may be administered by the parenteral (e.g., intravenous, intraspinal,
subcutaneous or intramuscular) route.

The carriers, diluents and adjuvants must be "acceptable” in terms of being
compatible with the other ingredients of the composition, and not deleterious to the
recipient thereof. Examples of pharmaceutically acceptable carriers or diluents are
demineralised or distilled water; saline solution; vegetable based oils such as peanut oil,
safflower oil, olive oil, cottonseed oil, maize oil, sesame oils such as peanut oil, safflower
oil, olive oil, cottonseed oil, maize oil, sesame o1l, arachis oil or coconut oil; silicone oils,
including polysiloxanes, such as methyl polysiloxane, phenyl polysiloxane and
methylphenyl polysolpoxane; volatile silicones; mineral oils such as liquid paraffin, soft
paraffin or squalane; cellulose derivatives such as methyl cellulose, ethyl cellulose,

carboxymethylcellulose, sodium carboxymethylcellulose or

hydroxypropylmethylcellulose; lower alkanols, for example ethanol or iso-propanol;
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is The composition should provide a quantity of the compound or agent
sufficient to effectively treat the patient. The therapeutically effective dose
level for any particular patient will depend upon a variety of factors
including: the disorder being treated and the severity of the disorder;
activity of the compound or agent emplaged; the composition employed;
the age, body 20 weight, general health, sex and diet of the patient; the

m inistration; route of administration; the rate of
e B S iflandor example
pakviiises! iglverhbiprdtioropyleoincitiental witlylte trglatmlenhripgéther withol, 1,3-
betoRE ke fagtopsowglknewd in.medicine..One skilled in the art would .

beg]gf:)lle,l%gy(f/%%outinegl?,e};\gé)eriFne_ntgticg}ﬁ{,ﬁtcigjé (%%fr?n%%e %Sn liof%%?gctie?élfn 18199,, isopropyl
heikieaFHel Ml et tag RAbSIEARERNRNRiMeER wawi beersquiheor tguneatacia, and

papplisablRitjsersmzaBemrialiyrian #Iacive danageSHERATEIIORYH by weight
Eﬁ%ran e of about 0.0001mg to about 1000mg per kg body weight per 21
h8 rg?%ﬁ?ébtf@?%bout 0.001mg to about 750mg per kg body weight per

ﬁ4 hbhes;abpoifadk nfgélﬁe &htgntiEﬂan@L Fb@gilzjgatl@% r\}é«ﬁigmzazﬁgr%%ﬂﬁmﬁm in
ours; ahout.0.1mg to aba g per kg bady weight per ours;
R R B A PP o BRI oh 24 RGP apERles, caplet.
ellxdrn fao adoytleE Omepper ke biatn ywéightefor aduhaiyisahdaretypicddiyon, such as

- ' | IS. £; ted to be jn the range about1.0mgto . .
LT e -
thed me britkee oty Wi hspeur hurseabounieGing.to about 50mg per

kg bpgly é@ﬁi%&@éi@ﬁra%%h%'ébﬁlgfw%i%g 19 %ﬁ%%r%? ngb 6%{ {(&b d%/renterally

0
weight per. 24 hours; about 5.0mg 31 to about 50md per kg f/wel?gﬁ
agssPeRIR dlikacnls it S0ME wrabBEdenTyipeskgsbbipnwisiglinpesdline, phosphate
bt ahpiel srRmeitanabiopbigmaReskghody weight per 24 hours.
Altegpatively, an effective cé sage may be up to about 500mg/m2.
Gere IR CAHBlSCH S SRl B ERp Sl asHP e ARg P BB oral use

indaleoptH08mgIMAgpiefemabiyinb abiub?ScietaRoHARARMIMZAeMAI8hylcellulose,

s&% f r%l%n%peout 25 th%QI%ut BOOngga/mZ, still more preferably about 25 to ]
abolt 250mg/v2, evén morepreferabiy a U SHTS G ST PEormighHel, mannitol,
glnidnstabeveritinore Ipredditibly thbeuorab foranbutahSGmgy et FypicalyidMavouring

B eCREHE ARRURRNO R U JEF TRAOAAY %R, Al TN Hoatea with
compounds such as glyceryl monostearate or glyceryl distearate which delay
disintegration.

Adjuvants  typically include emollients, emulsifiers, thickening  agents,
preservatives, bactericides and buffering agents.

Solid forms for oral administration may contain binders acceptable in human and
veterinary pharmaceutical practice, sweeteners, disintegrating agents, diluents,
flavourings, coating agents, preservatives, lubricants and/or time delay agents. Suitable
binders include gum acacia, gelatine, corn starch, gum tragacanth, sodium alginate,
carboxymethylcellulose or polyethylene glycol. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include comn
starch, methylcellulose, polyvinylpyrrolidone, guar gum, xanthan gum, bentonite, alginic
acid or agar. Suitable diluents include lactose, sorbitol, mannitol, dextrose, kaolin,
cellulose, calcium carbonate, calcium silicate or dicalcium phosphate. Suitable tlavouring
agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring.
Suitable coating agents include polymers or copolymers of acrylic acid and/or

methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten.
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10 Further, it will be apparent to one of ordinary skill in the art that the
optimal quantity and spacing of individual dosages will be determined by
the nature and extent of the disease state being treated, the form, route
and site of administration, and the nature of the particular individual being
treated. Also, such optimum conditions 8&an be determined by
conventional techniques. 1s It will also be apparent to one of ordinary skill

sﬁﬂﬁ@ﬁ&%&@@ﬁmﬁ!&& WREAL g&%’%‘?&t'v?%%dla%,tﬁ%ﬂé‘—rt%%%t?gmi ascorbic
doses of the composition given per day for a'defined number of days, cdn _
apid-Jaethdinat bR gee dknrsabentee sedinsingisolmlétstioRalteblerdebrifants include

niE@ALEIant delesminatan (asls; kaaeRLMbeLIaRIR OMRISHIONS MAY Bitable time
prepared a_cc%rﬁinéét(o mTthods which are 20 known to those of ordinary
dgfﬁﬁ)ﬁg‘f’ﬂg At 'EAE SeCoriiBRP AT R aca S N cpRAdivsatically acceptable

carriefqeidufsninaridfasratidvaintstiese camBONARN S CANRR AUTINISIESeE apents, a

by .standard rgutes. In, general, the compositions may be administered by _
hﬂwxéapg?grl\ léragl(lé%g?)]eﬁfqgl\}gncgﬁg?fﬁtfﬁ BV dihcitardshgolive oil, peanut oil,

sistramoceiiaflawuten R 5atile earriet sydithents] anccagiyante quidshRaffin, ethylene
racge "int of bei ompatible with the other ingredients of the _

E e O, RO BT Mo Braboe i po ehvcerol

fharleelkdstictdly eesictestabivishmierdbarcdiluents are demineralised or

diSti%%gﬁé’ﬁﬁtﬁfﬂss %W&épﬂeﬂmu&?g%ﬁ%%ﬁﬁﬂe?”&ﬁ#%é %l{geg rs]}il';[ ozillgents and/or
safflower oil, olive oil, cottonseed oil, maize oil, sesamie oils Stch as

SERSATSi R o WSt B SiIswRradngoetmis ded wit redizenctirbessmeioilcellulose,

nﬁtﬁ?ﬁ&ﬁﬂo@éﬂ%&ﬁﬂb&W%ﬁl@féﬂ%/?ﬂélldllﬁé‘%ﬁ@gy%h/ﬁﬂﬁﬁ B3oSUCMEim alginate
methy| polysiloxane, phenyl polysiloxane and methylphényl

ORI, S AR brierar Sl e ahinu o vyt csters of

faparatiids sudgualaeei calidopel detivatives s ushhasimaty! 6elulossEthiarate or -
[ arboxymethylcellulose or 35

SRS, s caopmeslicsecise |

iso-frizparoiidzniovier arelkaadisiniowsatiqeolyadky|énehglycalmprilewehe or more
A, O e SR o
abqyie Psteryraliswassiedpro i st i SepEipYT yTistateartkthy

oleatgrRelsV iRy YIRS ABaT-BHT) LAGRGRRLL,A Qg%ggﬂ%% nd apparent to
those skilled in the art, and are described in more detail in, for example, Remington's
Pharmaceutical Science, 15th ed., Mack Publishing Company, Easton, Pa., hereby
incorporated by reference herein.

The composition may incorporate any suitable surfactant such as an anionic,
cationic or non-ionic surfactant such as sorbitan esters or polyoxyethylene derivatives
thereof. Suspending agents such as natural gums, cellulose derivatives or inorganic
materials such as silicaceous silicas, and other ingredients such as lanolin, may also be
included.

The compositions may also be administered in the form of liposomes. Liposomes
are generally derived from phospholipids or other lipid substances, and are formed by
mono- or multi-lamellar hydrated liquid crystals that are dispersed in an aqueous medium.
Any non-toxic, physiologically acceptable and metabolisable lipid capable of forming
liposomes can be used. The compositions in liposome form may contain stabilisers,
preservatives, excipients and the like. The preferred lipids are the phospholipids and the
phosphatidyl cholines (Jecithins), both natural and synthetic. Methods to form liposomes

are known in the art, and in relation to this specific reference is made to: Prescott, Ed.,
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s petroleum jelly. Typically, the carrier or carriers will form from 10% to
99.9% by weight of the compositions. The compositions of the invention
may be in a form suitable for administration in the form of a formulation
suitable for oral ingestion (such as capsules, tablets, caplets, elixirs, for
example), in an aerosol form suitable fdr4administration by inhalation, such
as 10 by intranasal inhalation or oral inhalation, in a form suitable for

MRaRsBte At edBINIRLSt L hatisy subcufaneoys, int m“?%‘ilaf@r?{ar(wm), p. 33 et

intravenous injectiori. For administfation as an injecta le §8idti
segudhErsiisn - tkiehisraerspsiiytesceersiadiy difeeamtseor carriers can
include, Ringer's solution, isotonic saline, phosphate buffered saline,
fhanol and 1,2 propylene glycol. 15 Some examples of suitable carriers,

diluentscexaipients Andiadipieanis favarablisiinclideiReant Al Jiduigs encoding
q Rﬂ@fﬂg’ Osodium carpox m‘ithylcel ulose, methylcellulose, sodium ‘

alginate, é‘ﬁ‘ﬁﬁrﬁ%ﬁ?ﬁ, %?yﬂ% g deathtA> dBtrBE AU SARS SofptaYirs polypeptide
anfiberhite) sublatire andbediifimay additignibessaraliiesmaptienssnayor example,

contal [ flavoug nd colourings agents, When used, in capsule )
RSO BB Rk Sleeeayy Derection
usgnasie distaorgylfidefyt disteastteoWpicpaelnyindisititagtatiomt Adiliants disecase
dibdisally inglude amalignts, smulsifiers. i ing agents, preservatives,
_ lggit_ericig?é% and buffering agents. %ﬁﬁ%ﬁ?%or%fﬁg%n ?r%stﬁ% ot m%f?‘ present
¥BHEAT binders acceptable in human and 25 veterinary pharmaceutical

praglige, weRieneEenflisgRigeal %ﬁﬂﬁ—{gﬁﬁgdl%%”&% HEVP Lé%ﬂg\@gr%%atcl:% Onavirus
gents, preservatives, lubricants and/or time delay agents. Suitable

PONRBH EHIe Gt TRt GeraiiRy ¥orR S BRI g Gentralgaithies which do not
resodisith aﬁiﬁmecﬁﬁﬁom@mmﬁ QTCBOMEW'%B%M@UHP%% present
insvxfll%etenej@(hrlngludﬁi su%rose, lactose, glucose, aspartame or saccharine. _
Siitable AT A S5 M&iraidecBiad “adreristhihcehingiyg of an anti-
SM&MWimmyfmiepgyﬁdfgmmfmdmnm@ubm,Peﬁﬁﬁageileaéqiekeyaﬁ%%wlt_he one or
AUt uents include lactose, sorbitol, mannitol, dextrose, kaolin,
mcel?é o%g, %%l%%&r?%gr o%%%gecsze%% r%esﬁ?é)a\'fg%t?i %]i%’a?ca?ﬁqc "fﬁggﬁﬁ fate such as a
flusieasisnd. fradinadiige agdnsiimshene gapparmintoineitoitvintéxgraenor to a second
anBBBHY QIRAPGQLBIPEE T MavorEng, Sulable ﬁgégggga 5 t?sm(%gde ated to a
polymers or copolymers of acrylic acid and/or 35 methacrylic acid a of
defrefphle iestiies, fatty alcohols, zein, shellac or gluten.

Kits according to the present invention may also include other components required
to conduct the methods of the present invention, such as buffers and/or diluents. The kits
typically include containers for housing the various components and instructions for using

the kit components in the methods of the present invention.

SARS Coronavirus 3b Protein

The present invention also relates to a SARS coronavirus group-specific
polypeptide 3b and to the nucleic acid encoding the same. Accordingly, one aspect of the
invention provides an isolated expressed SARS coronavirus group-specific polypeptide
3b.

The inventors have found that the SARS coronavirus protein 3b can induce cell
death when overexpressed. Thus, the expression of SARS coronavirus protein 3b at a
certain stage of SARS infection may result in a high degree of cell-death in the SARS-

coronavirus infected cells.
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33 Suitable preservatives include sodium benzoate, vitamin E,

alpha-tocopherol, ascorbic acid, methyl paraben, propyl paraben or

sodium bisulphite. Suitable lubricants include magnesium stearate,

stearic acid, sodium oleate, sodium chloride or talc. Suitable time delay

agents include glyceryl monostearate ofglyceryl distearate. 5 Liquid forms

for oral administration may contain, in addition to the above agents, a

"qU'@L@éfﬂﬁﬁg%'Eﬁ@'ﬁwlﬂ&ﬁ!grp%@b}é@?&ég%’gﬂg,{ﬁ qll E%‘é?@caéegiweé)f'c mpounds

eanut oil, sesame qil, sunflower oil, safflower oil, arachis 0|Ir, coconu oﬁ,

ligETA D APRAHC SHIBE RS hragenS AR Z st isoR iy lene giyaalk; of treating or

pethanol (FapanlrisapiaRancl, Giyeerol TR ACRRAIF IR CeIARSON method for
pensions for, oral administration may further

jres herect, 10 Sy ‘
comprise disperéin EARBPSLah Rt agents. Suitable
SUSWfﬁgﬁﬂﬁggﬂﬁﬁﬁﬁlg%%ﬁ@?mﬁ?@?ﬁ@tﬁw@ﬁﬂﬂ!ﬂﬁﬁfﬁof mlf_edction by a SARS
e raxypropylmethyl-cellulose, poly-vinyl-pyrrolidone, ,
o e B ARINE CITERE b i b e ore candidat
agegithifctpooetihithe detersoh fattyeasids shehadvitealialacBARS coronavirus
A QARYEIRYIENG ROR - i-oleate, -stearate or is laurate, . s
gl%ogogyethylgne.sor%g%%%?#%f%ﬁ% Ji?o?eeé?g}l St rgﬁéefjﬁ}eﬁélﬁ?aat%egﬁﬁ {ff inhibitor
Ol ARRECRIANAIBHS for oral administration may further comprise one or

morehe FuAHYIBE;aEaNRins Wiahiee Ssid @Qrfi}g@@Lstﬂécx%%?ngéﬁp&fr%'{‘&ention of
ng nts as exemplifiedabove or natural 'gums_such as guar gum, gu
RGP U AEFRENES MBYHOURPIBFSreparing parenterally
adnfiistrabigsampesilionsaapRarent @e2Quhese skilled in the art,
and g:};e des ‘ri%ed itn more detajl.in, for example, Remington's
PharthacUticsl B2 iASEmiBevat AjardibiipRERTg Company, Easton,
Pa.{Qeretiytcindioipgratheithyr reference hergiorchhe 6OMAOSKIONMA%S the SARS

incorpor itable surfactant such as an anionic, cationic or

non-ionigg sgﬂ%fgé&%ﬁ uch a t?sctgirf:lalt%fhij s(i%rlél%?‘;%o gxyethylene
thershyativies s naevdstheudpending agenisblicasmatimaligtimsatment of SARS
cosSHiN@sg derivatives or inorganic materials such as silicaceous silicas, and

other ingredients such as lanolin, may also be included. The

co nT,%’&s‘?ﬁ%}H%fay e s s ratEre B R Aectonmbirliposemnelsiect may comprise

adbiRgseNes [eieoangeally derivse.ienm pheseholnids.onother &%Oﬁnd identified
pyS) gstaqgeg, gnd a,éeiormed bjl 30 mono- or multi-lamellar hydrated liquid—
YervstREIRAY 4FEERH Aoy Sn A fsaBrehigREgYention of SARS coronavirus in a

subject involves the inhibition of cell death associated with the overexpression of the
SARS coronavirus protein 3b. The inhibition of cell death is achieved by inhibiting the
formation of a complex between the SARS coronavirus group-specific polypeptide 3b and
one or more polypeptides, such as SARS coronavirus group-specific polypeptides.

The present invention will now be described with reference to specific examples,

which should not be construed as in any way limiting the scope of the invention.

EXAMPLES

Example 1 ~ Characterisation of 7a SARS coronavirus protein

Viruses and cells lines.

African green monkey kidney fibroblast (Vero E6) cells (American Type Culture
Collection, Manassas, Va.) were maintained in complete Dulbecco’s modified Eagle
medium (Gibco) containing 10% fetal calf serum (HyClone Laboratories), 100 U of
penicillin per ml, and 100 pg of streptomycin (Sigma) per ml. SARS-CoV strain SIN2774
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Any non-toxic, physiologically acceptable and metabolisable lipid capable

of forming liposomes can be used. The compositions in liposome form

may contain stabilisers, preservatives, excipients and the like. The

preferred lipids are the phospholipids and the phosphatidyl cholines

(lecithins), both natural and synthetic. M&hods to form liposomes 35 are

known in the art, and in relation to this specific reference is made to:
Preseaitufed. (3 thiMethedsincal Bi X icePres
(Sl\lgw York. N.Y. (1976). P 33‘%&%3&%%6 c%%t%%l% Sf%év‘ﬁ%é%q%w SFiiEHon of 0.1,
ARSI REFRInVERs rafsveried. Ritshn dectrdanrionathithelfreséAPE), and total

piroteimionerk i aasialn Mgnutieit-acias € peadingy $.R8 Rer- CARAAN NS ative controls
ag(?rlf)%)%ggges, such as 7a, or anti-SARS coronavirus polypeptide
ntibodies, such as 7a antibodies may be prepared. Such kits may be
used, for example, to detect the presence of SARS coronavirus infection

Raisinmomgibatiestpa Detection using such kits is useful for a variety of

purppses,including hut not limited to disease_ diagnosis, epidemiological

stucFi)%S a%%ﬁkg%rf%rf%fqﬁrg’%@%énn?nﬁcﬁﬂ%t Sd&otthe Brss&ndd iRmigRX-4T-1 and
tyitsfofiied pr@sEmﬁax{ehtM@bBiplilﬂDji@}lef]rsmmega_ﬂﬂiﬁ/\ﬁ:ﬁ: induced to express
7GQNAVILIS, tibodies may further comprise ane or more

cg%trol antibopg?{ekgq gvﬁgk?}ﬁl %%Ifo?é,zg] \%\i/t 155%%%?%35\% ) and aflowed to grow
foroRipeiptitiés, Slrnthiomatrensintisodies of thetphesentcipueitittidnand the preparation
vwAdgiienalyikitsiRaysoniain r ting the pjnding of.an anti is :

SARJS coronavirus polypeptidé an |§105§}gg%%% (g%S?a%wn%b% fHEGHons, the mice
v st H She Bramitie SaRS froerlinity dntibodlds ardibbéies showed specific

reRUNgRIRN T & setecphieayhSHRte-AYGRh @8taq f%%%eﬁhﬁ%dlﬁﬁfég? d?r/zrmsfected

luminescent compound, an enzymatic substrate, or to a second antibo
W\}\;ﬁ?%?f SEBLRIYEL tHOERE & LroRtdiS Antibody and is conjugated to a

detectable substrate. 20 Kits according to the present invention may also
Cemstrectitiestplapoibnis denuiredoins.conduct the methods of the present

invegﬂ?\msuch as buffers anc#i)r diluents, The kits typically include
containerSor HotiSg tHE BAGUS Ao dFerissh fTRERUBSINa ecp LA Algcular and

Cefiblkio baingaperie, tepnitibodSaidheopspsentioGMORi 2P FARSeced proteins
i“?ﬁ%ﬁ@;‘%%ﬁ%&%%gﬁ&%e%p"y eur};[tlgggglfoz& fa%?u'ggrg %ﬁggrs used were
designed to incorporate a Kozak sequence. To create untagged proteins, all reverse
primers (with the exception of mutL14-18R) contained the translation stop codon. The
full-length 366-bp SARS-CoV ORF7a was amplified by PCR by using forward primer
7aF1 (5-CGGGATCCACCATGGGAATGAAAAT-3') and reverse primer 7aR2 (5'-
CCGCTCGAGTCATTCTGTCTT-3") incorporating BamHI and Xhol endonuclease
restriction sites (underlined), respectively. The amplicon was purified, digested, and
cloned into the compatible restriction sites of the expression vector to form pXJUI22. To
mutate the 7a signal peptide cleavage site, the amino acids SCELY located at positions 14
to I8 were mutated to leucines LLLLL by a two-step PCR-directed mutagenesis approach
using plasmid pXJUI122 as a template. Briefly, the overlapping primer set consisting of
forward primer mutb14-18F (5'-
GTATTTACATTGTTGCTGCTACTTCACTATCAGGAG-3")  and  reverse primer
mutL14-18R (5"-CCTGATAGTGAAGTAGCA GCAACAATGTAAATACAATC-3")

containing the incorporated mutations (underlined), were used in combination with

primers 7aF1 and 7aR2 to create amplicon 7a-L. The amplicon was purified, digested, and

cloned in the vector to create pXJUI122L. Plasmid pXJmatU122 consisting of residues 16
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polypeptide 3b and to the nucleic acid encoding the same. Accordingly,
one aspect of the invention provides an isolated expressed SARS
coronavirus group-specific polypeptide 3b. 30 The inventors have found
that the SARS coronavirus protein 3b can induce cell death when
overexpressed. Thus, the expression 0B$ARS coronavirus protein 3b at a
certain stage of SARS infection may result in a high degree of cell-death

tdn tNEpSARS- caspnawiug infoctedsplls. BORACGRdingly, Mg inyeplign 7.y 57

5 provides methads for the screening of compounds or agents capable
m j }?ﬁ@&%ﬁﬁﬁ A BAES ofshaviiid afty eaparesireiiing othe BamHI

resteveating SARSledinadviidghie meohiegicing oy enieRIMENG! BERYIEESstudy the

a method for treating or preventing SARS coropavirus in a subject. 5 The
eSS 0l i S WHILHSS A TRk JFEF PRIy 6 SARBKTE a

pepromaviids andyl 2omprisencorttactinglateelioncellrexidact WithsoR@sdllone by using
pfere capdida ts, mini hether there is a decrease in th ,
1, BQED g%ﬁ& N an#c 0 Orﬁ/\fﬁeéspeﬁ de BEMShd ’?aRK>E(5 -

activity of the SARS corohavirus group-speci

Cliekeby QatamhiATh g GIHETHEF CHCAGentiE-a imioibitor] ofsaiSiRSsite is underlined).

TRRICBAVIFNS- Eﬁﬂ_ﬁﬁ m&ﬁ%q Q%'g}@g@ Ing al A8 0k Sr%é%agxlfgl f%u 5 -inAtﬁ'es_equences

treatment or prevention of ‘'SARS coronavirus T a subject may comprise:

WELS GRS Db iteIuEsBE from the subject, (b) contacting the
sample with a candidate agent, (c) determining whether there is a

Idewre asenktiistiaativiiy afdhd8mRS 15 coronavirus group-specific
poly&eptide 3b, and thereby determining whether the agent is suitable for
useh e PE S &t oF Bamad aukdHAvHuyaT Henwathed dod treatihigedrby using the

TREVMNG BARSRO6RPAVINIEHH -SRI et SRR SOMBIISR PAMIKISIEUAGIA. for 1.5
the%ﬁygje{?@Iﬁ%th%ra e tlcgw amount pfacompound identified 20
By the methots Flkfink e HEN T Bt dhid i bfagd Rapples were
lmm@m 'ﬁiimm%@j?ﬁh@fm@ﬁh f?;ﬁﬂﬁﬂﬂ@&@ﬁﬁﬁﬂ %@ﬁétggﬁ_sl%%gﬁgse Proteins
VEIrexpressio t ron s protei . The
e e o SRSITT e i Ecbsfraphoresis
(Podakidenlsra SARS mbhavirdis grogpapbecifithipeiypeftide @a@ednersham).

Transfection, pulse-chase radiolabeling, and immuneprecipitation.

The transfection of recombinant plasmids was accomplished by using Hposomes
(Lipo-fectamine 2000 reagent; Invitrogen). Generally, for a 6-cm plate, 0.5 pg of plasmid
DNA was used for transfection according to the manufacturer’s protocol.

For pulse-chase experiments, 2.0 pg of plasmid DNA was used for transfection per
6-cm plate. At 6 h posttransfection, confluent Vero E6 cells were starved for 30 min in
prewarmed depletion medium lacking methionine and cysteine. The depletion medium
was replaced with medium containing 100 pCi of {3SS]methi0nine-cysteine mix per ml
(EXPREBSSﬁS protein labeling mix; NEN) for 10 or 30 min. {BSS}cysteine {100 uCi;
NEN) was used to supplement the [SSS}methionine-cysteine mix to enhance the labeling
efficiency. Subsequently, the cells were washed and chased with complete Dulbecco’s |
modified Eagle medium containingaSmM concentration of unlabeled methionine and
cysteine. Radio-immunoprecipitation assay (RIPA; 1x) buffer was used to extract
proteins, and immunoprecipitation was done with protein A-Sepharose-coupled
antibodies as described by Nguyen and Hogue (17). Proteins were resolved by SDS--15%
PAGE, and gels were fixed and treated with Amplify fluorographic reagent (Amersham).

Subsequently, gels were dried and visualized by radioautography. The amount of labeled
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one or more polypeptides, such as SARS coronavirus group-specific

polypeptides. 25 The present invention will now be described with

reference to specific examples, which should not be construed as in any

way limiting the scope of the invention. EXAMPLES Example | -

Characterisation of 7a SARS coronavird$ protein 30 Viruses and cells

lines. African green monkey kidney fibroblast (Vero E6) cells (American

| . intained in.complete. .

T e e b g Bio-Rad
Muidyrhyt prreiont dratshese fivere (spmpbeiciirapionnsb camhy @0apisfied for each
espeptamyon (Sigma) per ml. SARS-CoV strain SIN2774 36 _(21) was

used to infect subconfluent Vero E6 plates at a multiplicity of infection of

1. S tly, ted at the desired cytopathic effect
R SN ST Tt oo otz col
lysaesREEEYSatat-0egai/ e C ROl oAS gﬂgﬁtgﬁ]-c%x%%ﬁw&ﬂﬂqg%%owed a

7a cDNA encoding amino, acids 16 to Il was cloned into pGEX .
%f-%rgﬁ/ﬁ“sfo e@?ﬁf&fﬁ’%c‘ﬁ@ﬁcﬁﬁ%ﬁ BGehare ) Kb iR 3PHBE: trlkevperkthen air

dindutetbto éxpresstored(aa 160t 1 Hfwith URT Ghe ca:)versiipsfWf:4rr§:1 ﬁxg:c;cagain in
isonropyl-B-R-thioga-lactopyranoside).and allowed to grow_ for 4h at :
G P R e, 58 oo on
caCwaRsinjedtedainttertide for daisiigdohicional antinngieso fteedetiice assay was
iniect th IC e the _sera were tested, for reactivi ,
P e B T ol a8 I, Bt e
mediintesERmaRdins AR soviendips warsfectddn wititharzd Exfressian -20°C, after

wHRISHICEARIG 128 3nd Ol aGe %ﬁV%ﬂO&HIK?@amigﬁ apd Mitatons, is. background
cDNAs were cloned into pXJ40-3'HA (GLAXO éroup, Institute of

SNSRI SRR ELIPBRELYFTSgas® apaiptiviisest Bamgdifore)lfotthisfected cells
stex}pEe eIk o &gl ediRIRensh IBHTRBUN HBNseells h GRISIMELS ME(8e anti-7a

RIS s e e seued G s O
Figxdepiiormef ennthba:dBR) thohtaippeoiheateapsiaion HOpagdeinTingR8 of mouse
ar%lrzllazr pr]ﬁg’ht?gqrib?néf%%§g%\(/ﬂgﬁnﬁa7r é’%‘l? %Btngllglg%%(? e,PRCegu iu:l:J %Itn gingapore) or
rabbit anti-Sec31 (intermediate compartment marker Sec31; HWJ Group, Institute of
Molecular and Cell Biology, Singapore, Republic of Singapore). Following washing, cells
were incubated with the secondary antibody combination of fluorescein isothicyanate
(FITC)-conjugated goat anti-mouse and rhodamine (Rh)-conjugated antirabbit antibodies
(Santa Cruz Biochemicals). When cells were double-labeled with mouse anti-7a and rat
anti-GRP94, fixed cells were sequentially incubated with rat anti-GRP94 (ER marker; ITS
Science and Medical, Singapore, Republic of Singapore) and FITC-conjugated anti-rat
secondary antibody, followed by incubation with mouse anti-7a and subsequently in Rh-
conjugated antimouse (Santa Cruz Biochemicals). This was done to minimize the cross-

reaction of secondary antibodies with both the primary antibodies.

Example 2— Results and Discussion of 7a SARS coronavirus protein characterisation
7a expressed in SARS-CoV-infected cells,
Analysis of the SARS-CoV protein translated from ORF7a reflects a 122 amino

acid polypeptide (polypeptide 7a) containing a signal peptide at the N terminus, a

transmembrane domain, and a retrieval signal at the C terminus (Fi 2 2A),
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7aF1l (5-CGGGATCCACCATGGGAATGAAAAT-3') and reverse primer
7aR2 (5'- CCGCTCGAGTCATTCTGTCTT-3') incorporating BamHI and
Xhol endonuclease restriction sites (underlined), respectively. The
amplicon was purified, digested, and cloned into the compatible
restriction sites of the expression vectato form pXJU122. To 25 mutate
the 7a signal peptide cleavage site, the amino acids SCELY located at

POsHignGL4,IRL8 wele, mutaied 1o leucines kLLLL WA Wa-Sten cells, cells were
D asa

PCR-directed mutagenesis approach using plasmi

infapipslatiitp et Stfeodt d HEpping AT set ctmsishing dfoferwBothbrimésins were

hdRBdd 38h ®Pero E6 cells showing 25 and 50 to 75% CPE and spbjected to Western
GTATTTACATTGTTGCTGCTACTTCACTATCAGGAG-3') and reverse
blgfingr X6 mighel saggetected in mock-infected cells or IBV-infected cells (Fig. 2B,

1a(53~G;Gili&sMA@E@A@G&P\?&%%@%@E&gﬁiﬁﬁ&@%ﬁ%ﬁ@ 7a. By using the
ining the i t tations (underlined), were used in

B e clls
CBhplicth twas puiified, 2igdshed amel ¢lonaddnBhesectesdorsseatevith a 7a DNA

P. id tUI22 consisting of residues 16 37 to 122 was ,

o I S AT 4R e

SFEEGAT @@AHMG@TNWEGA@?ABCBEQ tewerder peirbend aR2) hekDa and a

bARaBHL restighion.site iRindarlin qgaﬁ’ﬁgntp%égc er&géaégﬂcng(Grlesstﬁ%%Icl:larlatt%(:giged 7a
in bold. To study the signal retrieval motif the Fysme résidues i the

(laperedinidal Hifo GelddireteiEcslls, pbsitionmdtugeaia 12y wsresnheategrocessed

efiRighitomic daidresiduesuthisias Aong ByLsing R GRMIR fonvatd e e appeared
rimer 7aF| and reverse%mer 7aRK>EgS'-

o CeECFEERET Rt TEgEdser Ry mmate Soien. risticetioa adntermediate

forndeslngasehhisnconsiiustdp&I iR K%E)n@é%ﬁ%%ﬁ&?\j&%‘%@ MegRedrly phase of

._Jetrieval mu Il ences were, confirmed by sequencing. io In

S G T B B SEROTIER IO OB P PRSI B 6 CPE

thatamscribed] fundWiansta el thiy g aind) ithenwbNdeTécaupled Jetisld @E&té%f the sample
: in_.a 10-1 reaction mixture for 1.5 It at 30C.

WP e e Bleqaal g

[35S]cysteine mmol; NEN) was used to label 7a, and samples
weranpnihopreespitatedsbisebinglFerspecificcaniibbdiswithproteita in SARS-
§ |'[y§n%q]yg ohve [ odecyl sulfate , .. ]
Cdz?)%%-h%r&%%%%agéfylamlde‘gﬁgi%e%%%??ép%l(?r%ﬁg(%{gé E?eglgriel"gazasgnédgt ccted m_SARS
CC\(Ns"Ué%?EEf& by FadidhuET 4Bty with Amping réelgeind (Arribeshemjiclear region and
assbcagretectian ApulseichasaradiRiabaling, RNGHMMYNRIESIRILAAN; Ta-expressing

Vero E6 cells (see Fig. 5).

SARS-CoV 7a protein in transfected cells,

The SARS-CoV genome contains five group-specific ORFs larger than 50 amino
acids (16, 20). SARS-CoV proteins, excluding the replication gene products of ORF lab,
are translated from a set of 5' nested subgenomic mRNAs (sgmRNAs). Each sgmRNA
contains a 5" end derived from the genomic 5’ leader sequence, subgenomic sequences,
and a common 3’ end . Between five and eight SARS-CoV sgmRNAs are detected by
Northern hybridization analysis from infected cells, ranging from 8.3 to 1.7 kb in size
(20).

To express untagged SARS-CoV 7a in vitro, full-length ORF7a was cloned into
mammalian expression vector pXJ40-3’'HA to form pXJU122. Untagged 7a was
translated in vitro by using the TNT coupled reticulocyte lysate system (Promega) in the

33
presence of [ S]cysteine. Following immunoprecipitation with antibodies specific for 7a,
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The transfection of recombinant plasmids was accomplished by using
liposomes (Lipo-fectamine 2000 reagent; Invitrogen). Gene.rally, for a
6-cm plate, 0.5 g of plasmid 20 DNA was used for transfection according
to the manufacturer's protocol. For pulse-chase experiments, 2.0 g of
plasmid DNA was used for transfection4der 6-cm plate. At 6 h o
posttransfection, confluent Vero EG6 cells were _starved for 3(_) min in
a piearmed-gdepletion %Q’!H@lj@&km}{"]ﬁ&hl%ﬂg&%{j Y é%%l%%gd}% Vero E6 cells,
depletion medium was replaced with medium containing 1 Iof
¢ e%%’]?ﬁ%ﬂ?i8ﬁi¥%¢é§f§bh%%twmfﬁhe§%@ DEXERE’S Sygedieints of about 17.5
arldelin g i NEND for 20 oF; §03Bi,rl-a[%3§)lCY§E?Hi‘§a(ﬂc9%x%kéih' "SMd"\é%ﬁld be due to
o]

used to supplement the [35S]methionine-cysteine mix to enhance the _
R e R T A—
predmpletecDutbdcab's addidifie bE aglepedivr Loniainiegasmb {data not shown),

inﬁ&%ﬁ%@tfﬂi @sgfbll'g'%%l%gr @(F&Qig%gl}%ﬁs?%( %%%)eél&ig% ﬁg’@(éi%t Srpesssig of 7a.

Radio-fmmunoprecipitation assay _
roteins, and immunoprecipitation was done with protein
T ‘?gé!b?%%%&ﬁjﬁéap%ﬁ'@@@i'eﬁfaﬁmribed by Nguyen and Hogude |
17 Pratair lyed S-15% PAGE, and gels were fixed and
e S A S NS CRNG oamite GRS SopUgeyetve signal
Pegiideveu e @ hhel idsidakzed bypvidmpmewglaphie Thalkmeustokixbsteduct was
7éy@§g ifi | I0- el GS-70Q.magin . .
dlﬁggsﬁomet(agrqv%i?gg;%g-%é P/I%%%ﬁg%as%\%?g%rnﬁ%gl ac 0 ?Ngé'res tgnal peptides
pl?ﬁu%ﬁ’é@%’f rlfodbiteRFaEHauareRE-ifor éadh texpgerislentti?h of secretory and
méMBEROPUAERSCEnEe MeSARRIGRY éﬁ@@ﬁgd%gug%égﬁ_}gpe&%l!%%Ség;nthesized as

. SARS-CoV-infected. Vero E6 cells were grown on coverslips until tF

AW deac‘i@ﬁ’fé’o‘f’g‘o‘% arg hsualle Al Gyt ansdiat inaeatsraci dbsionaiad hence,

vimdiemgryice and then air dried before being stored at -20C. Before use, the
at.-20C and_air dried. For

lj fixed again in I .
o R D RO AT L s e
disgaigdfanttenses seribaskdbovecan imnuneftinrescenceassayhwatkiage site of
thééﬁﬁ@ffv@ Q'xgﬁﬁ%%%ﬁ@ Qneocﬁgr fref%)t ?%L&% g}%sﬁjlé)e%%%\}gs?&?gj %‘I,pg € up to the
r

iefly, the” medium was removed, an e covershps.w _
clepeganbridMstainrarbc, rmidusyriphniio coberplipt wel e lftedgutian dresidues

samuwl&tﬁéxiﬁtsrﬁfiﬂdtoT%ﬁ'%ﬁ@_éléﬁ&%ﬂégEt Lé@%ﬁﬁf%gi} ﬁ%c"t eg%‘gée?gﬂl% % vero Bé-
tragse g:tvf\:l E:%l?sd ?P%g)%dB? 3?1'2 %TI%% ;églrl?tant fEi:"’/’.sjj.»kDa product was similar in size to
the untagged 7a immature product. Also, transient expression of the deletion mutant
mat7a resulted in a product similar in size (~15.0 kIDa) to the mature form of the 7a
peptide (Fig. 3B, lane 2). Pulse-chase analysis was done to determine the kinetics of wild-
type untagged 7a expression in mammalian cells. 7a was expressed and radiolabeled in
Vero E6 cells, and the radiolabeled 7a was immunoprecipitated. During the 2-h chase, the
level of immature 7a slowly decreased, while the detectable level of mature 7a remained
fairly constant (Fig. 3C). Expressed as a percentage of total 7a proteins, the immature
form decreases, while the mature form increases through the 2-h chase (Fig. 3D),
indicating that the uncleaved form was processed into the mature form. Both mmmature

and mature forms could be detected from the start of the pulse-chase (Fig. 3C, time zero),

indicating that the immature protein was cotranslationally processed to form the smaller

mature protein. The total amount of labeled protein decreases, indicating that 7a is

degraded in the course of the experiment. Combining these observations, the inventors

considered that the constant level of the mature form may be due to the replacement of



15

20

25

30

showed no background staining with absorbed mouse anti-7a (Fig. 2C).

Mouse anti-7a Is was used at a dilution of 1:200, and all other antibodies

were used at dilutions of 1:100. Fixed cells were incubated with the

appropriate primary antibody combination of mouse anti-7a and rabbit

anti-GS28 (Golgi marker; BD, Singaporég] Republic of Singapore) or rabbit
anti-Sec31 (intermediate compartment marker Sec31; HWJ Group,

i 0 lar,and Cell Biology, Singapore, Republic of

O e o o VSR S i et form. Mostof
thpeomcuripaibodyebom bimatibmaopiitcesceimisbtiicyasiatnally (about 40%), and

tKE EmeeRiugatsd &Qﬂﬁg'ﬁgﬁ%tﬁ@ﬂsﬁgaggﬁgwﬁl ﬁhlﬁ%‘)‘luﬁf" E g end of the 2-h

antirabbit antibodies (Santa Cruz Biochemica en cells were
robsRarsp e dRREPTHELSE BTl RohromalcmnG RROE dixedhtaiis ofieteut 50% by

oseaugntialiycincibatad m@%@@%&%@é&&%@é@%é@ DREENCE A as fairly
. Medical, Singapore, Republic of Singapore) and FITC-conjugated anti-rat
1‘%%g@‘f&‘i’)thdary antibody, followed by incubation with mouse anti-7a and
subsequently in Rh- conjugated antimouse (Santa Cruz Biochemicals).
Minfistivatione k& miniivizd thetifbsslsreaetiphighsreondripanibadiess 7a
with.both the primary antibodies. Example 2- Results and Discussion of 7a

SA ecBIFSHaETFﬁETB el CRAr SR a A d0PreabkifRetetBigyal motif, KRKTE. In
nEARGHC plinfestedyeatls, Analygitcafl 1o SARS:CAMBIAIEIHIRRSIRGE (KIKXX or

f REra reflects a 122 aming, acid palypeptide (polypeptide 7a)
contairii r%hgr%ignlgl Peptite s ?ﬁ@\ﬁe ?ﬁ%sf,%é ﬁ%é@?ﬁéﬁﬂ?ﬂh@ ldgRfalnmembrane

petel iz reXtidVahsightdratittad & torminsid dfeid). (R )-BPoTid dleteiming if idne residues

mias edii Rp-CaY:infected Verg E6 cells, cells were infected ,
with%ﬂé?%od\g} r%}s%éﬁésoﬁ\l% 674)§aasn§es§r%0es§ 5’6‘8\,5‘??8%1%&2&@%&‘@0 lysine

resihyesstaanbhe vaplaced el nthvinbes andrOatnd? 5%l GRExam of these residues

SuhiestaddapVesial tnopNo sl indpogkinfected .
' cells or IB(it/(%tinfected&cltetlklgs(P ({g%}:éug%%g%%@sﬁ %ﬁ%ﬁg%g%%?%ﬁg {0 mammalian
cSheciititiFofine e bty syhmsttarBipdsingusecenofideyarties-X-X in

nBESRIER) niBRREICiPrYRMOTNISIREIRGIR SARS GANITeCed SRl AiBnal, with
.CPE of 50 to 759% (Fig. 2B, lane _3) and in Vero E6 cells transfected witha =
SISRBNAPUSHY: Et&?ﬁi ABWoR Al HSSERsAEREStrakotels fFom tsgntermediate

cimweraidgRrted it SARG Goltlate tifepiatoallsndanesds I GRE) the lysine
larger band of 517, and a ro band of -15.0 kDa. were detected

e e I BB GaY e B e PCRdircte

mgpR8eags \/intedipdlvelisicitednpeatime 36 phaynidyeiednIKodessedero K6 cells

was done to determine the effect of the mutation on protein expression and localization.
Total proteins were harvested at 16 h post-transfection, subjected to Western blotting, and
probed with mouse anti-7a (Fig. 4A). Two bands (~15.5 and ~12.5 kDa) were detected in
the cells expressing 7a>E (Fig. 4A, lane 1), which were different in size from those
observed for 7a. The processing of the immature form appears to be very efficient, as the
larger band (17.5 kDa) is no longer visible. The two bands produced by the mutant
untagged protein differed in size from the smaller band (15.0 kDa) of 7a. The mutations
from K to E may cause the small change in mobility, or mutations in the recycling signal
may influence the processing of the 7a at the N terminus so that the alternative cleavage
sites are used. Pulse-chase analysis of 7a >E was performed to verify the efficiency of this
processing. Following a 10-min pulse-labeling, the immature ~17.5-kDa product was not
detected at the start of the chase, indicating that the immature product has been converted
cotransl_ationally to two smaller products of ~12.5 kDa (Fig. 4B). Benghezal er al. (2)

observed similar results with green fluorescent protein-fusion proteins fused to mutated
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efficiently, so that the immature form was not observed in infected cells.
There appeared to be an additional band slightly larger than the mature
form, indicating an intermediate form only present in virus-infected cells.
7a was not detected in the early phase of is infection (lane 2, 25% CPE),
even when the total protein of the sampie with a 25% CPE that was used
for Western blotting and immunodetection was double that of the sample

I 15% CPE (dat. t shown). | nofluorescence was used to )
e R SRt e Siglsgosed rapi
PISMG PibUsenathe ZiRatibdizltkeppeteinenias itetetie e SARS a2ty is located.

< Eig. tected in the, perinuc
e A S MRTaT W o produc
st i SusrestiageNam Bo wlditiosek MieteslyBARS QY Fie in the K>B
nieigifFip. ti)sfected cells. The SARS-CoV genome contains five
group-specific ORFs larger than 50 amino 25 acids (16, 20). SARS-CoV

rateins, excludi ;Fe replication gene éﬁgcts of ORF lab, are i
SRR ol dalige '%’egf‘eedq%%b%‘éﬁ SCHRU AR ES RIS sy mRARtment in
tregesfRAl cdlstains a 5' end derived from the genomic 5' leader sequence,

subgenomic smnﬁ:es, and a common 3' end . Between five and eight

SARSSCSUPSGIFNASRIL g8t By Mbrifeih Fifbridiatibrsastigind At 16 h
péromansfeaied, calds naega‘r@xfmnw?&ﬁ ?@eﬁﬁ#@g Ehai%eaiﬁsa(lmmg&ﬁm@ﬁ& anti-7a
tagged . SARS-CoV 7a in vitro, full-length ORF7a was cloned into ) B
L i VALtSF SR TBALIO B SR 128 e T 5 ),
thyydR tiatvstatddhin vitropaytusing thekEN Besupléduaticyloeyie:Yeald marker GS28
. i 5. presence af [ Slcysteine Wi N
PR e BRSPS RS 5 s
thebdg Was risseryée (RIER AN TPadotent. 7a expressrdiin \ferakE6 Toelispression, 7a

arl@QL P PIRINg %Wl%%% RePIRIS WELGREPHE Qé@@ggeg' ?é%_%?? é‘&fga%lg)ggﬁ%ponded to

bands of about 17.5 and 15.0 kDa were observe ‘ ane
the LRt i REHate srPedmenb (Bistdelyik Sedithgetoitisadignatith the cis-
GprptideianRdasas meigobseryetn Rajltiml anated, IR QYER7a from the

GV\{ith the addition ofﬁ%anine microsomal membranes (data not shown),
HER RN tHBBbLaf hES or RHTBHAITIBL eBrartsiy) Yotherrisiarn! signals (6).
Oprbeesbimgiofdanutant 7aK>E was predominantly localized to the Golgi (Fig. 5, xii).

Following cleavage of the signal sequence, it is rapidly transported to the Golgi but
canmot be recycled back to the ER because of the mutated retrieval sequence, resulting in
a large fraction of 7aK>E remaining in the Golgi  apparatus.  Collectively,
immunofluorescence results indicated that untagged 7a was cycled between the ER and
Golgi compartments and that this process was mediated by the retrieval motif at the C
terminus.

Interestingly, convalescent-phase human sera could not detect bacterially expressed
Ta-glutathione transferase fusion protein by Western blot analysis (25). This suggests that
7a 18 either not a viral structural protein or that it is not exposed or sufficiently
immunogenic in vivo. Importantly though, 7a has been shown to interact specifically with
another unique group-specific SARS-CoV protein (ORF3a on sgRNA 3), designated 3a
(Fig. 1). The latter has been shown to interact with the SARS-CoV structural proteins E,
S, and M (24). Also, in this study 7a was shown to localize to the intermediate

compartment, where CoVs are known to assemble and bud (12).
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The putative SARS-CoV 7a signal sequence. Since the deduced
SARS-CoV 7a amino acid sequence contains a putative signal peptide
sequence of 15 residues, it would appear that the smaller -15.0-kDa
product was 10 due to cleavage of the signal peptide from the larger
17.5-kDa protein. Signal peptides play asajor role in membrane
integration and the translocation of secretory and membrane proteins

fronEthaipR: MaDyceBvploRachvVILIE QL RY QRInS A YDA aH dapoptosis
inactive precursors, which are usually unable to mediate membrane fusion

and,; hence, viral entry. is To determine whether t e SARS-CoV signal )

pep |rc‘ie0§8e%luté)n§%t?§ma}ét‘?v ,M‘}Wﬁe&% rr?\{?tdﬁegqgs‘i’éq}%‘&éoﬂséﬁ fgoptosts during
il@ﬁ@aﬂ@lt\ﬂﬂ@mﬁomdmﬂfﬁn@hélh’\aﬁiﬁ@ieﬁvﬁ@@&ﬁd&@@%@ﬁ&@ﬁ%@ko induce
PSR %&Iﬂ%&é@&&%@éﬁ 1% ey derminal signal peptide up to the

cleavage site. Mutation of the residues spa%ﬁ]igng the predicted cleavage

site @emgos@ét\ceétsp@hmﬁmmfm@)\wtthemmmsc@mnycabﬁjisaqﬁessing the
vibp cleaxage@f v %&R&%&n@‘%ﬁ@fﬁ&%ﬁiﬁfé?_@a&%ﬁ? ﬁi@it%%géae?aﬁalbﬂ‘,ec& USA).

resultant -17.5-kDa product was similar in size'to the untagg

ThAeratprca e arkizinehsiem SA3tSsCioN P dQéTibraminelate from a SARS

pitebiad sslitashia a produstsimjlardnisice, (v 0kD?) E%E%B@%tw?d(bé@hs and the
the 7a peptide (Fig. 3B, lane 2). Pulse-chase anal&gs was done to ‘
C%Lste\yr?ﬁﬁekfﬁe RinBHRE B uAaY st Imtadges #AAsivdséidh itasarhmiatiathione S-

trasiifer 7@ wast expresseekprdsatiolabele diRSMenuE eelsprRddhelevel of this
lolabeled 7a was.,m . During the 2-h chase, the level

unoprecipitate .
P {)(% mature 78 (?%Ilgll %ct?%zeagtg)&f“p\/v%ﬁ# the 8&%@[&%@%9&0&%%%HA‘GST
togetiminedthidirfy canstast(Bigv3B): Expeessediasapertentale wttothhd@sted and
ins: ' farm decreases, while the mature form increases
e e B O R e el . e
sysisessse @ fivdlthwansiviectbinto Bothiguetatane 30 andseibfurerfosmsing caspase-3

pRAUIGEDR GaiSClRE SRR Sl it pulg:chase (Fig. 3C, time zero)

indicatin% that the immature protein was cotranslationally processed to

fornPitfe Lidtfer Fnethiecisrotein I THetoRdifErretiof kst drst Shein centrifuged to
refiearedse Scingtbakn g ab éa iroler @ARAININE CAUIRE MR8 XRRAMEN 4 using

Combining,these observations, the inventors considered that the constant
Cf)eo\%?%%a?hgiﬁ’?a’fﬁ?‘g%r ol BEAUE B T e flackMéht of #¢ Hegvatied caspase3
prigtsee protein by the qonvefsiomiofiroreaiute.pratein -rmatbse 3. CaspACE

ﬂ%%g%h%ﬁ%ﬁ%@ \%%%é%g é{i;%?}a%:r]%geggo o%g{z?ti%;lot(m(%ggg,”\%%, USA). Laemmli's
SDS buffer was added to the other aliquot which was then heated at 100 °C for 10 min
and then 20 ul of this total cell suspension was subjected to Western blot analysis. For
detection of endogenous poly (ADP-ribose) polymerase (PARP) protein, a polyclonal
antibody (Cell Signalling Technology Inc. Beverly, MA, USA) that recognizes full-length
PARP (116 kDa) and the cleaved form of PARP (83 kDa), was used.

The over-expression of 7a-HA induces apoptosis in 293T (human kidney epithelial)
cells as evident by an increase in caspase-3 protease activity, a hallmark of apoptosis,
which is comparable to that caused by the over-expression of BAX, a pro-apoptotic
member of the Bel-2 family (Fig. 6A, columns 1 and 3). Cleavage of endogenous PARP
was also observed when either 7a-HA or HA-BAX was over-expressed (Fig. 6B, lanes 1
and 3). On the other hand, 3a-HA did not significantly induce apoptosis, neither did the
structural proteins, M-HA, E-HA and HA-N (Fig. 6A, B, lanes 4 to 7). To determine the
degree of cell death, cell viability was also determined using the cell proliferation reagent,

6
WST-1 (Roche Molecular Biochemicals, Indianapolis, IN, USA). In this case, 0.3 x 10
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the remainder of the cleavage was posttranslational (about 10%). At the

end of the 2-h pulse-chase, the processing was still not complete and

reached a plateau of about 50% by 5 90 min, indicating that although
posttranslational cleavage occurred, it was fairly inefficient. Mutation of

the ER retrieval motif leads to rapid proteblytic processing of 7a The short
C-terminal tail of 7a contains a typical ER retrieval motif, KRKTE. In

. ' ical.cytosolic. C-terminal dilysine

O kB D i ak o ot 16
st i peseepgrpel e slante sloteind( Ay ghthd S-terpainatliXsss. Consistent with

teonsigaredtng JveRSIIRALIE Ve YSIRS (slgUes, dSERAdN B8 30, crease in

-4 or the -3 and -5 positions, respectlveghThese two lysine residues

el by fepistb e Bl8ng bitharebaaRr Bmino acid, and mutation of these

YESidlf{QﬁJtd‘j@ﬁU%si &Iﬁﬂﬁo@b&]@hmﬁﬂ{ ﬂé%ﬁ;ﬁ&é%@ﬁ%@ﬁﬁ&%éﬁ@ﬁ%gg@d 7a, or the
g{gtelerés of maﬁrgnall n 15 cells. Studjes have shown that the

UREHERS (X8 f‘ﬁé@d@ﬁ%&%@ﬂfé%}ﬁﬁw% stAtS gy ER el Rineked by the
ppueteinsstuindtibinsreitNerasak ¢rigvalp r.[:r,eI%m@,cl)(n t§i%?1ﬂ|1ﬂ/\d§ﬁlt§§£‘ﬁ!§inhibition of

imnportant for the transpart of these praoteins back to the ER from the )
o e Bech e T PIEYCICS So@iTF O AHEREP s reliuaiidi 6C. D,
lages Junctibrsbotedy Sinef thsiguesaopdsitiond 74§-and.420wekecleaved after the

j id: ing: PCR-directed 20 muyt esis (7aK>E
e e DM £ Vels KRG % g and O

Hevuatarihindlthdagged fomme! frutimrsmohaprsteitcexplossioteande as only a single

bieealizationphotahRIPLSINS RIS haeHIsd & 4G R Qgtiansfection,
subjected to Western bIott'n%, and a‘gbed with mouse anti-7a (Fig. 4A).

Twd D BOR B Aty BRI Y R RINAa Fefe G tbeintprminus, i

oartedRigg46D|aned . waish were different in size from those 25
observed for 7a. The grocessi g of the immature form appears to be very
efficient S THE Y8 5%’&8‘%%17‘%‘? SAJERS egeissed Hikeerkosanudis. 7):
cqprachlo@ttby, thermantantvicataggedqrolgifudiffenesiin sizadionmesonalier), liver
(25.0.kDa) of 7a.,The mutations .from.K to E may cause the small )
OB O A S i e Afican
gisrocanekgoikitada apithel ! tevrdinfibrebltisat dsp aiterialive lle@uage 80 capase3
prRAES AR MsEds RHISEARBSEADANSIS L Z)%s%@%&a%ﬁf%r Mad (jé%%/he'eﬂf}/agt]:g 2,5,8,

efficienCé of this processing. Following a 10-min pulse-labelin
Db A- BB iz plothnes Was. ifot! detéttserapite-stareafethinchibge, cell-lines

telftelicatingripatithe R-aatuesRaduch hgs %SSQ&OEH(&BH%S’ HA-GST (Fig. 7, lanes 1,

cg})tr slatiopally to two smaller products of -12.5 kDa (Fig. 413).
’Ber%gr‘:lelzﬁ’ ! |_S@5\al peptide at the N terminus of 7a is cleaved more efficiently in

infected cells than in transfected cells, but this cleavage is not important for apoptosis
induction as both mutants 7a-L, which contains mutations at the cleavage site, and mat7a,
where the signal peptide has been deleted, induce the same degree of apoptosis as wild-
type 7a (Fig. 8). This result is also consistent with the data shown in Figure 6C and 6D
where both 7a and 7a-HA, where the signal peptide is not cleaved, induce similar degree
of apoptosis.

The levels of caspase-3 protease activity in lysates obtained from Vero E6 cells
transfected with 7a cDNA (Fig. 8B, lanes 1 and 2) are significantly fower than that for
SARS-CoV infected Vero E6 cells (Fig. 8B, lane 4), even though the expression levels of
7a are comparable (Fig. 8B). These cells were infected at multiplicity of infection of 0.1
and harvested 24 h post infection.

This data suggests that 7a of SARS-CoV is an example of a coronavirus protein that

can induce apoptosis when over-expressed. The ability of 7a to induce apoptosis
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observed similar results with green fluorescent protein-fusion proteins
fused to mutated 42 retrieval signals in plants. They suggested that the
mutated retrieval signal caused rapid protein exit from the ER to a distal
compartment where the processing activity is located. The larger band of
the doublet is eventually converted to the smaller -12.5-kDa product after
the 60-min chase suggesting an additional proteolytic cleavage site in the
dlé} = Ht? 4%% tSﬁAt‘RS oV 7 s localjzed to the ER and
I(-'?réol N rme St Eo Aty r%{“?n Hiatecbsaryaien e Bantastv iy different
Oﬂgﬁmﬂmwiﬂ)fﬂ’aﬁﬁ%{@(ﬁﬁ ﬂmﬂlsmmﬁwth@d thAt &bplespiestibansfeationy infection
I nol.and Stain with both mou
R P R SRRl nfecton.
GRP94 (Fig. 5, ii), the ER mtermedlate compartment marker Sec31 (frame

v) or the Golgi r o ii as.gbserved to
colocalize Wlthx%?;lr 4&?@& q%%ﬁ%ﬁ%aﬁﬁﬁgglﬁlt aélvv\‘\:/)a% p?gg AYih the

ER compartment. In cel %ﬁﬁ@%@&ké’irﬂé égpreassion, 7a and
Sechildabkeledduasiale strysiuressould heelastetd THEsaRIQRANYof the Bel-2

plarres ded to is.the ER-Golgij intermediate compartment (Fig. 5, vi). 7a
e A R ket rat e S R
(Ixﬂuermgdlh)mm!mﬂmmtwﬂentcﬂim‘f@msthﬁzl@ @igmmpwga@g@ﬁ% W& btained
‘ﬁm 2A5,38eN 'é]] reca/cl rr%%'n W(E[h re rlev S|gnali @ On the other .
;mutan predomina he' BalgEidiesexpryssion of

B@oﬂ@wﬁg @l%yagé i@j’ tﬁé:slgmabisecammﬁs mmargﬂaldbeﬂiﬁr&smiteﬂdpmemtibody.
toteER ecause of the muta
O B P R AL S T 104,

retrieval sequence, resu tlng n a Iarge rac remalnln
t @5%@?&btﬁ*ﬁ#@@@&k@ﬁ%xhﬁrﬁh@lQhumsmceimﬂ@ﬁdl&ﬁeﬁxﬂﬁbne 10A)

whitiaggsrréa Wagsled Bebuesn e dFR and, Goloi #:89{2%"1’ ?gé? IR, QN oé),g 1A).

that this process was mediated by the retrieval motif at th terminus.

IntefESHR TR RLD NTaRECSheIgh B8 hisaRairadya Eambeeisd detsetr badrially express
Hﬁmﬁ(ﬁegat%&gbﬁ&mp neArBpsterpsatyeiesRratein PY NYeserR bt previously
oSG e IS s et e Yl st ol
SAM@QWMSMmSIademnteﬁasﬂsp’eelﬁéﬂﬂ)(wﬁhnﬁmﬂb?%élﬂléib'x%nned by a
BRI PABS GO AR QRSN SARN R oS Inged 38, 1 the
293TBcl-Xw cells, the expression of HA-BAX and SARS-CoV 7a gave a significantly
lower degree of apoptosis (Figare 10B, columns 4-6), Thus, the overexpression of Bel-Xu
inhibited the induction of apoptosis by SARS-CoV 7a, suggesting that the induction of
apoptosis by SARS-CoV 7a occurs at or upstream of the Bel-2 family in the apoptotic
pathway.

To further understand how the SARS-CoV 7a may modulate the function of the
Bel-2 family of proteins, co-immunoprecipitation experiments were performed to
determine whether SARS-CoV 7a interacted with members of the Bcl-2 family. As shown
in Figure 11 (1st panel), myc-Bel-X1 and myc-BAD specifically co-immunoprecipitated
SARS-CoV 7a (lanes 2 and 4). This was not observed for the other members tested (myc-
BID, myc-BAX or myc-BAK) or the negative control (myc-GST) (lanes 1, 3, 5 and 6).
These results indicate the SARS-CoV 7a protein may induce apoptosis by interfering with
the function of the Bcl-2 family proteins, in particular, Bel-Xi and BAD.

Example 5 ~ Small glutamine-rich tetratricopeptide repeat-containing protein (SGT)
interacts with SARS-CeV 7a



30 (Fig. 1). The latter has been shown to interact with the SARS-CoV
structural proteins E, S, and M (24). Also, in this study 7a was shown to
localize to the intermediate compartment, where CoVs are known to
assemble and bud (12). 43 Example 3- Overexpression of 7a SARS
coronavirus protein and apoptosis In orglgr to determine if 7a played any
role in the induction of apoptosis during infection, the inventors examined
the ability of this SARS-CoV specific protein to induce apoptosis in
cell-lines derived from different organs. 5 In doing so, 293T cells where
Mransfelitadcelit HicBNDNGnstisoia dor axpreasingdhe various SARS-CoV

gengs:using li ]f aineriaent.v'tr , Carlsbad, CA, USA).

Thegﬁ%ﬁs rl%?s%v%é?g%’b aﬁwnegg rgﬁ%ﬁgl@%‘?%g{/%o%%ﬁﬁ? Ff)‘&(;l&?@ Culture
Crbertws Arsiagspatiéftih Bimgaperetqiitd27s 2B)cPiipg ofDNSuwas(Bading et al.,
sta4ransieot | engel e J&fl fqr approxi autel 16 h. .

WhFen H%Gg%%i%:?%%%%%ugﬁiloﬁr%? é Q%gt‘rgn%%rasag E|gro éél(r%)g\)c\(/gsand deletion
BTl (Eifnsapedhee tiiensecd s dssivibialprofitvis piGteidinast al., 2004;

Texteemelydugh, therelaren 02508 of heRlasmid Jonewpressing Hé'e%e%Twith a N-
te%oéﬂetheéwnh 1.75 g of empty vector were used instead. The cells V\% e

[BY s R OPEs F¥d SERICPRS dRasstake esgesr i sumopgred in Table 1

bdlypotonic cell lysis buffer. The suspension of cells was divided into 2
aliquots, one to be used for measuring caspase-3 is protease activity and
one for Western blot analysis. One aliquot was subjected to 5 rounds of
freeze-thaw cycles and then centrifuged to remove the cell debris. The
total protein concentration in the lysate was determined using Coomassie
Plus reagent from Pierce (Rockford, IL, USA). The amount of caspase3
protease activity in 10 g of total protein was then determined using
CaspACE 20 fluorometric assay system from Promega Corporation
(Madison, WI, USA). Laemmli's SDS buffer was added to the other
aliquot which was then heated at 100 C for 10 min and then 20 pl of this
total cell suspension was subjected to Western blot analysis. For
detection of endogenous poly (ADP-ribose) polymerase (PARP) protein, a
polyclonal antibody (Cell Signalling Technology Inc. Beverly, MA, USA)
that recognizes full-length 25 PARP (116 kDa) and the cleaved form of
PARP (83 kDa), was used. The over-expression of 7a-HA induces
apoptosis in 293T (human kidney epithelial)



cells as evident by an increase in caspase-3 protease activity, a hallmark
of apoptosis, which is comparable to that caused by the over-expression
of BAX, a pro-apoptotic member of the Bel-2 family (Fig. 6A, columns 1
and 3). Cleavage of endogenous PARP 30 was also observed when either
7a-1-IA or HA-BAX was over-expressedi(Fig. 6B, lanes | and 3). On the

Fig. B,lanes 4to0 7). To
of 1y é th"i"qgr:)’d::-h:-rmin(=-r‘l

uSiAtPife cell proliferatiBf:rasigént, 6 WST-1 (Roche Moleculafousce
Biqg:g(_e icals, Indianap Iié_;, IN, USA). In this‘ca.se, 9.3 X 10 44 cellsina
245Wall plate were tranSfECtEQ WIlTH 8595575 BINA 2t TREH addageeh Aiter
16 h and the percentagessflivelceitscare shown in Figure 7A in
parenthesess Consistensyith, the ca8RASeRESAY, Ovrexpression of 7a
l?i%‘ to cell death as e(\_gjic_lb nt from the decrease in_cell viability to - 44 9%
(Fig. 61 A, column 3). $ ﬁ%%cﬁtﬁ’é’i@\%%‘%ﬁ’s‘a HHEBEY witithe dxpredon
of either the HA-tagged:Raforetive untagged form of 7a and was mediated
vigeaspases since it was-shienalchlacked Ry the-Ranscasnase iRGiBioncp-
z-VAD-fink (Fig. 6C, D, Igggs 1 t0 4). In contrast, no inhibition of )
apoptosis was observed in e HIEYERCE BIER irrelevant peptide, z-FA-fink
(Pig*8E2D, lanes 5 to Myuabbut 508 ofthemrectrsardeim ofilaxr 14D 1997
kDa) is cleaved after thgiipssignalpeptigde qtdhg.N.terminus yielding a
pr%l&gﬁi 15 kDa (Fig, 6D, I[a_ne_s!S and 6). However, the HA-tagged
form of 7 toes not appearts thdargs EBavaJREESH R E%indi-dhttef
- 22 kDa, which correspaondbiter tinfirosessed form of 7a (17.5 kidag fused
ViitT B AP YDVPD YA} metifs 614 kRa)at dhenGderminus, is,ghserved
(FQMQE? Eglggxla(‘? and 5), iigtiThe_ xperiment was repeated with cell-lines

erive Tom different orﬁanesn(f%. FRIEBAIEAI ) human E&mirek
CRFETITHES Tig3(A54 S diurmeast (itigrcave o Mal.- HiverT(kepG Axhuraan
hepatocellular carcinonpay, and kidney (Vero E6 and COS-7, African

reen mo Kidney epithelial and fibroblast respectively). Increases in
g%%%%é g%éi%eéigg act%%%}ég%r? ARPEe Mgt Rereetbservaairmeh
7a-HA (Fig. 7, lanes 2,(8¢8 220-124,}14) or HA-BAX (Fig. 7, lanes 3, 6, 9,
I AsnweEraver-expressesh iv:all-the.cl-inesriestegsin gomparisgp to
cell transfected with a ?ngt{rlqjlzplasmid, HA-GST (Fig. 7, lanes 1,

PXI4-flagSGTANE-2 Defetion of N-terminns and TPR-! and -2 This wesk
{5GT as 158-313 3

pX¥40-Ta-HA Ful length ORF7a, HA tagged at Ctermimos  Tan et al., 2004¢
pXIA0-TaAC-HA Deletion of C-terminus {ORF 7a aa 1-61) This wotk
pRI40-7aAN-HA Deletion of N-terminus {ORF72 aa 62-127) This work

'IMCB, instilute of Molecular and Cell Biology, Shhyapore

Polyclonal anti-human SGT was a generous gift from Dr A.T. Panganiban (Wisconsin,
USA). The rabbit anti-SGT antibody specifically detected endogenous SGT from Vero E6
cells as well as transfected flag-SGT (Figure 12A). Polyclonal and monoclonal anti-HA

(Santa Cruz) and anti-flag (Sigma) antibodies were used according to the manufacturer’s

instructions.
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4,7, 10, 13). The signal peptide at the N terminus of 7a is cleaved more
efficiently in infected cells than in transfected cells, but this cleavage is
not important for apoptosis induction as both mutants 7a-L, which
contains mutations at the cleavage site, and mat7a, 25 where the signal
peptide has been deleted, induce the saime degree of apoptosis as wild-
type 7a (Fig. 8). This result is also consistent with the data shown in
f&gﬁ@&%ﬁgt D ﬁghere both 7a and 7a-HA, where the signal peptide is

m L4ry SCreern .
not cleaved,’induce similar degree of apoptosis. The levels of caspase-3

protddie ygeaitgpiTiss atesno BHiHEY ftohl Y& Bp celimtahjransfestddfor the two-

a7 NA (B : 5 2)are signifigantl Ivgertha }C o
ATREONA 0 e 0 D S L B

(ugpashiswhevsts MAECER¢dnparsBrnteul) 8BY. Tiedse dbiisware of prey genes,
Y@ﬁ@ﬁ%ﬂaﬂl&v@@|§ﬂﬁﬁ§yoﬁfW@@?%x@%?&h@t@ﬁﬂﬁ{ﬁﬁt%&h&lﬁe%O? yeast nitrogen

infection. This data suggests that 7a of SARS-CoV is an example o

b EgoRSVIRR BHERSHRAT PRl R o postewit & alereXstemteniented with
2Thﬁ@dmiﬁﬁfofféast8v@ﬁﬁi mﬁb?ﬂws iﬁri’&%ﬁﬂiﬂ_‘?@@%ﬁﬁﬂﬂ@%f @;t%':jﬁibﬁﬁﬂlt acetate
Wi e clinical.observation of apoptosis in different .organs infecte ] )
e o S P Bhueietr Tt Grion gt plasia
2l bpe B e undedly itigrane chamisms far tddmattingenesiaaliSARBHCRYA L4 2H-
infection.:S. e 4- rexpression of Bel-XL inhibits apoptosis by . .
T RS e Sk by a3 gerbed i
thggawesel é@h@\mﬁhiréath@mm@ Z&mihlantoise apbptotigpatvbaymhe-chloro-
3 Bedot lgﬁéﬁa\é@%ﬁ%%mﬁﬁhﬂ&%ﬁgﬁggﬁﬂn %rg:? %?e‘?alt%gdfrog} ysast colonies

transfected into 293T cells. Cells stably expressing Bcl-XL were 0
SHE LA RASTIBTSR Eab atient ‘é%)l*é’vﬂ‘}@ syagaseribent Tenotetal., 2083 pasidves were

cliberexpiessionahsBeinil wasiRalyaedioy Wastersblet Q{}Q%MS@%Si %?DCDNA

1.gpecifi anti- Bel-XL.. an ibooflﬁ. Control cells were stably transfected wit
‘ar"i“é’rﬁg‘f%%%*&%ﬁé%dsmj% FRtird TR Anere ansTegiRdcinoressiotran PI69-2A
toBciedk ifotherchosentistabla htopesi293 TeiBids XhafIRRHiFM) R encoding 7a-
o~ gyl)f'%red fo the low endogenqus (Iievel in tae vector control (293T-Vec,

clone

A e R e S R P8 REA BsiRgiBhey transfected with
cDNA to express HAGST (negative control), HA-BAX (positive control)

TR RARIECAidR Avdvevipusypdgscribed (Tan et al., 2004a). As shown
in Figure IgB,stﬁe express(\{pr%%yﬁ,&-éﬁ% and
ypically, 1 ug of plasmid cDNA was used for transfection into Vero R6 cells in

transient expression studies; full length flag-hSGT was used at 0,25 pg. About 16 hours
after transfection, radio-immunoprecipitation (RIPA) buffer was used to extract total
proteins and cell lysates were separated by 15% SDS-polyacrylamide gel electrophoresis
and transferred to nitrocellulose membranes (Amersham). Membranes were blocked in
blocking solution (3% nonfat dry milk and 0.05% Tween 20 in PBS) and incubated in the
appropriate primary antibody for at least 16 hrs at 40°C with rolling. Following extensive
washing with 0.05% Tween 20 in PBS, the membranes were incubated in the appropriate
secondary antibody for 1 hr at room temperature. After washing, membranes were

developed with an enhanced chemiluminescence kit (Amersham).

Immunoprecipitation

Transfected Vero E6 cells were washed twice with ice col.d phosphate buffered
saline (PBS) and cells were solubilised for 10 min at 40°C in lysis buffer (ingredients).
Insoluble cell material was removed by centrifugation at 14600rpm for 10 min at 40°C.

Typically, 200 pg of whole cell lysates were incubated with mouse anti-flag beads or



16

20

30

35

SARS-CoV 7a resulted in apoptosis in 293T-Vec cells (columns 1-3) as
determined by a fluorometric assay for measuring caspase activation
(Promega). However, in the 20 293TBc1-XL cells, the expression of
HA-BAX and SARS-CoV 7a gave a significantly lower degree of
apoptosis (Figure | OB, columns 4-6). T4ws, the overexpression of Bcl-XL
inhibited the induction of apoptosis by SARS-CoV 7a, suggesting that the

cli n tosis b SAR CoV 7a occurs at or upstream of the o
rél%glH %mlly mgphﬁ) o oc?o{u e grmfg'  fErrsr Bﬁ%fi%?é’r}é Bt e 40°C with
CHARSISOY T vinay ﬁﬂiﬂl]?l’altg th&tﬁhﬂnbﬁn ﬁfetﬁﬁ:aBe|%fam5%@ft%0£ﬁmﬁ:omplexes

&N erfor ed to determi
e R SR oy vt

SEho SRR bigiiee and (\’%@%ﬁ@iﬁﬂéﬁlqiiﬁ%@@mwd ehyovB&AD specifically

co-immunoprecipitated SARS-CoV 7a (lanes 2 and 4). This was not
observed for the other members tested (m ésgyc 30 BID, myc-BAX or
SHARCRORG of B Haira S e Bromiipy. Sidweylanith diad S6Gand 6). These

reSUﬂESEMdieﬂt@athElﬁAR@scéQMaZ@eﬁr%h@ M&Y IRFUCH QROROHR: WiNeasy Mini Kit
terfe |n the %ﬁ}cﬂon fthe Bcl-2 family proteins, in particular,

(GHEQD AT, 1o, R et 51 RaHIFRCREn BRATHEBRERIA ws preparcd
ﬁmpeéﬂcqmgtatmtﬁigwelms(x%ﬂ)e Mﬂaﬁ@ WIthESARS 1N 4@anscriptase kit

(i DN t bodies African green
(%{rﬁigg% o\ e% elﬂes ﬁ/éll (A\llg%n t(foS ar&%egf(?%é ecemt%r‘éfas used in a PCR
r@@ﬂ@@tﬁﬂ@mm%a@n@ﬁ@ pﬁ@ﬁemhln%ﬁqdmadﬁmmmﬁéewqu&&e of African
gﬁEéﬁ'Mﬁl@éﬁ'k«dﬁ%p%?rh%%ps%‘?”%g XRLESS] nr%éuhlengghnggédta gdlglgcing and

and untagged deletion mutants o agge were prepare
CRBBErYEE Brevriddiy mentin NG B apos4iom anebet NPOOAFOFR) beingtii LUSTAL

xasmell ambdmeationsef nRfaT fhNAcagged vl ast ﬂ?ﬁ%me hSGT and

epitope for expressmn in mammalian cells are summariz
“PERNS A TABVER iBreing GENER fissefiidyPlasmid Description
Source pAS2 1 Gai4 DIN-binding domain in a 'via TRPI Clontech Inc..

,}/leasts uttle vector
Imimunoilourescence

Transiently transfected Vero E6 cells were grown on coverslips and transfected as
above. At about 16 h post-transfection, the medium was removed and the coverslips fixed
in methanol at —20°C. After 5 min the coverslips were lifted out and completely air-dried.
Fixed cells were incubated with the primary antibody combination of mouse anti-HA and
rabbit anti-flag at room temperature for 1 hr. Mouse anti-HA and rabbit anti-flag antibody
were used at a dilution of 1:200. Following washing, cells were incubated with the
secondary antibody combination of FITC-conjugated goat anti-rabbit and Rh-conjugated
anti-mouse antibodies at room temperature for 1 hr (Santa Cruz Biochemicals, USA).

Following extensive washing, the coverslips were mounted on glass slides and viewed.

Results and Discussion
SGT interacts with SARS-CoV 7a in Vero E6 cells

Co-immunoprecipitation studies were used to confirm the interaction between
hSGT and 7a-HA in Vero E6 cells. Cells were co-transfected with pXJ40-flaghSGT and
pXJ40-7aHA, as described elsewhere. For 7a-HA interaction with endogenous Vero E6
SGT, only pXJ40-7aHA was transfected. Total protein extracts were immunoprecipitated
with mouse anti-flag beads or rabbit anti-hSGT antibody respectively and Western

Blotted. Western Blots were detected with rabbit anti-flag or rabbit anti-HA (Fig 12B).



I3

20

25

30

35

pPAS2-1-7a:]96-122 Deletion of Ctermi nts (ORF7a as 1-95) This work
pACT2 Gal4 activation domain in a 2m LEIJ2 yeast Clontech Inc, shuttle
vector pXJ40-myc Manunalian expression for tagging proteins V. Yu lab,
IMCB" with c-myc at the N-terminus pXJ40-flag Mammalian expression
for tagging proteins Manser et at, 1997 swith flag epitope at the N terminus
pXJ40-YHA Mammalian expression for tagging proteins GLAXO1ab, with

) t terminus IMCB = pXJ40-fiagSGT Fut length SGT. flag tagged
S%%éﬁ? ?ﬁ@%@%ﬁ?ﬂﬁ%f@ﬁaﬁé@’r&t puledbs SOCHErflmGs (5@ well as

emgehgag mr Wik zpm:M@Jﬂa@S@To%ﬁsisﬁﬂhaﬂ%@B& R OLS Hbn an unrelated
TPR-3 I Thi 40- fI SGThCZ eletion of

-
S R T AR o Ne T 4e'T ) BBt oitaton.
Imhtf&emhnrommbmsm@ﬂi?&ﬁb@@Tm&kﬂmwar&isl&&asbe&d with pXJ40-

T2 Peletion E{f cf%m agg[h %%’E%a]sli‘ d gyl }50) This

ﬂQ
C-Tas 15 -3 13) IXJ40- 7a Fut gged
p &@W%Wﬂhp ma@vﬁxmtam HAvReletiohinfMesteBfineds. Similarly,

fIEORE7a asd-8d) i Wik @%4%K3M3H6\/Q {%E%QciNlhe Y'(? 6 cells. This
(ORF?a as 62-1 2) This work ~ MCB, Institute of Molecular an

deERICR Sy aPEIE PbREIGR ddfoR U Abe Sacarasss géh@ut@ugﬂéﬁtﬁrm but not
mahé\ﬁei%ﬁtﬂ@@ﬂ'mw%wa@em e (PR AT, AHDRRr indicated

O e i
74Santa Cruz) and anti-flag (Sigma) antibodies were used according to the
ManHAR ! S BSIORS AR o OISV R IR RIAY SIS as African reen
monkey SGT (mSGT), the inventors determined the primary nucleotide sequence of
mSGT using cDNA from Vero E6 cells. The deduced primary sequence was compared to
hSGT using CLUSTAL X (Thompson et al, 1999) and visualized with GENEDOC
(Nicholas and Nicholas, 1997). mSGT showed >96% nucleotide and >99% amino acid
sequence identity with hSGT (Figure 13). This explained why 7a interacted with SGT

from two distinct organisms.

SARS-CoV 7a co-localizes with flag-hSGT

The sub-cellular localization of 7a-HA and flag-hSGT in Vero E6 cells was studied.
Vero E6 cells were transfected with pXJ40-flagSGT and pXJ40-7aHA (Fig 14). At 16 hrs
post-transfection, cells were fixed with methanol and stained with both mouse anti-HA
and rabbit anti-flag antibodies. As a negative control untransfected Vero E6 cells were
treated in the same way. Results showed that flag-SGT was distributed to both the nucleus
and cytoplasm of transfected cells. Untransfected cells did not stain with the antibodies.
7a-HA was found to co-localize with flagSGT in Vero E6 cells. Cziepluch and co-
workers (1998} also reported that untagged rat SGT was detectable in cytoplasm and
nucleus of FREJ4 cells. This co-localization of flag-hSGT and 7a-HA indicates that
SARS-CoV 7a may interact with SGT in Vero E6 cells.

The C-terminal region (aa 62-95) of SARS-CoV 7a is essential for interaction with hSGT
The initial results using yeast two-hybrid and immunopreciptation experiments
indicated that the 7a mutant pAS2-1-7aA96-122, as well as full length 7a interacted with

hSGT. To identify the region of interaction, a series of deletion mutants of HA-tagged
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The yeast reporter strain Al-1109 [GAL4 2H-3] (Clontech) was used _for
the two- hybrid selection. Plasmid pAS2-7aA96-122 was used as bait and
a pACT-cDNA library (human lymphocyte MATCHMAKER, Clontech) was
used as the source of prey genes. 5 Yeast cells were grown on YPD or on
synthetic minimal medium (0.67% yeast pitrogen base, the appr_opriate
auxotrophic supplements, 2% agar [for plates]) supplemented with 2%

r east was transformed with appropriate plasmids by the lithium _
A IO Pt o SUEIBEEE G, SRS el A deleion
mwedis T irsdai plasgid- andtiepBAPARi6RMAViREES weare Eméé@@ku%ﬁawed that

infosthe, ye: ' L4 2H.jo 31, Two-h brdsrer}”n ,
7%&«%?3%01‘”9?‘285 a%%wvﬁ?gé orme aelé'geln%& Ilﬁ%%acﬁ%dc% A& I%QT but 7aAC-HA

(rbtobbiiEnsntdin) inihe’brestnce ph 3% Gelactage ancr8ag/nfh full length 7a in
the-PERIPRVS-RIRI Qs LoMl-DgRIRC IoPYIAPRSIde ReL Il';ta%%t% %tﬁlgﬁé" 2295,

were selected from yeast colonies giving a positive signal accor
the manufacturer's protocol. False positives were eliminated by

hsetransfarming 1be: FosiAH 10150k 425 ] S5 ain with PACT-CDNA is
Iibreﬁg %us bait plasmid. Also, the pACT-cDNA was transfected in yeast

stra 6§22 QHSEkT%}Faﬁ&‘&CMi%n?hFh@%ﬁW cibpes figamediate protein
peacitainecr sliNAS Bngofing ?@-d@t&ﬁ@@ﬁﬂ%ﬂ{&l%gm%@éterﬁsgfﬁet?%% gr‘r‘éle in the
. I ing B . Trapsient ex sign a estern Blotting
o A DR ra MRS o Vg ere creatd
(Feglls ). tRandieptepreisSigh studies; wuthldagih gt SGIswasHERM &recipitation

t S rapsfection, radig-immunagprecipitation

<02 (o 28 DL L R TUES R 1. s
SGdpataedby 15% b SamoBatifartidel gt Ble Clag b GTS 3a00 1-158) and flag-
S@?ﬂ@f?ﬁegiol [@tf?(;ﬁ\!gf!i%% r@.ﬁmb}@—@ﬁﬁ(ﬁg@[a ﬁz@ﬁ%@fﬁe%%é Orclatively

blocked in 25 blocking solution (3% nonfat dry mi ween

WRks 8ya dhsRilishidiivee Qbprepriaes pandaramEeduyForatdedst 24 did not

infiaAtHICWith 40ling: FOHPWIRG:CIAYSAR WARIIRE WL QR JVEBRY (2a 125
% in PBS, the membranes were incubated in the appropriate secondary _
I aﬁu‘B&e&_{}CﬁS AR foli éﬁh&eFﬁfﬁ?ﬁ%‘%&f?&&ﬁ&sﬁﬁg@wrﬁﬁiﬁﬁé@dﬂéﬁemteracﬂon

efﬁeimhgpéﬂm@hrmhmEﬁﬁ%ﬁé&hﬁﬂ@ﬂﬂ%@@%@éﬁﬁéﬂm@r{ﬁgﬁ@e %Q];t/hmotif, for
S Feran saine (P35) and selis were salubiised for 10
min at 40C in lysis buffer (ingredients).

Example 6 - Overexpression of 3b SARS coronavirus protein and apoptosis

The inventors examined the ability of SARS coronavirus 3b protein to induce
apoptosis when it is overexpressed in 293T cells. The 3b gene was obtained from isolate
SIN2774 and cloned into a pXJ3® vector as described in Tan et al., 2004b. As shown in
Figure 18A, the overexpression of SARS-CoV 3b protein induced apoptosis as evident by
an increase in caspase-3 protease activity (columns 7 to 9), which is comparable to that
caused by the over-expression of HA-BAX (column 3) or SARS-CoV 7a {columns 4 to
6). Cleavage of endogenous PARP to a 83 kDa cleaved form was also observed when
either HA-BAX, SARS-CoV 7a or SARS-CoV 3b was overexpressed (Figure 18B, 1st

panel}.

Example 7- Compaositions for treatment
The inhibitor compounds identified by the methods of the present invention, or the

apoptotic 7a polypeptide useful for the treatment or prevention of disease states may be
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Insoluble cell material was removed by centrifugation at 14000rpm for 10
min at 40C. 35 Typically, 200 pg of whole cell lysates were incubated with
mouse anti-flag beads or 49 rabbit anti-SGT antibody conjugated to
protein A-agarose beads for 16 hours at 40C with end-over-end mixing.
Following incubation, the beads were caliected and complexes were
washed three times with lysis buffer. The bound proteins were eluted by

ailing in S sample huffer and. Western Blotted as discussed .
ok SR UG Rl Kot A Grbahevnbr RSy pAaharmacetica
ce@PFbtal cellular RNA was extracted from Vero E6 cells using the

RNegsy ink Kit._ (O ccording to the manufactyrer's instructions, )
First-stra(t!r}éudp g%é%%ﬁ%&%p%ﬁd rég?n(ﬁhd) ﬁg?%llnﬁl\ﬁl?dﬁ‘ﬁ%flm)é’ provided herein,
SERGH DeefptrrdIaRe Ridves secTvat seribbabevkit The( follisogenre to be construed as

nrseauaRily @ kA iutign of IS firshsUand SPNA was used in.a PCR
reaction according to @tandard p otoco[&s. Tﬁg B?i%gr?/ ﬁﬁ‘%fé‘ﬁ‘ﬂae‘%‘e scope of the
PESHUEHCEBOARTEN §i®en monkey kidney epithelial SGT was determined

by automated sequencing and compared to the hSGT sequence (NCBI

accession ixaningl NRa P08 LD distigh Glely PhAdn e al DEISRGERIHRIN

amino acid sequence of nSGT was compared to hSGT and 1s
comPdiSeRS st g GENEDClddfopaspared to contain 1 mL sterile

bffsenatiouresdense: Jransieny tiansiestsd Marg.Ehqcells were grown
on c&ve.r}sli s and transfecteﬁdﬂas above. At about 16 h post-transfection,

the MSHER WASTEIRTVEE LAY tHE RTS8 TR 208K Ae8tRERDI20- 2001 sterile

RAfger'Ssnlinithe aalérsiipsfueidtifiRdauband campiaialy air-dried. Fixed
cells were incubated with the primary antibody combination of mouse

anti-HA and raphif anti-flag.at room t rature f hr. Mquse anti-HA
and rabbit anti-flag gﬁﬁ%?@ w%grg%&gg'gg gf%ml 4 fcfi?rllr (é?T%ﬂaﬁBIIowing
washirgygelistiversiindilbdtecitintheasec ondajaidedy 6erBRIPAIANY mixing

19f TGS @jug@ted oat anti-rabhi ng Rh-conjugated. 25 anti-mouse
afnt_i%od%c@a}t(_)roo%rlnpt(g%e rél(ﬁﬁrlemfgr(5 ?’h Bfggrf%l%&)@ﬂ)%ﬁeﬁw&%%ﬂﬁt% The
sqt@iiewningexiendive fltshiny, the coverslips were mounted on glass slides

and viewed. Results and Discussion SGT interacts with SARS-Co V 7ain

Vero EG cells 30 Co-IpminpRI e¢ 1atignsald diesnlicigiissed to confirm the
interaction between
A composition of an inhibitor compound in the form of a capsule may be prepared

by filling a standard two-piece hard gelatin capsule with 50 mg of the inhibitor
compound, in powdered form, 100 mg of lactose, 35 mg of talc and 10 mg of magnesium

stearate.

Example 7(d) - Compeosition For Inhalation Administration

For an aerosol container with a capacity of 20-30 ml: a mixture of 10 mg of a
inhibitor compound with 0.5-0.8% by weight of a lubricating agent, such as polysorbate
85 or oleic acid, is dispersed in a propellant, such as freon, and put mto an appropriate

aerosol container for either intranasal or oral inhalation administration.
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hSGT and 7a-HA in Vero E6 cells. Cells were co-transfected with
pXJ40-flaghSGT and pXJ40-7aHA, as described elsewhere. For 7a-HA
interaction with endogenous Vero E6 SGT, only pXJ40-7aHA was
transfected. Total protein extracts were immunoprecipitated with mouse
anti-flag beads or rabbit anti-hSGT antibady respectively and Western 35
Blotted. Western Blots were detected with rabbit anti-flag or rabbit anti-HA
(Fig 12B). 50 SARS-CoV 7a-HA coimmunoprecipitated with both
flag-hSGT (lane 1), as well as endk®fenensesSGT (lane 2) from Vero E6

c 7a-HA noL de hen.an ynrelated antibody. (lane 3) or .
lUnt%%(geﬁcfegv 2 ‘(?E’hf 'Afc){%vggﬁrewﬁgie?dgfgr‘ i%fﬁ%ﬁ Spfe igﬁaﬁ%iﬁen?dd- Coronavirus
Intere8tinglplémyediEri.bio) stralysisobtotal forotkisigifroth aellSARS drugs. 2003.

trangfeeted Wil R%d4Q $sHaghSGT and pXJ40-7a, it was noted that
flag-hSGT was degraded (Fi% 12C). This phenomenon was only

2 obsaahsgvidphamerrge Eraliiay Bsel wittnsis E6ddlevBimilatyes. 2000. The C-
flag @ Inwasitiegrrdachwhen Bax HA WARQYSIXREESRRH VA0S, o type T

cells. This degradation was blocked by the addition of the pancaspase
inhiBGF S AR RIADTS- RE k&t fcdlof Anlitel 3t peptide,

4zE#Hiek [Wata nanshawe)rdherlaiter Wdicated io tat m%?dcﬁq{ B9 assa virus
flag-SGT could b B %%t of aé)%sis ngﬁjmﬁl bé Bax-HA and_ 7a. To
RGP R T A TG AP Gt A BESY L toiFad Bican

5 geachimpRkéy SCHUMSGYY), fhbinventrs determpivagdateIiman/Doornum, B.G.
nuclegti eguence of m§GT using ¢DNA from Vero Ef cells. The
dedlf%qég%ﬁm%% %gend l(jédﬁceg wag ci{)ﬂ m pfélrréldAtIé‘is%%l@T zﬂ%an gié USTAfhaes. 2003.
(Thovapelsxtianch 9003 tatuteyiSublizediwitBENEROKatiMicHam2and
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inteFRBH Wit SOTs florenperirstiiatargtnisits. O BARSICovivates its caspase-

co-lpcalizes withHaaibSIGH Ihe suRseelianiocalzation of 7a-HA and

S.ﬂ ; -%%?Téngv%r%%? cells was studied. Vero E6 cells were transfected .
APty me’ﬁ)( ﬂé—'}’a‘[‘l AB@%&&@Q%&@‘HV@}“HS species tfropism: an
postifanisiestignocetisieredizrduil Reshanrhapdsianed:wityboltog 3.
DR R R aop ASS T ST e
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J. Khattra, J.K. Asano, S.A. Barber, S.Y. Chan, A. Cloutier, S.M. Coughlin, D.
Freeman, N. Gim, O.L. Griffith, S.R. Leach, M. Mayo, H. McDonald, S.B.
Montgomery, P.K. Pandoh, A.S. Petrescu, A.G. Robertson, J.E. Schein, A.
Siddiqui, D.E. Smailus, J.M. Stott, G.S. Yang, F. Plummer, A. Andonov, H. Artsob,
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7a-HA was found to co-localize with flagSGT in Vero E6 cells. Cziepluch
and co- workers (1998) also reported that untagged rat SGT was
detectable in cytoplasm and nucleus of FREJ4 cells. This co-localization
of flag-hSGT and 7a-HA indicates that 30 SARS-CoV 7a may interact
with SGT in Vero E6 cells. The C-termifal region (aa 62-95) of SARS-Co
V 7a is essential for interaction with hSGT The initial results using yeast

19/_\/%@@%1 agdimmuneprecigtation riments. indicated that the, 7a _
mutant pAS2-1-7aA96-122, % b o %ﬁ%ﬁﬁ a TSTAGLEE itF g% coronavirus
hSGFseapidehtifyrahe/le Gidrddl38teraction, a series of deletion mutants of

1klA-4pgaegist SARS-CaVajaerseonsimcied (g d%'éﬁéf Inferaction of ses. Adv.

flag-hSGT and 7a-HA deletion mutants was assayed using co-
immubapReiptitiohdf Vero E6 cells. Results showed that 7a-HA (aa

19-12and PRV 2ANHAH BRI G2 22hintsracted yith FQQS.S@thH%l of soluble ER
7aAC-HA (aa 1-61) did not (Fig 15B). Also, since pAS2-7aA96-122

inteRACIEHWitHY Faft Q&4 3 1hé& Y2 two hybrid screens, the region
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1-192), flag-SGTAC-3 (aa 1-158) and flag- SGTAC3-1 (aa 1-91)
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SIN2774 and cloned into a pXJ3' vector as described in Tan et al., 2004b.
As shown in 25 Figure 18A, the overexpression of SARS-CoV 3b protein
induced apoptosis as evident by an increase in caspase-3 protease
activity (columns 7 to 9), which is comparable to that caused by the
over-expression of HA-BAX (column 3) gy SARS-CoV 7a (columns 4 to
6). Cleavage of endogenous PARP to a 83 kDa cleaved form was also
observed when either HA-BAX, SARS-CoV 7a or SARS-CoV 3b was
oversxpreSeay Eigu , iéﬁ%@%&ﬁ%‘l&%&%p@@%ﬁm@mm@m caspase-
treatipendehe fnfitsitpr LonpoUTsisidestifias by dthe m?tTCdestﬁf ttheatment
r inyegtion, or the apoptatic 7a polypeptide useful for the tre ] .
Yot AR S T RO 5t e o ene in
is prb?@?&@l@ﬂmlm@mammBiﬁt&!@dzaﬁ:a@mmﬁ@eutlc?l comppdsn(ljon.
' performing the invention provide | ‘
e s o B e S aBAeB g 400
are tdbe construed as 5 merely illustrative examples of compositions and

30.0V§ﬁ@ﬂim&@@9'}vﬁf},th%§ﬂﬁ§§noéﬁ‘?l @‘59?%15\/ 0 Qﬂsi:nrg&'ln}ia%e}xof apoptosis or
Examﬁ{)Ie_ 7(a) - Composition For Parenteral Administration A composition

for iRtrAMOSRIF M BemsatastAdNoe Grlgaild tBH8hEiA 1 mL sterile
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o epie i 200 S Br Qe € ghath Kb oTHan s eBnfhe heat

is stdKlidedisnfileatiotsiExXEmple7(¢) € Capsile @QWQMO%&pS age utilized to

it iatale] d.in the form of.a.capsule may he _
e SO Sendeiin B - 15
of tﬁé?rﬂ%bﬁiaﬁ%@ﬁipound, in powdered form, 100 mg of lactose, 35 mg of
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Example 7(d) - Composition For Inhalation Administration For an aerosol
container with a capacity of 20-30 ml: a mixture of 10 mg of a inhibitor
compound with 0.5-0.8% by weight of a lubricating agent, such as
polysorbate 85 or oleic acid, is dispersed in a propellant, SL_Jch as freon,
and put into an appropriate 25 aerosol &@ntainer for either intranasal or
oral inhalation administration. 53 References 1. Anand, K., J. Ziebuhr, P.
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undarrogirbens GJtabB0R. Brmalliglertatiinefribh coattidtic opaptidel to the polypeptide;

andrepeat-containing protein (hSGT) interacts with the ubiquitin- dependent

endocytosis (UbE) motif of the grovvth hormone receptor. Biochem J. 1;
(b) detectinig the interaction between said candidate compound and the polypeptide.

7. The method of claim 6, wherein said interaction is detected by adding a labelled
substrate and measuring a change in the labelled substrate.

8. A method of identifying a compound that binds to the SARS coronavirus group-
specific polypeptide of claim 1 or 2 comprising the steps of:

(a) contacting the SARS coronavirus group-specific polypeptide with a candidate
compound; and

(b} assaying for the formation of a complex between the candidate compound and the
polypeptide.

9. The method of claim 8, wherein said assay is selected from the group consisting of
a competitive binding assay, a two-hybrid assay and an immunoprecipitation assay.

10. A method of screening for a compound that modulates the activity of the SARS
coronavirus group-specific polypeptide of claim I or 2 comprising the steps of:

(a) contacting the SARS coronavirus group-specific polypeptide with a candidate
compound under conditions suitable to enable interaction of the candidate compound to the
polypeptide; and

(b) assaying for activity of the polypeptide.



373 (Pt 3). 855-63. 20 34. Angeletti PC, Walker D, Panganiban AT. 2002.
Small glutamine-rich protein/viral protein Ubinding protein is a novel
cochaperone that affects heat shock protein 70 activity. Cell Stress
Chaperones. 7 (3). 258-268. 35. Wu SJ, Liu FH, Hu SM, Wang C. 2001.
Different combinations of the heat-shock cognate protein 70 (hsc70)
C-terminal functional groups are utili?8d to interact with 25 distinct
tetratricopeptide repeat-containing proteins. Biochem J.15; 359. (Pt 2).
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proteomd SR RS EBIEHATPILSER SUHPEIREBif fiothe thieatmispd ArpTRYENtion of

SABfoup@dineade aublat, BiolnadBdd OQptied; 40. Kuiken, T., R.A.

Foughi : n, G.P. Rimmelzwaan, G. van Amerongen, D. io van
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Chah) mactiggmthmsanptemiion cRd@aisalzadt. Drosten, S. van der Werf, N.

EscligetbtninMaRHQHRE ek i910Nrd2 ﬂ?ﬂésacﬁg%ghg)ﬁﬁfé%ﬁe%% of claim

03.,Newly discovered coronavirus as the primary'cause of 5
or Tl .
acute respiratory syndrome. Lancet. 362:
thereby determining whether the agent is suitable for use in the treatment of SARS

i

coronavirus.

15. Use of a therapeutically effective amount of the ligand of claim 4 or use of a
compound identified by the method of any one of claims 8 to 14 in the manufacture of a
medicament for the treatment or prevention of SARS coronavirus in a subject.

16. The use of claim 15, wherein said medicament is capable of inhibiting apoptosis
associated with the overexpression of the polypeptide of claim 1 or 2.

17. The use of claim 16, wherein said inhibition of apoptosis comprises inhibiting the
formation of a complex between the SARS coronavirus group-specific polypeptide of claim 1
or 2 and one or more SARS coronavirus group-specific polypeptides.

18. A method of diagnosing SARS coronavirus infection in a subject, the method
comprising the step of:

assaying for expression of the SARS coronavirus group-specific polypeptide of claim

1 or 2 in a biological sample obtained from a subject.



263-270. 15 41. Wang, H., Q. Zhang and D. Zhu. 2003. hSGT interacts
with the N-terminal region of myostatin. BBRC. 311. 877-883. 42. Shen,
S., Z.L. Wen, and D.X. Liu. 2003. Emergence of a coronavirus infectious
bronchitis virus mutant with a truncated 3b gene: functional
characterization of the 3b protein in pathogenesis and replication. Virol.
311: 16-27. 20 43. Ortego J, Sola |, #®#azan F, Ceriani JE, Riquelme C,
Balasch M, Plana J, Enjuanes L. 2003. Transmissible gastroenteritis
COroNAVHS, U8R 7, fl in vivo virus replicati
and {/%ulence Virol ’t;cc%g B%%W%Lﬁ%éﬁaﬁé%&%‘?’éﬁ”%|‘a"er{aﬂ RO |(E,Jlro(lz§:l¥lcai

sanypje Vit atté?ﬂs‘éﬁ@dllebraﬂ%ﬁﬂmb VRIBEES thArSOGH erescamreicte duwietiomific

poloheredp-specific genes provide protection against 25 feline infectious
peritonitis. J Virol. 78 (8): 3863-3871. 45. Callahan MA, Handley MA, Lee
YH, Talbot KJ, Harper JW, Panganiban AT. 1998. Functional interaction
of human immunodeficiency virus type 1 Vpu and Gag with a novel
member of the tetratricopeptide repeat protein family. J Virol. 72 (6): 5189-
5197. Erratum in: J Virol. 1998; 72 (10): 8461. 30 46. Blatch GL, Lassie M.
1999. Review: The tetratricopeptide repeat: a structural motif mediating
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interacts with



10 the nonstructural protein NS1 of parvovirus H-1. J Virol. 1998 May;
72(5):4149- 56. 58 Claims 1. An isolated expressed SARS coronavirus
group-specific polypeptide 7a, wherein said polypeptide induces apoptosis
in a cell infected by SARS-CoV. 2. The SARS coronavirus group-specific
polypeptide 7a of claim 1 comprising the amino acid sequence set forth in
SEQ ID NO: 2. 3. A vector comprisif¥a nucleic acid sequence encoding
the SARS coronavirus group-specific polypeptide of claim 1 or 2. 4. An

isolatgdyli ;Selegti | ; S.corenavirus, .
grog?rﬁsAggggrﬁ r?g}é/g% %%dg%%%%r%ﬁiégr@?%?%%%aﬁdp8}yé1§?%di? felaim T or
2 O\T/\ﬁw@@'ﬁqp ebstrimgAntessther Affotireroneaiosal fragment thereof. 6. A

metbodaf identfyirghacannotnshihakinieracss wWithdhe RARBRS coronavirus,

the SLRN \éi&%s iglré)up-specific polypeptide of claim | or 2, thg method
comprlsmgptrh“e §teps of: (a) contacting the SARS coronavirus

group)speleificpelypdpice witlpla cetaticthfercomigoubidcumdietieongditibnsclaim
4, :Mitable to permit interaction of the candidate compound to the

polypeptide; and (b) detecting the interaction between said candidate
com@aéﬁ%ﬁ themeispepttiBeiernd lsaigalbhenihte teneA&R seienavirus
poiperadtioihcisidateeted by adding a labelled substrate and measuring a

cha in the | bell%jg ubstrate..8. A method of identifying a compound
thatalg'n S10 Fﬁlaeméﬁ\ %c(g?fglﬁé@iggs‘g?gﬁﬁq %ﬁé?g%gbc Y BPasHA 9 cell
samgl@ comprising the steps of: (a) contacting the SARS coronavirus

groun-speGific ROMPSRIdS WithAiraRdigale, FaMReUAS: %?9 §R) agxga irus,
for the formation of a complex between the candidate compound and the
the Metd SEABTE¥he method of claim 8, wherein said assay is selected

frontaheogretpconsistigigaptathperopaiibeindiagi asspy: s MaQHavRIkic acid

and .an immunoprecipitation assay. 10. A method of screening for a
e TRt oUIATLE % 3ctity of the SARS

(b) detecting the presence or absence of hybridisation between the nucleic acid of
said biological sample and the nucleic acid sequence encoding the polypeptide of claim 1 or
2.

24. The in vitro method of claim 23, wherein the nucleic acid sequence corresponds
to SEQ ID NO: 1 or a region capable of selectively hybridising to the nucleic acid encoding
the SARS coronavirus group-specific polypeptide.

25. The in vitro method of claim 24, wherein the region corresponds to the
oligonucleotides selected from the group consisting of: SEQ ID NOS 3 to 16.

26. A vaccine, wherein said vaccine comprises the polypeptide of claim | or 2, or the
ligand of claim 4, together with a pharmaceutically acceptable carrier, adjuvant and/or
diluent.

27. The vaccine of claim 26, wherein said vaccine is formulated for administration
via an oral, inhalation or parenteral route.

28. Use of an immunologically effective amount of the polypeptide of claim 1 or 2, or
the vaccine of claim 26 in the manufacture of a medicament for inducing an immune
response in a subject against infection by a SARS coronavirus.

29. A use of a therapeutically effective amount of



coronavirus group-specific polypeptide of claim 1 or 2 comprising the
steps of: (a) contacting the SARS coronavirus group-specific polypeptide
with a candidate compound under conditions suitable to enable
interaction of the candidate compound to the polypeptide; and (b)
assaying for activity of the polypeptide. 59 11. The method of claim 10,
wherein said modulation comprise an®B8ibition of activity of the SARS
coronavirus group-specific polypeptide 12. The method of claim 11,

tijevm%ﬁmcﬁadﬂﬁﬂme lp{}]lé%gﬂ}ﬂg{l} %A§§& Corop E%FB] ent aﬁgpflcroph\!ams Of
{po lypeptide comprises inhibiting the formation of a complex etwéen the

infeehprd¥ GronBviniEgrsiiBsspecific polypeptide of claim I or 2 and one or
more SARS coronavirus group-specific polypeptides. 13. A method of
identifying an agent which is an inhibitor of infection by a SARS
coronavirus, the method comprising contacting a cell or cell extract with
one or more candidate agents, determining whether there is a decrease
in the activity of the SARS coronavirus group-specific polypeptide of claim
| or 2, and thereby determining whether the agent is an inhibitor of a
SARS coronavirus. 14. A method of identifying an agent suitable for use in
the treatment or prevention of SARS coronavirus in a subject, the method
comprising: (a) obtaining a biological sample from the subject, (b)
contacting the sample with a candidate agent, (c) determining whether
there is a decrease in the activity of the polypeptide of claim 1 or 2, and
thereby determining whether the agent is suitable for use in the treatment
of SARS coronavirus. 15. Use of a therapeutically effective amount of the
ligand of claim 4 or use of a compound identified by the method of any
one of claims 8 to 14 in the manufacture of a medicament for the _
treatment or prevention of SARS coronavirus in a subject. 16. The use of
claim 15, wherein said medicament is capable of inhibiting apoptosis
associated with the overexpression of the polypeptide of claim | or 2. 17.
The use of claim 16, wherein said inhibition of apoptosis comprises
inhibiting the



formation of a complex between the SARS coronavirus group-specific
polypeptide of claim | or 2 and one or more SARS coronavirus
group-specific polypeptides. 18. A method of diagnosing SARS
coronavirus infection in a subject, the method comprising the step of:
assaying for expression of the SARS coronavirus group-specific
polypeptide of claim | or 2 in a biological sample obtained from a subject.
59a 19. The method of claim 18, whBé&rein the assay comprises contacting
the biological sample with an antibody which selectively binds to the
SARS coronavirus grOlg)és{%eciﬁc polypeptide. 60 20. A kit comprisin

Y

the SARES 83%6h AR G ST BB PEPAIRIPGS 9 Gpeton by o

SARgandaidlaindnpogetisitiviiibnaodilipepioois casuetedl whl e wirerdagthisdn of

the E%E cer(%%giggc a?ﬁ'l?jgrcﬁ for infection by a SARS coronavirus, the method
0 pﬁsmg: (a%contacting a biological sample obtained from said subject

wittPihd igaxel of elaiih 34, shergh) tdibistiigotharppéeineenafriks lighihting the

forra@kBaTHel ¥ ReMBH HaRenINRRA ROIQRSVITHSS RANYBABHAE O AlaIEp H ObZelaim 1
22. The in vitro method of claim 21, wherejn the biological sample is a
or Zad i 8t ar é%%%@r%"}iﬂsiﬁf\’}i'ﬁ&%"é IR RIBE—EEning a subject for

infe&ﬁddsbysﬁ;aﬁﬂﬁﬁmﬁw&ii}a&ﬁf@mivd.hmmemﬁmq:ﬁm&ﬂsimgn@)r@gtamis;gaaﬁc
pobgir?é%kcﬁ% spmp'e gbtainad.rom said sy Qieacgﬂg )ﬁ&ﬂ% Ygleifaeanent and/or

oding the polypeptide of claim 1 or 2; and (b) detecting the presence
progjpyapdepiceefcrybridisation between the nucleic acid of said biological

sampleranddhemusieicracif-paddsnceanrod e/ oRbReANdEe RfRINLY 2
sall S me nvito method of claim 23 wherein e nucleic.agd oo of
sequence corres on%sspfglg’lg?fl R8P 256 B YEG6 gvafoa & DFEaREVER

the hybypepsutgotocthieriuel@ic acid encoding the SARS coronavirus
groyn: %@%8@%%?&:?@%%% of interaction with the SARS coronavirus groups-pecific
polypeptide of either claim 1 or claim 2.

35. The host protein of claim 34, wherein said protein comprises small glutamine-rich
tetratricopeptide (SGT) repeat-containing protein.

36. The host protein of claim 35, wherein said small glutamine-rich tetratricopeptide
(SGT) repeat-containing protein is degraded by the SARS coronavirus group-specific
polypeptide.

37. An agent for inhibiting apoptosis by SARS corona virus group-specific
polypeptide of either claim 1 or claim 2 comprising one or more proteins from the family of
Bel-2 related proteins.

38. The agent according to claim 37, wherein the one or more proteins are selected
from the group consisting of Bel-X1, BAD or combinations thereof.

39. Use of a therapeutically effective amount of the agent of either claim 37 or claim
38 in the manufacture of a medicament for the treatment and/or prophylaxis of infection by a
SARS coronavirus.

40. The use according to claim 39, wherein said treatment and/or prophylaxis of
infection by 2 SARS coronavirus comprises inhibition of apoptosis associated with the

overexpression of the polypeptide of either claim 1 or claim 2.



25. The in vitro method of claim 24, wherein the region corresponds to the
oligonucleotides selected from the group consisting of: SEQ ID NOS 3 to
16. 26. A vaccine, wherein said vaccine comprises the polypeptide of
claim 1 or 2, or the ligand of claim 4, together with a pharmaceutically
acceptable carrier, adjuvant and/or diluent. 27. The vaccine of claim 26,
wherein said vaccine is formulated fo¥@administration via an oral,
inhalation or parenteral route. 28. Use of an immunologically effective
amoynt ShINRDARRRNES O! GANh Ot M ARHIERT HURABI comprices
. the manufacture of a meédicament for inducing an. immune res ohse ih a
nhdiBfechs dermetinmretfcamie: Sptresr e saitisomoayiruseratmspecific polypeptide
of ¢hieapleuticaliycpifectivgl afear M@t 84 ShavaceRe abalRILAS NS eptides.
manufacture of a medicament for the treatment and/or prophylaxis o
infection by a SARS coronavirus. 61 30. The use of claim 29, wherein
said treatment and/or prophylaxis of infection by a SARS coronavirus
comprises inhibition of apoptosis associated with the overexpression of
the polypeptide of claim | or 2. 31. The use of claim 30, wherein inhibition
of apoptosis comprises inhibiting the formation of a complex between the
SARS coronavirus group-specific polypeptide of claim 1 or 2 and one or
more SARS coronavirus group-specific polypeptides. 32. Use of a
therapeutically effective amount of the SARS coronavirus group-specific
polypeptide of claim | or 2 in the manufacture of a medicament for the
treatment and/or prophylaxis of cancer. 33. The use of claim 32, wherein
said treatment and/or prophylaxis of infection by a SARS coronavirus
comprises promotion of apoptosis associated with the overexpression of
the polypeptide of claim 1 or 2. 34. A host protein capable of interaction
with the SARS coronavirus groups-pecific polypeptide of either claim 1 or
claim 2. 35. The host protein of claim 34, wherein said protein comprises
small glutamine-rich tetratricopeptide (SGT) repeat-containing protein.



36. The host protein of claim 35, wherein said small glutamine-rich

tetratricopeptide (SGT) repeat-containing protein is degraded by the

SARS coronavirus group-specific polypeptide. 37. An agent for inhibiting

apoptosis by SARS corona virus group-specific polypeptide of either

claim 1 or claim 2 comprising one or_ more proteins from the family of

Bcl-2 related proteins. 38. The agen@%lccording to claim 37, wherein the

one or more proteins are selected from the group consisting of Bel-XL,

BAD@.rﬁﬁpfm&%@%%e%&{%ﬁ%oMﬁ@v%@%&%@%ﬂe@m@HéﬁﬁE%ﬂ%b.

amount of the agent of either claim 37_or claim 38 in the manufacture of a

mecﬁéaﬁérﬁ#&ﬁgﬁ@?@&%ﬁ?%ﬁ?&Pl&ﬁo@?{yp&ygdsﬁ%f&&ﬂﬁl6;? SORige the
amtorendvignddasie fusk aclpdinGN: ¢léim 39, wherein said treatment

and/or pr I ' {0} RS coronayvirys camprises

nhition o aearit QIR WARR SIS SRR oy a sas
corpRiyisptide diaittecerpriner Claitat26a el 10 pelluseragicsriginepto or more
can@iaie 4QemdeseithihmiBhikitioe-ofeRoRIgSIg.cRARIIFEMINRIRIIAG tiShe SARS

formation of a complex gletwe n the SARS corgnavirus group specific . .
CO’%%ﬁi’/B%%ﬁaoé‘p&’fpSﬁqk%r%‘r PG QlaftA™S AdCOe R dibrang Apggby determining
whebroiendpestgreo pebihéoifict pdyBEptidesw@is42. Anisolated expressed

SARS %’MdrbksiEJBHQ;'%’%%%;R%M&%PJ'P??? ; 'iﬂ%eﬂpe%t%ﬁ% evention of

coronavirus group-specific'polypeptide 3b of claim 42 comprising the :
SABRMIRE BRTT S deHBE Bsaemndbad FPSEEIND NO: 18. 44. A method of

identifyip@iamagenishisar hibitersehiafection by a SARS

coron virt%sdtthetﬁnethoq corpprisin%cf(gntactipg a cell or cell extract with

one'6f More %gnaelcﬁaa?léjgéweln < Glrerinirh egﬁlwhether there is a decrease

in tHe)alstivityiroh ghehSAR Srecoron deiressg o tip: spedificop dly pehtidetidt cibnim
42 §2R5&'#@M 48, and thereby determining whether the agent is an inhibitor

of a SARS coronavirus. 45. A method of identifying an agent suitable for

use TRy Helstmbitcor Praveftfopsstt SARGRISBRavRUB heasatspest, th8ARS
corbaghiagl comprising: (a) obtaining a biological sample from the subject, (b)

Con%(.:@sg g}l?x #an cl,gt%é%@ %&&%%daa&%&g %?td compound identified by the method

of claim 42 or claim 43 in the manufacture of a medicament for the treatment or prevention

of SARS coronavirus in a subject.

47. The use of claim 46, wherein said medicament is capable of inhibiting cell death
associated with the overexpression of the polypeptide of claim 42 or claim 43.

48. The use of claim 47, wherein inhibition of cell death comprises inhibiting the
formation of a complex between the SARS coronavirus group-specific polypeptide of claim
42 or claim 43 and one or more polypeptides, such as SARS coronavirus group-specific

polypeptides.
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(c) determining whether there is a decrease in the activity of the
polypeptide of claim 42 or claim 43, and thereby determining whether the
agent is suitable for use in the treatment of SARS coronavirus. 46. Use of
a therapeutically effective amount of a compound identified by the method
of claim 42 or claim 43 in the manufactyte of a medicament for the
treatment or prevention of SARS coronavirus in a subject. 47. The use of
claim 46, wherein said medicament is capable of inhibiting cell death
associated with the overexpressigioftheLpsypeptide of claim 42 or claim
43. 48. The use of claim 47, wherein inhibition of cell death comprises
inhibiting the formation of a complex between the SARS coronavirus
“gritip-SpBcitic poRiveptideistcim 42 or claim 43 and one or more
polypéptides, such as SARS coronavirus group-specific polypeptides. 63
SEQUENCE LISTING <110> Exploit Technologies Pte Ltd 5 <120>
“Proteing Bhtbibd byt sV et At Fes piratsy SyRdroTe: (SARGyone  (SARS)
coronavirus:andra s0ke.din apeptosis <k39»£84414M 10 <160> 18 <170>

Patent:In version 3.2 <210> 1 15 <211> 369 <212> DNA <213>
SARS-CoV <400> 1 20 atgaaaatta ttctcttcct gacattgatt gtatttacat
<tHgrgdgatiatatcactat 60 caggagtgtg ttagaggtac gactgtacta ctaaaagaac
cttgcccatc aggaacatac 120 gagggcaatt caccatttca ccctcttgct gacaataaat
ttgcactaac ttgcactagc 180 acacactttg cttttgcttg tgctgacggt actegacata
<¢etatcadet gegtgcaaga 240 tcagtttcac caaaactttt catcagacaa gaggaggttc
aacaagagct ctactcgcca 300

<170> Patentln version 3.2

<210> 1

<211i> 369

<212> DNA

<213>» SARS-CoV

<400> 1

atgasasatta ttctcttcecct gacattgatt gtatttacat cttgcegaget atatcactat 60
caggagtgtg ttagaggtac gactgtacta ctaaaagaac cttgoccatc aggaacatac 120
gagggcaatt caccatttca cocctettget gacaataaat ttgcactaac ttgcactage 180
acacactttg cttttgettyg tgctgacggt actcgacata cctateaget gegtgeaaga 240
tcagtticac caaaactttt catcagacaa gaggaggttc aacaagagct ctactegcca 300
ctttttctea ttgttgeotac tetagtattt ttaatacttt gottcaccat taagagaaag 360
acagaatga 369
<210> 2

<Z211> 122

<Z12> PRT

<Z213> SARS-CoV

<400> 2
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25 ctttttctca ttgttgctac tctagtattt ttaatacttt gcttcaccat taagagaaag 360
acagaatga 369 <210> 2 30 <211> 122 <212> PRT <213> SARS-CoV
<400> 2 35 64 Met Lys lle lle Lou Phe Lou Thr Leu lle Val Phe Thr Ser
Cys Glu 151015 Leu Tyr His Tyr Gin Gin Cys Val Arg Gly Thr. Thr Val
Leu Leu Lys 20 25 30 5 Glu Pro Cys Pga Her Gly Thr Tyr Gin Gly Asn Der
Pro Phe His Pro 35 40 45 Leu Ala Asp Asn Lys Phe Ala Lou Thr Cys Thr
Ser Thr His Phe Ala 50 55 60 Phe Ala Cys Ala Asp G1y Thr Arg His Thr

"EYriGh Lou Arg AR ATP10%5 F0r 75°80 L Serdl Ber ProrL§s L 6uPhedle

1Arg Gin Gin Gin Yal Gin Gin Glu 85 90 95 Leu Tyr Ser Pro Lou;Phe Leu

.lle yal Ala Thr Leu Val Phe Lou lle 100 105 110 15 Leu Cys Phe Thr lle
Vs Arg'Ly's Thr Gl 118 196° $510574 J0' ¢4 B 5L PN 213>
SARS-CoV z400> 3 25 30

Glu Pro Cys Pro Ser Gly Thr Tyr Giu Gly Asn Ser Pro Phe His Pro
35 40 45
Leu Ala Asp Asn Lys Phe Ala Leu Thr Cys Thr Ser Thr His Phe Ala
50 55 &0
Phe Ala Cys Ala Asp Gly Thr Arg His Thr Tyr Gln Leu Arg Ala Arg
65 70 75 80
Ser Val Ser Fro Lys Leu Phe Ile Arg Gln Glu Glu Val Gln Gln Glu
85 90 95
Leu Tyr Ser Pro Leu Phe Leu Tle Val Ala Thr Leu Val Phe Leu Ile
100 105 116
Leu Cys Phe Thr Ile Lys Arg Lys Thr Glu

115 120

<210> 3
<211> 25
<z212> DNA

<213> SARS-CoV

<400> 3

cgggatccac catgggaatg aaaat

<Z10> 4
<zll> 21
<Z212> DNA

<213> SARS-CoV

<400> 4

ccgetegagt cattotgtetr ¢



25 cgggatccac catgggaatg aaaat 25 <210> 4 <211> 21 30 <212> DNA
<213> SARS-CoV <400> 4 ccgctcgagt cattctgtct t 21 35 65 <210>5
<211> 24 <212> DNA 5 <213> SARS-CoV <400> 5 cgggatccat
ggagctatat cact 24 10 <210>6 <211> 36 <212> DNA <213>
SARS-CoV 15 <400> 6 gtatttacat tgttgetgct acttcactat caggag 36 20
<210> 7 <211> 38 <212> DNA <213> SARS-CoV 25 <400> 7 cctgatagtg
aagtagcagc aacaatgtaa atacaatc 38 <210> 8
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<Z21i0>
<211i>
<212>

<213>

<400>

5

24

DNA

SARS-CoV

5

cgggatccat ggagctatat cact

<Z210>
<Z21i>
<212>

<Z213>

<400>

g

36

DNA

SARS-CoV

&

gtatttacat tgttgctget acttcactat caggag

<210>
<Z1il>
<212>

<213>

<400>

cctgataglty aagtagcage aacaatgtaa atacaatce

7

38

DNA

SARS~CoV

7

<210> 8§

<211> 28

<Z21Z> DNA
<Z213> SARS-CoV
<400> 8

ccygctogagt cattectgtet ctotecaat

24

36

38

28
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30 <211> 28 <212> DNA <213> SARS-CoV <400> 8 35 ccgctcgagt
cattctgtct ctctcaat 28 66 <210> 9 <211> 20 5 <212> DNA <213>
SARS-CoV <400> 9 ccgctcgaga attctgtctt 20 10 <210> 10 <211> 24
<212> DNA 15 <213> SARS-CoV <400> 10 ccgctcgagt cactcttgtt gaac
24 20 <210> 11 <211>22 <212> DNA;<213> SARS-CoV 25 <400> 11
ccgctcgaga aggtgaagca as 22 30 <210> 12 <211> 22 <212> DNA
<213> SARS-CoV

<Z10> 9
<211> 20
<212Z2> DHA

<213> SARS-CoV

<400> 9

cegectcgaga attcetgtott

<Z210> 10
<211> 24
<212> DNA

<213> SARS-CoV

<400> 10

ccgetagagt cactettgtt gaac

<210> 11
<211> 22
<212> DNA

<213>» SARS-CoV

<400> 11

ccgetogaga aggltgaagea aa

<21i0> 12
<21ll>» 22
<212> DHNA

<213> SARS-CoV

<400> 12

20

24

22



It

15

20

25

30

35

35 <400> 12 67 ccgctcgaga agcaaagtat to 22 <210> 13 5<211> 24
<212> DNA <213> SARS-CoV <400> 13 to ccgctcgagt caggtgaagc aaag
24 <210> 14 <211> 26 15<212> DNA <213> SARS-CoV <400> 14
ccgctcgagt cattttggtg aaactg 26 20 <210> 15 <211> 20 <212> DNA 25
<213> SARS-CoV <400> 15 ttgaactggggaaactgatc 20 30 <210> 16
<211>21 <212> DNA <213> SARS-CoV 35 68 <400> 16 tcaccagttc

aagaagagtt c 21

cegctcgaga agcazagtat ta 22

<210> 13
<z21li> 24
<212> DNA

<213> SARS-CoV

<400> 13

cegercgagt caggtgaage aaag 24
<210> 14

<211> 28

<Z12> DNA

<213> BSARS-CoV

<400> 14

cecgotogaght cattttggtg aaactyg 26
<210> 1%

<211> 20

<212> DNA

<Z213> SARS-CoV

<400> 15

ttgaactyggt gaaactgatc 20
<210> 16

<211> 21

<212> DNA

<213>» SARS-CoV



19

15

26

25

30

35

5<210> 17 <211> 465 <212> DNA <213> SARS-CoV 10 <400> 17
atgatqccaa ctactttgtc tgctggcaca cacataacta tggctactgt ataccatata 60
acagtgtcac agatacaatt gtcgttactg aaggtgacgg catttcaaca ccaaaactca 120
aagaagacta ccaaattggt ggttattctg aggataggca ctcaggtgtt aaagactatg 180
tcgttgtaca tggctatttc accgaagttt actaccaggt tgagtctaca caaattacta 240 15
cagacactgg tattgaaaat gctacattct tcatctttaa caagcttgtt aaagacccac 300
atgtgca aatacacaca atcgacggct cttcaggagt tgctaatcca gcaatggatc 360
caatttatga tgagccgacg acgactacta gcgtgccttt gtaagcacaa gaaagtgagt 420
taegaacttat gtacteatigcgtttcggaag aaacaggtac gttaa 465 20 <210> 18
<211> 154 <212> PRT <213> SARS-CoV 25 <400> 18 Met Met Pro Thr
Thr Leu Ser Ala Gly Thr. His lle Thr Met Ala Thr 1510 15 30 Val Tyr His
lle Thr Val Ser Gin lle Gin Leu Her Leu Leu Lys Val 20 25 30 Thr Ala Phe
<6ip-His &in Asn Her Lys Lys Thr Thr Lys Leu Val Val 35 40 45 lle Leu
Arg lle Gly Thr Gin Val Leu Lys Thr Met Her Leu Tyr Met 35 50 55 60 69
“Aldlle Set Pro Lys Phe Thr Thr Ser Leu Ser Leu His Lys Lea Leu 65 70

<7580 pua
<213> SARS-CoV
<400> 17
atgatgccaa ctactttgtc tgctggoaca cacataacta tggctactgt ataccatata
acagtgtcac agatacaatt gtcegttactg aaggtgacygyg catttcaaca c¢caaaactca
aagaagacta ccaaattggt ggttattctg aggataggca ctecaggtgtt asagactatg
tecgttgtaca tggotattte accgaagttlt actaccagcot tgagtctaca caaattacta
cagacactygg tattgaaasat gotacattct tcatctttaa caagcttgtt aaagacccac
Cgaatgtgeca aatacacaca atcgacgget cttcaggagt tgctaatcca graatggatc
caatttatga tgagcocgacy acgactacta gegtgecttt gtaagcacaa gaaagtgagt
acgaacttat gtactcattc gttteggaag aaacaggtac gttaa
<2i0> 18
<211> 154
<212> PRT
<213> SARS-CoV
<400> 18
Met Met Pro Thr Thr Leu Ser Ala Gly Thr His Ile Thr Met Ala Thr
1 5 190 15
Val Tyr His Ile Thr Val Ser Gln Ile Gln Leu Ser Leu Leu Lys Val
20 25 30
Thr Ala Phe Gln His GLln Asn Ser Lys Lys Thr Thr Lys Leu Val Val
35 40 45
Ile Leu Arg Tle Gly Thr Gln Val Leu Lys Thr Met Ser Leu Tyr Met
50 55 60

21

60
120
180
240
300
360
420

465



Gin Thr Lou Val Leu Lys Met Leu His Ser Ser Ser Leu Thr Ser Lou 85 90
95 5 Lou Lys Thr His Arg Met Cys Lys Tyr Thr Gin Ser Thr Ala Len Gin
100 105 110 Gin Leu Lea lle Gin Gin T_rp lle Gin Phe Met Met Ser Arg
Arg Arg 115 120 125 Lou Lou Ala Cys Lou Cys Lys His Lys Lys Val Ser
Thr Asn Len Cys 10 130 135 140 Thr K8 Ser Phe Arg Lys Lys Gin Val
Arg 145 150

Ala Ile Ser Pro Lys Phe Thr Thr Ser Leu Ser Leu His Lys Leu Leu
65 70 75 80

Gln Thr Leu Val Leu Lys Met Leu His Ser Ser Ser Leu Thr Ser Leu

Leu Lys Thr His Arg Met Cys Lys Tyr Thr Gln Ser Thr Ala Leu Gln
100 105 110
Glu Leu Leu Ile Gln Gln Trp Ile Gln Phe Met Met Ser Arg Arg Arg
115 120 125
Leu Leu Ala Cys Leu Cys Lys His Lys Lys Val Ser Thr Asn Leu Cys
130 i35 140
Thr His Ser Phe Arg Lys Lys Gln Val Arg

145 156



