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.coronavi ru

1 Proteins encoded by the Severe Acute Respiratory
Syndrone (SARS) coronavirus and a role in apoptosis
Technical Field The present invention relates to
expressed severe acute respiratory syndrone s (SARS)
coronavi rus group-specific pol ypeptides. The present
invention also relates to uses of these pol ypeptides,
in particular use for inducing apoptosis in cells,

di aProseing eheisdddtrcthe ' Sevars N eate thé;ﬁ?af@ﬂW@}rﬁdrome
and i nhi bi tqsmswm%é\hrﬁ%m d RPFIREM na?ﬁgpﬁfsg?' n

turn the virus itself, and e treatne

prophyl axi s of di sease caused by SARS infection.
Background of the InventigHNicAUERIgak of atypi cal
pneunoni a, severe acute respiratory syndrone (SARS) is

~thoudite pesbavivertionl Raites b r St debtan §evitdd GichlieOMdspieRory -syndrome

3§publlc of China in late 2002.. The nortality rate of

AR FoEmavisyy poppgedifiopplspeatidean The Rissont iveation gbg relates to
( r

vkds of ﬂ%@@ggl(y%g)tﬂl@s alg%)ragtgcg%z? d)%&‘ gglgﬁﬂhﬁlﬁg%poﬁomg in cells, diagnosing
fRARS | mf%qtllcm ofmd<o€tv;rﬁeslqgos°omlrmch1@t@s ant e ingribitrer yompounds of such

ﬁ)‘#@%b&?e'r §@'§§§ a'g@ ?rlb glﬂ%% enkJ tglxg o ylax13 of disease

g:ansmﬂ&;yl&%Rsaﬁedmml n Iength and contains 14 potenti al

open readi ng franes ORFs TE& ﬁ ﬁncode t he replicase

gene la/lb and the Packargipdofithglayentien spike (),

envel d._n a N) .
vl | oSy TR A B MaRL e SRR RN SpdRmegsars) is
tthoudhd tcaha'nmoowgnaisd ﬁvmt Guate-dapoPgiee] Republideit China in late 2002,

e BRYE e OB RIGES FSTS ot ARS By e ddehags 15% (1,
Ipéiihg’ 8a 1R S:cCorBiS aSAGedN ASARSHAVRYs (O6FF hﬁsdre@é{ﬂysbeeﬁ\ shown to

uesti on of |Qterest is the nature of the SAR
%altﬁﬂogé wédkech’s pesfelaicsrasothe rprpy owtiglagical rag@@,tt @fdSARS, including

%%kdoﬁleggﬁn&gg%ﬁ?}g(g)zdl rectly to the viral

pat hogenesi s 5 inhibition of apoptosis can
pr ev dihe SQGFMTEOMEVIdBG(SHRSf-COH}E gembecised3@ &blis length and contains 14

the s ljgate to igh titer or
BolBlhNpehigadiaé SRS (RRY. 1% csipds Biedaplionsf efd kp(1b and the 4
Fhractprat panéing (piket(cn l’bnf/&lblbth(ﬂ) mﬁﬁhlbﬁa’i;%E{M)tdﬁdtnuaIeoJ:%@ﬁt(N)) as well
SARS %gronaV|rus rou ecl fi pol ypeptide 7a o

BB DRSS VRaN iR ThisBEtherE Aae rt '8\ Rpas kit no daprologue in

TRk doRfavRAREETRE PRestit hRefidhl MBshatbLalat QP léa§t ?fﬁ'ee of these viral

under|yi ng mechani Sm for the pat hogenesis of

srreingdemadiasdei YnandTagarervepresestd in RSﬁethfmted cells.
Accor g ggtag:tl(?)naodf‘K gﬁ&gst Ieﬁ p[ﬁg tnagxl}e to? hE I tpa*h%ég&ts 1s°MInduction of

there rovi
apOptOSIS in 1nfected cells can contribute directly to the viral pathogenesis while

‘inhibition 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.
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expressed SARS coronavirus group-specific polypeptide
7a. The expressed SARS coronavirus group-specific

pol ypepti de may be encoded by the nucleic acid
sequence of SEQ ID NGO 1. The expressed SARS

coronavi rus group- specific poRypeptide may have the
am no acid sequence as set forth in SEQID NGO 2 or

the ami no acid sequenge as set_forth in SEQID NO 2
i ncl udi ng one or norg&HBHEEW¢§FL§é"V3HHﬂB aci d

subst j i T e Vi US. ] )
UL, R BOREESERY TR PO Al gyt o e
NQprésédsS AR S cotonavimisggowi-spakifigrpol wieptidea7a. The vi r al

rotej,n 7a i s capabl e of induci. opt.osi s, .and
Phis “hik St Se AR f P S s b o iy encoded by

- Tthe nvcledd aqdd %b(?leiﬁce-zﬂ SRy 1D NN d ke Cexipfesédds ARS Ndoforivirus group- -

conti_nuous cel i nes derived fromdifferent organs

| pegific qobmaptidgpay hayafhe grincsamid seareneq srsep et BEQ ID NO: 2 or
Vi g eglt | :
ttﬁ@ Eﬂﬁn&&g@@gﬁéﬂ& a8 sQYGLELFSE g]l)gTI(? %%ﬁ%& 6’?&9’? gonservative

e SARS coronavirus group-sp
f 4opigp aciiBubstitaimsof the invention. In a third aspect,

t he esent i nv ion_provides a reconbinant..host, cell.

copr 1 Rg et RS PRroBa s Py RO BIgess et ofth in SEQ 1D
CHOOD 4y hlsdl Rn@W O U viflestblelnC7a) Ol ARl ipfidtcinTa i@ @B cdpdblEof inducing
with the fjrst aspect. of the invention aor the vector

i #PORIOSISr Ahibis WeY Re prlievedewn Aaaise depadentpathway. The viral protein

| MBEY bOThdudR ih PurBrdoBME bP c@RRB6Ls cdlDghRIEF AR from different organs.
i nvention provides a reconbi nant host cell capable of

expr 85t prRyonh esigAR3he prasertvinyentiogripapidspe cietfoc comprising a nucleic
| de e fi - of th i ntion...\tn

SR1 DEREALE ekl OB TRARLLA! ok phOFS ol oidof e v

i sspécbEthelingahdnt hat sel ectively binds to the SARS

coronavi ru roup: speci fic pol ypeptide of the fjrst .
O NN R T KT R TS e p—
lthgapetlétByadie afcoditly RElySARST ca@iBAtust Hes§Pdpetifica polypeptide in
Ssi xth aspect, the present invention provides a netﬁogp )
gecordanne; Wigh tbe first aspesh whdhe Hention eF sha vedipn i aqeardance with the

BERAGR &?%Y{Hegﬁx{s%ﬁeﬂp-specifi c pol ypeptide of the

first aspect o e I nvention, the nethod conprising

t he dnegdouth aspeet) theqmessot inmentionerSARS cecombinantiwst cell capable of
- Ci ki tide with candi dat.e

CABBTRE SR SRR STl ot R RF or e s aspect of e

iimteatiant i on of the candi date conpound to the

pol ypeptide; and (b) detecting the interactiaon. between )

sai dq’égi‘n%&!aﬁ‘f@% élfﬁ?pé{?ﬁ@t amfnpﬁ% PROYIY et 138]@?ed_r}’|3ﬁ1§d it selectivly

det®RCld e SARSNEorbAtvERLE Cr wsﬂ@ﬁi&ﬁ&@@-ﬁéﬁﬁeaﬁdﬂﬁgﬁﬁt aspect of the

| abel | ed substrate and Tneasuring a change in_the

ligysafipados guamplgt e igolated kgand magy besgseantibodher fsagsecnp thereof

i nvent i on:nt oxd,46S | E I | nt i PRI

w1 0o RS (B Bre! ARG fofid B A B ddentitying a

cbmphend ifhat intaspecwitbfthe BARSho@anhawoms group-specific polypeptide of the

first aspect of the invention, 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.
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The protein may be small glutam ne-rich
tetratricopeptide (SGI) repeat-containing protein.
The interaction nmay conprise degradati on of the snal
glutam ne-rich tetratricopeptide . (SGT)
repeat - contai ning protein by tBe SARS coronavirus
gr oup- . specific polypeptide. In an eighth aspect,

t he esent nven i.des.an a t for. inhibj

ool by B! e s OR e i 5 Bpist papgbie ot dnteraction
paltl RIS AR cofoniifis iekdupt spasifie pblypbiicademn ﬁrs?&b{f@ét'oﬂ? kHdinvention.
one or nore_proteins fromthe fam of Bcl-2 rel ated

pr ot ellifsprotein may bg smapdetaminertich w&raiéwep%atldﬁﬁ@ﬂ repeat-containing
Blefil. NS TRRYirk& hsﬁlagc t:oré#ﬂseB/ﬁQ BatjdrC'5P! @t QRS glutamine-rich
thereof I'n a ninth aspect,

e praésent invention

.pﬁeb‘&ﬂn@e}sapadqe(ﬁﬁﬁd fepeaticoutainiemtpretein dwdfher SARS coronavirus group-

mﬁ%@%x g@@%%l infection by a SARS coronavirus,

Srern ifet hod conprises admnistering a
t her dﬁemtelgﬁh hsg)feeﬂ‘, hﬁﬁ:qiréseﬁt Aventivn ﬁrbﬁid&gﬁﬂ&geﬁf fdrgﬁnbltmg apoptosis
ei ght ct of the 15 inventi I ment
e Mo S SO ﬁmpasgseg pelvispUigs bS] MY bbb the agen
chom[ﬁl%ﬁ%t&x%'o‘i nﬁﬁ@we@sseﬁoﬁm@fahﬁ@ PRI-O6 B0 RA Dh&Bind ]
the SARS coronavirus group-specific polypeptide of
t he flnrene empediment théong mrempreoprotaihe mayhcqmruagntleL, BAD or
qgg@hg&ki HRY, OQe achi eved by inhibiting the formation

a compl ex Bt ween the SARS coronavir us group 20
speciiacnipthl aspeqgot thel @r&sénﬁlhaerﬁﬂonsjﬁ'oxad@ea: methiodtfvethe treatment and/or

I nv 3%19§F9 pg}f%glgngl@y Ei%éy tljﬁlgsglswhggljgle SE(I)I em(e):trhod comprises
@fdﬂﬁﬂmﬁaﬂﬁglaf {HerpeltaRPldfdesve aﬁhﬁntiﬁ@%g@ﬁr SN dibisth aspect of the
gr oup-speci fi c pol ypeptide may be SARS coronavirus

gRBeipionspeci fi ¢ pol ypeptide 3a. According to a tenth
aspe EIH i i i T

met had o HBEREEREThe kURH LTne Whfh bt BhAYLAL refiohibition of
SRBiogisr asseoidted sviyr the povepexpidssion pd] the @%st eonfnavipiee group-specific

I orl egflénﬁ g)‘tgit € ‘fi§i cg gntgg NEY%’ 1'8$gu B@&blﬁ?% oi' aE)oBtoms may be

pmhl)epecpby imibitinhihe foantiodafe coamplgobstasenahd SARS coronavirus group-
assa i for.the fo tion of conpl ex b ween t he
BTG 2OLPERHsoR o diel TRECt o &ﬁd}"{ﬁﬁ'é‘ﬁtlua& OngHE e Rolypeptides.

fHe éteof %P@bbl??eﬁi’iﬁe@nﬁ?% S X REBYorbSaveRb %&Sﬂsﬁe&ﬁi@ polypeptides.
t he group consis a conpetitive bindin say,
hemgAWbmranw@awramsmﬁlﬁqmgmm@@u way diei 8 sg@rynawrus group
el eventh aspect of the present
iﬁ%gﬁgkgﬁpaﬁﬁ%?g is provided a nethod of screening for
a conmanting et tenthdaspedt e thd]preafmt imientiogftherhas HdREled a method of

et p BB PHE S e BAFET Sol PRI SRl bt gtypeptde of

abfine hiped, ﬂieen@&mmq;rrgmg/ﬂle spgbRUpP- speci fic

pol ypepti de a candi dat e
(a) ~ contacting t e 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 an eleventh 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 of the first aspect, the method comprising the steps of:
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conmpound under conditions suitable to enable

interaction of the candidate conpound to the

pol ypepti de; and (b) assaying for activity of the

pol ypeptide. ..5 Assaying for activity of the SARS

coronavirus group-specific pol ypeptide may conprise

adding a | abell ed substrate and neasuring a change in
e. The nodul ati.gn of act.ivit)

t | abel |.ed sulstrat . .
re@? SRGSE (B8 STARS ignaviivy B Libowed S RRIYRRPHJE gyt e candidate

SAftpouse i@ \doh#itiofl§ MRLRPRChbIE iRRFXBSPbE 8R: cahBidefR&ompound to
enbodi nent, the nethod of the sixth, tenth or el eventh

abpeebygertidgi®idves 10 i dentifyi ng conpounds which

o < SRR R b PP Bt her emboai ment

.t he. chsspungder iadivityi bf ¢tk SARSC canodavime . graig-bpavifichpalypéptide may .

the sixth,. ten r, el.event h.aspects, decrease e
Sl b T Sy SR R A B e PR TBe dgbetpd substrate
t e mddelatior0of Bytivitihdy bé Bg atregulf OF aRinhitied of a&BHY #the SARS
bet ween t he SARS coragnavirus group-specific

poryHept gouprreaiiac pelyrertidepect and one or 15 nore

pol y paRddedgsboditleht. A% BARSd TR M, %@ntﬁr&%ﬂé\%ﬁﬁfzgge&s, involves
pol ypeptides. For exanple, interaction wth the SARS
ciéeHsnisr esnngrnds whidc d¢dreasp shy sepeisien 86 theApolypditivig of the first
t t f. spe he .present..invention, .there.is

o£3phe LRl bR T pRoenlr ToRIREY, kBBl o focordance
i waith ndthed of thenbime,i tenthbyr aleGARS agucanaviretsts thb@xpression of the
met hod .. coppri sing contactjng a cel] or cell extract
LPeBdS eﬁ'ﬁﬁaﬁg BFdid @%l%g%tmns‘?y BhodineethfifRipagion of a complex
VIRl G the BAIRE EdtofaviiRS 'R@Respebifit BRlypebtidd $Mthe firdthRpect and one or
SARS coronavi rus_group- specific polypeptide of the
finprgpolipspliides, weh as § reRayvEEHETUPgPeshiee paypentides. For example,

- i

AR v thd SRS doRinalin S ERIRB D HZe 29
i nventdcording foer tevel fth mapeticf itk [@esvat Inwehtionf thierkeis tordwdadg method of
a Nt suitabl.e.for use in the treatne r .
IHerBETy of 4o dafis R 3m R aaRIoR Py SABPsgronsayifys, the method
reilpeidingoopithcingga (@) opbéeli Rikfget awhh Obgiog anofd tRhdidate agents,
fromthe subject, (b)_contacting the sanple with a

HEmEaRS W, there3s 4idecEsass i His acHEn&f the,BARS; corepavirus group-

A6k A8 PBlypEhtideraRs iydtlapt, dnlanedy BaBklidR sl hethd}She agent is an
first aspect, and 30 thereby determ ni ng whether the

- defehiton of asiAR B perOntGrususe in the treatnment of SARS

i L | i , . t. .
o OO PR B TF Db, TN e s me
ad exdestifipnige hn deene asitaltld doe xpe aasihentredtmichie or prevention of SARS

pol ypepti.de of. the first aspect of the invention. In
IR R SPisEn e mABOL i dentified in
accornganestaMihda bitdogdénl RBhpledroat theRebjevel fth or
thirteenth aspects, decreases the expression of the

- pol y§Bht icartaging the sample with a candidate agent,

(¢c) determining whether there is a decrease in the activity of the polypeptide of
the first aspect, and
thereby determining whether the agent is suitable for use in the treatment of SARS
coronavirus.
In one embodiment, the method of the twelfth or thirteenth aspects, involves
identifying agents which decrease the expression of the polypeptide of the first aspect of
the invention. In another embodiment, the compounds identified in accordance with the

method of the twelfth or thirteenth aspects, decreases the expression of the polypeptide of
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5 the first aspect of the invention by inhibiting the
formati on of a conplex between the SARS coronavirus
group-speci fic polypeptide of the first aspect and one
or nore polypeptides, such as SARS coronavirus
group-specific pol ypeptides. F6r exanple, interaction
wth the SARS coronavi rus group-specific polypeptide 3
eent h .aspect the Esent i nyentio

ol .
3#%@?%@?1)%* Syrvegtion pEAliRiing h FRHen iy acpPplex between the

W@%ﬂr&ﬂh&lmﬂ gogiceic p b@?eﬂ?ﬂ%h&d tﬁéorﬁ?é’t' $4pB& and one or more
admnistering to the subjecC therapeutlcally

arolaeptides, & rﬂs 2ARSheornayame wpup-ReeciiiG malyasplides. Her example,

DRI I RARS offhelel R IR My pragse ©f The

Nl nvednla)fnurlbenﬂanaspn@ ﬁtﬁbpnbsm&rmvemlbﬁ previded aomethhé for treating or

irteen i.nvol ves.the jnhihition of.
SoBEE SAEE BEPLpuR i i isd shE Pt niising adppisterng to the
mabyaapﬂneﬁ@emicanp effetth@l andsipeof theflighh® of the \fEH dls@Bct ok compound
odi nent, the inhibjtion of_ apagptosis
@&Yg@ eimethed of Ay ongefths pixth apd Eﬁmﬂhtccﬁ%w@i&l aspects of the
Qﬁ&%ﬁgﬂ t he SARS coronavirus group-specific
pol ypeptide of the first aspect and one or nore
pol ypepn debodinanh the n8HRE efchodavicenth gpe prspesithé mhibition of
éﬁ&@géﬁé r&g%g@?eﬁaxgltf%utg)% re%?mg 0 pgeiaé:/c%%egm tog g{ehf?rst aspect of the
Ancation.ng dnotleer fenfhivdmindnn, ths patdbitioh dfhw@opiosis dfitichieved by inhibiting

ntion, fhere is provided thod of di aghosji ng
BT riGhata Fusplen Petacnis HAR5S SOEPEEIUS $IREP- S polypeptide of
G Rt §$p’éﬁt iEoisd @1%01’601501 {iads, @5@1@&5"‘8&&8@:0%1&'\/% &@hp-specific
sanple ron1the subj ect’ and (b) ass g
aelypertidesn For exephpRtergetingavyityughe r%ﬁ% smr@nem@s group-specific
@B%% Rkkﬁﬁ of the first aspect. Assaying for the

sion of the SARS coronavirus group-specific
pol ypeptiddes tormfifteaptipaipset afddt pretdnt gntehaoxmtbéregs p@kided a method

PR WiBpyhe Saked SR, SR8 R S bl 16, el o otsind the steps

détected The conpound capabl e of selectively

cting wth the pol ypepti de nay be an anti body or
K? ag RBininge Piotqeien) Suple EoRREC SEYIBHAFHT Us

@5)0UBssapiasithi SxR@siReTthd SARRCGPEHivHs bRuP-sPheikE gﬂltygeptide of the

aspect of the present invention, there is provid

"“ﬁﬂﬂaﬂﬁﬁhpr|3|ng t he SARS coronaV|rus group-specific

pol y f f L enti

PoL RSB b 0L IREEAS 3P AL g

dialyuwmpnsé\lcbauantaug thel biglogical mrqﬂﬁhvmhom pomp(mﬂdl ctapﬁlﬁy of interacting
r. fi.7agnment ther the fift

2Bt Pofimun B et pregiRaRcHay B OF elipisd Sphpad capable of

sélbdthenyin@tadting G he fpb%@}fﬂfde MK aktBbdPer deedehtQhicreof to the

carrying out the nmethqds of the sixth and tenth to

; @1virus group-specific polypeptide.

According to a sixteenth aspect of the present invention, there is provided a kit
comprising the SARS coronavirus group-specific polypeptide of the first aspect of the
invention, together with a pharmaceutically acceptable carrier or diluent. Alternatively,
or in addition, the kit may contain a ligand or fragment thereof of the fifth aspect, wherein
the ligand may be in the form of an antibody or fragment thereof.

The kit may be used for carrying out the methods of the sixth and tenth to fifteenth

aspects above, or the methods of seventeenth to eighteenth aspects set out below.,
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aspects above, or the nethods of seventeenth to

ei ght eenth aspects set out below. 6 According to a
sevent eenth aspect of the present invention, there is
provided a nethod for screening a subject for
infection by a SARS coronaviru$, the nethod
conprising: (a) obtaining a biological sanple from

said subject; (b) contacting said sanple.with the . )

I gad‘gc%’JF‘ﬁ’_Fg &9 e SRR PP Of e PrER HYpRiGD, thegpds provided a
(1dth8@tBE lsbRBnihBea RUBRENGS Bffedtiof b 3ARATEE! @6ddaVRly the method
bound to the SARS coronavirus pol ypeptide of the

fqomﬁsglgpe_ct. The sanple within which the nethod of
scr eet@r n%b@niggﬁ%?‘gg@ al@@z%gf%q‘roq? géig%@aﬁl 0 nucleic

acid cel ccordi ng teenth aspect

- of .t He) proestnting swid sdnin withthe Gigarsl qr agnoked tlereaf®f tiwdfifth aspect,

for screeni,ng a subject for infection by a SARS
coronavi 1§, the method conprising: 15 (a) obtaining

a bi qbpgid“eeﬂctiﬁgnﬂnbeplfeﬁafébsaf dhé Ubdmat sclediveBOHoakd i tad the SARS
sai d biologica] sanple fromsaid subject with the

nucl ei ¢ FeTWavispcRplyRegtidnel the fysiapraclie as defined in

accor d@‘}fé%afﬂbfehwitt & WHidiSth Lof scRBfin pé}ﬁﬁﬁ@& . gbe a plasma,

¢ hﬁi
the presence or alﬂsence of ybri cfi sat | o% %etvveen t
muelesd arid opeslldamiplesai d bi ol ogi cal sanple and the

nucl ei ¢, acid sequen of, the figst 20 aspect.. In.the .
ot hoa 25¢0S BT hBelbf Bena At Rl lghlSs provided o
aegthehder corcesiagondabjcer for ndgition By 4 ISARBIGhEInaviews, dthe method

sequence which is capable of selectively hybridising
t8 M8nyucl ei ¢ acid encoding the SARS coronavi rus

gr oup- §RECi T ioktapRfhy RERId S 9&%@%&& £ sujsqpect . The
region may correspond to SEQ ID NO 1 or_a@gprtlpn o
t her eof(bFor  icpsteemesaidigologicgbranmle Goindaid sbjestwith the nucleic acid

act o Theni B2 BbcRRS i AR oL B st spes

t hrough techmahdues that are standard and routine

and. noiCher ndeRyH (AT R St EARoR BHbERh fhe nuctei

(PCR). 30 AcaeaddifRgiditioldgiRblnignidt depreleicicid BRuence of the first
invention, there is provided a vaccine, wherein said

vacci ne corrp!ai"R?é% a pol ypeptide as defined in
accongdancRetloli Rrtiieeikhtesith aspect, the nucleic acid sequence corresponds to a

region of the nucleic acid sequence which is capable of selectively hybridising to the -
nucleic acid encoding the SARS coronavirus group-specific polypeptide of the first
aspect. The region may 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 northem
hybridisation, polymerase chain reaction (PCR).

According to a nineteenth aspect of the invention, there is provided a vaccine,
wherein said vaccine comprises a polypeptide as defined in accordance with the first
aspect of the invention, or a ligand as defined in accordance with the fifth aspect of the
invention, 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.
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'aspect of the invention, or a ligand as defined in

accordance with the fifth aspect of the invention,

together with a pharmaceutically acceptable carrier,

adj uvant and/or diluent. Typically, the vaccine is

formul ated for adm nistration Via an oral, inhalation

or 35 parenteral route. Mire typically, the route of
admnistration is parenteral . 7 Accordi to a .
 wentPEPRIAE K8 8 WERIGH apest oh oo RV eRting, dre Tpiaidgd h method for
nadRosk &R imnuheuetpifis@ih aNBRRt heSRANSECtibn dySHIFATES coronavirus,
agai nst infection by a_SARS coronavirus, . conprising
SemmishEsdnHgistesng &9 spid aetteipigtan mpminaleienlly fitkegtiyy amount of the
Pol Fehlitea AN i hech RFinc KREPHLS G HhE ARMntidh, or a ligand as

acc ance wt Irst aspect o e I nventlon,

... adeflingd il agpordaded witbcthe fiflicaspedarfdbe wivtehtiotherfa Yadeine as defined in

f_. i_nvent i on r vacci.ne as defined in
220G oDl el Moselor B RERUES OF e
I nvemdoordindaco kwiéritg fik agpdewenthe ihidmion PR padvidldiea method for
HBvention, there is rov%ged a.method for the . _ .
tthe et awgf/oarprap § £kifesfion byee (3RS 1spropagiapes wherein said
GREARA \CbipRises iiBhiRistering! £ thdBiel Ok SOBMEFE Smount of the vaccine as
adm ni stering a therapéutically effective anount of
tdeéingipicaerdarcetithiée ininsteenth aspecs otithedevention t he

TheCiE AL toBpRfihe He bBol 3 BN @By A ARECARATEIER omibition of

the ne irst aspec Ves
iaphptiosis iassociafed wajtlo fiteosieexpassion af dd palypeptitie of the first aspect of the

over expressi on of .t he pol ypept.jde of. the first aspect ... ..
dpvqnﬁgg .. ﬁn%ﬁﬁr gmboaw}%ﬁp%ﬁ éﬁhlbmacﬂf rﬂ?ﬂ?t,omf H\_‘é afzhleye% by inhibiting
ith fdinkitieNoPA caipiRk BStwch $heASARS\BEbRYirkFoRb-Ehdrsiic pd19peptide of
formati on of a conplex between the SARS coronavirus
ghe dipet sseest and ope oy e inabypsptides, surk 4si other SARE qorenqyirus group-
. i .: . t . - .
BT B B g B B aR o ronayin prgup-spesifc
ipelypepiedd m wi th the SARS coronavirus group-specific

pol ypept. i a ccording to nt econd aspect. .0

e, PROBR I pRERL STl btk R I eRBE” Ben ROREV 1084 a methos
ttoeaheretndatrnad/ and/pr qpoptydasiis off camReefwhendter@id mahodd comprises
gﬁmt ho{sdtleﬁlggn‘grﬁml S%feug%a?][yaﬁggggml o ergl:n'g%)g&m; g ]E(gpc?)ggnlagg’lusl group-speciﬁc

PoBpeptiRastithd first Rpkpept i de of the first aspect. In
one enbodi nent, in accordance with the nethod of the

t went® oseeBberipspeit accordance widh theapethad af be twenty second aspect, the
ST, B0 6 MophVIRE b et By 0 SR S S B pgromotion of
epeptenpreesingd with theevpokprepon o thef pdiypfide st thesfistcaspect of the
q&m;ggn 25 invention. According to a twenty third

ésp ?™of the invention, there is provi ded an isol at ed

expr exseding s esen thiitd bispeal OUdeSREGILHCthR) ¥ RRBYIHEE an isolated
3b. The expressed.SARS coronavirusﬂ%rou -specific

ﬁzsn’fwégts' SHORARIUH SrOMRTHERHC BYlyPeRierbe| ei ¢ aci d |
Sequane 8xSbsser QARR Mbnalfrus FRRPp&YBLES 368 paR 3b may be encoded by

coronavi rus group-
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-fourth 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 coronavirus group-
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30 specific pol ypeptide 3b nmay have the am no acid
sequence as set forth in SEQ ID NO 18 including one
or nore conservative am no acid substitutions.
According to a twenty-fourth aspect of the present
invention, there is provided a8 nmethod of identifying
an agent which is an inhibitor of infection by a SARS

BRI baiitRpad OF Rt AR Bl dnfl BeREY bt guheter te

cdept iITan inh@bir o RARN&endverug decrease in the

activity aof the SARS onavi rus._ group 8 specific . )
pol y;é?ftof@%g & a W@nmﬁﬁfl yASPHT of the prssent ianentione tgsg is provided a
ARE@bAR ARG, B hodi? SuitdBE Rir st it fﬂ%ﬂfﬂ%ﬁtoér ﬁ%\éﬁ%lttion of SARS

SARS coronavirus. According to a twenty- th as

-.oforenEirpy weesubjech Wwmetbad cothprising's. provi ded a et hod

of i t 'Jgﬂlﬁggg%mq(?ﬁg%l s%#{bltgz%%? tlfe%{lg;;égte in the

treatnent or preven coronavirus in a
subj €b} , coheacties the daraplepvittsd cgdidate)ageft, ai ni ng a

bi ol ogi c sanmpl e fromthe subject, .(h) caontacting .
the SEhp e bR ﬁ&feelsaagéwas? &) Hsararin ﬁ?mf polypeptide of
whet her tm@fv@n{ysth@dcagﬁé@,%g in the activity of the

pol ypepti de of " the twenty-third aspect, and io

ttheekyWewaniaing mhadentea naent tis suiigdafor ysein dhmireatmsnt of SARS
USfordalirhd1e treatment of SARS coronavirus. In a

twenty-sixth aspect, the present invention provides a

met hdd o orenty-gathi apedy thepprevantinvegtiGARD vidasom aeilradsfoir freating or

a._subj.ect,, e nethod.co i Si adm nistering to the .

TR RS SRS BB aRE af A RbiEhafe FMaltGhtonsiit ddnihiifering to the
mﬁﬁﬁw?lefa@?ﬁidaﬂy %ﬁ"e&?ﬁreta{cﬂﬁ%dtﬁﬁbhﬁ’ dorﬁ?odrﬂ?d?rﬂhtﬁied by the method of the
twenty-four or nty-fi aspects o e

i WFRRTioBHh of Weaweﬁﬁﬁ_ﬁwmwe inketi®et hod of the

t wentpy oié &hBoAHRAC the MUBLY SPth%%eﬁthhRﬁ Eéﬂ%?t iR olvEEthk inhibition of
deat h associated with the overexpression of the

poll b rbsgeiated witetheweateyprekiioniotitbp polypemidetdfehe twenty-third aspect
i pv.ent.] - I npa r [ . .inhi:bj t.i on .of. .
IR ihion. S ARG, AIOARCAE e stiGabR Ui 0ol ls gonicved by
anlabitinl ethe Hotmion éhe GARGex betwreal ithel SARD dpronpeeis poup-specific

Zol?g)} %%%{’eﬁﬁéb?eﬁgﬁe&t}t’- 5 t\é\slg)gg s Icnrl%d 8?8 egitﬂq?]&)depgggs, %{wh as SARS
gbRnavisRagbip-Spce iReRidptes. Definitions The term
"nucleic acid” refers to a deoxyribonucl eoti de or

“ribonucl eotide polynmer 25 in either single- or

doubl e-stranded form and unless otherwise limted,
enconpasses known anal ogudefsfitions ural nucl eot i des

t hat ridjze to nucleic acids in a manner simlar |
t o nBGAER YRSl R AT Cf adkopeRbomd SR Ebes Alcptide polymer
G leitherPghylReBF iddableHBandedd fRRY, YARB MunlRd i wNe BRHBE encompasses

~acids

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
linked together by peptide bonds.

The term "isolated” means that the material in question has been removed from its

host, and associated impuritics reduced or eliminated. Essentially, it means an object

~ species is the predominant species present (ie., on a molar basis it is more abundant than

any other individual species in the composition), and preferably a substantially purified

fraction is a composition wherein the object species comprises at least about 30 percent
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i nked together by peptide bonds. 30 The term
"isol ated” neans that the material in question has
been renoved fromits host, and associated inpurities
reduced or elimnated. Essentially, it means an object
species is the predom nant spe@i es present (ie., on a
nmol ar basis it is nore abundant than any other
i ndi vi du species in the conposition), and preferably

al o8 #yB ¢ ahbes, |°§ ﬁa?a}ch% Y FREAETPIETE BSRIBLY-13 Sadlialy pure
Wasigdistlioh NGl BbBfliseS RIBE BRnCARRE 8668 90 peRRST oRBAUadBmolecular
percent 9 (on a nolar basis) of all macronol ecul ar
sipeeipe propedsiarihe copmesitibn.y Mest pueforahly, ite¢ phieplusnecies is purified to
C QRBF 0 0

QUBeS Lbrﬁf}%e}?q t&rég nﬁﬁ‘t {ﬂ%rg%s cgﬁﬂ)t% éljétec%)d En Iﬂ?e f,%nelposmon by

per cent ECU Specl es presen

: C@]mpemiotlalodateoﬁbﬁtm@]n(&i‘s}awahlem the Inempbw'e(‘m copitd essentimlly of a single

purifiep essential honobgeneity (contam nant
S%@%?%@‘%gﬁﬁ%Fmﬁé detected in the conposition by

conventAppal Hiedie G‘Edqﬁ@ndéﬁﬂ&ﬁﬂf ) refiS @ kit deBiglues in two sequences that
conposition _consjsts essentially of a single

e thsreiree whsp aligaed &y mawmyse gomespandenee ey eiom shecified window of

| detiatiboh by ﬁ'fe\%gsgof &?ntqﬁﬁe Oﬁ'?%xqﬂlgqmb@n 1%@%‘“@51‘?%2(}%@3&0“&6(1 in

are the sane Maxi muim cor r espon
othe rGGG gpegiaf packagn dhwgmﬁn Mamtp]aforsthn WyscoesimPagkage, Version 8§,

IR Blpef LSRRI OBub D 7 SRR o lisarn igsgsin, USA

fER710h@N ééﬂ&ﬁmﬂﬁ SIB Rad Wﬁi@@ch MeiDs) @07@, Jobuglst MbRRBIar Biology, 48,
S@@'%ﬁ s Conmputer Goup, 575 Sci ence Drive, Madison,
USA 53711) (Needl eman, S.B. and Winsch,

C. D aT}{el%Qj) colﬁé‘trvﬁﬁqre AP LU @stiBIRNOIY wdd herein refers to a
443-453). The term "conservative am no acid

subsimian opmeplacemest @f heneetminoeteid for gngther Bmino acid with similar

de'g}?%ﬁés%ftﬁﬂ 01511%?) 18(? phdlt ﬁ%ﬁ%@g@ﬁ'&??f gg)k'&eltnﬂr For example the

[:Hubgtﬂmmn dE thxh ehargddd Emnrm)r ycid @mennﬁﬁamﬁ (&lpr ﬁireﬂhla)sxmﬁmﬂy charged
th f th h ed
TR sipire 28 Thom S L poretaieyF S dod agiin

aci d Thepait "?ﬁltl@@ﬂfd I‘l@iﬁﬂ)&l’l‘ﬂﬁkﬁlﬂlogﬁbﬁhl@ ﬁﬁﬁ&ihlb@d‘tﬂé/ & Bl @ a specific
acid substitution, The term "anti bhody an

i SRHORROR! b antigennphiheries 80 be F@memﬁsl Qfoa aolgf}emlfm@mwr may be
RAIRRBAOHR AudN S8Ry, aﬁﬁﬁé&?&déaﬁsoecéﬁlrp%nﬁ’%@élbﬁﬁ%soéenved from

a pol ycl onal m xture, or my nonocl onal 1h nature.

makirtlegourcenit dthoinerscaabinig semcmr e Therantibediehaf thespresent invention

| q’fﬂ ¥ag | n.r%%rl& tolgr %I 1 gour %ﬁlﬁlg plt e)fca{n? q]eragcao@v?ofé ant1bo§y, or as an

25

30

35

rces. e an 0 rese Inventi on
annbcﬁdy rfragmeat,i @k y other fmmmolmgﬁczillgrdlangvé Ofra@ﬂﬁ’[fpkl&raﬁf, such as

3 whpl e anti god Hhiafe S50, §“P1t1%¥gh% it o Gpdy Sigtias g antibody

Zﬁgﬁféﬁpmﬂﬁgtf&hbﬁdhaﬂ%hﬁgéﬂ—lﬁlh&ﬁgr&ﬁhﬁﬂsﬁ thel W4, | 1aly, arihBght chain
antibody nmay exist as an antibody fragment having

fViariakle daBraingnt fAlsenthsi adibpdy demmprismay exist s a ﬁaga\ﬁyleai@é from the

| grthit coRBtiflg ofabutakbtelitRmikdSFv Aﬂ‘aﬁoF( Pbe @Bbl(ﬁﬁgw chain Fv), dAb
fragnment my exist in a form sél écted omt he
(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
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group consisting of, but not limted to: Fv, Fab,
F(ab) 2, scFv (single chain Fv), dAb (single domain
anti body), bi-specific antibodies, diabodies and
triabodies. 30 As used herein the term"treatnent",
refers to any and all uses whith renedy a disease
state or synptons, prevent the establishnent of

di sease, or otherw se prevent, hinder, retard, or_
rW@?@g RIREIS, 8yt ddgieipes thefpafe 8k dhg presepfenvention. Binding can be
UGS dda ' i ' MR

e e O o M AR P o g SRR hmunoassays
alsigi BLIvh), amnpanblesassays; msc. 3BnSARSSABSokaminavisis group-specific
9&1{?{;58&2 E@?(g{‘)lef;r @ﬁhsy RSRL ?%‘f@’ COtoH E}Qérﬁg Elf?oglp'est %%iﬁg Halypeptide in such a

preter rnd to Speci

- nwapisipasdidectsactvif  t he present invention. Binding

can b neasured using a vari et f...met,hods st andar.d | . |
- HAS AP THE i Sy BB S deters e abiiy of muclec
EldidsAbuch 31PisttR| 0@ frrisa b the§irSsenP¥vaitin-tSPRFerentially bind to nucleic
coronavi rus group-specific “antibody selectively binds
t¥iqsHacahing 5%&%%9%‘@@3 growpPspile ipphypepiisloypaish peidai fn indicating
- -4 LS [ rei TR
FHE BB SRR MRS S, 6L Lt SSLGRE 6 Woridiaion
abider styingéntrhybkidisatiorncirdgtjonsuwha agecpliobedeioracilr farget sequence to a

ek TP eA R S Pl Bl fac ™

gr oupAaspeal heeirp ey peft baspesidaily affedidve hohmtiig@bdddOwithin its
that .a sequence "sel ectively hybridises", the term i
iHEA R RArOxXEntY POUHEHr #BPEHIToR 230ty aempound to provide the
Sdeksire Blkagedid b AT X GQAN dunP Rpuirk® ﬂl]%ﬁ?ﬁgfncsubject to subject
nucleic acid target sequence to a detectabl’y greater
dlegerding hadaciomehch ay detsperied leding treitad, ghejagmomd gosral condition of
i gt -er m, ihcall ffegtive.. .
ABEoBREE e 8el O "SRRG 1M el eyl agent being
sdffinistesatt arahtinhodd ofindapéstiation aadrspooritt. tThupy vk @@t possible to
the ..desired L&Er ?Beut ic effect. The.exact anmount .
BT, 88 WAFY ARV G Shibj Wftv8f=s{?5 j A8 Siy8n case, an appropriate
deffeaitlicngmOint? 26dy0bS dekahindd blyNeheSPE6IdBTarPQkiMin the art using only
treated, the a%e and general condition of 20 the
sf%tfllfcﬁtx,l’?mrl?@n@ Yerity of the condition being treated,
the pArfkCctdddxt ageflis kégb&?cati%ﬂ,mﬂﬁklh%rﬁf %oﬁglqsih%"e niRH€ “including
0 . us, it IS no

of administration and ort

- poissipelly thut speaietsssaiy eselely”” ef Fathdémnmeranwanmstions of the word

ORGP G SRR BhG sprspondingy vared
anghinitasy skill in the art using only routine
experinmentation. In the context of this specification,

the term "conprising"” nmeans "including principally,
but not necessari IBrisfb&soriptibn o tRE Diafingdr | ations

of the word "conprising", such as "conprisSe" and

" comprefemed aspleaty ef therptesspan denmgh ywvill aiveek desibridNigsway 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 (ORF7a
= X4 = 8) encoding peptide 7a is represented by the striated box.
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25 Brief Description of the Drawi ngs Preferred aspects
of the present invention will now be described, by way
of exanple only, with reference to the acconpanying
drawi ngs. 30 Figure 1. Genone organi zati on of SARS-Co
V. ORFs encodi ng the nonstructural proteins (black
boxes), as well as ORFs encoding the structural

pol ypepti des (grey boxes) are indicated (S, Spike; E,
Envel ope; M Menbrane; N, Nucl eocapsid). Al so,

SRisfifd 24708 smr8RaLH &@RS’ @'oWM}’e%FédV ?er@%“@&ﬁﬂr Y_%Pﬁﬁglgsm of the 7a
(unshaded boxes) are shown. a (OR

é?%@merﬁngﬁ@' ipeRalictya |S§nﬂbp¢ré1§é rst:fwnb@/ (mﬁerhgt:d) atthel N-tenmnus the

é%s@ (ff% clf As\)lZ%nét?d gvfftglraglfﬁ%ﬂv 'P[;glﬁﬁlé% rﬁ?z}{Bllaﬂg Cz}n%gng domain

- s(qul@i) @ed pn ER wtrieval mogﬁ@lol(bﬂﬂidsﬂﬂefemmclee C-terminus. (B) 20 pg of

under I.i ned t th nu t cl ea e sit
PR R hioferadh Ui B LA i, D 200G ol otetns' orh SARs-Cov
rmfeafeaneers [EEN¢Hl18 hal@sred At akdi@28%) CRRQI-a8 2?%&65@7% APE (lane 3);
not i f q(ngml d-italics) are found at the C-term nus

2l gy tadal profeim feom Mare kP iranpieeled @aﬂM@FHJ 128 plasmid (’@F%\ﬁgs 20 pg total
i f 0 -
A AR 1B A AV T S Pt & bl St ffpce antia
@ESf(rllmn €CBVninfadbed gpdt Vatlesl-mfﬂctlidchrofE&)mﬂdelt @5WGCPE were fixed and
S ted wt XJ 2 plasmd (lane 4), 20 gg
H dfW%[)llsacl’tu%e ﬁ%%{’#"r’@/ i nfected Vero E6 culture
(I ane 5) was probed wi th nouse anti-7a ao antiserum
( Un] nf ected and virus-infected Vero E6 cells at _25% =
61%1 e 1Y PSestina vl 7a wmraned W Yeronfuselsaf) Untagged Ta was in vitro
afinkRRM Yand FigiNiSedBby Bh@ERSSIRAhyOf hé |
E6 cells. (7b LlJnta }éed 7a méﬂ}ygAvglﬁgﬁmtrﬁgqgtsgkdﬂ%% detected.
\ﬂu’%&éﬂtﬁt%@ W anod hdnddge flohy 2) And i7adlase Bhpdoteifis weTe §xpressed in
t7a
(P 8L o b o7 MR RRRERAERIPA b b og T 60 for 15%
\S@S)PES}E‘; éVestern bddtabof firest prdn&nw\me& mobeédwitk dndise Afgti-7a antibodies.

8 KO8 b hceeﬂgd%%‘s’t%ﬁﬁﬁes%& o BRLI% B Atk ehh pgis. At 6h

pottraakttes celCwedesarkel ¢]! be MRr & bg@&ﬁ& eahEdnethibhine deficient
pXJu122 for, pul se- chase anal ysi s.

PR gad éel?ﬁeawnélm Ipkelegetos g minviih 351-boeled v acids. Cells were
QWAL R dﬁf@&l)"’gfe f‘@h&%ﬁ'fﬁf ag! 6ﬁo? g'l‘iﬁ‘ lgﬂ'fj Cdell lysates were

subsequent |y or 30 mn wt 35S] -1

moy@pmgatewlﬂsmweeameh hetiboldies eskpdratedicar y 16% HDR)PAGE gel

%Ho%@é%s Eg au?Jrfz&)’ S%r&gl\%r tﬁﬂ uax%’tzigca 100 fgﬁﬁtguh%: d:%t A% ey\é\genment The

I nmunopreci pl Se an
aamanabfadrmmae (A& YafDodAASE oY @SS]-f'DJ wasdéledined with a densitometer

- B o rrochizbi O B8 S0 hia R DPIOITH Aty Bogpgresuls are

(a8 + sSlawmes=dgt ermined with a densitoneter 25 and
expressed as a percentage of the total |abeled protein
at each tinme point (results are neans :L SE M, n =

%‘)gure 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
postiransfection total proteins were extracted using RIPA buffer and 20 pg separated on
15%-SDS PAGE gel. Western blots of these proteins were probed with mouse anti-7a
antibodies. (B) Vero E6 cells were transfected with pXJU122K>E for pulse-chase
analysis. At 6h posttranfection 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 lysed directly (0 min) or chased for 10, 20, 30 or 60 mins. Cell lysates
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Figure 4. The 7aK>E protein is rapidly processed in
transfected cells. (A Untagged 7a and 7aK>E proteins
were expressed in transfected Vero E6 cells. Sixteen
hours 30 posttransfection total proteins were
extracted using RI PA buffer ant2 20 [ig separated on
15% SDS PAGE gel. Western blots of these proteins were
probed with nmouse anti-7a antibodies. Vero E6 .
CRFF STRUPEPIEHRHA P TS RSP AnYXG 3RS é@’“’ﬁﬁ;& sePeFption on a 15%
M-Pﬁ\i(%gétan@ﬁu@%ldg}%jhgﬁﬁi on cells were starved for
30 mn in cysteine- and frethionine- deficient nmedium
and subsequently labeled for 10 mn with [35S] -1 abel ed
. o . y '. Ly o
R 2 hpReeuily R BlT Gy Sy Bt filg/ gy, vero B

or chase

- J2Hswrepe imansfecdal edthppXHIEX2 o pHIGIRMKE-FanAt 16 & postiransfection, cells

0 3568 S AE Sy SSERGB OB Ba BB i) ad it
|apeibbdizatd @it BR @4fMef PO @rabREICRIYARVEe Bic@iediate compartment
Vero E6 .cells were transfected wth

tant, XJUL22

Grashse) bR Kb biA et Sors s Colsiomaier 6928 crpisl apg(E28) (middie

flaX8d). Witdn aﬁﬁlﬂmlus@?q'iﬂlggﬁl%z%rtaﬂﬁ-@%ﬁﬁ_F@T‘E"—c’o fhﬁated goat anti-
S an el the e

antibody (left panels,) r antibodies to
EROysarare rRicRPgugatedaantarabbit GREBAdIcs (Jaetal Gitver Riedhetieals, USA) were

mar.ker. Sec3l i t. ant.i.- Sec3l) qr j
BB Sy PR bRy Z5E o liafos, rrre-
anhjugdiad wasi-ris edd VIR h-tomjnpitedSSA8 -Asuse n%SanRﬁe C3dz Biochemicals, USA)
FI TC- conj ugat e oat anti 10 use and Rh-conj ugate o
FREPOHISHYFE Ui pbocrPadany saibodies Merescoimgt eaiet wsjepalization of

WRl8d KeFeshoRnsSARPME ka8 biRads 8oht pcls
doubl e-1 abeling with anti-7a and anti-GRP94, FITC

dugnusohiierrastion of the vingd pReeins iy GOHE ealls amdlitherefiines on apoptosis. (A)
AR ﬁ@oxﬁktﬁ]t%r%gﬁaf gi&%% &)r?l%%%%g%éﬁ%%ﬁ%{ BVIHESSh, W1, UsA)

as seconaary a rge
oms|weditd wetsnomthe factivdioand ckspasepB pratass awdivity, twigch is a hallmark of

mar ker.s .pr of.ei,n right nels) 15 Figure, 6.

ARRELE B 3hT UBR o'ls HaistBRB uTth o st g ool HA-BAR, columa 1), a
tngatBiel@atrs] (BIA-G3ID o 2) And tHeakfFdel § ARSICURE pFdtéins (columns 3
assay system from Pronega Corporation (Mdison, W,

UsA) Alhggearatsierpegdormeed Ingluplicatesanddhe ayeragssyas- with standard

REGLBG S ploktkd.tBor i ivedbil | I PR
in cells tEatt wer e C??Ig%sﬂ)%lggtagsg %%ﬁﬁeﬁgﬁeﬁﬁaﬁdgﬁteﬁg? triplicates

@ri\tisAxverags| peneentages &starslged dendatinms} pHlive ellsssPmpared to HA-GST
. I t iffe - SARS- CoV i ot ej

PSS ndtmat 8 o 16 0, LRG0 i PR PR BE GG colvmg

dBp Wsskire dlatndalyhs avdstageny dicudsawigt of shdogiaods full-length PARP,
devi.ations, ar otted., For cell .viabjli as

SHA 8 oo B Betvbitrbase b i Ll kD BR8Nl opper panel
&Expfoagen NeVeLest aaeH A6l PEsleile bt IRRSthiRl Wit Qnti-HA antibody

ells, conpared to HA-GST which is normalized to 100

cel g .
dpiddiepanshapd the gmeusts eldsial celblyvateslgadedcwergvsrifiegpy measuring the
{ s .

V451 1o L 0 p LS, ASBIRHR By v fom
Broraegei Gaperdtiomeyfadicor, WI, LHIA 1M & ksed to me8Birk Dw dctipgtdm of caspase
\%21? z:lf:%se %hgf%%%e:tgas s eincﬁéd: ’Katq:[-l%qua aah?ﬁ%%%ﬁqg %ge B{e%ér%eno% pan-caspase
inhibitor, zZVAD-fmk (columns 2 to 4) or an irrelevant peptide, zFA-fimk (columns 5 to 7).
(D) Western blot analysis were performed to determine the cleavage of endogenous

PARP (upper panel), expression Ievels 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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(m ddl e panel) and the anmounts of total cell |ysates
| oaded were verified by neasuring the |Ievel of
endogenous actin (lower panel). (C CaspACE
fluorometric assay systemfrom Pronega Corporation
(Madi son, W, USA) was used tol3measure the activation
of caspase 30 3 in cells that were transfected 7a-HA,

TS A58 s PRI CORANEnS] pBRaR Oy Arot PElpaltgecogizes

-ﬂﬁﬂivaﬂ@d@ﬁpfot&hs(col ums 5 to 7). (D) Western bl ot

anal ysis were perforned to determ ne the cl eavage of
endogenous PARP (upper panel), expression |evels of

Fﬁgﬁﬁ-ﬁ? Izaucl'%f oz’cbgﬁeng 5 BV (BN hied @er%ecﬂ ﬂ%icﬁgﬁent organs. The

dl e panels Bnous actin as a

.. casHtling$ u@@thle?;mHBLm cel’nvﬂrcaicincpm €lapes Ndo tNeHapG2,- Ireer carcinoma -

[ | ned. usi ei
AEDRR LA hRL Ao Rlalfody SREPREORS ol 65! Eb, Kidney anes 10
Itad Qcihd daneofl 3 ap 0Pl regiestitily)/ aAll Belb-thés WerdgRrdh@sddvigsin the American
fromdifferent org ns. The ceII-Smes used. were Hela,
P Chtfore sainarm OV [VAoUSR). FEmelE pgmetic astay system

R | CobbaSioft (Mad 4 |
SR i, Cp0ntof Mg, W08 8 B84 4 ARG YRR vaton of

|casnase-3 proteasesn drf@%%@plld@lewhat Wete teaisfectadd24-GT ./ a—HA and HA-

BASIE Hnbl, 2P L8 SRR RSN o SRS, P sfpvas of

fmdmgeﬁomﬁgRP@r pandy, |eapreédmmesein of YIA-GSFAY a-REr's g@H@L -BAX (anti-
t sure the activation of cas se3protes

1B oHE bt o b Ao Pl RS e R A pants).

7a-HA and HA St BAX (I panel). Western blot analysis

VI8 5@l TAAICHBA o Ff SpdIRSsE ) BRrdBfestbh %Ym-r%;e 7@9}141 7a mutants (7a-L

endogenous PAR panel”), expression
1ad agt 7o) Ta AA9 atnd H@m BAxellamd by S4RI- Eomnj%stz@aw’eVe)ro difocells. (A)

CIUBREEOHR LD 8307 080 0y SOOBCRL AR, w, s

ommsmbtoemsmsum thie activatiohygfeastasad protaaselh aliffaeit /@litlines that were

PR T dp ST Ry el it s pRcE: PGy ivtes 2 and 6),

anAMt YIS (1efesf I o1d 7Y, @A et 4P hideT20141RE 4(%@23@”13&1&@1) 7a-L contains
USA) . was used to neasure the activation of caspase-3

5@18%% &t he Sevel Beniie clsarage Sin@sd isleavidress efficiently than wild-type

_taglﬁﬁﬁft’ﬁac&ﬁg n¥t E&t%ﬁqgﬂﬂ gglgﬁdev eWE&tE‘lInr‘tﬁbt arla @sc‘w%reaﬁ@formed to

d-type 7 I anes 20 nmut
@B@m@esthan@tpnssmnébm aﬁtGSFﬁtaml (7a aptesmms éaml ‘@ 21 panel) and

@ﬁ@og/}lc)us?%t{he% ﬁt ALER ding ¢ og@alt (el%rgls 1gf : g}i‘)azl:%BI ?]5} E%Epase—% protease
\actlndtlésyme\/eﬁnHérmliaradﬁ)féstedl@tlltiﬁ 010t ag lanbel)SogRdl pg (lane 2) of 7a

%Farsn i' r mocls(ecf nr}"ecte el?snaéﬂ}/esf)s oﬁﬁ£%ov{n¥ec?eé gellsn(?ane 4), were
determined (l panel) Western 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-tabulin (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 werc harvested and used in co-immunoprecipitation
expetiments 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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determ ne the expression |evels of GST and 7a proteins
(anti-7a, 2 panel) and rd endogenous actin as a

| oadi ng control (anti-actin, 3 panel). (B) Caspase-3
protease 25 activities in Vero E6 cells transfected
with 1.0 gg (lane 1), or 2.0 ji4g (lane 2) of 7a

plasm d or nocked infected cells (lane 3), or SARS-CoV

L)lgqu} C%v%ldq,&vgﬁlléqsdn lﬁ%&% \ghg|c$§£§ea§éqrbgﬁé’er m He%‘bl%ted to Western blot

d&lta R 18 B RX ARSI O, 7@&;%&@&&@&&@&@9%%@&@ with HA-
ﬁ«gﬁ SARS-CoV N and endogenous tubulin as a | oadi ng

B StHAmpRbl anchba-Hex fespaghvelyn Ardi lgnes)2. 44 6p&nid) I)epresent co-

't?angfécf?& oF 768h)c WS HAN, MUL Etli-gﬁ,( %)1 % 8 Ce—ﬁ% r%s;g?%weiy. B)

Co- I mrunopr eci i‘tat! on experi nen

tIntemaitiontdfy7a with wéee c&ﬁdbs-motvhpmleim rGein@Sinaprecipitation experiments

XJ40 -7a and. the v |ou [o]0) . )
e o Bl e E P B i ORER TSRS L sagpra protens,
| M, E0anidNNY BO el Gis pivitiaBh @fd wathPRsel fTEAL Shévwn A @ivd ﬁﬁ@bxupper panel,
descr i bed, Bri efllgi/) the lysate was incubated wt

atmnpuqqyfpmpfy@p%( alyer{g ﬁ%&@ca{ gsaimmngprecipitated E-HA (lane 6) and
Blog gqivne |4§’ a%d nglﬁ{er 8f thedd sithwed g %@Qﬁﬁy blﬁgﬁﬁgrtgiiﬂ}%rGST (lanes 5

35 onto 10 of protein A-sephar
Mok &g- uHé’r—NBhé @hfelmecai:lt sl)th rfrjme?ﬂ otreyd GSkTe(MES Wweané 2)vaEhdsp interacts

S
PSS b A 7S 6 Bl 7y, PR RS ot
ﬁs eﬁpfeemlememfew@} télgnsﬁ\@Cslhbﬁrn of lanyc 7GHE 8 giil-lnf;bé calhlzspemﬁcally
3a- res pec an ,
4man°§f8%ta$e &F@éeﬂ{ggs%mg@b%w@f%e rioh i3 S PE Oljpqrers. Pancis

HAaR 3Mhbk: the-dipresdion TéveRNSr BR- diffef 8 PRALILY BlyYWebtBh Blot analysis
Interaction of 7a with other SARS-CoV proteins.

nopreci pitation experinents were perforned to
determine if 7a could interact with the SARS-CoV
structural proteins, M E and N, as well as with 3a
drigunei k0h (hesapfessiba of Bawky pravenksethe irglegor efppepiopadelSARS-CoV 7a

opreci p ita (1P C- eci fical
(ETHAGRRECL B0 B BAPKINT S ARIRVES 1okt e, epng 293T cells
&%ljﬂexﬁrmfngolﬁclt}h@§33$m 2le U earef owh @lérfiinddoby Western
IanesSrog 2 -Ndle%not |nterac wth .
rr% avalyalﬁ ufHpe AasttiHelte antibogy( 1 ppanehg Agrunknewi gsliplar grotein cross-
$h4cBRg WithRe afi el NL%ﬁﬁﬂ)dﬂ Vi Ll RRl R AR Sstdd) @qﬁg)am()unts of cells
anot her uni que SARS-CoV pr ot ein that 1s expressed in

ivire ased] e @pels lanasassyrsifiedi by thanbeyely ofpdd@genges agtin Ginpanel). (B)

SASEAGESAL T URRRESOUR b Sut ol oAt irbeion, usay
sz&'uswsemm m@u&sﬂuemntdra&mnlﬁ cadpatdi® pootedse rae’mht;p natieh 8% hallmark of
V‘ést ern ana

At Bes RabP ARy Syt désalied PR (HArOST: columns 1 and

apoPtpRsitive VonBORGILIVAXA 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 myc-tagged Bel-2 family proteins
{myc-Bcl-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 (1st panel). Expresston
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(A) The expression ofBcl-XL in 293T cells (293T- Vec,

clone 1A, lane 1) and 293T cells stably expressing
Bcl - XL (293T-Bcl-XL, clone | QA |ane 2) was

determ ned by Western 20 bl ot anal ysis using an
anti-Bcl-XL antibody (lit panelj. An unknown cell ul ar
protein cross- reacting with the anti-Bcl-XL antibody

steri sk. Egqual .anpun of. cel.ls
m%?’gia 85@&? %gzﬁ’ TaprateiR Wt SGraEngs\ by fﬁl@lqce% aliggpots of the Iysates
em&qﬁﬁﬁkﬁloﬁféciﬂﬁh&@ tPMBledn bloBinal {ASRACEN fahﬁgﬁﬂf@bﬁvc'?a antibody

assay st em from Pronmega Cor poration (Mdison,
Theefirg dﬂ%Q@Ememgh@iealmmw@:canplgxesm@palyeer:%panel) was

g&ﬂ 4nd3e. tp'réﬁehxrflth\'%a‘i{ﬁ C ﬁlopgéll)@ ah?l%&lystmg tdﬁtegmme the amount of

osl's, in cel ranst ecte

: nmgattagged pmh@ns;inu(mﬂbpfﬁipnamdl(a.ﬂpmel). and - 4), a.

positive control (HA-BAX, colums 2 and 5) and vvith
SARS- CoV 7a protein (colums 3 and 6). Colums 1 to 3

shigmae i eBmasi df SCIoaINRA W VeRd FEL3AYAA) RadbbR aBSGT specifically
2‘%:liurms 4 to 6 shows the results obtai ned usi

n
aeigse prdegenrqus aSGA| froné%ﬁé? iLfesells, aewell aﬁé@ﬁgm flag-hSGT. (B)
]
SopkkFApluLic, 15330 Y BT IATE s trom Ve
i ¢elle rtm@méemth |ﬂ@g-ISG57l“ Wld/hr B&IHA Xtera regte BAe] aﬁréllmmunoprempltated

defffgv?tzxn a%gnt at Qiarx%c ), iéﬁ}bgtnf.l?c?gkpﬁe l%? Egr o'd) 4) Or rabbit anti-myc
(ayibolde {laﬂ@LB) W@tdﬂ to /Rt StefBAR, beat TRPECHVEIC {Béiﬁhpl\e& {Upper panel),

SARSBCOV 7%8 gt ein _ were i rmunogpi ecipitated wt

ARETREAPEN et usals (B aylow RGP ey Wt analyeeiy li%eSDS -PAGE and
aWék’c@ﬁﬁbl@ftnéA\Bﬁh CRobit! #tRHAL ?C?‘ \IelP@tE6 cells were transfected with 7a and
co-i munopreci pitated (IP) w he myc-tagged 35

pllagr3RE. Aekeharss B@aﬁ‘trﬁ@ﬁewonhceéh veate |ysghRBestesy biegs of direct lysates

' Y, anel.) 5 t
SR Bl PO ok RESRUE Sl nigE ol lag; dbodys actin was
ah¢lgdat s oloadihg coytedt es  bef ore i munopr eC| pat i on to
Western blot analysis with an anti-SARS- CoV 7a
anti body (2nd panel). The first blot containing the
| IO 18 ORI RUESor of Ghe WP aPRINSIgheNRSof ﬁzbhk@DS@TaDﬁ’h a human
re-probed wth an anti - n‘}/c nonocl onal anti body t
deriieguse Coneepaisbaminooreid asencsfaBSEE ovas egnpared 1o the amino acid
s'é?_%’éh@@ lo@diseiTt aYvetr Qgﬂ'egsuﬁ}f‘ﬂﬁlln))er ﬁpgwﬁlé)zumﬁ% RAINGrOf X. Results
SGI to 7a HAin Vero bbit anti - SGI
sy ivisugkitadywitly &Eélﬂlé@cen&wgmw tlﬂﬂ@fSiﬂueseremeEBted with black
%@5‘!‘1 as well as transfected flag-hSGI. (B)

- n%'unopreci pitation of flag-SGI and nSGT with

7A-HA. Lysates fromVero E6 10 cells transfected with

flag- S /or_ 7a- HA t
I‘ergr'gwoﬁ[é%n%i%?’%ﬂag" of igs ST A s on Tata E¢ celly- (VieshE 6 cells were
rowh @htuowelaﬂtps -2 tranbRA8d e B 7aIHA aahblptxmﬁagr SHT. At 16 hrs

anti bod¥ ane 3) conjugated to Protein-A beads,

heglplErnsiartipy, the pellsargse Sxed argb@rstwﬁé with botly gabbit @nti-ijagend mouse

I I 9%
%fl q%% GEFY)gﬁ%J (vgtﬁléers nh’%v‘gc{lits Ipﬁrgl%v\}r{: %E)la{] %ﬁ’gﬁ ec?nﬁ%\at%é Anti-rabbit

(S@)Oﬂ@elt}b agGbady lagd wehodamimarehpighted ORh)h af@-nande 1&tibody. Primary

O AR D720 T SEERUET R . overin

_ M@@Sﬁmﬂtt&ﬁoﬁ Ggldss-slll&rseaﬂdnﬁiuhrad&ﬁr ihrhtindthiss&caltk] Phded0on the left

anti bod act |
represent %ells stamed w1th FITC, those in the centre panels with Rh and comp051te

photos are shown in the right panels.
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i ncluded as a | oading control. Figure 13: Conparison
of the am no acid sequence of nonkey SGT with a human
20 honol ogue. Conceptual am no acid sequence of nSGT
was conpared to the am no acid sequence of hSGI ( NCBI
accessi on nunber NP 003012) usiég CLUSTAL X. Results
vvere vi sual i zed wi th GENEDOC software. |denti cal

si dues a]{e r epr esent e(illovmth bl ack . shadi Jg 25 .
'§HF“e 1P nSEL | Tpierdcts; Htitho HrcofC- fel”’éﬁlaéG‘Fg’&ﬁdO Aotk §A) Schematic

ViepRs&fatfoRl 157a-MA 8c1&idh flkdnSs ﬁ‘feﬁein tH{fst‘Mﬂyo @ull length 7a-HA (aa 1-
cover-slips and transfected w't xJ

phefaofardgtiacha 1A61)1851dh7raéN-Heﬁ‘sfaat€r2gh2ﬁ)@m $hwn t‘sﬂlepr@tﬂlm%were HA-
V\ﬁgée edl dt )ﬂ?edc"‘[&?mﬁ%A?ﬁﬁ{ﬁetq#(f ﬁ'ﬂlq Iﬁé}l oiapﬁlltaglt L A Uaé‘%o transfected

nouse ng was

- tingaVerb-B6 tchll Sivith- fbagrj SR t resbeativély.r Bhbl protmcwméa&xyracted and co-

ant i body and. r.ho am ne c Rh nt ]
e B S R st A R85, 8 e rspTR R s ogum on the
akft bind QEsus @fﬂﬁc&ﬁﬁﬂéﬁé sBBvh RRChEe $ight. (117408 box = signal é)eptide; lined

Cover-slips_ were nounted on gl ass-slides and viewe

H3P% AifaRsgramisinedoatdn blakher s IR-Galal reeval sigagl metibt

cells stained with FITC, those in the centre panels

with. Rh and conposite photos are shown in the right
péigeres16:16°A2 Guesseritis JIWSGH interaetioe with\GARS-Ca¥é 7a-HA. (A) Full length

e T 130930 Hetofis Hitart U SOTAR-L G211+ FaesSOTAC (aa

st-udy), flgldGTengt(ha ?as&% f(agaaTA(l?-Z)(aa MM}AM ﬂas'gaSGTAC3 1(aa 1-
HA (aa are shown. prote

1- S 1) n d 7 aAlgL
we gyEbSGl Hrﬁf@m@ WF rﬂaﬁﬁéggeé B ﬂF‘BﬂNﬂS@‘@@‘dﬁ fileriocations of
ligogPR rﬁétlfgllt akd 7 @reﬁ%ﬁ)ﬁé@éﬁ&ﬂ)}t $R0&d 6de8 dnd éc{‘r Horelsults are shown on

Vero-E6 cells with flag-hSGI, ‘respectively.
phoghth Shosprme of cachcdent iasbowo onithmishicpd aeiults phthedeo-IP are shown

qutl!ﬂe %?@Zﬁ%get%%&% @ﬂqgﬁ -EP?‘n eSgCTO\%%% a?ljéa%g ec{eﬁ mto Vero-

dE6 t bedlsr ivgtlt . 7d-StHA atresbebﬁxelyr. STcgaﬂaIprptemtsl ahere | extead:ted and co-

Hgil(?lf?’é’tp]gq%ﬂjiﬁng’ Wlﬁﬂ%pg%n%%ggegﬁsf %émﬁlﬁg% 'Qregeg‘k’estem Blotted and
gaoiasalyal rabBit ahilal O AILBA AT NiahibARS COV 7a- A (A)

Full length flag-hSGI (aa 1-313) and deletion nutants
flag- SGTAN-1 (aa 125-313), flag-SGTAC (aa 1- 192),

f |
fq‘lggreggﬁ%s?nt@ﬁzggan i'véﬁz) Af; r@etgg ﬁ?ﬁ%l%f&l@ﬂ%}_(%ﬁﬁ%% | ngrempltatmn

nlefs:suazgwmg@ematand Ife%R\SMnﬁfuspltoﬁedag@daitmmalquotems N, M
talﬂg 'Ig:ﬁ f%spl%iéluge %Sdnegat"ii\gee [ %ﬁf esent ed by shaded

boxes resu re’s on is the right. The
name of each clone is shown on the left and results of

1{91&013 Prndi&icsneee!]- mr%aﬁoﬁzbﬁhiby SARS-Ebr vt 5988A (A) CaspACE

l ength or nmutant hSGI were co-transfected into
Verogmetgc gasay sysiemHran Prepegs opweationdMadispar WL, USA) was used to

BRI, LLRRRS0 R TTAOROT B By oo
Bihotiisfebtaheklls geabd 1Wot bellsathil wera mitahstettad with o @dghtite control (HA-
%g’f‘ clalﬁ\zrr?r{] t25 %?’%I peozltlve 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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20 Figure 17: 7a interaction with SAR-Co V structural
proteins. Co-inmmunoprecipitation analysis between
7a-nyc and SARS- CoV HA- epitope tagged structural
proteins N, M and E. GST-HA was included as negative
control. 25 Figure 18. Inductith of cell

deat h/ apopt osi s by SARS-CoV 3b protein. (A CaspACE

flevar efmeido Snﬁsﬁcﬁnsmﬁeﬁﬁnfel)o MxPERNBA dctel BOI@EbRAt proteins were
( Madi son, SA) was used to neasure activation of

?ymr@blea%ﬂaéhq regpecyive antitsidids£3rd, Hhlandgitkpakls).
apoptosis, in wuntransfected cells (colum 1) or cells
that were transfected with a negative control (HA-

QSgurc):YA) sRows e [avd @Fickipage 8 QBVIO) in(ddhs BAdsiewtD) wafdfected with

SZI or. SARS- CoV_7a proteins 30 (3b0| ums 4 to 5)

R o opnE FAHEE00 SRS COY SPPropn (aolhinas DBt eivtein (column

%t Ee@%ﬁ%ﬁ%‘fﬁ%é@g?? E)Nr/% fr &%nt@ ﬂﬂ?‘%ﬂﬂ dec?e}/igeﬁg %YL?J‘HLII 2% Both SARS-

[¢(¥0 4 BBMH)EMXSnm apapfobﬁchscnhbwhd)ydlﬁb @ighenbveReof caspase 3 activities

I RN MR

f f
i‘lli”gelg %12%\}%%”@2 s%og;:gngeA M % gpgé/ll gzﬁﬁ ds%n@zﬁﬁféd ngtheQEakage of LDH

pnivdwited: Bedidmy fon g,e}hpwmstﬁsntal mﬂmmaimmmmﬁrsar ef it ¢A)aBoth SARS-CoV

EUMAESERNE, TR TN ETNEN AW .

ligdek %el@fdpﬂhfb?%Bﬁf‘éasﬂJs@Beddﬁén&%f £nd i@l@&p%h&érﬂ @ethAys.
probing with the respective antibodies (3rd, 4th and

5th panels). Figure 19: (A) shows the IeveI of caspase
3 activity in cells transiently transfected with eDNA
for expressing HA-tagged SARS CoV 3b protein (columm

2. epr esont DetleRerEheflorilfind FEEbRR' ) "o

re
VPSQHWF!GIB Bax i nduce apoptosis as shown by the

hi gh i _
ot kel fes HRRE ol BHER ofSRIBHRLCHS, npr-specte
laynd brdcﬁlcsexgﬂﬂéd BRIORY7a (Aveknbhians BIREX4 By GRE$)S(RifEl) which is

| evel of cell death, as neasured by the | eakage of LDH
ToferRd goca (7ar Envalyingnt WHAuE arotsing psrﬂ@fze@m@w |aﬁ1d§) To assist in

%'nmnjst%ﬁdzﬁgl fol fhat Pa %@y(s:e{?’%éqm%a%tgc}}@f&% El%ff'actglzation of

i nduce si evel | -death r resu
ttllrfsgensmmt\be&b;vcan i nduce cel |l -death by both

casp e- 3, depe nt and |nd end a
ot RSBl BEdEs AT ACImOIRGIF FORRTESRE SRS G eriaXizmggroup-specifi

BPERER JINRE Firdt st afsh BEuAE kN §RQ t or fragment
S P e B ROl U o v o Bagent of the

pnddxspcﬂclcbsﬂg@m heRFFad (vahsmi derfoagmeat cRREREa polypRFisie having a

bholn%]%a][) clivity Whlgﬁ 1s_LJ§|§I:er raﬁlér tg%%%iﬁj gs l]}%p vl Vldg%ﬂr 6gment thereof)
RdaESH R hitdeid Aed mleBulk BAthe TdveRiARY B Iiaﬂldi.lhﬁ the nuclelc acid sequence
infectivity of SARS-CoV, characterization_of ene

defi lgeéltm(ﬁﬁd BRN#1 wherein said variant can be located and 1solatedg 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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Typically, the nucleic acid nol ecul e encodi ng the SARS
coronavi rus 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 fragnment encodes a ol ypeptide having a 25
bi ol ogi cal activity which is functionally the sane as

t488).palsipe AP evitlothd FARMERE sttifse &lr) DNPOGaglRbcd Yobrison: GAP
nucl eic acid nolecule of the invention, in particular

teetion PRy of & QandeGOBextensiga peRy af9-35EQ 1 D NO. 1

wherein said variant can be | ocated and isol ated using
st andamMiicldieadidimplesldsrmapbedignad theathogher wsinghibaPileup alignment

B 5 lap RS Y BEtF bl bRl oy e, the defeut

. chettmgsohgg dwanoa(peﬁﬁqnﬁ“ Soéndcgapmuﬂmrpepﬂqgﬁm known in

the art_suc rovi ded i n
packagéfher-ﬂﬂl F %HE?QPIWB?Y %%meﬁge%nﬁ% %Pagaevamnt capable of
\8hsitiRMgGo the didbic lRBmolLaRe bl g 19%1@16*{13& girﬁbiﬂar #éucleic acid

Sci ence Drive, Madison, Wsconsin, USA 5
(%W%%ﬂﬁnedsna%@rl@ N@rs @nder@oryiltlom@%yv stu@gﬂnmm@ﬁ preferably,

%; OW: g%m é@lylo%% Tor rﬁ)ﬁ% ﬁgeaeﬁrg%%’e hé%{npar%gﬁw tGEFg)w Stringency

dlybadlsatmnp:@ndjttoys m‘ayﬁoﬁe@ndd @R/ beidisation perfpamredlat FOUT in 2 x SSC.

c acid ecul al.i ne to each . )
ot bor e RBe BB SR et By o Bllgp gucteic acid
afolpailé 9brilkes @G prRUiaAMBAGK ARl nusi Elﬁﬁol\fdi’bresoaklng of a filter
i nst ance, the default _settings of gﬁp creation

(FeREIge b relsvank qagals ofithr AugeR aridyto be raminegnia Sy S6) for 10 min,
%Hq;réﬂ%ﬁ&%tﬁ)rﬁ@fythéliﬁt‘ér g sdlfHortoft Dk B ERfifarf's solution, 0.5%

vari ant capabl e hybridising to the nuc]Fel c acid
ridPe cande 0B f ug/hid |0ﬁvé¢natlmd aonwp@dt sduoar spérer ASAg followed by

@%hafhts;tﬁ)%%ﬁ arr(ljee é Ihfrl]tie d IO%E&?I% [ggl}lcoelplg]a é?tggf 10 ng/}% d)f a P-dCTP-

1ons O
Slnlreﬂddgﬁ‘ﬂbq fant Bdiurb lat Bjﬁpr&xmfaea’lﬁ AL, yin d&b@ﬁarsderwiﬂg eiRClyybridisation

rin enc br.i di sati aqn diti
Vﬁﬂ@%p% Sk k}FH %ﬁ%%f??%r? p"gr (Fke Mafecwlar Glaning, A Laboratory
mual SHil b@iBbR, CXBSPHIE Matous QNG tyiop)s for determ ning

whet her aﬁ%@ven nuclei ¢ acid nol ecul e hybridises to a .
speci f iTeg fifgeisdhen washgd hige ifen A9 mivgrsds dak P P fbﬁ%aSDS at least 55

€ 4 BN PR, 0 e iy IO i

'““phmg?M),daTslaeﬁlstoi’ﬂ"ﬁ (hiple sfridgerey)i nr at écﬂstjt’?ﬁﬂfﬁ (lvéryShngh stringency).

% dlsa fon T et ut i on 2 SDS and 0 9/ i
TR il i B drededBy st g‘i ?x&

hybri d %Hﬁ%%@ﬁgl@g% (gﬁ,n\ivﬂ o & those skilled
G O, R@ﬁé}f)ﬁia?ﬁ)e ehpl@/eliito theﬁh@ 3@111%@@ of IBRSRGG. Op@r instance,

for 12 hours approxi mately 45C, I'n accordance wt
tﬂnfelehgtb rehdngtars GMNANBNAG @ssm@nd@smpnbeﬂthp mluSawtncabﬂo lmthybﬂdlsed

1989; M| ecul.ar Cl on Lapor a
hit GBI AP AT ROt SEROHRY By <ORBOTRL, such as the
fprdstide drabbdiRB ofsHREnHW deltrh® Ekuldfe rﬂdnyat@ﬁeﬁdw Tged e‘&SGnd altering
0.5% SDS at |east 55 C ( ow stringency) east

thetamperatie phiehohnidisation andior wasltng sess. un h| gh

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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| east 75C (very high stringency). Hybridisation may

be detected by exposure of the filter to an x-ray

film Further, there are nunerous conditions and

factors, well known to those s lled 25 in the art,

whi ch may be enployed to alter the stringency of

hyshrbediasedt b A. théuattidab silaiiston of the T.§¥Glehingnempattii® at which two

(DNA, RNA, base conposition) of the nucleic acid to be

hyebaroldgeesdiuctede #oid pemkddes arithuslovinseqedndes wdhioynidisatunder specified

of | ts and ot her conponents, such as the presence -

o‘?’onaﬁé’%é@c 7S e rcﬂ’&?ﬁnggt}o‘b"é‘)@ttiﬂﬁﬂe@’ﬁ‘lr‘?' ate, polyethyl ene

gl ycol 1gtdeierditfingitcahélify tdnflerdt@iRNGF ﬁ@tHfoTo%%ﬁls Wh8eic acid sequences

hybri di sati on and/ or washing steps. 30 Further, it iIs
agh@enyl Blie neeessane retip cianpiner thdindlting enhmratore {ef(homo)) for

two given nucleic acid sequences will hybridise under

dmog%)% paekefq asdd sumanes ohke mpbiiagrigmpefpipre km(tmmo)) between two
ernatjve to the enpjrical t hod descri bed aboye, ) i

ta’flﬂﬁy gemBlementry BRIES 0 Saatndiompduplsy fomatipLimay be determined in

aRLSHSRIVSNG ShVR HovH P b3S dsCodtifed HC LRErEnt@Biotheols in Molecular
nol ecul e defined in accordance wth the tirst aspect,

cBiO}mVBTOQpSMiIéy'dm Sops, 1996, asucl e: c acid of SEQ ; DNO 1
19 ( .
1o st A MRS TR Sl so0n

nucl ei ¢ ,acid sequences. wi,t h known, s ences w ||

hybr i di‘i\gé %?HS%F eﬁg@@}yeo MQRSX AR c&ﬁg?s’s_uch as salt
concentx@ri en BNgudEPEE)R b @ytokite A€ e MoMAINGLARE of bases in the
nelting tenperature for heterol ogous nucleic acid

SEGrBAes (Tm(hetero)) it is necessary. first to
det ermyngo e S1aL bl AL STRETIHESaulcTTLRRION for
honol ogous nuclel ¢ acid sequence. e nel’ting

terrpler at drike (e]ig(lhffm_i)él)udhfﬁgw&eclugﬁc?;ul I)é I
conp enentary nucl el ¢ acl stran S onoaupl ex .
f or mat i fom)dehERISE Wether fhove dormula e dbg dan©é aherRodypiex formation

OGN R RIS QAT S ELOLOEOLR D, o i
= + I +.0 0 - 0. 0 o

¢ B i et s it olo B ot e, 35 i tata 1
L ons, i %3G = % j | o

EERS BB ARATLIE S E Rl Gttt o 17

idecrhre inyByi dTisatfors thiThgReeandor 6 Heterodupbex! fmgtiiorfs obtained

“the nucleic acid sequence. Tm determ ned by the above

ﬂ]@puih gubtgaqkt)ing the nh(mﬁolg%m l&lﬁmﬁifg]egtlxe fefwest i tha anlalogous sequence in
T ) [
PR TR e B Re b et AR TR U oo 10

that og‘ﬁ%@@ll?%ﬁf&g&gﬁ? d%&%&hg &ﬁh?ﬂegf%@Q§Nd:f 21sd includes

assune at” a erence 1 nh nuc séquence
lvathive @n stope henelenr! afd ulaatpuehivhsis eualig@nacldotide2@agment thereof.
ﬂecre se,in. Tm Therefore, the Tnm(hetero) for the

IPish JBP gy idg fragmeghishetwegen about 8 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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t hrough subtracting the honol ogy % difference between
t he anal ogous sequence in question and the nucl eoti de
probe described above fromthe Tm(honp) Typically the
nucleic acid nolecule defined in SEQ ID NO 1 also
includes wthin its scope a nirleic acid nol ecul e
which is an oligonucl eotide fragnent thereof 25
%plcally, t he ol i gonucl eoti de fragnEnt i s betwee

a

STPIS U nEBEbrasy SomwR) B R SYIoRlaswifieH coginme (the endoplasmic

tﬁéﬁbtﬂﬁilnl YERY heetfibigonire truger f (AgTenh) | sUSst WakRtern blot and

about to about 250 nucleotldes i'n 'ength. Even nore

tlypn@mﬂluyregqenp% it ishappatentythatidr e’tﬂm ApresseslgimePARE LoV-infected cells.
n

g@{l It _llcﬁgg&gn%;/%ﬁ Cog:??é;’ocg[ % tlg#i %tré)c[%g ?é gf 175 s%nb—:’sented herein,

nor e

- fandgnddittonally, aingationhb thahysy wad hsédsto icharhetagzehthe Potative signal peptide

PoI ti.de I n consideri.n S coron rus u
BOERAGH shufienans it Bastion deomman g et B b afiples
a 1221138 ARS %@f&laﬁ@ﬁsygaﬁﬁ%ﬁ&;ﬁ%élﬁp@tﬁétcﬁttlhé/@f e G aspect of the
pepti de sequence, term nus transnenbrane domain,

alﬁae@wara%méw&ﬂs FE ity sgope & dregaiont org/arimet of rﬁhﬁa@ﬂiwlée sequernce,
r I [

B S ARl TR A P81l Bl i
tlh aftmcmnwhs tlsx‘qamgs dlie pnlyﬁﬁﬁﬁe@d\ﬂne rirgicdspectc dor SnstariChevariant or

i{']a ent re gat%a(:t gyplezta %ﬁr\g@gﬁfses&l t?}ﬁ{rﬁrﬁlglﬁl(%ﬁ%ﬁlc% %roduce an immune

aéﬂjohsmdi@hﬂsythel’p@'(@bpmf thaatsy asl:ﬁcct\l\ﬂﬁe waed ﬁa‘gment” in the context of
characterlze the putative_signal peptide and

rePplyeepiide sefite i a Polvpratide, ?%qwegcesﬂxat il QS’QF‘HWIF rpfn%lﬁ dull-length
GRARS | corBndiRis ©3RMBLsBSifid ol d€O" OV ItEM$ “variant” refers to a
group-specific polypeptide of the of the first aspect
cubstartially rimian spquerics o ithas Qfo%&Rw qorinavires geeppeedafic polypeptide.
1 Ly o 7 a o 0
IGARARRT +Rliank HotHibeds b %fsﬁ’eg' TO4L B F3UE s, 75%, 80%, 85%,
[PO0Y, 30,1 A0 RPN G8% dri 2% geqmlncacdmmy; yFuuh]ne:ha ¥aridm polypeptide

et s "8t g, el oo AR B & Pt which is o

ﬁiéhym&tdf@@AMs @&0h§v1ﬁiéfgfr(blﬁd GREIY: PJoTYPepRGE Witch derivative comprises
pr.oduce an response agai nst the polypeptld

of
trdition de e%’p@b%‘lbsm‘i@o‘@ &F pie OF ARATe AMIng Acidn suckoikaiothe “polypeptide
%tam@ Ank¥Renty de %%@rﬁnétﬁaenaf u?l{la}ﬁlf%@ p‘SAﬁg 5&91-}%@ group-specific

IS a constituent of t engt

| mlm&dq ukhedemu peanservativecanpiod yddaubmﬁutlcwﬁ’aeﬁmrmwa substitution or a

Al 15 supstant i all
DUAERRRL of b fifnd, i€ adofpr A0 ol BBt uitin o potvpeptie
mhhmpeptlde GEneraIIy, varlant pol ypepti des may

shar as 5%. 80% .85%

95% 8/" @97%“09@ é{wﬁ@awﬁaeﬁfrﬁwmﬁﬁ:mﬂm@@f the present
%Mtlbﬁﬁiaﬁlh@a}ﬂﬂ@%d Lc!;ﬁlg z{%he't)n@f feekhiguts AL BLISA (enzyme linked
wherein the team "analogue" means a pol ypeptide which

pgTmogEbeny ge5ayh Westem ) Bn&dmalﬁpf@@@fl@@ pud pewpnefiuorescence.
EP{ Q&%ﬂ @s awg &ngﬁfy] Yl A RN A5 1@%@%' t&gﬂlarly, suitable
Ietlon substitutron of “one or nore am no

$¢.¢rhhlqlllh%0f ﬂhh & pivb yeptiomef the giokipeptida, bs frapmists oy abdlegues thereof,

ér}co cBI}%Jj 1111UF&8§00hréIaI}IISt¥yeUS§I%R§ 1abe11ed %ﬁ/tll-r $RRS 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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pol ypeptide. The term "conservative am no acid
substitution" refers to a substitution or a placenent
of one amino acid for another with simlar properties
within a polypeptide chain 25 In vitro detection of
the pol ypeptides or variants o21l fragnments thereof of
the present invention nay be achi eved using a variety

of techni ques incl udi ng ELI SA (en
[ ﬁ%h@s@%@@ni’mﬁf@ﬁ% offp 3t sk cpll. otf{]it%"@aﬁvelys peptide moietics may be

| 20048 QPR PoPlpleided f@ﬁﬂtaterﬁﬂ%ﬂﬁaﬂ‘léﬂ‘ O&chGEsibhs ﬁnaﬂﬁe li’emoved prior to

techni ques dre commonly used by those of~ ski
afinal Separition pf theipodpeptide. eT;Hrmlaqdn@sn off pépside nmwemgs to facilitate

inRibe BE b lpde iR KRERE hellimigBhs LAPRIRIND Bbss of s o the ant.

-usi ng drypadadilyl el palypkptid8ARSined rio nidvirdarte grigh flres st Iafspeﬁ:t wherein

R RSBt 2L ST oL 000, BRSSO o ntuce

|\R}itﬁﬁt1ts%60 d dpdpide Wa@&@hﬂﬁer@@ﬂ "ﬁiea%pﬂﬁe BAGhARRABIbd Between about
rove char acteristics of the SARS coronavirus

YhEW gigo p@ldwelpmgthe Altpgativelyahp peptidg fraggicohmay be between

i B* Lo F00anR8} 4504 PR P SHT, BF HeA tpgment may be

clmtwcmlvatbous 8go abmtsfmemnfnlomcnbl indemptth. déltdzmaﬂmbr ohee p@itide fragment

stabllt durln i C onfro a

AP RLbR e AboR Bt ahodiots ARy S eRR ko ddemstiysly. the peptide
p@éMiﬂaQ%eﬂ)@t\ie%ﬁ labdnit Btt6 aPoiitiohiagdhd @ﬂds muedt egi ons

may be renoved prior to final preparation of the

pol ypeptide. The addition of peptide noieties to

f outi ne
AR e R B R e ar

Hpilpdiasy the pol ypeptl de defined in accordance VVI th

the fii |n suc eptide |n

Wi t hlﬁr% %pa%?l %%{éb% L Use %lu e 11#%&%? %eﬂgal Ele guch as that set
l(mtlm déﬂio;vyl ?lh bid DiSLBle.O pes® Aomipbviide 4 nawrmodty iriaﬁlﬁbe&ptold Spring
The tide fr t y., he between ab to about
L B At ‘P%n@tsng ahE aERRS o )‘zvthlcthh‘é BropRqrged herein by
freRasRE) nﬁ@ybéaaséaetmeahnb@ BPUhaBbE & pOIGHbnAIOS AIBhBEonal antibody
acids in é%‘gth Alternatlvelél@the pepti de fragnment
rgPasiong igeifiebls b guperson gkiblsduin B8 ahivpen depding jaf the present
I i [
SRt AELRGA] Bbsict ViR e oAby laTBl Hantibodics to o
maﬂmimttamgdﬂy mayl’t@ cpbéepm:chby afy mghmq‘ue ﬂayptmm@etfmeﬁn production of
about am no t.h.Uses of
§R& d f%g@f:? By © %Bussf)eéﬁlcqq %u“b“éff ngg%t te%kgléquei Are WQI? known and
Aﬁﬁﬂn’mbﬂ Iueﬁi i apddepid land iadistid) He@tbhgh.OProda€ing ﬂn@ﬁtﬁlonal Antibodies

invention, a.general pethod, such as fhat set _out
HEGEs ImEuniging # apmak sudoae? mwﬁeo%roﬁa@éﬂ Oam}ya%?raalww obtaining

RO HAMunCRelf Rt itRaniialPahd EARGY MEQENs wilgWn YRinfortal cell such as a

U.S.A (the disclosure of whichs incorporated herein

- Ippncar eplly 2 5tea) cethyr pay @ehwy comtieuogn tieBodlys ragedoeellathen becomes an

e by a ‘person
readi g thé itveortal efbeatkt cells is called a hybndoma and these cells produce

monoclonal Antibodies that are then isolated from the hybridomas. Some techniques

Hﬁoﬁaﬁ)&?} i »Jﬁ‘i’dﬂ‘%ﬁéa% %ﬁatzt{(\& b%g% 3%8 tdﬁ;e &Pﬁ @ﬁﬁﬁ%@ like a tumor. The

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 technique (Cole et al., 1985,
Monoclonal Antibodies And Cancer Therapy, Alen R. Liss, Inc., pp77-96).]
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di scl osure. Monocl onal anti bodies, which are
honmogenous popul ati ons of anti bodies to a particular
antigen, may be obtai ned by any techni que that

provi des for the production of antibody nol ecul es by
continuous cell line culture. Zhese techniques are
well known and routinely used in academ c and

i ndustrial set C|n nonoc| onal tlb

b ko Raudi ik BED A SRS RO GroRP el BREEh Gy be used to
r@bbﬂate @ibb&nﬁolgblbﬁﬁi amtiseRln @hlpdintti@ds kddGvr MURE art, such as, a
cells fr e.animals; _and fu3|ng the cells with an

ol BRoMRClitRcYre. a In additien t #hple FARP epreueyirusogroup-specific
Ay RpI&S, el @ﬁ%ccﬁépltzdf Thiysh T V\Eﬁfé HES! *vh&&eéhlmo acid sequence

becones an 1T mortal cell means

.merlalgar dlvompatt df ﬂledanq}uﬂj%zﬁRﬁl qoedryavirwgoapismﬁc pdibrpeptlde may be

E&) raaggnngltnlz'hg)%éﬂpg gllleé‘e Sr%gblggagb% r%]og llsleed g i\ a? specificity of the

Aastultlmghaaﬁbddmt wall ebd Iﬁeremﬁmﬂabﬁdnfmmmmgmgﬁmﬁopﬁﬁed SARS
Sonme techni ues ncl ude but_are not I|n1ted to

YRy BEREe Eﬁﬂ%@fep%‘w%ﬂﬁe?asg JPRR heperegulty fyaf@clonal antibodies
Nah U gd@atd® edét vtk WP P ?ﬁﬁ n&f Mé”BRRSAfc&Z)ﬁa\JiﬁQ) group ~specific
the human B-cell hybridoma echni que (Kosbor et al
TO&peptidirunol ogy Today 4:72; Cole et al., 1983, Proc.

’ég{/l_ oy ﬁﬁ%enﬁﬁ%reenéﬁﬁl qued%(%l%&%ég g)xl‘ Wereggthat selectively bind

N;bmhﬂ:SARSI cofortavivosl gesipAncei Tapobpepihierc e piisent 1Rrent10n as well as

Safs PO FagRRiS Brkoh. SelPls SAGFRS: el Bl ot gimited 10
gRnRIGLE théfdRidnal) Ghiteéy) alhnﬁﬁise& &gl UBdiflOF A fri8eents, and an Fab

known in _the art, such as, commer ci al pr oducti.on
SEPRFYIN TP R QohESta U DRE HHRSTi5 DA% i Ag @eonisis or antagonists

Q)'f@l‘l’é)sﬁRg(‘d fdifa S

0SBRSBI, pUSOIR RSt e o

o Iclﬁplsetfatelglcms opaﬁragmentshe“ tn B4Be @SrRBvius greapispesific polypeptide,
| e as i nmunogens

5 BB IRE ROl B B e e o T e

spemMe:thmdsyfoofthé lzeneratisiibf bm@bbmhmttb@dieeswm bd rdadily appreciated by

et er I mmunob] otti agai nst fied SARS
16 n%ﬁ?‘ﬁé gh6uptspd®f § =yﬁ%rﬁ“|tld§‘*uﬁ ASTANRYYYR group-specific

tpBBSeptRSHlohSclofdy %ﬁb@d@t?@ﬁﬁlhb@&htﬁiﬁlngcm Bertidagehay 8 prepared
agai nst _whole or a part of the SARS coronavirus

"(}}F’é?‘g fbe Bridoma ﬁ%%?&bé%ﬂh@ lIlTxf\retllmde@eﬁtLabﬂmll\éﬁmal Harlow

foy t hat
O e SO o AR s I RRN, KNS Ry e
gr oupa mué i1p Ipclgrpm;ramaie oﬁﬁndﬂmelopalesxﬁtﬁodieﬂ\xﬁrﬁctednt;oward SARS

a lio\ﬁ%%g.ls e%oup\rq%@relﬁ ¢ pqémep p%g%.g bS. Ifi%{e%?{»%awrus t7a or $a proteins, any

wllmnqh;e Iﬂ&]é p]}zdmb@ Cfbﬂﬂ!@procgﬁtlﬁﬁ of @nuﬁodjmmlaﬁws 8/ sd@tiBuous cell lines
C ain, Fa a and an Fa S ex res

TP TRt bpoticds Ihess &Yy &f@ﬂe Wem%%ﬁ%hgaue originally
G&@W'bﬁﬁﬁolﬂ& &l a8RRAIrS ! 6. 45- 4m1§ﬁﬁsascﬂEﬂ7 RV #®ma technique,

roup-spécific polypeptlde. Preferably anti bodi es are
%Ife*pﬁlﬂ -cell bbadares tachnigeg [oerbooe! 4/, JgmamplogyfTodas 4:72 (1983)],

T
ac Morotlpnal 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 et al, "Hybridoma Techniques" (1980);
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Met hods for the generation of suitable antibodies wll
be readily appreciated by 20 those skilled in the
art. For exanple, an anti-SARS coronavirus
group-speci fic polypeptide nonocl onal anti body,
typically containing Fab porti2ins, may be prepared
usi ng the hybridoma technol ogy described in

égti bod. es-é’pﬂ @n@?%g@‘ﬂgﬁﬁiasa@!ﬁi wH(yat)nd Lane (19|8|1|) Kennett ef

efgselq@g@cld,ﬁlmgb@dl@gqqggo)on of nonocl onal antl bod| es
directed toward SARS 25 coronavirus group-specific

pol ypepliaesy. gu@ﬁar&sc)%mslu@@gom dwbridemzgirep hich the monoclonal

AT, s o I R0 ISRt 1 g st

[Tymebocytas obtdinedr ﬁomﬂhe b}demeﬁa mhihesd ygeadimmuncskd detht himecognition

technl |naI evel oped by. Kohl.er g
oot R R il repamon SRR, BP R aitiorsgor it gla-bindine
tReti GERof. Hyﬁnbm ﬁdﬁ@h aliio AR aktesldRiu@eiRl in practicing this
[[Kozbor et al Irmunol oge/yetooda 4:72 (1983)], 30 and

tlﬁ@nggwwg?thyttb@ﬁ Alpi tn@n&ngmggtew Hhgpresent recognition factor
50 %}%ﬁtwaﬂh@ggﬁr 1ﬂe§?ﬂaﬁsc%tpt1@1llal ’actw@f ﬁ{q{ﬁ%@é &ﬂ@l

Ant i bodi es” and Ther apy,
Li ss,A meaoslotia 988bddy udefirion u)aactlcmgtthb pnb,semrlomngan be produced

S Sllnélﬁlﬁrrfge 3 Ccﬁlr(])g onadlcl}yi)gfi&?lggﬁ § eC hol ?%ﬁxsg oa? §fiStnt me?dn ium containing a

|1ybﬁﬂlﬁﬁa/ tess swdrbtes @ﬂﬁlﬁg@ﬁnﬁleaﬂk@s of)fhet dppiRgiraed ielpespéificity. The
E tei.n-Barr. viru M Schrej er

Fil B tAEEH P égn‘ﬁt‘%fsﬁbd fona timg R %uﬁffjfi%{t 1o the hybridoma
"tYREQ6H: Qﬁ'@%ntﬁwd'ytiﬁéii'e&ﬁesaﬂﬁo freCBbdiutdy %b% g &ﬁl@eﬁﬂ-ﬁlg medium is

Kennett et al Monocl onal Anti bodi es"” &Tﬁt
demeeliected. ndhe gngbods owlesiley qanthon ibgofiat em bﬁ well-known

tt&%n]ﬁ‘ﬂ@é’“ onal antibody is produced, a nyel oma or

other’ sel f-perpetuating cell line is fused with

| ynplSooitards thxtre atementioiss pmckheeski@enirothe artneinnieinay be used for the
h rj.mmuni s [of0) n|t| factor-.bi ndi.ng ..

BEREBA oh ap Gispcta) AnfindGEN A s SRR toRyinig poiiptdes. For the

PhddYiction PEC SARSDMOBh\HﬂJS%I dl&{eﬂlamﬁbb(ﬂbermfous host animals can be
Hybr i doinirgs produci ng a nonocl onal  anti body useful in

poERRized By ikption YRR &t PORS speonpwE PelyRapiFes: SHEi #s 7a protein or a

Fhloicht/orl VarfaHTTHAALE aiﬁélumné ot H@t }ﬁ’r‘hﬁé@ W ra'bgﬁé) gﬁ‘i'cE /943, sheep, goats,
factor and their ability to inhibit specif

- ffanscriptional activity in target cells. A rmnocl onal

23

30

35

can RO R SARS oRoRRIS Pyl S ARl frogment or

oatidnt rthaermfmamlmmgy@auedttm ke fimAmoganio c:otitaien, ﬂ:g)vﬁle serumn atbumin

DL domm, Lhel seofeles antihady ulecules, SR may be used to

liﬁﬁiréﬁs@&féﬁﬁm&hﬁﬂ%%@e@ @@ngh@;nﬁlcaﬁchgf Wit ndt lilnifed REF#RHd's (complete and
sufficient for_ t ridoma to secrete the ant i body

ARACEWIR®s miRfrel gohesun @F alvmimiye W@’Bé@)ﬁutfé‘?ﬁ aefiNp Agpstances such as
g%ﬁietu ihS ijmri']p}l}{n]:te ﬁefé’@l g[?i)tlfﬂudoréh %ng]flé g(g&méﬁ%lﬁghg €Reyhole limpet
h@vhwaqumsdin'srqphbmu and ndmlell}anwﬁﬂdmmmmsadpn@mwudeg BCG (bacille
@Pn\{\gte (@uennﬁ add tCo;yne%acter;%m %grvli!;sed for the

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 pol ypeptides. For the production of a

SARS coronavi rus pol ycl onal antibody, various host

ani mal s can be 20 i muni zed by injection with the SARS
coronavi rus pol ypepti des, such2as 7a protein or a

fragnment or variant thereof, including but not limted

to rabbits, mce, rats, sheep, goats, etc. Further,
tbietssmsaeﬁamvrﬁwgn@o|agalélﬁtlatu@s asgAysh eemplemettotiXation assays,

qgnnflﬁrﬁgfﬁ%fgscéﬂﬁe aéégj{'é gl%‘iielﬁ Qxea{sg% &mm%mcﬂﬁgfogglst %gays, and the
an | mmunogeni ¢ car bvi ne” serum al'bum n
(1BSAew forkexyinplee Ausuhsbe! dig reﬂs.';ylaﬂ# rCyriéniProté¢cdoin Molecular Biology,

Vnérlluﬂ 8%?@}1 ‘%P S%Ogﬁggl% " Ekf? ﬁb 5’\5&15) @S? %p}tdpﬁ%t gl&ytbg detected by

- ..erﬁu@ d'f 8 dé&@tﬁbﬂeﬂﬁ’(ﬁel afthe pmewt 1Bdent Phdde con@ghlovizeCHolypeptide

[ droxi de, surface active substan es suc
Zadbpdoo b Pl

ﬁely,pﬂm gﬂql- A&‘_} f@r(glavw >pg e antibody may be
RERICtIED eeé"fUllt§'l§lH§m%| 4 S0k &ebddMRBS an lﬂf;‘% t which is

dinitrop zeno and poten 'y useful "hunman adj uvan
sap@rpm@tmb(:m iA Ivenets of metheds axe-l@gwni in theaartifor detectmg binding in
Qi Xﬂﬁkﬂ%%s%gfl (?L%%@ﬁﬁ'mhegg{; (l)}I tﬂg regént‘i V%nﬁgf' ired SARS
coronavi rus” an cco ed by a

var i eantibailick ef It fireeat imeﬂmml cmntHeeradl tn diAgemyis nisﬂiods and kits that

i mun eci fi bin [ of . .antibodi eg. may incl ude,

6 WRORBP IR ef' Oraﬁawoﬁlwﬁﬂh%sgeé?/@za e SRgeteEnlng a%edlsposmon
It AR $ MTLARAGH ReMje@SSay) , sandwi ch i rMmunoassays,

I munor adi onetri ¢ assays, 35 diffusion

or ol Hio oy pekesmen e sohTaod TS i%3é3§a3§0§0ﬂal\’iﬂius polypeptide
Sak ‘15111 m&"lﬁ She gﬁ?ﬁﬁ{ ezﬂ’r&lex%i) eﬁfﬁb@& | e élnent thereof has

reactl [utin assays, rrent
dendipg gfﬁnxtymlrwfdlmrcgr%whmeamﬁ 619 mutre preféably gagager than about

O MR ab Y 6 AR f@S&{ " Sl ¥t 5 areater han

RibetorSivs’i n Mol ecul ar Biology, Vol. 1, John Wley &
Sons,. Inc W Yor k) . i body bi ndi ng be
det eéflémoye platnng 6@%@@@@%9@@@5@%@%@% to the present

Hﬁ%é}ﬁhﬂ @}ﬂ:tﬂla;} AbflthctRleane al%da@ ﬁ&ﬁ%‘bﬁﬂéﬁ AR ARBBE WA serum frec

anti body. Alternatively, the a ARS coronavi rus

gmfywept Adter Svmiehigtign g antibodyemay thedpusified vie uee nodtisteps procedure
| t iC
ThBApdlk ko aEAEak, 20 RS Eon EARRR B Por frstance, the
iantiboxty mnay Heo[ﬁrsﬁmpamtednlgy Brateiinng afﬂmtﬁnhﬂomztumyamd then treated
and ar.e e sc e of t present i nventign., 10 . .
Anth Bealdelioion 5 5708 S e R SBAH pEYSSe o ihet purification,
disiealBshy enibR &h® dstichnekckadgs dnbdthatog@iafhy\Blal beRR¥N td f&move residual
those of ordinary skill in the art to dvétﬁgnose or

PERtEIG; ﬁfdve?%@?terﬁe%tﬁ g uckess acidard herpustied pgntibadyy may be further
jied land 8@ ReH BRdY. 8%, sfaflﬂg % éeh ?irl@ﬁfonr (ﬂ:’lﬁ‘nlqs The formulated

gal nst the SARS coronavirus bi ndi ng
ik priepyraiar mtah élepéﬁleybvelbtswhmd @raéﬁémaaldla;ad dtspensatht i body

or f r?%n%ﬂittec{ asrpef o&hehl%%entf'o%lrg:%?% eaaf %1'0%'8518 sﬁrangpody, or an Fab,

avi di
@F@aﬂeﬁc vhisinghey shein Fv), dAb (single domain antibody), bi- spec1ﬁc 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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106 M1, nore preferably still greater than about 107

M'1 and nost preferably greater than about 10%$ M'.

In terns of obtaining a suitable anmount of an anti body
according to the present invention, one may

manuf acture the anti body(s) usiing batch fernentation

wth serumfree 20 nedium After fernentation the

antj body may be purified via a nultistep procedure

ifﬁ@@?‘ﬂ@ gl | ?é?@ f@ﬁﬂ%‘?ﬁ’a%@?‘@ﬁﬁ‘*}teﬁém 4 regpyme or toxin molecule, such as
[ jvatd:.an/ S Fnd . :
S BT SHBR an & pepf S Ernbiffidtylin chain may be
condad waiyrapelypeptide effectot peegpeder mbtegule, such as biotin, fluorochromes,

IO HERASSER R iade. BRI oy R i pocordance

. owith standaxd pdgduresw elhed gl eahyscsiillcden etk t 0 renove

resi dyal 25 pr.oteins, solvents/detergents and H#)ciilpei i
aci dstICTRESHrinYFean srnEL ggRRplatss eenctirally madityipgelge antibody
aniab R MHloR LEkk AR Qi Chs AW0iS@LANErAtSIVAY HRlo1ddout KalidM and constant
colums. The fornmulated bulk preparation may then be

Jegion [angec aeid dedrenes. fGencmllydckangesdinsthe yemable ragion will be made to

RS POGRE e bR YA IR GG ERESLAP ugmer

dhdre¢ss | Qdngestimnthe komstint begiyy wilbiin gpaail be nadt i otlee so improve or

30, di abodi ng t.i gbodi es, or other i nol ogj.cal | . .
drviermafie R lesied dorpea: S epRoRETIR Sxdigh meraction with
frhegPRnésS aRl @hetSéfedior &nctiBRdINosuppr essi ve agents.
Alternatively, the anti bodépof the invention nmay have

at t adAdle presant copiexds effastively domolqeeps exferisd teifoaceptdhat differences
iiR i r : f

B A L
tedtar therhindihg shanagtenstica of the mtibodg lor dsigmient thereaf t &bmgbs of amino

to.it by a cowval ent 35.bridging structure. In
i Yp it 3R o R SRl eGes 58 dong as, the resultant
aintibbddyr Rfenrent tetdo€retEys eddstpd prpertpr conj ugat ed by

or, toxin | e, such as

an enzymne .ol ecul e, chel at gs,

t oxi ﬁé‘?y]mﬂral‘j{j’s"h&Pg??rlﬁ &ﬁ%aéi,ypem&e & H&r@“@?sﬁ{ flragment thereof may be
| LR By st nidlics RAITINk IRV Qﬁ?ergﬁﬂds‘kgléﬁi ihhé rQelHPERL IFR example,
effector or reporter nolecule, such as biotin, L
famise a¢ifl chingss mayheehicated dyugledtidereplacemernidechniques which include

SR 0RO R SRRSO Y i, 0t e e

el fkineligdndimtainbd dixemplng tghegget inchdentindim mutagenesis, site-
further contenpl ates genetically, nodifyi the .. .
terB8 ayaknre s sheS TR e v o7 Py g eiatsgiutagenesis,
elefetioh b? SdlactdiDRRloa ) teolgH ihalke ofadstaNstepineere® Gis@ittion enzyme
am no i d sequences. Cenerally, changes in the

\?H?%é’é‘?é’eﬂ’@ asRUPINIEAGHEBe to i nprove or ot herwi se

nodi fy antigen binding properties of the antibody or

fragnment 10 thereof. Changes in the constant region

Wledulaton ané irdrikitor dompaunds i n order to inprove or

ot herw . ' i ol oal rti e .
o AT G LR % SESISEH B, Mgt
prdsent ievdngioh are Janiaddrbnsefill oit the sgpeasenindidadtéfication of compounds

3{1% Sé%:rg%ﬁ)lég inlgcgrg(!?tl wi OH]Sé égf(g rc%rén%vxtrlt;]se.‘ fnolrjlgrgg.&lart, Ia{fj:lstiralble 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

interaction.
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.activation

in the primary structure of the.variable region of the
anti body or fragnent thereof may not 15 alter the

bi ndi ng characteristics of the antibody or fragnent

t hereof Changes of amino acids are perm ssable in

ef fectively honol ogous sequences so |ong as the
resultant antibody or fragment thereof retains its
desired property. Am no acid changes in the

pol ydepuperady whiehe bind iop suljerwiser integare rvith Meer 86R Sagropevirus, and
e{?feaﬁkﬁgf Pé{n\/%ﬁﬁﬁy 'wqﬁ@\':m\ﬁ'&l!llgteklﬂﬁ %tl\'}lg' PEIRERS ng&n%%ms, may be

e re nt art. For exa am no aci
cidemtgfesl deetyejﬂseﬁaMd nte:j]aoxich Ieotitiba andfor hoeirgmay be determined

h h ddi del
LG T R v Stiog 26Ss B Sy Ghelienn:

- --t he [FoRResmplehd hﬁ@-hﬁ/ﬂﬁr&kﬂﬁshﬁ isTBydattdiab@ligenEi € AgRh A Ystem (Fields and -

chni s 1.n¢c]l ude random nut agenesi s, site- directed
n§ﬂ %@S tgplcqﬂy %ﬁ den dedesting.- H@tg;nagrg@ubmteractlons Briefly, this assay
p@kaé%%ﬁgge &%éﬁ%ﬁl@&&ﬂmﬂ‘r&%ﬁa@m&éa} ti%ﬁélegch@aoﬁf For example, the

sel ected region(s) through the use of existing o
elab]ﬁnbteﬁlee doseinr Ot &iknewentzanseriptiiak petivstor analy bh efused to the SARS
[ of. or_an
(yﬂégh'gsc‘ eqo‘lﬁﬁn%g@dqs %%Efil OQSSF?ZSS#J It%ﬁa c? %ﬁ hﬂv%'h&? domain of the
mmmaﬂsmaohmp éped dea ca:hdndatp @rgtpmptlmbe@ctmﬁ Hetveeen the candidate

present i nyenii are particul arI u for t
REPEBhiHg eSS EpeniitusoRo Rt hdgnn%othﬁnﬁNA'bmdmg and

a@E04tRont Malﬁﬁéﬁ!h@%anﬁ\éﬂﬂﬁohﬁeacgw& 606 @I¥AY ipkddSmityN Interaction can
particul ar, desirable conpounds include those t hat

d@é& badetoetsd byctirtye ©f tensEipioBARS meedivaepeier, sengractivated by the
AR Riondil Beivdeihi bi ting the overexpression of 7a and

apopt si's assocl ated therewi th. Such conpounds nay

mod ulﬁalteend:tyfeiyn affhiityi chgoroato prapke ntalyrig BARS wiendfy SARS coronavirus

SRPARPER Bofine b Foh BPRaplE SARY Srodi ihip iebtides, such os 7a
bzl be hmbilisedloh @Cuppdh (swdhedsagebh@Bse %%ﬁd@éﬂ'ﬂ%}fﬂéﬁﬁpassed over the
whi ch bjnd, or otherwse interact with the SARS

oMy PROtEnS bR ing dp g mmehilised ée%%%e?mawsmlypepﬁde can then be
rapsted #ofn Hféecoﬂﬁﬁﬁ ¥%hd Yde‘ﬁflﬁte@e Im fé'n{suﬁlay ‘E%yidaﬁrﬁed by N-
identified by a variety of SUItab hods
|tmnd@nlmaqﬁa¢@ﬁn@nmfmmgmna3¢ be det erm ned using

st an%&tﬂo Ofip QEQE&JI g cor n%ﬁfnﬁg %1‘%? ﬁfo\éﬁlagg %Jevggtl@i Qg éf g{\gl’{S coronavirus

assay systens

Yedgeptidisedugenst Ve, hemalogay sictivity Fmay dmveivd Smn@mng the SARS

N Er I TR T R p—

trhiGhi g ltheﬁ&ffﬁ%t Bf ﬂl@tcbifn%oﬁﬁd bﬁ ﬂ{bSSARS)bb&ﬁQhr@CﬁdIylﬁJpﬁﬂé by changes
For exa t he i ndi ng donmai n of

1R 4l B4 @%ﬁw becdateratingd @ﬁa@z fnctipn 96 dinne) Sw@abéw@elled substrates
GRURAAthb &S éﬁ)%h&!p ef;b% t@ﬁ@unﬁx%&l% A% dibhditi Ot Z]Iluﬂnn@ffﬂ: L€ fluorescent

onmal n 10 transcrlptldn acti1 vat or
frmameo eaerganttandere (PREMTR| based ntrethads.i dor betawgpdn t dternatively,

ngvlggrgcts télep gn%tdﬂa?em Pﬁaét{qﬁté’ %ﬁ% %gsn(éorg%aaums polypeptide may be
a@étm\ﬁatl ibgncoshgrmming the featahgict dctivitg f (RARS @brodavirvapélipeptide in the
Ip?ésgnc?el gfs a cgndo ci(a{tén cg)%pmlmn \?VE Ct{uia %Qtalcy?ig 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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t hus be detected by virtue of transcription of a
specific reporter gene activated by the
transcriptional activator. is Alternatively, affinity
chr omat ogr aphy may be used to identify SARS
coronavirus polypeptide bindi2ig partners. For
exanpl e, SARS coronavirus pol ypepti des, such as 7a,
may be i mobilised on a support (such as sepharose)
Wad@éw compenpdwith dhasleuel of érprﬁwn Hdhe AR Spognavises polypeptide in
t I R r
Bt!g@gd'ggkglﬁ& f tfgtg c ﬁtq%@ﬁné cbﬁ;ﬁ&rr@ut‘ gA??:oErﬁ}t@%le\ﬁﬂgg pl?l egn%es such as 7a
| pfeteirsfand dppmnnate dtaginestsehd paroings aig he;ag%erm higlefirbhighgdt screens to

,\%SFWO%%%% rc?:aer%qg L}n%r%n é’n Cg‘a%gaggﬁgggﬁﬁg{ k! %d'u‘?q%‘%rg")l(’{%ng‘ efact with these
a}ﬁﬂypﬂph&esof SARS coronavi rus poI ypeptides, such as .

he,k SARS
or ol BE Speregplst el by Actces Tfiodk SHORFl Gples of the
?r?é’s’ &ﬁﬂe&oh@%ﬂ;@ﬁw%%%ﬁ?lb?e@w1deHHﬂJ EQhpahdS MRat are capable of

ect of the conmpound on the SARS coronavirus

pl@teyfp;épg mid, By mﬂdahgeg thesadtipity b6 the BARSatasoravirys belypeptides, such
Sub?é %jag%?eﬁlc glgiqﬁ{lig@egfth%&ﬁe f t@" #)I‘eg tglll}lrllg}ﬂrrek‘l €8ther suitable

rmehhoaimdvﬂﬁ &, krfolwmato ipembnd skilbed ifi theotresgieare withésiho acope of the present
eneggﬁc/r transfer (FRET) based nethods, for exanple.
8tively, conpounds that nodul ate the activity

of t ey AR EOmeMaY, coispHaldy RAPbd Hentifed WEich el acfivae (agonists)
by conparing the cat al yt| c activity of SARS

B BRI (antaepeistsh eplivigeof ﬁAﬂ%C@en«'m@és,e neychogomgpounds may be, for
0
L et
dugmldamk:cubﬁpound The present invention also
cont exer t . their

ounas
rodu ARy e ORE TR Rapets SRR G by, g qyerespresion of
Sdmblna&eﬁaeﬁ raft the fambly ofl B&2 ffhted POLESSI CIThGOﬂ‘anﬁllyeof Bcl-2-related

protein. In this cas onpounds. may

RIBIFH FSoBtHitBtpS B P &l%glfaﬁla lina-*\%qanfosen&xlapé%cg? & G process of

%ﬁp@ﬁgsal&p Eﬂfé@\‘;ﬁrﬁgﬁnﬂﬂéd)’&ﬁﬂﬁaﬂle Sé?lrefral]' Qné?ﬁlf‘e?? BE ﬁnspfanﬁly are anti-
candi dat e conpound with the | evel ressi on of

t4PEPISARSI.- 8.0 PHFTERKPFEI0P olnlibEp tapeptopia lnﬂh@edag}é anewy different stimuli

(e 60, 0900, SQRRAUR e AR AAAI 4095 1RGN ABRIN Wimizu 2000;

suc s an ra

totern appropriat e nts an

o \miamxsi Cany M)@lhsédampleh of thet dntieapghiotic memlwmaretbcl 2, which was

25

30
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T5E B AR D CROER I Rhnth B8] s Ba0kOR, Woma con

Vidatrlying e 1p18) &hirdth &dnial %nﬂ&‘@tlaﬁmmuﬁﬁﬁﬁf ¢thad1 983 hadsits functional
are nereléaexa les of the types of nethods which may

dBokrest 1 {9dnpounds that are capabl e of
' nt e f@mtifilio h]OSlO]Igl‘OmLih@;ah{}% @v'ﬁﬁ 0t \'ﬁblro}ia\;ifus #a"&n be vital in
SARS coronavi rus ypeptides, such as 7a, and
fqlq;ght@m Bosaiyte ﬁlnqncmg Qé thig yrequeofiral proteinh elt pmeg]eqqprowde crucial insight
' j r bl t
S 0y P A0S SRTRB AL, Falg vem
tshieesp o @ Baiphocyte cDNA expression library for cellular proteins capable of interacting

- with SARS-CoV 7a may be employed for identification of such host proteins. One principal

¢DNA 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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I nvention. By the above nethods, conpounds can be

identified which either activate (agonists) or

i nhibit (antagonists) activity of SARS coronavirus.

Such conpounds may be, for exanple, antibodies, |ow

nol ecul ar wei ght peptides, nuckgic acids or

non- protelnaceous 15 organi ¢ nol ecul es. SARS

coronavirus function can be reduced or inhjbited by

tREoHS re¥bY eamnayirust polyroptidesn shetnBera padteinpe Indhis|ipstance, these

f I

girn(t)lt&gilsﬁ gxuélgﬂﬁgz{cﬁg J%f:@hﬁ ]ari] gﬁ%llepa%lé %ﬁ'a%)l)é o hgﬁ%lsgl & a@fe@& a portion

ggn@ARB octwonaviie RN Ae spihoge s RINA (agmpdaﬂg mRN@I)sby vxrtue of some
deat

csghﬁll%;e DL ods anTEd. ’:%jllg)dplgglﬁrgly G ﬁ'@gn‘%‘gﬁ%ﬁg YondiBoss. Absolute

- icoRipdrhéntafl9 At ot Seqm&C%ltﬁ%nimﬁUclab fdcRX eintthBt fof | Have utility as

(Goss et a 99; Vander Hel den and Thonpson 1999;
TREAPTHECS t %ﬁde%rﬁerﬁrzwﬁ DHODARS ppaomaviTie fenstign.oish gan be used in its
%ﬂﬁéﬁ%rgfevgﬁ%nantl - apopt otic nembers are Bel - 2,

was the first nenber of the famly to be
i dentﬂﬁﬁusédi%mmomsrue botrgsef ustoi¢ yuighmmabe ef atdeast six nucleotides and

((:a?fg %%46&%%élgﬁﬁé$}ot%%gl;]x?c%gglggl,eli gg@h g?ﬁ%f)dn g){ﬁ%o%tSI 50 nucleotides. For

reaamip g ties, anfiedensd §lBRnseeaideak at ;AQ3)0. nicthkenitied, acRhdtds nucleotides,

of  hos interacting Wt RS coronavifus 7
A iegata Ao, of akkea%ﬁﬁﬁg%ﬂsg@ea 3 dikeppelaeidss an be DNA or
tHN & dz‘ |&hﬁh’&16’ﬂnﬁ@1|.1re§ bPi&Ivativdst orGAGd Bb® QerBioRY itieeos rsﬁ&?@gtranded or
| nsb% into the biology and pathogenicity of S

$iapdesl. 7a. A yeast two-hybrid systemto screen a
B-1y t [
pr of ol sEnck IMBRRLRRE caft e mlffiol bRt B g sructure with
mabsttbeemmgbmeydw koowin de rthe fartc aflihe S ARS supcdmakives ohgonucleotlde can

Bt A e Pl it mERC hieha® belt TR ERRThY Bfpop dncjoding, but

hebtimitedntal 3-flgbistakilNS-bEdreburk €ll, rRtlbraRRAL sd@ddumﬂahypoxanﬂune,
(hSGJI) cont ai ni ngc protein. The SARS coronavir

aRch%n mayt-2ac%K Ysiee duced-Grbp Yerewimehy ntlsé‘ﬁa:f’él 5-

Qﬁfﬂoﬁyﬁleﬁ‘l‘}laﬂﬁnorﬁgﬁyﬁﬂﬁ{l&ﬂ%ﬁé c or pr %M(ﬁ@l{ﬂ fhyiin@hethyluracil,
such hucl éi ¢ aci ds” of l east six 35 nucleotides,

génerenragil, uﬂ)etacaDagadmosm@emnﬂ edndsifees, 2thdimeghnidguanine, 2-methyl-
ns odi .

SR ZARIELELE, 200 TR0 B e, e, 7.

inmeshd paanind, I*ﬁ}ﬁmthmnmemaﬂ-glmaml ei-metimixgtamimefrethyl-8-thiouraci], beta-

}%{afe;%‘?]sy (%#eggﬁ\%gg%g%m%g dk&y{]@%ﬁ pgguc&feas hllAg-thlocytosme 5-

&Mﬁbﬂrﬁfﬂld’uﬁﬂ\m& g il ! Hﬂhﬁf}ra‘éﬂnﬁ-méﬂﬁjmﬁﬁﬂe uracil-5-oxyacetic acid
con‘pl enment ar it and general Iy under ugo stringen

skl estein aracpS BXYACRIC a@fivh rﬁé!ﬁ@%mw XosHCy é@aﬁtmé@-ﬂmuraml
LRRRSS-RUE LGHGx AT 9 k Lility as
t%r apeut’i cs tﬁ ﬁ’%@eﬁro?l in 2I‘Si@tdmé’liA\R coronavi r us

f uncin @mptha’mﬁp@anthb@nug:ensel aligotgcleatideanapeinclude at least one modified

Fs)lrieverl]ﬁclue§ suc SARSa ifhsenay If[u%% a tlI!IOS SNSEL gé:el eéﬁ:d hexose. The
a&%s pe’of &t T8AST%i & Ut 1Ges AN

ohgonucleotlde may also include at least one modlﬁed 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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are generally oligonucl eotides which range in length

from6 to about 150 nucl eotides. For io exanple, the
anti-sense oligonucleotide is at |east 10 nucl eoti des,

at | east 15 nucleotides, at |east 100 nucl eoti des, or

at | east 125 nucl eotides. The @ igonucl eoti des can be

DNA or RNA or chineric m xtures or derivatives or

nodi fied versions thereof, single-stranded or

doub|EEPEISHgR Qe the SPﬁléen&men@ém& eaiAIYD sronedtusdatisense BANA can be
b CimBler RAG RS e\t I ol il byl cels, and may
dotloderiduableodr cgmmmtlwa@prmhmtaanExamdbwdésmh fremstervinglude: SV40

i eﬁ%b{&é&lﬁ&t@? %e%,}on (;?8{1}/(11 g Ib&ma{ng%)gl 1‘? Ct = d%;di} g@h t3|18 (%fﬂlf promoter in

&hbrsﬂamtmnﬂal répeah@f Ré8 Ghtcomia- wlmioar@mxﬁoto ot al., Cell 22: 787797

ﬁg@g&gt iy ntﬁap%(ﬁ {9@%1%5]1:1})%?&32 algg%t‘t ecg‘srzl n%’mc Natl. Acad. Sci. U. S. A.

CAY: RAXYTRANYIORD), B RS F¥hTatory Rbqtehédd dT8he metallothi Brinst
5-car boxyme%llh Fjam none %al lﬁacclﬁilel:fl 20 dl%ymgraogr a(():lllelln gene (Brinster

st Dk@«g]e%o§9+4@u@8§2}] éhe ﬁwglg)sw@s of which are mcorporated herein by
Zefirdi-pet hyl guani ne, 2-nmethyl - adenine, 2-methyl

guani ne, 3-nethyl cytosi ne, 5-nethyl cytosine,

NG- adNW ieterfetenceaRINAY (s8] €2 Chuang ef al. (2000) PNAS USA 97: 4985) can

BRI G oy HE S5Fdegignagf 2 egug acoding a SARS coronavirus

PGS GUED Sk NTa. ﬁtaﬁiﬂgomrwﬁeﬁ?ﬁhéﬁﬁcpémculaﬂy double-
pseudouracil, 2-thiocytosine - t hi our aci |

e ENAL |can he peed o eargrate 1@5@5;1@1@19@1 Methods relating to the use of
UK | Ito gléi%é( Edsi i d?gérg r%?;fée%iw e%lefn’stan%u Fire et al. (1998) Nature

uraci | oXy Cetlc a ueosi ne t 0xosi ne,
39e806-81 R Hammoonda et &7, (2001) Nature Rev, Genet 2: 110-1119; Hammond ef al.

$2000 DR 40T DS 556 SSUBRRY ok PR W@ Mg porapg Frvashir et al
qEO@QnN@ﬁm@Hilﬂe4%y9$ NTiterel et dtal ImiaBtapplﬁkeztlﬁﬂdﬂiﬁi wD 01/29058; and
ar .noi.e such as ar.abi nose - fl uor.oar.abj nose,

ipﬁ%maa%al RET RaRkrsgon The- WO FORELEbt thge dipglpsutes oof which are

i AEIrptiStedthete rc@Ede0di fi ed phosphate backbone
sel ected from 30 a phosphorothi oate, a

| .hi oate, a phosphoram dot hi oate, a
Eﬂ%@gﬂ%@%’%& e, a phosphordi am date, a
nmet hyl7phs $iphfisa ORF afhsubigkydmioRIS Al aindi ceataats, a sigalalgpeptide at the N

B PBR L6t VRS R T e i AT D o ik ity Induction of

Sp6hodis i indepdd ¢ells h:ﬁﬁré(ﬂitﬁ]ﬂltb Qdirdcfliy 9@e E&d viral pathogenesis while
¢craoss-|linking agent, transport agent or

ﬁ@lﬁwhensoitqpeﬁtomsasaﬂ (ATENFOE PRt gt aﬁémmf@ged cells, allowing the
XRS5 ﬁ)sl%PH&té)fo élﬁgh it bF ﬁﬁ@wﬁ%qggéﬂﬁlf‘sﬁﬁelﬁ%@g l%srswtent infection.
coronavirus anti Sense RNA ca
known i the kheseaoft SABSe(E:fN,i ﬁudmmml tha rchmcnb It“aamrmg Oﬁ theadisease have
iflcniy PR Hplyor ABRRGRE S SRR hlelbeta bmphopenie
elabhgoopﬁ i rhyp@cgall@ﬁné Be Wmll &t hwcbn@meﬂabmnﬂ*datmy é{owever until
90: 304-310.(198 ronoter in the 3'lon term

SEenh inveg §6W"?€ aPP3red 3549 b a]é?pt%il s pl a&l‘“i‘ lmp"“ant role

&4dring BARSICoV 1988on. NAIRES t6 Q¥idhAing Qvﬁéﬂféa$§ hfﬁi YAE &4 the induction

(Wagner et al., Proc. Nat|. Acad. Sci.
of apoptosis during infection, the inventors examined the ablhty 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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78: 1441-1445 (1981), or the regul atory sequences of
the netall ot hionein gene (Brinster et al., Nature
296: 39-42 (1982), the disclosures of which are
i ncorporated herein by reference. io RNA interference
(RNAi ) (see, eg. Chuang et al.3q2000) PNAS USA 97:
4985) can be enployed to inhibit the expression of a
g&ne encodi ng a SARS coronavi rus pol ypeptides, such
isgase traatmentaniddfagnosiy RNAI ) fragnents, particularly

G001y (RS AR AP EOSIANE ol s

spdrmwafl}genéfe inhibiti@ga i apsptasie aksvoimed wah dvesixprssion of the gene

FEOCT S Lt T T

- %revenﬁﬁ@@@)seé\é%tstﬂi@m%b%&Q% v 43fini HeRms4 ﬁiefhp@i(m@lllX effective amount -

2001) Nature 409: 363-366; Elbashir et a

Nét%}ﬁ a gompoushtosihg subjsele r Asgorngly, ﬂ@nnawtm@léx Pﬁﬂf‘ﬂl\ﬁ?mPOSltlonS
0 @t gﬁ@L

99/ ZGg% ﬁﬁﬁﬁﬁﬂglggrggﬁggébo ﬁﬁfcgd%ﬂ |ncggp 5¥mgo Suitable

h-@nmonltlbys may dednuaulatzd aRoirdingrio Apopnosétbodsasuich ashfer example, by

F_of. supgenam.c RNA7 and. cont.ai ns, a_si.gnal

bl Pl 46 £ PRATREREATS el PRHEL TR BB, gpount of the
mobduflatokKRKTE, at the C terninus. Induction of

apopt cted cells an contribute directly t

t he \}ﬁ?éﬁa @fgg‘@ﬁ%rswm% pand apengs of gie pesent invention may be
HRIRRAISRTR &a&rﬁﬁ&ﬁﬁﬂfs @ﬂﬁﬁ%&é&uﬁ@zﬁfyhopfyretv@&n}ew e%eag therapeutic
cells, allowing the virus to replicate to a

tappligation, edmpesitions ereeadmsiniskired fine patiant aheqﬁyr%lf%neatﬁom a disease,
CFfaﬁ%IHI Pﬁ]t su éfR ?0 8\?% %ﬁ QL’II %A R%%V'&l’rgét lt’lge (ﬁg'e %IS(P I%S comphcatlons

I nica ures o ase nave revea
dﬂrﬁmnlatmmnnsﬂduld qmmhdé(a qﬂmmqt efl thacbaipeund or agent sufficient to

d dr hopeni a, thronbocytopeni a,

ﬁ%%% 3“%%“%%? as |liver enzyme abnornalities.

|‘|0V\E\713k thétﬁ)ﬁdultlczﬁgr &tiR:tiE Ao evEiTY LAty @d}nblﬂaﬂ/&?aileﬁpﬁlll depend upon
parent as to whether apoptosis plays an inportant

rao‘faé'etya%ﬁ ferigrsnpladingytheritderdieing tedtpdientd the seeardy of e disorder;
%ﬂ1ﬁ95f #R Logthodnd %h Qb oye'adﬂfet(': gﬁfogaéﬁgggbfﬂ $he age, body

during infection, eI nverit ors’ exam
ofeigihi &en@akﬁemh\/semwciléu of the pateint) thotiinadd aémapst}:ﬂtlos; the route of
aﬁm?rggtl'at hnﬁs rql,eer ot gegluf%srt%gloﬁ Ioff ft ggé% I%ré gglg)g?m{] d[Pe Ill.luratlon of the

escrlbe in nor

 Inehiowent; 3(511@@ uﬁdsmaaﬁnﬁlnﬂainn@ntomﬁdelﬂalagiﬁi@ $hes trémmeat) together with

entifi above nethods may be useful as
Pﬂﬁ?ﬂﬂ@ﬁ ? @ﬁ knowpdn pedigiig |y in the inhibition of

apopige s‘kﬂﬂ:ﬂ%ﬁ%@hﬁdvdﬁl& e QUBRY, %ﬁrl%ﬁﬁn%d %eﬁfnehtaﬁoﬁ ededetermine an
product 7a in SARS infection. ese conpounds find

Ghlectivieg poprteiip |amounh of raggsti piy cempound whlch would be required to treat
applicable diseases.

Generally, an effective dosage is expected to be in the range of about 0.0001mg 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
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wei gHibepe composivomss cara&euadmm(s#ged dya

preventing a disease state in a subject, by

adm nistering a therapeutically effective anount of
such a conpound to the subject. Accordingly,
pharmaceutically useful conpositions conprising

nodul ators of SARS coronavirus3hctivity are

contenpl ated. Suitable conpositions nay be fornulated

acc rdi to kn net hods s h as, for exa
%%mgymﬁgﬁ@ egm oafc%%eég}g» oegpmgeer kg body
awslgmrpeebﬁ B6lsV AP BRs t@fab&ﬁq 5 g pPREbEdPHei gP(P}S’éi”Z@th@ﬁrs

and i nhi bi t or conpounds and agents of the present

| nvenbltepatively, iva effeghivndetage aehyake vprip@bpeti w%n@m? hegenerally, an
cﬁQ@H&ag@ léﬁﬁ%&tef{oqye 1ﬂtthé/ ﬁhée of ﬂ)oﬂ Eg' o] Qfo%&'gb&ng/m preferably

ered

.._pzdiouemi talabmaoﬁsowrh rrog ﬁreferabw dh)(ﬁﬁ&éiet,o ationt 480mg/m?, still more

SR 8, MRl S o LB BHSED o abos

STRDM mB 0 isGi edertiiaRtpréfiradly dvoat TOOUEC Wmaaent
sufficient to effectively treat the patient. The

t her ab@igallyqin therapqugie epplicagioas thediratmens woplg be for the duration of the
Qﬁ@%&&&h@r patient wll depend upon a variety of

factors including: the disorder being treated and the
severfiurfhenfit i l@h sppragent ;to et ofvordynagy Skihlem: thepanti riblatothe optimal

030 SR o BT B SR B nd et o
pat dizedse stattﬂ)dxmgmeanéd m&hﬁbﬁ&tm’lﬂ Rite bh@thﬁ@lkﬁh%tl@:ﬁ and the nature of
a n1n|straI|on Ege rate equeitratlon of t he agent

© PfiEHan IR EdRa epafreafﬁ fﬁ%@m tPEERE Fenditpnggan be determined

q%e%neaﬁ&@mhbaﬁﬁﬂﬂg or coincidental with the
treatnment, together with other related factors well

knowrdt will plselbe iappareitrie omkiof etinary skiflinghe amidhat dheeptimal course of
y i | r
SRrEmpityalch s, B8 EIEE CERON o Ul corBods et BRBE pB 4y o defined
vmmilh}br b€ dajesq varr bel agoertbinediby tlapp Iskld:laﬂ) lie thti @reasing conventional course
g% gﬂ an effectuve dosage is expected to be in

t elEi L UGB 85001 to about 1000mg per kg
body IeHegritl, E@Eab?e‘lcdiﬂpﬁsﬁlonﬁ Yy pri¥paréd 8¢tordind Qiﬂ%th‘bﬂs which are
3m@ut 750ng per . body MEIght per 24 hours; _ abo

iy 19 othasg et 5;115 pé}:l gmb %, @ﬁt Bt glglyz 4nay include a
WidldFrSaceRROMY alochibid &rﬁE}OHfl P N Wi, body wei ght
per ffehourga'%bou . % abo% % per kg body
sjgggar(ia@n@s pein |ggneral, the
[ Vb |ca
SPtboriliEn? Hasl B ARLgy pYOHE MIBHERY, Gigonihopysppus, intraspinal
aobeittankoiy ihambautarP@ieg per kg body MEIght per 24

ver Sheriies dlBt fndgthydo gt s Gerohy bR of being

| Va@h@aﬁbla&vm lthe StHeP U SrediRRQUST the WngoRitRA0 hd 4R WeRdrious to the

g .body MEI%ht per 24" hours; about Ong 31 to about
meﬁfeﬁ Sgﬁf pﬁém wautrglly saccapleble sardry oo diluents are

Qﬂﬁﬁ‘ﬁerglgg@ of ﬁfstlhgd ,r ﬂ\iﬁle% 1B v eéﬁ aﬁf%%a%eéd Qﬁ OUlch as peanut oil,

Ong to about ody wel ght per ours
safﬂower oil, olive oil, cottonseed 011 maize 0il, sesame oils such as peanut oil, safflower

oil, olive oil, cottonseed oil, maize oil, sesame oil, 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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Al ternatively, an effective dosage may be up to about
500mg/ n2. CGenerally, an effective dosage is expected
to be in the range of about 25 to about 5001gy/ n2,
preferably about 25 to about 350ng/nR, nore
preferably about 25 to about 38O/ n2, still nore
preferably about 25 to about 250r1g/ nR, even nore

preferahly about 50 to about 250ng/n2, and sti]l even
it ralicanelss lgwen Belyalirglens, ehisals orl SRy Hbylens, glygals jor example

| ol dgyIeRe YWiidol, aﬁ@?bﬁqwe{%@sglyédi‘e &{(yge?.te 'Tg%ol\igﬁ%ﬁyég% glycol, 1,3-

for the duration _ e diSease s
vibutylene ghysohroe rglyttea)mo estyo ficidr ehtgya rspcly kis | 1BOpranlh1ealmlt@te isopropyl

0 A B SO RO b s,

- tperotiusefelle. Typicellfeha@ricreatadiers Witl foamfront 00%eo 80.9% by weight

Séfﬁtg of adm nistration, and the nature of the
pr % ERMBISIHINSi vi dual being treated. Al so, such
opt i NPk ERMsishioR Sf %ﬁn@&lti@ﬁtrﬁzﬁm)@ ffa fih SARYRMot @ddinistration in
techniques. 15 It wll also be apparent to one of
ot iferam wf gidormulation m;tablet for 1esal ingrstiop (Fueh|as cgpyules, ¢fdlets, caplets,
t
AR P PP 18, a0 MR HicoBle P RERinRrakBFby igpalation, such as
dizyymiragsal thalaiscmmltcaalrinhhlmont hos formisuithidd forrpatdméeralradministration,
tzl g gnventl onal course of treat. rrenh det ermi nati on

gtt su

FHIGRAIES B a“%‘iff“ﬂl%‘l’rémé%‘f?ﬁ%ﬁ S ey be

pr epaF cﬁ‘dadﬂﬁﬁ@ﬁ'ﬁﬁdhgasi & RS syali6h offsBspeRfot N0k parenterally
those of ordinary skill in the art and_ accordi ngl

y may
i arceniatde siluems orsasicrs e inglude Riseerts wlutigny jsgfonic saline, phosphate
/ \/ ositions can be

| PR 5B R ﬂayggidéﬂnl??lgpgﬁﬁé glg/%’inp

adm ni stere out In general, the
corrpoSﬁmf; oxmnpesyobwitablricairers rdeldetu'y, axicipigdy @t atjayants for oral use

il% 1%de | gxtnﬁtg¥§ ?8u1flei)anrt Spl 11.151} rcaﬁ)UbCUt t%lyﬁ:%ﬂ?loge nxgethyicellulose

PETSY™
asduduma nil Sinave,s gmlﬁe acaﬂmp %ilhﬁ lmlagacanth tcmxﬁsseofsubms@ gsorbitol, mannitol,
dients of th

ati bl ot h
o e Sorithim dndaiog these ) JemRgigors masocanpin spitable flavouring

ther efburiagd rﬁgkﬂ@@f ofvhad ﬁééﬂaﬁﬁéﬁﬁsﬁl@ fo¥mahé QBpssema be coated with
carriers or diluents are demneralised or distil

viergoundy| susk 89| giveent menesteste passdcayl sd1§tl9%1ﬁteasWhiCh delay
p:ﬁéiﬂféér @bl safflower oil, olive oil, cottonseed oil,

mai ze 0|I sesane oils such as peanut oil, saffl ower

30 0|Adjuw:lnt3/e typiballyc otricbrise ecnollientsnaicemlsofidrs, stgekening agents,

al%ac e Hﬁg’ ﬁnut oil: silicone oils,

,Pﬁg T was :L%(f ylg(flfi%; C U HERE et hyl pol ysi I oxane,
phenydolidofoyss faxaaeadmdistraiéhdaph@nidin bﬁﬂdyﬁcdcﬁ@tﬂﬂe in human and
volatile sjlicones;. mneral oils such @S | i

pEtEIaTY,  Phgmaceylicelaf Praghicsy  SYGEPRsTe: snjegrigug agents, diluents,

defvouahdsY %éatﬁ'}cgeq%eﬁé prRidWiives! bl O alidWimé ﬁbllaylagérﬁs Suitable

car boxymst hy ul ose, sodi um carboxynet hyl cel | ul ose
drindsss hyalndsx gpmowcwetnglcel tamosfacch) gwar tragacantbl sodium alginate,

f&fboﬁﬁ%yﬁ:eﬁﬁﬂ@@ %Ir p%liyeltl‘ﬁi(l)elf%r gl@r@&m Suftfble sweeteners include sucrose,

lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include corn
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 flavouring
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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| ower aral kanol s; | ower polyal kyl ene glycols or |ower
al kyl ene glycols, for exanple polyethylene glycol,
pol ypr opyl ene gl ycol, ethylene glycol, propylene
glycol, 1,3- butylene glycol or glycerin; fatty acid
esters such as isopropyl palmnm3ate, isopropyl
nmyristate or ethyl oleate; polyvinylpyrolidone; agar;

g agacant h or. gqum acaci a, and 5 petrale jelly. )
OBl S aT S apetid S5 dionpie VIRRn for i Brsidiswl ascorbic
t £id@ Iy IoyariWing plopyLparhbedy 6:0553RM biAhite TMRitable Iubricants include
conposjitions of the invention may be in a for

STAZNESIVE plefraled HEMTS RGidt Sodim Rleaten éoc’fi’émrﬁhbifﬁdﬁrgf talc. Suitable time
: . . ) iy -
&mwllg%htsqacx@ e@g&k@ th os&mkee+r{§§%gy{1%§gtéa§as. as

capsules, ta apl ets, or exanple), in

.an . aelrigeid| fofmoy for otal adiningstfation achy contitin, an additifry to the above agents, a

i Lan, S 1.0 by intranasal inhalation,or . .
R B ShiEble Ruld i SROIBEERBler APl AP QU oil. peanut o,
agbsamie 61l r @inflower oil,kaffldver odly BRUkia BEQUScomitil, MAURCHHr#fin, ethylene
or, intravenous_injectiqn. For adm nistration_as an

i g%y%ﬁt BISPEcR% Blicrb mobethylris et EsBncthinah- proRanel, isopropanol, glycerol,

PRt AIcBRAL, MelyBGHRPbARIGuRk kiksRrs or carriers can
include, Ringér's solution, isotonic saline, phosphate

buf f eYuspensing fer, oral adbmisistraien may fprthgyydogpeisg Higperkingiagents and/or
. Syl t rrier dil uents,

DSBS, Suiathe AHRIER ek S Gl JBES carbarymemhyicellulose,
thtﬁy]:cbld}di)ﬁél, hﬂlraijfp'rdspylmeﬁ&}*ﬁ@lhﬁdﬁpwmﬂyybmbﬂiddrﬁﬁﬁ)dium alginate
net 0se,. ..sodi um.al gi nate,, qum acaci a, gum
tqra?ﬁét_é(gﬁ‘ltcﬂg(ﬂd ﬁe%@géﬁspgw%g%%m%ﬁwa? Siethipn palypEyethylene esters of
dfeltpbiifes@its kRaHE Adifl: pdifo:3eyich® Robi6SBoM-r di-oleate, -stearate or -
formul ations may contain suitable flavouring and

dBratsr Pfyexvelifing somwan mesedos ¢i-dlegss ustearpig ofirlaprate and the like.

caps S : . 20, - n C .

oD cHRide 22 0A MehibidQuoRrRAYD RS Chuftfisg one or more

chetdsifying sgentse giuiteblo emulsdfyingageststipgudeadibperdimg hgraés as exemplified

e mul sifiers, thickening agent

TR bina SIS b b i e, 215 st BPER Ragnt.

Sol i dviéthodss fdropreparitlg pakighierdlyr adrhidiktABY E@dRitibns are apparent to
-ndﬁéggﬁfcqgtable én hgnan %fd 25 vet_niqgry . .
B%ﬁe .’inc Faﬁréfé F’Fe,e%% HhBYOEC fI%FFl i1t @ﬁé?‘iﬂﬁ’& Remington’s

FURAhSoculdd] USdidize, 15i2%QUNVEAAS PubAGihE T ARGAYS Easton, Pa., hereby
preservatives, lubricants and/or tine delay agents.

- gaorpspied bisirefarepee heveinude gum acaci a, gel atine, corn

st ar gh, t ' | g e .
Lol SHRBIRAREATLBen SOy TP SR Syt such o an nonic
Satiermbloe nongenie serfgctamcuct easswchitmessters ac pob@xyethylene derivatives

| ucgse, aspartane or saccharine. Suitaple o . :
SF o5 ERRBE 2Ene B R einal a0 o8 Rer derivatives or inorganic
it drjal€ ehohUdsOsiecacesils Yevliday) adr 18k GheRQientiUdich G4 Minolin, may also be
xant han gum bentonite, alginic acid or agar.

aplededt e "di | uent s i ncl ude | act ose, sorbitol, mannitol,

dext Mag @ompa&liby maf gisb lqe%%ini% kil LS ?JrHPB‘Iaﬁa;gqsgmes. Liposomes

calciumsilicate or” dica qun1p%osp ate. Suit
freagengrallygderivge rfram iphesnhabipide pperthar dipidishhstagicks, ghd are formed by

L e e T R e—
dmyaminytox e, ahiydolapidaldy 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. 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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35 nethacrylic acid and/or their. esters, waxes, fatty
al cohols, zein, shellac or gluten. 33 Suitable
preservatives include sodi um benzoate, vitamn E

al pha-tocopherol, ascorbic acid, nethyl paraben,
propyl paraben or sodi um bisulyghite. Suitable

| ubricants include nmagnesium stearate, stearic acid,
sodi um ol eate, sodiumchloride or talc. Suitable tine

&éﬁhgdsag Siell Bipleey.odelugiey T, Yoademie PrasarNeve York.gi Ye @r%?ﬁ), p.33 et
tear rati on may
S R B b GHICH 1 RlcBol b B o aenel 221 O G
ier. Suitable liquid carriers include water, oils
such as olive oil, peanut oil, sesane oil, sunflomer
oi | , Isatddréumee vaitl theapr@sdnt Snankipn,Ckitsocutitaining, nucleigindds encoding

B ke oo ebn gyt B TRy pErb SRS ospnaises polspeptide

GhisRRQ such%@ﬁa%nﬁb@&i@@hﬁy b%rﬂr%}ai/&le rSdBkiRmdy i e@Sfor example,
t hereof. 10 Suspensions for oral adm nistration may

i eteelr the prasenaseof B ARS carang viskeinfastian i abiol @gigﬁeﬁampiﬁ; Detection
%91% tdich §H{a1tls|a@, F’l]ﬂs[]*d? ReAe ﬁgﬁgﬁ@éﬁ,ﬁ%ﬂuﬁﬂ& BRYot Bmited to disease

car oxynet ul ose, ose
ldyegnosiy; pmmqln}ilmhigiml -stelidsu ok @erfpaing \screghingymethloidsl efiethe present
sodign1alginate or acetyl alcohol. Suitable

%ing agents include |ecithin, polyoxyethylene
est e[[@tsof)f tHeabie¥ert CinfrentfuaC boxﬂpnﬁi@&jhb Corafioge ant1 SARS coronav1rus
po| yoxyet hy] ene sorhitol nono- or di-ol eate, <$
dplypepfideaniibedies may fwypawr@&r@?qraﬁom&nﬂm 1esWhich do not

%acp Lgat SARSSE&%BQﬁ{%JSg#oI fad, &sudh Qast'hie drl &RibodiEO&F the present

emul sions for oral ad ration may fUrther conprise

anventien. ndydditiomally skitsyinay @ytain measy fqratﬂt@tleﬁﬁh% ibindimgyof an anti-

S So bR R BRESIoA0e 1oy ASTLAERLLLT 86 BB Stne one o
Hat'ura m acac u

t‘nt(ﬁg SARH dfnroﬂ@ilhﬁ) dﬁtl’tfdﬂlliespn@phf cmgugmﬁdetntaaiﬁdt@ble substrate such as a

dm nistrahle ¢ S|t|ons are apparent to
Tt DR AR Tl P ot P oA SbiURE b to a second
laRtibddgr wﬁmnmcs%ll%nﬁwsmss cofIRaViARC auttiodd! andCiLR6Mugated to a
15th ed Mack Publishi ng Conpany, Easton, Pa., hereby
ﬁﬁ@@ﬁb@ﬁﬁ@%ﬁﬂ%w'reference herein. The conposition may
i nco KPR raééo?dﬁ?%o ﬁié' ﬁr@&h? 1n%9ﬁt§c§1%9§15 ]53 R RDHRG comgonents required

ani oni c, catFonic ‘or non-ionic surfactant such
yvccmdugmhe stethosls of thegirgseny Btvhytian equhaSihiﬂéﬁemm‘onrzﬁuents The kits

RGP Gn RO R TR S B0 Bt e 400 gt for wing
fid kicasqinsnts it t}@aﬁeth@dscbfahé@resenm grveni@nt s suc h as

 anolin, may al so be included. The conpositions may
al so be admnistered in the formof |iposones.

KIARGS O BFchavitus 38918kah! ¥ derived from phosphol i pi ds or
other |ipid substances, and are forned E% 30 nono- or

mul t The apsssendr invigdien edlsq | k‘?lﬁt%ﬁ dpy st SARS regrongvirus - group-specific

[ (. G:
SR B o0 MRS p(TE Shiling WK R0 ABrinaly, g aspect of the
uaxpa%repn{wdesram inglateldi ppscssak SARS deoneyeds gitng-specific polypeptide
ggnpositions in |liposone formmay contain stabilisers,

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.



10

15

20

25

30

preservatives, excipients and the I|ke The preferred

i pids are the phospholipids and the phosphati dyl

cholines (lecithins), both natural and synthetic.

Met hods to formliposones 35 are known in the art, and
inrelation to this specific raference is nmade to:

Prescott, Ed., 34 Methods in Cell Biology, Volune XV,

Academ c Pr ess, New York, N Y. 1976), p. 33 et seq.,

the cwieutingy.dhe jpvcarion glsp w@ﬁsrmﬁb@dmg\réhmsmemng of compounds
.rcﬁ"f 51ﬁ§] aﬁ:rablg dtSntiBiuf ﬁﬁé&x%ﬂ%?? aIVgAIQS tCBI% BVRRGN ca able of treating or
i nv nt| its cont I'ning nucl ei c aci ds enco %

REnting SARN carengyohy peptsibjes, Bwdhvasioddprter provides a method for

SARS d bodi h
Bl oy SL PR TSP PER ¢ ShiscTii o may be used.

for. eshermpttod of ledefyded ah Bgend ﬁ?ﬂﬁ&ﬂfsearpfnhﬁ;’ﬂ%ﬁ of infection by a SARS -

coronayvirus infection in a biaglog |caI sanp
[SOTRRYIGHhIMGY | SRYPEISE FOWREg % celk @t Gell eiracy %h pag gr grore candidate

RIERY SRSerndififb %ﬂeﬁ&r Bittre %05 dédr&ist 4 tﬁeoac%ﬁ PF%he SARS coronavirus

diragnosi s, eprdem ol ogi cal studies perform ng

s wesHcadicral yrentde b, tand tbﬂdssemtemmmgnvlmhqrdhe aggint & an inhibitor

fe .t i.nvention conprising one or nore

%faﬁﬁggg§§6%$énaV|rus pol ypepti de anti bodi es may

f ur t e nowinal o fdemifeing n EREre saitabld folr uahin the tiestsenhbgitevention of

ggugg react . MAthSARS coronavirus pol ypeptides, such
COTGRAVIRYS i3 §HUECt JARREPHSEsent i nventi on.

Addlkmon@bhﬁnnghbﬁﬂ a] SARpIBIFdnTBRNREbfE detecting the

bi ndi ng of an anti SAR coronaV|rus pol ypept i de

ant i L()@dl @Qﬂfa'?;t!}t&ihﬁéanmeél\ﬁﬁ Frsaflidstepgentexanpl e t he one

or L O AL YR e BORERYy M CRAPLPhe sars

radloactwvgmwwnmqumeaﬁﬁﬁkqnmnmpﬁ®ﬂ3bamdenzynat|c

bst t h
0B Pinet GrP e S Persy® aMte o AT gy CEggnt of SARS
deicpatialy. e substrate 20 Kits according to the present

invegﬁ?8 also i ncl ude aqt her conponents reqU|red

to c r HEFUENY R3eVenHRE BABSIronayiEn i1 @ pubjesh siqy comprise
%&m‘ﬁﬁ&éﬁﬁgc't@mg/ stbj e&' 4 Hﬁfngéutlc-ﬁh? effebSve IMPiRfYcom é)ound identified
i ncl ude contalners for usi ng”t he various conpon

apidhe msthode dessribed abovesi Thy traaheeritior peasiepiorenf BARS qonenavirus in a

g@lgjg V&@e#ﬂﬁ REBTE of QYE rd%;étﬁ rhssc?c? %Cg{ %’éx‘b}‘@smn of the

present 1 nven
SARS caronnanis rpmtegrﬁu pTspahilfitian oboélydaw]ft tsda:hﬁweé ibgt itldbiting the

S oF  EnPlek RSB AR Y B0 cBBE A EBhEpeAC poleptide 3b and

@ﬁ@bﬁﬁl&ﬂﬁ)%&;@@ QLAHS [SAR YESBRERE GrduipCspRailfi eptdes.
3b. 30 The i1 nventors have found that%¥he gﬁRS PeBlp

cor oAl PFessntpingention wibl paw berfesertbedevith refersnpe jhappcific examples,
QHEIENBIRSRE He cditBed %J‘fﬁ ﬁg%@%ﬁhﬂ’iﬁg Y SOPCof the invention.

coronavirus protein

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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certain stage of SARS infection may result in a high
degree of cell-death in the SARS- coronavirus infected
cells. 35 Accordingly, the invention al so provides

-met hods for the screening of conmpounds or agents

capabl e of inhibiting infectios by a SARS coronavirus
and capabl e of treating or preventing SARS

coronavirus in a subject. The invention further

pRby Waeysed tnenfeeﬂs@ewnﬂwente‘d@mn@ﬁ platgsrag wenultiphcitsppgntection of 0.1.
S t n

CSRERGO02cA Gl BB Sl T s

qm)tneimwi/ew sxinayedc dBprinfetedovVdra &16i el 1gsatsieronsedak hegative controls

ext. r$ ¢ th one or nore candidate agents,

FERPHRT'ng whether there is a decrease in the

~activity of the SARS coronavirus group-specific

mb;ymgmdmdﬁbmmd t hereby det erm ni ng whet her the
agent is an inhibitor of a SARS coronavirus. 10 The

met hdiie ofDN Aeertcoflipgngmian agdsn {6 gui tb Masfai»mnedsmto PQE}e4T-1 and

tstEﬁ%ﬁ% ngleéré’ﬁ (%ﬁ%vfec@é c%? gi%][{a%@ﬁ %185 g.%aVl regls |chﬁ? S duced to express

SRIT‘(ﬁb. e6fts o1 )tigh TG @6dpropyl B Dabiveatidiaiyriddeidspaid Slowed to grow
v¥1§ a candi date agent, (c) determ ning whether there
r 4b gbd? é‘aéﬂuiaﬂnqri?éméié%ra;ﬁfw@i PROHENSSKARS pufified, and the preparation

Ci%soiﬁfb\é{eﬁliﬁto%%%1s&‘ra§ﬁé b&yRIBhMPERbb&Es. 3B fie RS iMBERRY, the mice
determ mtang whet her the agent I's sultable for usé In

twiere hieshione the sefra SfARStestcé Homneeattidty. toTte ’Iilmtmuuoctieﬂr showed specific

trjegc@v tg‘go O e9< % '&L n er ce(‘“il% ﬁﬂ%t\éldr Vit 1‘{(]:‘: $ARS Q)lrug or transfected

tdmﬂt aﬁeuipreaidnycoaﬁﬁ-m(mgeZEmniiﬁy of a conpound

identified 20 by the nethods descri bed above. The

eat nent or nti f SARS coronavirus in a
s ‘H}Sé'a’i"tif’ii\%i’\?f“é & ‘fﬁ’i’i‘iﬂ‘ﬂson of cell death

asso

cor o(r?idgﬁ ggg}éqbetr%l %%Hﬁln%bﬁk%pj Pﬁh (gﬂ%g?nbgcﬁlpbgﬁfé {M‘)lemlar and
[ @elhBhJilmye SiﬂgapmmhRi:pubhn of Shegapbio) fiwtthe expresstonceipitegged proteins
het ween or onavi r us ouyp- speqi.fi.c .

351 DERRE SRR SBRB if oS Teant (iyard agpers wsed were
WRgned O NAOrprateds Mirak pRGhdce. Mol ypapt kidaied Zhofbli®, all reverse
presen vention w | I now be descri bg{? Wi th reference

tpaﬂeeﬁe&iv#ﬂ dhe gxgeptien of mptt H4r18Rb conained tiselransiptiop gtap codon. The

eﬁlliléh 36%16 ﬂAI@SJOo@gORIF‘?a%p:ﬁn Ritdahg, P@Rei%f u8Re forward primer
1- Characteri sati on of

c'?@Fb n(é\r IGCRTCUGARES AdiATeY] andlinsegse primer 7aR2 (5'-
'%(fG ?&(ﬂ(ﬁ?@Aﬁ?ﬁﬁm a rIcoB{o(?an i}éBna%n;ﬁg%nE\%(.h;ﬁel én%onuclease

\msmectrm: Rt i Oeﬂenlmed:)o maeipettereligul Dee aaipticom dvdsi patiffedgldégested, and

cloned into the compatible restriction sites of the expression vector to form pXJU122. To

mutate the 7a signal peptide cleavage site, the amino acids SCELY located at positions 14
to 18 were mutated to leucines LLLLL by a two-step PCR-directed mutagenesis approach
using plasmid pXJU122 as a template. Briefly, the overlapping primer set consisting of
forward primer mutL14-18F (5'-
GTATTTACATTGTTGCTGCTACTTCACTATCAGGAG-3') and reverse primer
mutL.14-18R (5'-CCTGATAGTGAAGTAGCAGCAACAATGTAAATACAATC-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 pXJU122L. Plasmid pXJmatt122 consisting of residues 16
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medi um (G bco) containing 10%fetal calf serum

(Hyd one Laboratories), 100 U of penicillin per m,
and 100 jig of streptomycin (Sigm) per nml. SARS-CoV
strain SIN2774 36 (21) was used to infect subconfl uent
Vero E6 plates at a nmultiplici3¥y of infection of O.1.
Subsequently, cells were harvested at the desired

cytopat hic effect , and tqt rotei ns were ,
b ¢ B4 i oSl 0 veroec Qi o s Frsardiepimgs e der2. 5-
aSGIRIRTCERTCUAGOITATARCAOHL L AtRd. r&elRRl $HRBr 7aR2:; the BamHI
antibodies to 7a The cDNA encodi ng amno acids 16 to

1rEstrighen sitonaaderhined pethe dncorpeaigd ATG isindicated in hpldl. To study the
SRR, BRhE A RARCRGRL 5 T R s s

- (pesgpme dy B -ahi8-120 tvxire gaxtited to glntamio sicdieiesidnet. dhisowesidome by using

for, 4h.at 37C. G utathi.ane transferase-fusion ,
OO el SRl mie g i by IV PRR ) BT 7eRKE(S'-
| 0CeUTEGAGTOATTCTGTCTCACTCARA TS, Yied HRGH redficti®io Site & underlined).

After four injections, the mce were bled, and the

sEhis oppyiRict YU 2B E) expresses tthe patezged ovacvahmysenti 44t sequences

SRR BRI TINABQfdntiel Y O 7a expressed in Vero E6
cells infectéd wmth'the §ARS virus or transfected

with a 7a expression construct (Fig. 2B and Q
Jarigitre Geansoripdsn prditnanslationd nut ati ons. 15 cDNAs were

cl oned into J40- 3" HA (GLAXQ Group, Institute of )
Mol cchitpl ShES Heditipamst oGy V1 SRR ﬁ{i{‘) (tiapslgied by using the
SiNpapiapleh %ticﬁJB;ePrlﬁﬂ%a%@ $sfitn AfrolREAIAGA Opﬁl%ﬁé&{bl‘ﬁ mixthre for 1.5

manmal i amscel | s; constructs were ‘untagged.

foa°§- pr Plepsteine §ald0GRGibnmak SENewas vseirie gﬁt}ﬂ) 7 atandgamples were
R Ko ; . Nr.ot.el . ler. ]

SREARCIRSURARE o it 2l SRR PR Bgppon. Procins

coert aesobatdtdnessotlvandbdderylosul fateoS D) s pdlyeci2limide gel electrophoresis

L@H@)iﬁ%&}%@%ﬁ&%&ﬁ%d?@&%&l@%&%ﬁgf w‘z’%ﬁ?ﬁrgﬁﬁjy irée{geegt &){rne?scfﬁam).
(5" - CGGGATCCACCATGGEGAATGAAAAT-3' ) and reverse pri ner

7B sfebtion, el Has ¢ LadTh6dNAE, hhd Immuinvpeedipit #idm g
BamHl and Xhol endonucl ease restriction sites
( undéltiei magfectipr op eetamtehant plasmidnplas @ocomydshedi by fuse, liposomes

i S . clo in the-.co ti-bl e . restriction .
a5 ALy OSF 0B DECERTRE S EBEESAS 38 o s
riNAtveastused a tahsfoctionpepbrdie to liieamageainee s ptdigccdm no

18 were

acids, SCELY |ocated.at pagsjtions. 14, )

Tt ata P §o1° %?Eieﬁs?lﬁtlﬁge-@ygg?%m& @&f’p&ﬁs HPeeOF gnstection per
B GRRESAS6 ANYARAGectit, ROnMhék Nicth BELE? 4 eS stBrved for 30 min in
tenplate. Briefly, the overlapping prinmer set

dwersarger rdgplstion fragdiam dagkipgrsetitonipe pnd xgpteins: The depletion medium
ST ; QJ@KE@%@M%M W%]ﬁleﬁﬂ)%{?@yﬁ{éﬁ mix per ml
(BXPBET GATAGGAAGAGEAGRIXACRNGTAALT ACAATIGIS ) Slcysteine (100 pCi;
mﬁlﬁfg% gqu:]tlgssgl I%%rg&pt@%t[ﬁgr}%%%tlﬁn%p%s Pnre]:dneurxl goneen?l)dhce the labeling
cfficiency. Subsequently, the cells were washed and chased with complete Dulbecco’s
modified Eagle medium containinga5mM concentration of unlabeled methionine and
cysteine. Radio-immmunoprecipitation 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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primers 7aFl and 7aR2 to create anplicon 7a-L. The
anplicon was purified, digested, and cloned in the
vector to create pXJUl22L. Plasm d pXJmat U 22

consi sting of residues 16 37 to 122 was constructed by
using PCRwith forward prinmer 3F2, 5'-
CGGGATCCATGGAGCTATATCACT-3', and reverse priner 7aR2
the BanH _restriction site is.underlined and th

i folrporatifed byresing a BierRad magel ﬁSH&Pdma%gmgﬁnﬁtré with Bio-Rad

SWRﬁAnﬁl?EtWe?SY(ﬁ{ 1080 e oferatey Eﬁl'uﬁl%elr ESIaié8StokA E@&uantlﬁed for each
-term nal am no aci ds KRKT positions E

1@@%@@@@ Autated to glutamc acid residues. This vvas

done by using PCR with forward prinmer 7aFl and

B ARRRS oV infected apd rapsfected eells.

S' te § SRR O VeroTRé %eli%oﬂﬁﬂergiﬁ%n (o%b%%ﬁi% il they showed a

Eresses t he untagged retrieval mnutant. sequences

b CE 374 1 Pheck g B St g eton ar it 30omin o ice and then air
RGO L b B R et v i i

unbthgncﬂme-ZUHSl'léniIkucdm@i ddr nansfwt(bpmtcend Wead ﬁﬁ&l}&ﬁﬂ @vere grown on

(Pro a) in_a rea n.m.xtur r 1.5, h at

SRS und ofhateizd, 35 BtRniiae. R psofuligSepee assay was
| ek méd@ at absht SITR! RSt4BSRctidn IR DERIBE BY@3ILE: BY (7). Briefly, the
using 7a-specific antibodies with protein A-Sepharose

PRefiBmydas remQisde andiisicppersling Wi tonedgnol den ¥ Bt -20°C, after
(vagg’ﬂ tHo &8 RA g?‘x}fe}‘é fRLgSubtla BB 1%{e§p5ﬁ9rni STo Qi@ﬁ@e background

s and vi su i zed Yy radi oaut o
rSéfagl@gi mougeengiiangera Peeenshebed egaing fixed \(ﬂmaﬁé cells Umnfected cells

|
Py BB iR Selol RAR 5B bSO ane ™R gy P ani-Ta
byasusset gt h idjosanes1:200,i d- aﬂl&ﬁh@’ﬁnﬂﬁocﬂ@@ﬁefe&&g& fat dilutions of 1:100.

lnvitrogen). .Geperally, for a 6-cmplate
pﬁn xehpdl ‘2% inabatad Wilhe FBRTOPHAR S EEFY mlbgéw%m%mjm% of mouse

tzﬁ'lﬁ T Bk raﬁt"-(%?l@r @d?gi%arkgﬁ 'BID Uﬂﬁgaﬁbli‘@ ublic of Singapore) or
asm d DNA was used or

eri nent S, .
B R aeeH § ﬁéteml@dleﬁ% Sranvsiment MekeroBeBiy BT Cpppninstitute of
e
3‘?2&%‘?’%@‘1@?3 ooy SRl R B SEShBord), Filbudiflg washing, cells
oyt enq:lé)ateﬂhmtkd éid eeqomdanyemtﬂmdy wasbimapbmed dhwwiresgein isothicyanate

mcont n|n 00 G of oni ne tei . a1
TR DR RBY Holbhe s s TR R (RLER G AT iRy antvodies
f(8Entd Crox B&Q:hﬁmibals[) 3@3}31@ yellewse dobBl-lebeled W) mv@e ant1 7a and rat
used_ to s%gpl enent the 358} net hi oni ne- cgst eine m X

SRHAREM fraed eablseng sequppiiadiyapeupated yadgtamt-(BRPOf KER ‘arker; ITS
Rhdnge WRA Q1SN TingAshre MRERMIIW Jf rSlﬁ%?@k? L@d @l'l‘@e&ﬁﬁl%ited anti-rat

nodi fi ed Eagl e medi’um cont ai ni ngas concentration o
u;ﬁq:(mdglrye@tlhgdy“f@]mw bin ihcubgiimeyitiemouse anti-7a and subsequently in Rh-

eig%? H]é]}fx{ysﬂ st%c(ggﬁtta%ﬂug %1(?&1%1%3( c?gﬁln}ﬁrﬁs V\La)é)doggft:% ﬁ{m%\ﬁ?e the cross-

roteins, nopr eci
\mmtldn € satbhdarp amﬂmdlresAmﬁe!pIhh ﬂtnﬁ]mmajy yahelmbdlant I bodi es
as described by Nguyen and Hogue (17). Proteins were

resol ved kﬁ’ SDS- 15% . . . L.
xample 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 (Fig. 2A).
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PACGE, and gels were fixed and treated with Amplify
fl uorographic reagent (Anershan). Subsequently, gels
were dried and visualized by radi o autography. The
amount of | abeled 38 7a was quantified by using a

Bi 0- Rad nodel GS-700 imagi ng dgnsitonmeter with Bi o-Rad
Mul ti - Anal yst version 1.02/ Mac softvvare (number of
radi oaut ographs _quantified for each eri nment

| murlst delsrire e evasfex prmReddn BARY- @@Veiﬁ asted Vero E6 cells, cells were
LhRERkH aghe %&Iﬁé-'c%v %Tﬁ?ﬁd) :{]eﬁés%ﬂb 390\%6 (%Eéll roteins were
i ps unt a o

Wer e grown on cover
Iatvested Hont Mesr Ebicplds stemeng 2% add 56 ttac’z' 8%00RE fand sﬂjjectteﬁ to Western

Hotthd 80 s 55 0GR 3 bnprfrindfied Y & MBYaReRld Gl i 28,

-~ 1lines NEdndas)Q indadating Me @%dlﬁ@it_f{ of Ehe&ﬁous%%h’bé@néga%&t ael. B using the -
S

proteins, Vero E6 cells were grown on__cover

{IRQHTE ﬁ@feﬁé&nageﬂa@s@xe.pé@ama\ﬁwy Agtertsdim §Aﬁ§o€@§e@ﬁe@d cells at a
T 0% Igg /g@lgbgm%etz)aaﬁm Yh vido *E@O@éfsttﬁaaﬁ&%gtwm a 7a DNA

as descri et al . Briefly, ium
wasstrustiRigd 2 Ba haiet 4e Tmbmgllsuqcf@bmir &5.6ia0dd! 5.6 kit Warsodletected in

TS?{I%SZMa%t inft cgeo%n'p (S:‘g]%.}i g?é‘%&lxﬁggb 7% a;Selcr: Iﬁ’hg%a% \év? L.$7.5 kDa and a

tbaﬁck Qf cuB D kD4 aveié ﬁgtecmliﬁeraambm transfeeted ostls expdsagbentagged 7a

ain fi [ ni nfected cells shomed
B k&oﬁﬁgséf%ﬁs’m ﬁ@}e@ el =a§§o%teauxzfso Jaemanhave been processed
(e'ﬁﬁcﬁlenﬂ%qo tHYPHRSnARthre £8rnd 3va9@0t M58E edlin fnflitkdbEIRN TREre appeared
1: 200, “and all other antibodies were used at dil utions

9 be anadditiomilhend slightly leeges thanclie apatareviorm, indisating an intermediate
T T -

$nﬁaqapn(ﬂzm,e REFUDLPE), aewe]smingamw fe)al proteinalfihe sample with a 25% CPE

Sec3 ne r nt marker .Sec31;
3% = R o, ety Bl R g g Wby tat oF e sampie
SHfgapsYh € PIRERt IOt 6h@#n)Si ngapore) . Fol | owi ng washi ng,
cells 20 V\ﬁre i ncubated with the secondary. anti

conbilamsiuesEpeoveseed fo degmne (herstialar lochlization bt 7a in SARS-
(@:olVTQfé&&f‘&éllﬁaﬁ?%sﬁ%% L%Qtahf' r’fgllég (ﬁié/dﬂfelwgt%m Was detected in SARS-

Rh) - conj ugat ed” antirabbit ant Santa Cruz
@%hﬁmt@hl\@o Edfestls d&ig. 2Glea vehsmt@mdameﬂ@dpmmhlear region and

TR ER, 00, O T a1 s

- 'IVEE) E6celtneee Bigd5Medi cal , Si ngapore, Republic of

Si ngapore) and FI TC-conjugated anti-rat 25 secondary

foll gwed by fncubation with nouse anti-7a
§%§§g¥, ?’? ‘Pﬁr%kecgeglrﬁ h@'at ed antinouse (Santa
Cruz+B
cr oss- r eact ion %noéneé;%ﬁq %ﬁ%ﬁgﬁﬂu@g’pg&slﬁemq bh?% tP]an 50 amino
peidsrfl6y 28N tSARRH ey, préteansp bxcl@dingRéwukplicating ghisprodsitonf ORF lab,

e Bl FROSARR ot TR cEbtFrbnn ORGP mifh somna

S&Ran@@\:s [hetdeirived HRas it gdofmiom l@EilFe}aeq@a‘nbe Csluﬁgéhoixﬂa sequences,
aci d_pol pe t|de pon eptide_7a) containing a
gp ﬁaﬂong)@m Bgen dgg;gh t 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 vitré, 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

35
presence of [ S]cysteine. Following immunoprecipitation with antibodies specific for 7a,
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transnmenbrane domain, and a retrieval signal at the C
termnus (Fig. 2A). 39 To determne if 7a was
expressed in SARS-CoV-infected Vero E6 cells, cells
were infected with SARS-CoV.(strain SIN2774) as
descri bed above. Total protei ng were harvested from
Vero E6 cells showi ng 25 and 50 to 75% CPE and
subjected to Vestern blotting, gnal was detected

iapipgle k17 Afkdta baad ovs obsesyed (Big. |3r$f)eEQ é@te@,te'flawgpl(esseg in ¥gro E6 cells,
Eloﬂa feirk tgrp‘g/ eRern HIOY v?%g E}H}%ea Qﬁth‘iﬁ&?%ﬁ:fahﬁ' Iy TQh btaﬂc?s Qf about 17.5
a: By using 't a

mous ant agai nst nmouse “ant
amth 156 kibg v»tetfeolpneDIedl(Elg/\/aB kant ¥).dBteemnadldr protein band could be due to

FabtepiRe clefvat:sictn Siend) Rt ad haSohstved Mt Jin ranslated

[Phduct OfEh! with tﬁi’:laﬂdltﬁﬁ ofl @ﬁ&éhmﬁ%nélaiﬁéﬁlbﬁnes’i% not shown), -

'.15 5 and 15.0 kDa were detected in

|iadigatingrthe P%Sélbé%ﬁq’eé for ydational W/&@p@})r(s}a@f efz‘flqlf‘alf gepessing of 7a,
band of -17.5 kDa and a io band of -15.0 kDa were

ARl Snlaeve QAHSQ(‘JﬁV%tsnéﬂai‘Eleg{ wented cells expressing

untagged 7a (Il ane ARS- CoV-i nfected cells, the

[ hmmtSﬂﬁ@ tha d&ﬁu’ceﬁ&?;/fERSQRiV pi Qﬁﬁ&g edd se%ﬁdneé: @ﬁl?tth aSMtative signal
tattelrrmature rm was t observ I Nn_I NTec
depiide segpence of j5agsidees, it av%do %npeaagaa %ﬁa}a ligrypkp- 6.%Ba product was

thi Gl A s1ahe LTEAR HARATROHT thefiBtlh ~1 NGER prbfir?Bignal peptides
internediate formonly present in virus-infect

dddy 9. mporyweede nptmembrane dotegratioh eandh they tr@h%lg@trofl qf5 secretory and

B0 OB S 1 0 SR UGB, HEod o, o

finactivé praursold, otlticn greamahallymmatdd ed enddiate masbrdediBiseon and, hence,
tlﬁ}%‘hﬁg&the sanple wth a 75% CPE (data not shown).
uorescence was used to determ ne the cell ul ar

| ocalTioz déte@hing fwifddhdrNthS SRS COW isinal pestideedg@enddyis active, PCR-
usi ng_nouse anti-7a anti body, the protein was detect

ed
idireciaaputsgynesis/vap uged togereate HrEmutdiqns ip ﬁ’ﬁgoneze)the vlsavage site of
3 %&%{I%{‘%:é bal 'p(@:%tﬁﬁﬁu{aareﬁlie BH)%}' RPlel LR ThON-RARINAES @E}ﬁﬁie up to the

W ocalization is sim arto
chsuageesitd. Mutatiox pf dbs iresidueVepanrite ded pedidtek cleigpge Bjte (residues

%ﬁ@iﬂt\/ 07S idds q&%? ggj %rlgﬁc%%gz ?gla&ealglﬁé ﬂ’]lﬁ‘. ctfeav%fé[R?% ’l%oin Vero E6-

genone ar ns oup- ar ger

SAnsbiied cel%(F@lm 14nk6l). PRY resﬁﬁiﬁs~ﬁb‘g -Kyopretng, was snmlar in size to
cI udi n he replicati on ne praducts of , ORF. |

Thes uptagEd 48 EIANgR BORUE. 505, @gleteaxpg%@é'naﬁrﬂ@ Pdeletion mutant
RNAS rdsSRERNOAS ) prodi® Rird Bz« P50 RPaR t& theeRfdture form of the 7a

derived fromt he enonm c 5 | eader sequence,

Paplier{&s. 3Bs ke dndise-chapriangl sswnd@re te datemaétﬂwé@nehcs of wild-
h
R g S B o571 S5 S L g it i

namg Engells, aml $heFratdiolabelzd Kb was 1mmmopﬁ@1p@t2&)i Dﬁnng the 2-h chase, the

SR & T RbRO Ao PR Berrmind ik bk eRiteblfgiy g &R fifore 7a remained

rféidﬁQ:oﬁstbiﬁ (Fag.f 3CNBx$ddHdedas M@éﬂ:@ﬁﬁ@e 68 tyvab 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 immature
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 éxperiment. Combining these observations, the inventors

considered that the constant level of the mature form may be due to the replacement of
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translated in vitro by using the TNT coupl ed

~reticulocyte |ysate system (Pronega) in the 35

presence of [ S]cysteine. Follow ng

I mmunopreci pitation with anti bodi es specific for 7a,
----------- - --- - - - ------41- - ----- 40 a single
-17. 5-kDa band was observed (Fig. 3A). To detect 7a

expr ed.in Ver.o,Eq, cells,. tatal roteins on Western

SRR Eaeeh b it SonsisiomthPomrind g 4R dgniire Torm. Most of

ahe ubnvkrsién ofifdnathrelo kidturvpreia ReaiYRIcotfahdatiohBlly (08t 40%), and
mal | er protein band coul d be due

3). Th t
pfl%tf@ai?iyg?rcofdh% grawREeoTas pRstisnglationad dehasd O%aAndls sk of the 2-h
qh3SL MRk, i d#ﬁ?esbﬁg]‘ﬁats rsﬁlltnb?‘&ﬁhéﬁ:t%dand %é?:ﬂﬁ%% gla‘?éﬁ'ﬁ% g%)%ut 50% by

wi th the addition cani ne m crosonmal ne nes (

R minpwndicatingn that slthogglt Ipestpresdativine] wisastageoioccurred, it was fairly .

it i opal host cofactor(s) for efficient processing
ggg%l.egfllhe put ati ve SARS- CoV 7a signal sequence. Since

t he deduced SARS-CoV 7a am no acid sequence contains a
Mitioncofsthg ER retriepilinlaifdesisan eapiof probeoi@isd proeessing of 7a

woul d appear that the smaller -1 5.0-kDa product was

10 ddée tsgomfémg@ﬂ il ehda sprfaiml apeypical ERf retiigvahmotif, KRKTE. In
I [l s . b= rotein: . Sianal.: i.d pl.ay _a..
nrgfu‘gl?lalrsb PIGa?nZsh gnﬁdé%ars%hgﬁﬁewiecaf & P%orl]zcg(g qrxrl]%ﬁ dllg)rsﬁg niotif (KKXX or
tKEK3 O omltdro X Bfanyearind aciyl) anducislefsb BRnkcpliation 0§ tfpedninembrane

el o e CERBBEL v soautsbd Ak “hoSHioRr e fuadprige residucs
unestl R inotheedi ate—geFthans {ddsLopodifidns, Yefestively Tidse two lysine

entry. 15 To determ ne whether the SARS-CoV si ghal ]

peptigcanuy beneaded byeny peher bore aminceacib andimuginaditkese residues
APRUIE I PodIBALR, (IR THE ouEAoh b iBRct Bl pf mammalion
oeler Studies dlawe showe thatt thentanbdxyditagmadal pegténde afpLyseX-Lys-X-X in

t.h l.eava site.. Mutation of..the resjidu spanni ng. .
oHeEi B EREGHicoRoieys Snpidote, cilien e TelgayTogfetehiion bignal, with
Bighialsi iopsrtddt foothkSankgorl ebesRgFolefid-Hark &b tHel X0 €dnt 1he intermediate
cl eavage of. 7 igVer,o E6 20 transfected cells (Fig. .
§BEHPF1%’H%€11‘1§1.9)-% PleEing gyhether 7 %-rﬁtﬁavi}rlaaufgwam@ctwnah the lysine
Sbdtthledlat ipBsifibe1 10and NR) WhlaHGGHI 18 JPRIULEd B&Q?h&%tPCR-directed

Al so, transient expression of the deletion nutant
wetzzeneds (VaketE)} dransisnbexmressiimed plasmig sXFE12KEE t Vero E6 cells

_Ikhgrgl)edo%? .t(g ggﬁeﬂﬂﬁlg e Ei%cmo?fthet Jﬂﬁta?ign 3@3@5{6%6%5%5%}%11%5& localization.

se-chase ana YSI' S was
{Tiogal prateins ssrofiarvésked-at tl ¢ heposthtragpdedion psubjapted 3s iVestarn blotting, and

PR g Sfi i TR ol PG RGBS 8 vl KOS ek detected in
iteTUEIRpEgRERingared (BHr BAY 1ddeet 2 Whighasee diti@ent! i@VEke from those

og [ *(Oure /a slowWy decreased, while the detectabl e
08¥EY edptor fat Tireeprogessisgwil Hsiirumaiirg fpr snpeanto eryey efficient, as the

$rber BARN ESSLUDAS i@ gQQBﬁgéi‘t\ﬁﬁﬁleoﬁhtg% b%ﬁlsﬁél'gﬂlﬁ‘dg?fnby the mutant

thé immature form decreases, wh the mat

- upieggedprotain difirged trheize frhmcthe smalléi gand3D§.0 kDa)dif Jat Themutations

orﬁ{mKt tjég% ﬁﬂ?’ %%@s}éﬁn?ee glgglinc%%e kb %Po%ﬁﬁ%dori nq}lt%ti(t)lglsem%é fjerc?cling 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
cotranslationally to two smaller products of ~12.5 kDa (Fig. 4B). Benghezal ef al. (2)

‘observed similar results with green fluorescent protein-fusion proteins fused to mutated
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30 and mature fornms could be detected fromthe start
of the pul se-chase (Fig. 3C, tine zero), indicating
that the immture protein was cotransl ationally
processed to formthe smaller mature protein. The
total anmount of |abel ed protei# decreases, indicating
that 7a is degraded in the course of the experinent

i hes obs rvati o i nven
cER BT PRSP e BB i led e ol gosed rapic
nfﬁ;btehﬁe)duﬁoﬁl(lhé ER tb %ﬂhﬁﬂ&fdﬁﬁﬁfartﬁfenﬂﬂ!h&e Qlﬁ@ﬁ@ﬂesﬂiﬁg Wevity is located.
i mmat ur e tein_to

otein ggw;f he conversj on of a
i e ogblet tsirarcntyplbe papred o {fre~45-KDa product
”ﬁ{eh" tRc BOQLR! $haQS CHEELHNS %r A3l gmédml& el A%Win the K>E

and the remai ndéer o% t he cl eavage was

. posest @i U8 onal (about 109 . At the end of the 2-h

pul se-chase, the processing was still not conplete and

t . t
(FRRS. LR8O AR T ST e G prement
vu{ansffmted yellst nefficient. Miutation of the ER retrieval

notif |leads to rapid prot eoléb rocessi n? of 7a The
shor tThe: sehasilular lpeglizatygn of Corinaver &6 pelicayasprudied. At 16 h

Jﬁﬁftﬂ’aﬁy@é tc'el‘ls EEed I\xnhl Hﬁméﬁ{)]sando lst%{})'ég vrlﬁp goth mouse anti-7a

east s typical cytosolic erm na sine

rmlbOdles@@( Sieft fiombS K antibvelies tX citherathy Eﬁmnandxea(:}mpél (Fig. 5, ii),
f.or ER | ocali zation_of, .t

ohs B Fslmsithe PoppgtRen SRRt dBi el B siORe rapker Gs28

G2t @fli add i)t V\@u}a}z'%)bé@vécﬁﬁi ehlelizéwath GRPOA (FiBe 5; #i), indicating

apnd -4 or the -3 and -5 p05|t|ons respecti vel These

‘{;\6 ?w?ﬁq@%%éﬁl &%@R@W B selle éiapvrspg &t Tepxpression, 7a
%ﬁ'Séc?fﬂa%@le@‘f)bﬂetat%@gu&ﬁfeétcbglﬁ B%fdert& ﬁéﬁ%l corresponded to
results in the abolishnment o eER oca atlor?' frr

tthe ERegolgi @rtermﬂdtaé‘t pempdrtmentrtiilg. 4n vi)5 7z did BQt ®lagdlizs with the cis-

[(ae)'¢ I uence of
(B AR GO Iele 8, R Pl L IR e S TFBfent of 7a from the
fGigt aommrtmehhbz[ckas thee ERJ as evdin ecydled pma:mﬁh giftval signals (6).

1 A HEERL A b SRS s i, s,
P didd eRhvdgd Df. thé_osxgﬁﬂ %é(?ﬂeﬁ@e wied Qﬁfldl&hﬂrﬁls &tdd RV #e Golgi but

noti f was functional sine residues a
peRnatbsAecyied bagl torthg EBeb@aﬁm oft thel nwiated ttEgYiak segepREchyesulting in

US| B8 P%cﬁbié e Q)Fe 4aK9E mﬂeﬁg i & (@ Kiﬁ)l% 5 Tz{?g?l]%h{%nt Collectively,

expression o asm d pXJUl Ein Vero
dmnmnpﬁuaiescemm weultsrusd@ﬁtfeédhato.fntagged Matvedsi ayoledrbetween the ER and

R oG BIER"UR B o BEReso Rins PRtel T s B alghp ot e
‘Mﬂﬁmsn bl otti ng and probed with nouse anti-7a (Fig.
Che PR weggﬂ}]f?ﬁgervgﬁesﬁ( i s Pl @0t Scteqi hagirially expressed

werButshh{dne rtﬁﬂﬁfefa@e ﬁisﬁﬁl profRin Eymte?@bl%p SRYEI( 2f52 rTh?@suggests that
The prOCESS| ng of he Immature form appears to very

dafisceither nojsa tvirel straetg@l Wrateen (oI 7thet }DiS) npk erposednere sufﬁmently
Yﬁ]ﬁium:ogeém;r }?zevntzd’\%ng ?gllyre}g&?%f %9 hgél éelﬂeshgﬁé %‘&t?rftct specifically with

untagged protein Sl ze rom
baotter WHqee gﬁ?aj)—spéclﬂtaSARISeCnUt;ﬂbteﬂneORF}a)nm KeRWAB yrdysignated 3a

?ﬁg f)ezl?]&lgtﬁia h§~|‘»‘: éhans%?)wlnnco qrtl)t%ratlc{ wYth the S%tsaéo\(? frut!.:tﬂral 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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may i nfluence the processing of the 7a at the N

termnus so that the alternative cleavage 30 sites are
used. Pul se-chase analysis of 7a >E was perforned to
verify the efficiency of this rocessing. Follow ng a
10-m n pul se-l1abeling, the i m‘rﬁ{ ure --17.5-kDa product
was not detected at the start of the chase,

i ndi datmpde 3-heivetexpréssiontofi7e SARK carionheisus@meitein and apoptosis
converted cotransl ati onally to two smal | er products

of -12.5 kDa Benghezal et al observed
si ni |]13 Or#%'sﬁené lrtfhl ?ae%lﬁwcr aBY é@&éﬂtﬂl?)ml@ﬁlw pligpepiosis during

PhedcbAShé Hﬁv@ﬁkofscéxﬂl‘ﬁhﬁéﬁ% AAlikeS thﬁ\S@lRSiCGWpém!ﬁ@ protein to induce
pl ants. The a‘gest ed that the nutated retrieval

swﬁwmseag@l ingsaistisied fpmtdifferentorgatss om the ER to a

Id Ioi;fﬂé éﬁﬂ'@%ﬁ Eeﬂg’h@{ ler dhjéﬁsfg({]@&: %ﬁﬁ'c@{;@%ﬁs\éﬂ&éﬁ tf'als F)fpressmg the

campes SARS-CoV @n@srm;iﬂge]npof&dalﬁmle Peagenioduvitrogant Carishade CA, USA).

Ty AR i SR Jbrt SR EoV AR vVARTHE Snllefig rom a saws
71aan|eﬁt ih@igdabard 11,27t bg). ER 20 DIRR- A wbd totkaisreel am@ cells and the

npartnment in transfected cells. The subcellul ar
|99é1§|w_r§tlp% doppppraxmptelgr ¥ be MransHAGS T (T dageed: glpmthione S-

NrarRBS4sE nﬁ}&%ﬁﬁ CAsOBy Qs%laél Sit Wids® oﬁ#%‘veeg it Ble (#?gﬁsgﬁrjn level of this

and stalned wth bot nodse ant | 0O anti b
(FP@in Has Iezeffrftmeflyéi@s)th@mfmrarﬁ 19pdiadshe plasmichéor ¢xpecsBiRg HA-GST

P the E nte
R MR e e oLt o5 BTy i dgpvested and
(ﬁi&&ed l@&ﬁthaBBS aﬁd Iéh_\?ggfdred\z@geﬁdeﬂm AR @Ibﬁie!é)\t@dnﬁ@ cell 13;131s buffer. The
colocaliz t ig ,|n|ca|ng t hat
PASRSIOB o celiy we dpfisdERicd ﬁgavth 0 b veed o epRsfing caspase-3

VRBlERIe abBviIX MESR 10PWedRm BBfamalRE3 1 - | abel ed
punct ate structures could be detected. These probably

cor r &¥psolideet was spbiepte tERr@sldgiof figeze-thewicaeles and then centrifuged to

GREBAL %)g d(:lfljlsg TI'E: tot\éérféeu? 'c_z%c%n@ﬁ on Xl? tl?e?l%!lsdsté ?Jgg\”dgljérmmed using

the cis-
I {domhassid Riug oeaghﬁ frai Ricroev@uekforayf IL7USAD m’[thb eam@ﬁit gif caspase3

PO S5 oh T d0r fley ol (R A g feh TGt psing CaspACE

ffhmﬂoméﬂ:it: a@gay?@k&eﬁ HoS Moﬁﬁ@m(!tﬁﬁérhﬂod (M@dhls@aﬁdm OUSR? Laemmli's
ow

ol H% Fol | ng. cl eavagl
sgé?ﬁé & Wiy a4d§d rtca&eafrtbert Higmeh Bhichgvasdhem beat%:l a lﬁ?c for 10 min
ZRdGRANSG pPBf RS Y&él%@llbs%gﬁen%ﬁnt»bﬁ 58 RRAAY s\ﬁ e&érélt #16t analysis. For

nmut at ed retrleva sequence, resu In
fdetestiom 9 f ehd Tz p@UHGAEHglbpm)tMWmiaga (1%1‘!9%5} atajsin, a polyclonal

I nce cat ed
FRLbSE (8 e ARV SR TR BTG LH bRy Bk RBgys fuldengtt
doYRIRA ( t G aﬁhdaetctat/ed fors: girode &;&Aﬂ:‘sa)meﬁb wkedd by the
retrieval notif at e term nus, Lnteresti , i
Cony AT CLaRoIcn ohdwarh AT Bipipsiide 20T Baman Baéy cpitheial
Rand a¢ edldbyt BXBE aRS@He i [udPabd-3 iR écﬁ@ft’%fﬁh%ﬁark of apoptosis,
fusion protein by Western bl ot anal ysis

jefodt somparable g that equspdbynide fﬁfememﬁssm QEtPu”péJ a pro-apoptotic
PRk B f Ble BORS fah‘hly’ Fid! QitA, S¥RBRRY Lla ﬁPfdzéﬂagé‘B{’ ¥ndogenous 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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I mmunogenic in vivo. Inmportantly though, 7a has been
shown to interact specifically with another unique
group-speci fic SARS-CoV protein (ORF3a on sgRNA 3),
designated 3a 30 (Fig. 1). The latter has been shown
to interact with the SARS-CoV 4tructural proteins E,
S and M (24) Al'so, in this study 7a was shown to

ARG 3 R el o TR N e £ O35 W ST AR BRS o8 ater 16

Q)tﬁlr th¥ persstagnoDfive/ SellSAIRS k@i ﬁﬁFigﬁtbS'h@ i@ peichthased. Consistent with
a optosis In order to, deter ne if bg ﬁhgyed an role
ca

ERDATATR PEROBICSIBRL 418 ) Sigtdeghiromyae decrease in

|&Y16J’ﬁlﬁﬁ@ t6 X a0 €0 thQAaQél{ﬂnh)g of this SARS-CoV
specific protein to I nduce apoptosrs in cell-lines

- der i Vsppiastivael dlsceobsatved mgtinde expretrsmnrrgf asther the 3T\ ¢agdgeed 7a, or the

I |
EiGanTbER 0 ! BB PERLEEBel Rl RARFER il b e
(panviaspasg @rhibifoa IZHSABdﬁnJC(QEzg LﬁA)D, lan'Eh @ ge 4%.ohstantiaikts no inhibition of
wer e obtain d fr ARS CoV 2003VA2774, an. ISO'%LEQk

(Fig. 6C, D,

f 1PORIOF!S SR S%""B fI} PTEPRSS RYahIF e Ry pepside, o

j laflesOs tONA AMRSt 55 @5l ot ﬂietﬂr@@:&&ﬁ Gbrrd ok 74 @~ q @ Isl ﬂﬁ@l clédfed after the
cells were left for ap roxrnatelé 16 h.

(Fpv pepjisle a@rh?tl‘éttﬁnw welding a pragegt of a<lé lﬁ?a;EFeg B> vlaees 3 and 6).
Sﬁ?@\%rﬁ\i%zﬁﬂe Halta fb%ecff%%ofzg‘ﬁc?]tiagﬁ«:ﬁar ;ﬁﬁgﬂé@?@r @anl@gézl gsl» only a single

protei - was extrene
jbagd of ~t2B&l, whivhaofrespoasptoasprovgsseidf@silof Taoget her

W th ilg o tyY .V use I n ad. Th . .
16 b 8 B BB M SR B TR trmious i
ratsetspé (Fg D, Named 0Qingl5).0f  hypot oni ¢ cel | Iysis buf f er .
The uspensi on of cells s divided intq al i quot s,
one tIGCISEPFUREN 6 reReaisdr vty celiprssderiyed irsmprléﬁeeaéergans (Fig. 7):

%Hlé’dl {(HeRRLRDE EVicest&hmb), %ngagﬁ@s hﬁmalgf@ng carcinoma), liver
i quot was subjected to 5 rounhds freeze-thaw

dgﬂ@pgg, hwaan hepatecstinlar foag:ermmai ande kisiney t(MerocEf|and COS-7, African
%@éﬂ E‘f @4 gselﬂ{h% '&n& %Sﬂlg{ta}esﬁé%nbélﬂ hey c%/%‘?i@ets in capase3

onmassi e
Rirecase a(ceomrer amd:iPARIE clédSAye wﬁmmmumwmﬁ 7a&£¢p ﬁigs 7, lanes 2, 5, 8,

o R AT A badpie S Bu Shbr R s et Sat ol the cell-ines
fresoed, R ms@r@mmm&c(dmdﬂtﬁ@a@mw pldsimy, HArﬁc%thlgw lanes 1,
SDS buffer was. added to the other_ aliquot whi ch wa

then 1Hehtledhasisnalopetidsat thy N tﬁmawa of eis dgaysd wpre efficiently in
1er§te3 et ﬂfaﬁllh @ﬂ%%ﬁ'&ﬁs Vi t eg&g%ﬁlst&t\{\g]?@ﬁﬁﬂ{ for apoptosis

| ot analgsrs det ect i’on o ous

(mrb&tlpn b® etjl npaalysréa-&rls @h{dhmr?qanpﬁrmmeﬁms a4 thpotlgwiagnsite, and mat7a,
| I B . .
Oy B e 8 o e S e (REEE blporlgs as wit-

ttinee Td (Elhgeﬁj fIhisiesdlt BARR (:&ijmkéﬁﬁ)mth%@ duastown i Figure 6C and 6D

over ressr n i nduces apoptosis in 293T . |
7&@@9 ey d’%h‘é{ﬁ?rﬁ the sigaa] pep Iéwaeﬁrvegymgﬁce similar degree

bmgﬁ@ﬁ§§sln caspase-3 protease activity, a hall mrk of

apopt osi s,
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 lower 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 in
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whi ch is conparable to that caused by the
over - expressi on of BAX, a pro-apoptotic nenber of the
Bel -2 famly (Fig. 6A, colums | and 3). C eavage of
endogenous PARP 30 was al so observed when either 7a-HA
or HA- BAX was over-expressed (# g. 613, lanes | and

On the other hand, 3a-HA did not S|gn|f|cantly

ce, a osis, neither..did the ructu
p(ii] gfgreelnh g&?ﬁip% Earﬁ}ft% dmgﬂ&ﬂﬁ %1}5*1%&1 (%%ervegmnl %@g;p&;sts in different
rgarkOin@Rtedr 5 BARKSHEOV UREr Reeéts Gt thedﬁ@fé@.smﬁ &Jfl7a during infection
viabjlity s al so. determ ned u3|ng the ce

pPBY P¢ enteli thauidenlyingmeehanipy far tb%@%%%l%@i%% -CoV infection.
Bi ochem cal s, Indianapolis, IN, USA). In this case,
0.3 x 10 44 ceIIs in a24-vve|| pl ate were transfected

~wi th 0.35 | EyanplOhOenekprssionaefBa)t. inhitts apoptosisand -

t he percentage of It) ﬁ ni%ls are.sh vvn |n Figure 7Ain
par ent heses. Consi s b fA FHong FER §S£%3massay, :
over enpiréasb Atephintaif [SPERIS-CoV Tehdts deddehmas dwirteedm of the Bel-2
fromthe decrease| cel lity to - 44% [g. 6

t/rﬁxmnfé(o‘lnu'i]i‘ﬁ 2PpPIoRy t{}\%\sﬁ g%ogeass%%‘anw H tth% pCep4 vector
G(llﬂﬁ§§$én2 ﬁn@frar%fécﬂﬂﬁnio‘@ﬁi%dl@%‘?ﬂ s#Bly &prdsbiflg BRI-XKIUREE obtained

formo a and was nedi ated via caspases sincé it was

stfien aptiBiotis splecdign gy preveoushadeserbgshidanichpl.p3Q03) and the expression of
IZ]%?\#‘S vl/%ﬁkanglﬁ)zgd ngNeRBml Bof ﬁnz)é%sﬁso ué%g lgﬂfﬁﬁgtaﬁﬁsh’d XY antibody.

Ition o ptosi's was erve e presence
dTordrol lceﬂssherﬁastablpamns®tedzwﬁh\-aﬁl ambpty Fegtor.6&8s sEywn in Figure 10A,

I 5.tq 7). Ab % ecur sor f Ja
(RO 528 i Fbres R B XL e iR HE5L T COAF i tone 104)
txhleenl\éohq;rafednu $heytb & hidd Serdup feRelUia tthdfector bontkddq2¢FT-Yec, clone 1A).
6D, | anes and 6). However, the HA-tagged form of 7a

does e éfﬁ%’-‘alc qugs erer then crasieae tﬁﬁls Fe§1 yithj ggN& to cxpress

' Q@R@S‘?‘f(n% ?e %Qﬂrci(&-;& JI’W% @@ﬂ\q{@@%@d?a as previously

f orm of YPYDVPDYA)
rAgs¢ribed (Tam ekﬂa)ZOQﬂa)t e srhowanmﬁngwse 10B, thelrspressidn OFipA-BAX and

AR SR 7 roa iy aple T BRIl CERgRLC PR tetermined by
Tuorometrivi adhy (feLacadibpncapise aedvatan C{PromBga). I}llmgever in the

P8l R BT TAHEA G OREBVER: Rt & significanty

@6Fer/depfde dfapBptods eﬁgmﬂiﬂollﬁhﬂl@ ay6)ePhiis) Blel lereékBession of Bel-XL

f.i brobl ast respecti vel%) Increases in capase3

ﬂvlabé%(%téwdedlﬂc\vlpwésapan sPARFS ARS vy damigacsiyg dhatehie induction of

;ﬁ;@%@@?g&g@@q\gg% So@%ﬁ’? 6'112 °f ﬁp%_t%an'le% ﬂj\%e ]3;%42) falfily in the apoptotic
@athwagx pr essed in all the cell-lines tested, in _
Con'pGgr_P %ﬁrﬂa} g eth[grh({ ég\%stkg ?Aei% nghﬁi ggagrn:%ﬁ(gllﬂgﬁggtﬁg{ﬁugcﬁon of the

BepLi demidy dfh@rdikingr Gbhnsnbprédipitaticd eApEtndmE ewere performed to
efficiently i infected cells than |ntr%nsfect

dst q@lnely{}}eﬁe;q E§R§ ggya@én?egac%wy l?ﬁglngnp fhe Bel-2 glmlly As shown
IR PRIRS 113 (14 PIUES, IRYL- Bél thaﬂd RUICABA D s&)%mlﬁcagé“b@ﬂnmun%%rempltated

contai ns nutations at he cl eavage sSi te
widkECoNe/adlaganl apég)-i E@ls s npeehyeryed &ardbe othacmeabers ested (myc-
BB nﬂ/%%ﬁﬁ cﬁrfm?tp %Wlejsblsthg%eﬁﬁtk\% 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, Bcl-Xvand BAD.

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



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
simlar degree of apoptosis. The |evels of caspase-3
protease activity in |ysates o#tained fromVero E6
cells 30 transfected with 7a eDNA (Fig. 8B, lanes 1
and 2) are significantly |lower than that for SARS-CoV
infected Vero E6 cells (Fig. 8B, lane 4), even though

tVianeudliaaseil dikel, HNAToRbtrudts anld AtibpaRisabl e (Fig. 8B).
These §Flls were infected at_ multiplicity of infection

of 0.Africah gresa ey Kidueyenitbekial i (Yerr EpbRellsTifymeriggn ol ype Culture
SHARLeRES NibdssabeUSh) W?ngﬁ}{tain%dadg &iflae 1%(/10@1 lg (\Ml1 elding et al.,

coronavirus protein 35 can 1 nduce ap pt osi

. ADef). e@@iﬂés@@@hs Dipzessivigl ftﬂlyle@gth7a{»ﬁotagg¢jb@ed amq@gg@ snd deletion

Clﬁltﬁéts %}ff7£ gfggxﬂégge%g %/ Blee op o§%@§c’cn rg pfﬁfv\{\éus{r]% 1g1d1n et al., 2004;

nica s

I Tenegttab.d 2004) SRRB1€pth an vebiuggesicatibrizast K3ET e;mmstaggem with a N-
of 7a during.infection pmay. be one of tﬂe under |y .
Jehian She Pier paresganasmamgalisp el ShBgTiFghin Table 1
Bearpl €. 4 Overexpression of Bcl-XL inhibits apoptosis
by SARS corona virus 7a protein In order to determ ne
i f SARS- CoV 7a acts upstream or downstream of the
Bel-2 famly in the apoptotic pathway, the BCl-XL
gene was cloned into the pCep4 vector (Ilnvitrogen)
and transfected into 293T cells. Cells stably
expressing Bcl-XL were obtained io after antibiotic
sel ection as previously described (Tan et al., 2003)
and the expression of Bcl- XL was anal yzed by Western
bl ot anal ysis using a specific anti- Bcl-XL anti body.
Control cells were stably transfected with an enpty
vector. As shown in Figure I10A, there was high
expression of Bcl-XL in the chosen stable clone (293T-
Bcl - XL, clone I QA) when conpared to the | ow
endogenous |l evel in the vector control (293T-Vec,
clone 1A). 15 These stabl e clones were then
transiently transfected with cDNA to express HAGST
(negative control), HA-BAX (positive control) and
SARS- CoV 7a as previously described (Tan et al.
2004a). As shown in Figure 105, the expression of

HA- BAX and SARS-CoV 7a resulted in apoptosis in

fluoronetric assay for neasuring caspase activation
(Prornega). However, in the 20 293TBcl- XL cells, the
expressi on of HA-BAX and SARS- CoV 7a gave a
significantly | ower degree of apoptosis (Figure 10B,
columms 4-6). Thus, the overexpression of Bcl-XL

“inhibited the induction of apoptosis by SARS-CoV 7a,

suggesting that the induction of  apoptosis by
SARS- CoV 7a occurs at or upstreamof the Bel-2 famly
in the apoptotic  pathway.



25 To further understand how t he SARS- CoV 7a nmay

nmodul ate the function of the Bcl-2 famly of
proteins, co-immunoprecipitation experinents were
performed to determ ne whether SARS-CoV 7a interacted
with nenbers of the Bel-2 fam4%. As shown in Figure
11 (1 st panel), nyc-Bcl-XL and nyc-BAD specifically

This uns ot -obser ARLE T Piponas uih miBREIE {aat o
(ny?iasailiﬁ IIBI D, myc- B,Itxl)és@aptim%/c-jB‘AK?_ orhlt I:? nggatiﬂf&um
COTTtT Ol (myc=GsT)—(ranes— 17— o7 o and o)~ mese
respAisl i ndi cat e t ME:MSERE-baaMg Gomill G @ MmTERPH Ndlmech Inc.
el 2 1 ami Iy protei e AP BEPE i cul ar - Bol XL and BAD

- Exarigi2e-BA06-Bul | - dhdstiemefifsenmini (ORI at 1933 opept Tidework
SAFERIRY T 46, NamGa Sh b T 22 BRRU2 G Ml e
‘and Anti bodi es Afrisbavegeteen nonkey ki dney epitheli al

(Vepsgadhiye cel | s (ARLLCAR TYRS«:EUE: %ﬁm%%&&%ﬁ {7Of; 1ab, IMCB*

=

Manassas™ USA) were mal ntal ned as described previously
(Fielding et al., "begyeatthebRMmiowc| ones expressing.

fuldxhength (HA. t aggedandedd A9 85king RAGndeh@lhQar, 1007
mutants of 7a (HA ta_%glgd) were prepared as descri bed
previ ously (Fiel di rijhéee gptope apgpd-icmipldyy ot al ., 2004).

Ful gxskesrgish as wel |nsddnadibd BGeddi for Qiggﬁ?%&Mmm fab,
tagged with a N- term nus fl ag epitope for expression
in mammal i an cel | s BREAHRFEFTFEH i n Table 1 bBIG

47 BUR-BRAGPAS2- 1 FABRngn JGB 132Rg0ep AT RurfinhO- M 116s wei¥Q
o PSR C o perio ¥ Fagaaaere TR0 11 ficrr
2N-giK140-f638 048 -8 a9 SGleifiardof C-terminus and TPR-3 (SGT az 1-  This work
158
pXI40-flagSGTALC2-3 Beletion of C-erminus and TPR-2 and -3 This work
{8GT an 1-124)
pXHO-Hasl3GTAN-1 Beletion of N-terminus and TPR-1 (3GT aa  This work
125313 %
pXI46-HagSGTANI2 Deletion of N-terminns and TPR-! and -2 This work
(SCT as 139-313)

pRI40-Fa-HA Ful fength ORF 7z, HA fagged at CHerminus  Tanetal, 2004c
PI40-TaAC-HA Deletion of C-terminus {ORF7a aa 1-61) This work
pXi40-TaaAN-HA Deletion of N-terminas {ORF7a aa 62-122) This work

‘IMCE, Institute of Motecular and Celi Biology, Singapore

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

mstructions.
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pXJ40-7a- HA  pXJ40O 7aAC-HA pJ40- 7aAN- HA TABLE 1.
Plasm ds used in this study Description Source Gal4
DNA- bi ndi ng domain in a 2 nn Tl | Cdontech Inc_ yeast
shuttle vector Deletion .of Cterntus (ORF7a as 1-95)
This work Gal4 activation cta#8ain in a 21dm LETr2
yeast Clontech Inc. sshuttle vector | ar~n ilian

[ f i n roteins V. Yu lab, L iCB
\ifg'hﬁ%?’l ﬁ{}yét%rmﬁ'?‘%gyf\&teg'? us Mai = |lian. expression for
t aggi T Ysaet mpsﬁerl\@raaembgqmm 7H- (CortéRY veRi dselP or the two-
e N-terxnints expression for tag
s?lépgu %%ec@mf@wé pASmaﬁ\%ud 23twasrsedas daitiand M(&%cDNA library

ggllﬂéltalll 2%19%1#5 g@T nu%?l@hte%ﬁ)l\g%s %E a3 tl‘ﬁpg rce of prey genes,

Dét@t tals vodre @m\m o IYII’Q anon ?ﬁfﬁaﬂlo(rﬁﬁfma]smbdluﬁrﬂ0§7% yéast nitrogen

rmnu d TPR
Ape e e Snio Bl PP RARAR. ReA st (i viooh spPpmented with
az:% Tdekgoswo Nkeastl s Gadforbridewith mppfopﬂaﬁee;ﬁlﬁﬂﬂli:idsl ?y&ﬁé r11th11.1m acetate
TPRi;ll am,‘qgn %@an il SgthE%S tsglp??fgﬂ; gg Ssml 5hegtg)(3 r:lig'tn)na @u gr(lygga tThe bait plasmid

Deliehé BRADAG-ATATA MibAAY %Jefé%%%aué"e% ikeoBhe yddat SrdR A 109 [GALA 2H-
Del etion of N-term nus (ORF/7a as 62-122) This wor

G, Twadwbridisercen anbinderadtion assaysCesre pBrfonm@yeSS@thaps rdescnbed in

' ft
LRSS R, ST, 5 2, B e 5B o
aahaidbbdﬂbgakaempmanadldwpﬁditem tPeely fﬁ]asiﬁgh noets séledied from yeast colonies

anst e

jg‘:’fé‘;&jlg a%qsy&\{eoﬁjlg}a? élﬁg)r%gf}a  Spany Furcpw pr%tocol F(afse pos:tlves were
eliminated by retransforming the host AH109 [GAL4 2H-3] strain with pACT-cDNA

library plus bait plasmid. Also, the pACT-cDNA was transfected in yeast strain PJ69-2A

to check for autoactivation. The positive clones that contained ¢cDNAs encoding 7a-

interacting proteins were sequenced and analysed using BLAST.

Transient expression and Western Blotting
Typically, 1 pg 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 cold 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 14000rpm for 10 min at 40°C.
Typically, 200 ug of whole cell lysates were incubated with mouse anti-flag beads or
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(Santa Cruz) and anti-flag (Signma) antibodies were
used according to the manufacturer's instructions. 48
Two- hybrid systemlibrary screen The yeast reporter
strain AH109 [GAL4 2H 3] (C ontech) was used for the
two- hybrid selection. Plasm d4pAS2- 7aA96-122 was used
as bait and a pACT-cDNA library (human | ynphocyte

JCHVAKER, C ontech) was used as the squrce_of prey i
g@h@é antt Qgsﬁmlg%‘isﬂ %Owddi? Bigies #‘Wse&ea‘bﬁwf%)}ﬁgﬁgtsiaé‘wc with
Medd-SRk-c B FhidtRe( Fofid¥ngeRtibatioh! ARCHadlante do ?cted and complexes
appropriate auxotrophic ‘suptpl ements, 2% agar or _
pWatcekdshed thoes emenwel lydis huff@od beheundswotesastre \ehed by boiling in

t i i pl-asm.ds; by, the |ithium
SSBR Spab R AR FERATIL AL R RIS, o o
synthetic mnimal nmedium The bait plasmd and the -
pB42AD cDNA | i brar re introduced into, the yeast

S ieReiRgeh o Ehertsprees mpner Kifmysprbels Nk anc

| Nt erbghll @MuRs RAVAS WRI&trB&Ed HolE ¥ eRSEE REIlPhdiNg &% RNeasy Mini Kit
described in the protocol (Clontech) in the presence

ofQiogeny areeding do Srrdmanutagiueet’ sgngrustionsy Fimt-girand cDNA was prepared

i.nd Vs g i ol : - SHi . .
890y ) PRSPV RL 6B O XA b
sllgritbgeag.chbdéqugntlyy a hé0 milntibmof thecfirsisstmndtoiA . wisalssé in a PCR

Qsi.tives re [ i m nat ed transf ornm ng. .t he host }
Ao g tos ot el TR RAL A dp pyphce of Afrcan
phroch bdinkeyp kabi, epithblsdl, SGewn \ddethiNed W3S abtbdaftiesdq@shcing and
| ngeast strain PJ69-2A to check for autoactivation

R3E°S R ithech G b semenerN(ciacsession rombas NEn @I 1R) using CLUSTAL
it Ctd ot &k r a i,n
A R e o B QP PRl G AsaT and
Tsppinaabeng were yisedlizpd asing GENBROG=eftwared f or
transfection into Vero R6 cells in transient
expression studies; full length flag-hSGlI was used at
ndbupoffourAaenée 16 hours after transfection,

radi Q- i nunopr ecl pi ion (RL.PA) buffer was used t
et r aLP A FangieBled iseS Bceets erg OB GyeEips and transfected as
HBPa¢. 2ltedotyl 61besBRen TR IAC el idlids Wi removed and the coverslips fixed
el ectrophoresis and transferred to nitrocellul ose

B AsiaaTe kAt AR SHzand, mvels cavrdinrerase bited Retandrpopmletely air-dried.
ThRGkiNG waft ibhiffed Fih gﬁtﬁh?ﬁg}ﬂﬁ%& oﬂ{HinaQio%’éJH&rég Bnti-HA and

20 in PBS) and 1 ncubat ropriate prinma

- ankbibandiyfldoat reem tenpsdratte for § hatMd4@€ antitHhA raod Irabbgt. anti-flag antibody

F ' xt.ensi ve. ;) hi with 0,05% Tween 20 | .
et WhLH F RIS, 220 Kl v sl et Areabiea wim e
seamdadr antibody bagyinktion df FITGtonjo@ed £41p aht@rabbet antlf ReLonjugated
washi ng, nmepbranes were devel oped with an enhancid .

ik R Ak e [ompRFaEnpor 1oy (Santa Cruz Biochemicals, USA)
IRSMYREHY SEdnBive Makifg, the 8B QG SFbrdR68NES off 815§ SRS Gnd viewed.
washed twice with ice cold phosphate buffered

_ 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).
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saline (PBS) and cells were solubilised for 10 m n at
40C in lysis buffer (ingredients). Insoluble cel

mat eri al was renoved by centrifugation at 14000rpm for
10 mn at 40C. 35 Typically, 200 jig of whole cel

| ysates were incubated with noise anti-flag beads or
49 rabbit anti-SGI anti body conjugated to protein

_ ﬁ,‘? arose beads for 16 hours at 40C wt end- over - e

o MEdRiFAN simRBaRrsEiPE#ed rrith @eﬁu@%@ﬁ@% G?ll%dt)aeéﬁ well as
Ao SHTRE SET1aneh SohEvBRAzd (Uis! e7at Hmas"ﬂcﬁ Iae {8i Svhen an unrelated
buffer. The bound proteins were el uted Ing in
Smsbg@hﬂla@e Bufor eunteansfested tceln (IBho 4 e@ierasxsdd §o,tu ssmdmprempxtanon

SARES, PG Rls 0% 0 s B TR it g pxcsso-

fﬂaghSG&“ g adeﬁXMﬂ-Va; itsvasgndtéae ﬂﬁbﬁhgﬁhsmm twali degre(d@li qg1n)2C). This -

ordi n t nuf acturer's struct
Fl?cfﬂ_ﬁg?m@% AP SERADT ey RpEeed 8 et u@edglgl Verodi6 el Similarly,
UG T hﬁassltﬁ-@faﬂﬁﬂ | When IBaxBINAS aleARIS@relsaN$H T VALRE Ccells. This
kit 10 InwtrogedC Subsequently, a 1:10 dilution of

tdegradptian wag bleg e\m@ﬂmeﬂ thenpancpprse inbibdtor gWAD-fink, but not
3660 c r

26 TR ek O ShaRCRU Ay BRI Rtk \Bah ol Shdn). The Jater indicated
ghittthe leghdBGH oficlbigeRGE conld doad mmut)f)nmdpmmsmqumddjmﬁaxﬂA and
ajnd conpared to the hSGI sequence (NCBI accession

nurrber NP 003012) using CLUSTAL X. The concept ual

ani narodigi ektig e UeO ERerdtiolET aWath baRmanRH IO ASwdl @bt frican green
1 onparisons _were visualized usi nrg‘EGENEDCI: sof t war e.

BiIShrEEEe dhe Tvshiore deleynined is Ppmagy Wrlsowds sequence of
Q'Eilif‘}? u\ﬁﬁ %Iﬁf@%nPVel%qy@Eéﬂs' Pre qcet,cf &ﬁ%%ﬁlgeéleé was compared to

above. bout 16 h post - trans ctio um was
S0l @@nar@L&Jﬁ'@AéoﬁefBiompsom |e$<@bI 1999)i snchwishalimst with GENEDOC

f N C

SSRELe S uRp S, 1987 SRYGEIHER E50E el el 31043014 pmino i
tsbqa.lepca: mnmyawith HIS!L“)/T ¢BighienER)) This afxphivegewhnt7a -iféragted with SGT
Aﬁ’(’ﬁ? ntl roomtenperature for 1 hr. Muse

ﬁ?fbc P ?anantl -flag antibody were used at a
di lution of 1:200. Follow ng washing, cells were
incubat ed with the _secondar anti body conbi nation of

o ueetasalizpsarithaling-2¥@bbi t and Rh- conj ugated 25
ant ' m@@@céﬂfl&%&{]ﬁﬁl ofr %%taﬁﬁgﬁg S Cin Phro %6hd'ells was studied.

(Santa Cruz Bi ochem ca 'owm ng extens

“Wash Ef gellst Waectmnefegﬂed rvﬂﬂl/!@fléorﬁalgﬁﬁé‘ ohndrp)@lélaéfsﬂs%l ﬁng 5;4) At 16 hrs

Ccus n

%B\%éra&) eg}lopa ﬁéj lQ?;eeFe nd D t?ll me @10 stametder %ﬁtboth mouse anti-HA

@od Irahﬁh’mmpﬂﬁg EﬁtﬁlﬁidhdsnAStauﬁhgaﬁvel\Bdrﬁrdll Sﬁi&aﬁsfecﬁ@ﬁf\ﬂefmliﬁ cells were
t he %sactlonbtvv%?ﬁ hSGI' and 7a-HA in Vero

gpied in (B PREe @Y R e %ﬁ%‘fdébﬁté}fgﬁ Gh “Bxslkﬁmqteé’gtﬁé@ﬂl the nucleus
andl cydYihdR-ofatihsteafd deRS TiRds el ‘é@l?é's%gl_l fo® rsta?r?wﬁﬁ the antibodies.

interaction with endogenous Vero E6

A3 p -wasHRund stot ecalesalizet with faeSQIT pr ofesd }E6excl¥Sac€ﬁzsepluch and co-
WRkiGerd W?%ﬁs%cfegb}t@& ﬁ'gclt 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

mdicated 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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wi th nouse anti-flag beads or rabbit anti-hSGT

anti body respectively and Western 35 Blotted. Wstern
Bl ots were detected with rabbit anti-flag or rabbit
anti-HA (Fig 12B). 50 SARS-CoV 7a-HA

.coi nmmunopreci pitated with bot h5¥1 ag-hSGT (lane 1), as

wel | as - endogenous SGT (lane 2) from Vero E6 cells.

7a- not detect ed e n._unrelate ant .bod )
(PR Y 3 Vi coucyedi B LoRT Pradh o5 noghabE S8y 7papa detetion
'rﬁﬁ‘ﬂdﬂt@ﬂfa@ GhRybRbdiRFco- ﬂnﬂhﬁbg Eipi’cgtlldh inl Ver 3L R1H Rk@ls showed that
anal ysis of fotal roteins fromcells transfected w

th
piIH-(a1 1 @R 5 QRE7pAHA- (2a 6211t22),\mger%@cb‘qlth ﬁ]@g—SGT bt 7aAC-HA
f d
04‘!?1 ggg rli{/}gglz%hg@g Eﬂo (ézlll )-731@3' @gﬁﬂ\ﬁ%ngth Jain

en’unt agg was use

-1 b@st Srafyteid sgreend, tlsgre SGR aﬁmﬂerdﬁgnaxdmiowd‘ted]wﬂhm aal&2-95.

was overexpressed in VeroE6 cells. This degradation
was bl ocked by the addition of the pancaspase

| ANG TOTPRE iszcviNoul foﬂlshe Bsbcinin witMSARS-Cavezence of an
irrel evant peptide, zFA-fnk (data nqot shown)

| at t 450 hapiiansdiih a3 o émag@ e v e heer Shqvgg logpdiate protein
??Hﬂeﬁ'l BRe@ch @S Utler@brea RO RicRintnd MABGEM t¥e 3@2&11’5‘?{1?}?% role in the

a. To investigate the interaction of 7a with
HoteeastigGhetiendSO Taand$ ARS in \ e clive WHHK alplcEGT nfuiBGT )vere created

Y L L T —

deshys dd YeronB6 \ceHe qResbe sham@o]maﬂ’uﬂdlehgthlﬂagwwr @2i ng13), flag-

SR Gad hat e R Ras srnd- oefofe S L Rid's®) and fag-

XBPAOYG | @RULSIE iaRehcRAIAR TallPA aHbﬂ'ev&eﬂh@Bm“dmefHabtﬁy relatively
Wi th hSGT(Fl ure 13). This explain

ke iben dligpier B@IfthﬁFSr o @mﬂ@ﬁréxand»cﬂagaggmgras(aazb124) did not
SRR 78k S AORIE " Bhtus by HSROABR, Hlfoonaingd TPR2 (aa 125-

\I&B D irfEeractet] | witnds astl tbe éﬁienn\tmscregﬁncmlrﬂehommroved the interaction

tr sfec dwth.p 40f| S nd pXJ40-.7 Fi .
P TR e D feRion R TR S s Ryl BHEn (o guty motif, for
wntbﬁcﬁ@tmn(SAmoytmned w th both nouse anti-HA and

rabbit anti-flag antibodies. As a negative control
untransfected Vero E6 cells were 25 treated in the

S a”eEW{)IeF@-SGIVEI%x m%ﬂ of BB%&R@QM‘S@WW? mtéhrdnka%p%gtosm
to both the nucleus and cytoplasm of transf ect ed

cel | $heunvenipes ecreted g19 ebilitydoh SRS &pwnwm Bherotein to induce

?Pé%g%g'“ﬁl eer %vé&%@%&:ﬁ %J%g}l 1%2 ;]'Ilhg-:n 6{18 MS oEtélri%ed from isolate

cIS2BM aidsdon&‘pmltd eqb}sﬂh’atreqmn agi;qaemb’eﬂtlnSGili adak, 2004b. As shown in

FASELER) G aPe RO RRIAR I SR PRl R St evident by

cells. The C-term nal re aa 62-95) of SARS-Co
cansed burilis aver grpTysBIaLcA (EplupgEy or R B41oM 43 (columns 4 to

%?S@lleﬁvs'agg%fr@ld}égéh%hs tP\@ﬁ{IhYdoﬁ g 1854 ol ARMEH AP ERS 1088 rved when

eri nent
el er HA- BAX SARS-CoV 7a or SARS-CoV 3b was overexpressed (Figure 18B, 1st

panel).

tadlcres38 iDARFacOY p?aemyactlmttﬁ écﬂﬁﬁmﬁ! 7 o S Rwhibh \éeécﬁn\}ﬁ@able to that

Example 7- Compositions 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 discase states may be
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indicated that the 7a nutant pAS2-1-7aA96-122, as wel |
as full length 7a interacted with 35 hSGI. To
identify the region of interaction, a series of

del etion nmutants of HA-tagged 51 SARS-CoV 7a were
constructed (Fig 15A). Interacb®Zon of flag-hSGI and
7a-HA deletion nutants was assayed using co-

?%Hf.sgeréeecﬁagl { gt (91.1%&'2 1834%%‘6(:) @Eﬁ'}ﬁ%{f}l—wl{ R M as a pqlalmaceutlcal
ﬁm@ﬁﬁﬁk@d with flag-SGI, but 7aAC-HA (aa 1 61) did

not (Fig 15B). Al so, since pAS2-7afA96-122 interacted

with u‘lquOTdéﬁfft Withathe fpest wedg'/ & perfoypingy fheigvatioa giavided herein,
t I e

xg)%cﬁ%%‘réf@rréﬁ cdrfih%c%ftﬁﬁfs rag?é;bﬁ’éﬁxged R %Wf&lmvﬂnﬁﬁrggég%%nstmed as

IS Cr I cal association wt

- \mgghhdestrgost aamples of eenippsiticas arsi natasfalimitatiorhof/the scope of the .. ..

iate protein protein interaction.
DEEP oM TR LA !

re ore rii ne whether these notifs play a
role in the 10 interaction between hSGT and SARS- CoV
7a, five hEGmple!7¢4)i-dlompésitidrs FoePeroataal Admigfstigtion
16A). Binding of the hSGI nutants with 7a was studied
usi ngA icpFnpBBer i pRtramysewlar mgesction cpwldbe rp@epae?dctelcpstam 1 mL sterile

T OHR P O A L

f | ag-BEilaly,3a (:aapdsaﬂ.&Bforantda\fehag} inBGTACEaY doagprite 91() ml of sterile
teract ve fl ag- SGTANI reacted

BBt RS ol TR TS BB PRSI ves. - on ¢ he

ot her hand, flag-SGIAC3-2 (aa 1-124) did not interact

with 7a at al ExddnpB ABP) Injddthible I&ﬁhﬂtef’eﬁ@oxﬂﬁ&sﬂ!ﬁlﬁ t hat

cont ai ned TPR2 (aa 125- 158) interacted with 7a and
t he M cempositien sgibbnfos cadmhmtratmp Focyma;xbchdsremaytbermqiair@hby mixing

fo %) enc ese resu cat d t hat

ol o PN 0% RELPEReR: [Py S opylens g g water. The
Woldﬁoﬁ%eﬂi)éédﬁ@ﬁl&&uﬁxan‘pl e 6 -- Overexpression of 3b

SARS coronavirus protein and apoptosis The inventors

ined th bili f RS 3b
Mnduce _apopt osi s BHERPIT(©)s CHSHEAPBERUHO h 2037
cel l's cgtggos'ﬂ?({xggflﬁl g’@%m%p E&#ﬁ&ﬂldf gﬂé r&bgit g CEH)§ N2774be prepared

and cl one Fas
aly. fillk@04Abstafdard I'mw-plecre AbrdFigglatie d&péylet Wth 50 mg of the inhibitor

RREPUR 4 2o R i g90 M InEp B fero CHEAIG Ogme of magnesium

Rtatp@se activity (colums 7 to 9), which is

conparable to that caused by the over-expressi on of

HA- BAX (cql umm 3) or SARS-CoV 7a (columms 4 to

a eavage cﬁxaé'ilitlsé@c@W%Far 51!’5&”%:43681}@9“‘? PN
SQ_obser it her S- Co

SaRs D IRl SOVARES yio SHoerY g D108 pdpiceg ¥ 10 me of a

pretiibitdr. comyapl evith 0.6 Lyt weight $04 llibh@ﬁiﬂﬁﬁgenﬂ; R@ch as polysorbate

i nhi bi.tor co nd dentified b t hods of_the
bgéé{?lclaﬁ%nmpg s S 1n¢ qjg;'oplelef s);/uc fgg)n and put into an appropriate

aerosol container for elther intranasal or oral inhalation administration.
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apoptotic 7a polypeptide useful for the treatnent or
prevention of disease states may be 52 adm ni stered
al one, although it is preferable that they be
adm ni stered as a pharmaceutical conposition. In
accordance with the best node 83 performng the

i nvention provided herein, specific preferred
conpositions are outlined below The following are to
be construed as nerely il Refereatdese. exanpl es. of
conpositions. and not as a |limtation of the scope of

thetngide&end. Tighen PoWﬂthahiy IayMestgranpnde R7 Fhilgenteld. Coronavirus
Compaghihi QBtefiRke TRCERLES trﬁ%mbﬁélétf&ahésﬁ’ oﬁf gnii-SARS drugs. 2003.

conposi tion for intra Seul i nj ection
pr epayaehce. B3 0WohT6S-H76T. L sterl le buffered water, and

et Mohiui Crosfer 8 WheFRABEEPHHR g1 tonengoo. The

co n‘p rtbﬁﬁnﬂ5 dilgdin©fmsife eohfers aldt@)ﬁfsnﬁc selisftinlocalifhtion to type I
of a §U|table |nh|b|tor mpound. Example 7(b) -

I nj e PEBPENBRIOLHEENA a”éﬁ)ﬂ%‘ﬁg ant GRI AL dApdai2PT-on

sdligiahike R.00. pet . Strbddel OMdbY . Gales tioes, E’nfe tide of Lassa virus
prepared by m xin 1/6by wei ght of 7a pol P de in

10% tlysporaivies GiPdpyKihiss ol yoshaldengtindtias Lathé381 203-6.
ég@hlﬂﬁ& 'RSASHG:[ddlﬁe%eﬂA %hflﬂtér{] rGaR/lag a%)(()lg E}IJZ ((w)/ Doornum, B.G.

e Conpdsitron A conposi |ono
conpmanddem Hdmgexﬁ oMn Béiria, ¥apdithe Kragtdhe, pﬁ@p&DedOstbﬂlaus. 2003.

fil :TQ'Q%P?CE LROERY Bostule L Bfile o S a%ggégesggg Ao "

1'DQ}6H; oY, 1 ag! 98€,5.35 INE @f d.aligm %ﬂ%lﬁmmnafw J. Hong. 2001. The
magnesi um. 20 stearate. Exanple 7(d) - Conposition For

| nhalfgnatitis AdifissEerst Pr@ﬁslrFonte@ﬁtSaWbsNS%oandaﬂqﬁ@ﬁtes its caspase-

i B e ety A Lo oy BT o 8

| &b aigrana, i3] a@éanldsmc fandisP. 1boR;Mstxecr b2008. SBwﬁtod’xmga bmicies tropism: an
acid dis sed.in a.pr ant, .such as

act GefleBi PR E bl d ROBRER §lhviRs HafRe Vifg 77 538,

e1|2t Kdmnpe“thfaﬁ,nB,SHK Décker, . Méijb@J ML Qora ek NH ! G@dzleoﬁhd P.J. Rottier.

Rﬁﬁg ces 1. Anand K. Zi ebuhr, P.
1 epenavipyg vk preieing SRl i Eole G peyond the site of

pr ot %mdd%@m\@&ols@g WBbse8s4 basi s for design of
anti - SARS dr ugs Sci ence. 300: 1763-1767, 2.

Adn Bragams, ﬁo&&rﬁeﬁ Eedaasinks oyl . QeNomsinsis | 9% donigsis and T-cell

A oS8R 15 SO S5 R

16. Marra M.A, S.J. Jones C.R. Astell, R.A. Holt, A. Brooks—Wilson, Y.S. Butterfield,
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,
N. Bastien, K. Bernard, T.F. Booth, D. Bowness, M. Czub, M. Drebot, L.. Fernando,
R. Flick, M. Garbutt, M. Gray, A. Grolla, S. Jones, H. Feldmann, A. Meyers, A.
Kabani, Y. L1, S. Normand, U. Stroher, G.A. Tipples, S. Tyler, R. Vogrig, D. Ward,
B. Watson, R.C. Brunham, M. Krajden, M. Petric, D.M. Skowronski, C. Upton, and
R.L. Roper. 2003. The Genome sequence of the SARS-associated coronavirus.

Science. 300: 1399-1404.
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menbrane proteins in plants. The Plant Cell 12:
1179-1201. 4. Eichler, R, O Lenz, T. Strecker, and
W Garten. 2003. Signal peptide of Lassa virus

gl ycoprotei ns GP-C exhi bits an unusual |ength. FEBS
Lett. 538: 203-6. 10 5. Fouchi®, R A, T. Kuiken, M
Schutten, G van Arerongen, G J. van Doornum B.G

P o “98:ent ) BoBly. 1905 i fintiol Sug” coronavirs

fuIfldsk@ﬁblﬁrorvﬁa%l\gzqwzgmature 423 240 7. Goh,
H Tan, nd

V\118 Jai, l%rhj Cz@B@D ﬂ%@anagbpla‘?t% Tlée 1@01%01&1@51’1@%9% o cproBpYiruses. Adv.

i nt ergghsRA 481 YpRA and activates its caspase- 15
medi ated proteolytic cleavage. Viral. 290: 224-236. 8.

..I—w JféﬁﬁﬁmBHeRB H<.GvoHamlmack, sard BL.I. LiRwist i1888. 2@08g of soluble ER . ..

' [ fective way to
mani g}{)@fh wﬁ%sﬁm%@ecz:qgﬂv ré‘?rs genone. Virol. 77:
4232&0% P. ALZOE&JSWMSJ Manroe RS, Néx Yg]%}@ﬁiéﬁgnoﬁR Mhp ge JP, Penaranda
ne an ot tier
Cor origﬁ[ﬂf%%mm% M%lt@r %%@EMH» Tene Sn Tem @oL@Weé@#ﬁcgN DeRisi

beyorm Uh@n S(%tWaﬁé D, \'Erﬂhlﬁﬁ mydﬁér@QTCJ Bu¥s €] Ksfi8ek TG, Rollin PE,
6523- 1 mans, B. Egberink, and M

C %@ph@m Lii e, Aﬁdbﬁ@éﬂ% Iami)rT, M@Qausﬂde@ Kethm-Rasmussen M,
S LIABILTE GOLAL QOBRAAOND. oG Tl Faamet, L

Ast elAndeRoA, addl W.J.ABeBinbo IQQOXN I(Bxara,cte}ﬁz&onBlmtf t r fiovel dcorona\nrus
30 J. Kha

& o A Yt AT B ey SaRmer U0 1941139

@1l Rbiut, Wildn, Rhid Biaohei, MngMeygs, V‘hseNEQQBaVQ a, BeBre Thoreau, Se Thoe
Mont gonery, doh, “A.S. Petrescu,

Robertis b, Jsp@%@ﬁ& Ratrigk NegKa@i R}H«% Chyy, @anwmughang Tao, Chan
J.M t : |
M Iék&l Iieng,cl\fé%etl;tée( gﬁﬂ Ln'l:Eaf Ngg%TL %ggt@ﬂ ?%DLléa F.P. Ng, Ren Ee

Bown éﬁ@e hawrenash\y. man@eﬁbilp M. Loy ﬂla:hEdison R Ligl 2@, Comparative
M G%lz lrllésngthAﬁénO%e%X%uenceYan YSIS (g lﬁl\%lg]%gﬁafonafmgtel%og%%%] a,rl]ﬂd comimon
G A. nTutﬁtpirB&sso&atéﬂWﬁr putiivevatitingof ilfechéi. dancds. 361 1779-85.

tjﬁgﬂ@% CiV %E% 1% (}’5 61% d?&ﬁoﬁ?efcel sfzgj'lgl%ce ?H%ptoms via a novel

GenonRecERAURNEE ﬁ@fobiie{@% e ASHAE AL R ﬁ@@ﬁn@%ﬁgs Nat. Immunol.
Sci ence. 300: 1399-1404. 54 17. Nguyen, V.P. and B.G

Hogud2:143927. pr ot ein interactions during coronavirus

@%Sﬁﬂ%y J I\JI Y ® OQS%Llfgr%Z ﬁeg[ﬁ &dei 1})§s E)ﬂlrg'{e (])5;}0?/42 ﬁbteﬁ‘[ family. Trends

and D. Cavana h he no ecu
cor ofaadhems®s 264006 Virus Res. 48. 1- 100. 5 ,109.

gglr E?‘% LE#, @o%zﬁs%ﬁr@,%s&ﬁa 8]9,dD11\I/1[gJL, LLiEtheSﬁ T,l?usrﬁé LA, Mao X,
Nunez G, Thompson CB (1993) bcl-x, a bel-2-related gene that functions as a
dominant regulator of apoptotic cell death. Cell 74:597-608

25. Gross A, McDonnell JM, Korsmeyer SJ (1999) BCL-2 family members and the
mitochondria in apoptosis. Genes Dev 13:1899-1911

26. Tan, Y. -J., S. P. Lim, A. E. Ting, P. -Y. Goh, Y. H. Tan, S. G. Lim, and W. Hong.
2003. An anti-HIV-1 gpl120 antibody expressed as an endocytotic transmembrane
protein mediates internalization of HIV-1. Virology 315:80-92.

27. Tan, Y. -], B. C. Fielding, P. =Y. Goh, S. Shen, T. H. P. Tan, S. G. Lim, and W.

Hong. 2004a. Over-expression of 7a, a protein specifically encoded by the severe
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proteins in yeast. EMBO J. 7: 1757-1762. 20. Rota,
P.A, Oberste M5, Monroe SS, N x WA, Canpagnoli R

I cenogl e JP, Penaranda S, Bankanp B, Maher K, Chen
MH, Tong S, Tamin A Lowe L, Frace M DeRisi JL, Chen
Q Wang D, Erdman DD, Peret TGQ5 Burns C, Ksiazek TG
Rollin PE, 10 Sanchez A, Liffick S, Holloway B, Linor

Gt HER oS O, (SARG-O gL i R Spopiosi via a caspase-
Pal | afpemient pathway \NO@HSIONS:13045-Wok7 Bel 1ini. 2003.

Characterization of a novel coronavirus associ ated

W A sdimatoe Aespmaancl gyt dipoe GUIFGNE) Inselvement offiypicl-2 gene in
1394- 325 fofitul hgé'ﬁliya c%bglhh@e%;)eu ng Al Ee,

Vi nsensi us B. Ve oreau 15 Su Yun,

L JBE Tlvhmgo@hY,a%nﬁiazturS 00N Bk darkiln difGoi-death andch. HEBR. Lett 466:6- . ..

Zhang1 Tao, Chan Kwai Peng, Lynette OGon Lin Ean, Ng
Mah Lee Leo Yee Sin, Lisa F. P. Ng, Ren Ee Chee,
LEoanender Néid&t MT CIfh,orrﬁ’Ebﬂl B N999—)0]BQr2 pidekied r§@Matdrs of apoptosis or

Li 003. . Co full -
R Lo TR MR (S )

AL A inABRIARE Oﬁbﬁ}rﬁ‘efﬁeﬂ' 1. Rp@ . ®Ahfuch 20140 FhO human small glutamine-
infection. Lancet. 361: 1779-85. 20 22. Nishioka, W

K., divdh RPRwontgihiag. pmm isBraspired fom dg:@greapd]btmhs cell division,
Vi a n | i_brohl fected with

Tous g ‘g‘ten a@%ﬁrgtﬁ%‘% {}?f 4R Bl 43 N3 127 23,

APaivéu JS\/J Cow §'HS H280MM) arld WangIC. ¢éat. mﬁﬁﬁans bansmbuoﬁshef the heat-
Bel - Sci :61-66 25

4. BHPE CEPCBReZY @aeDh Criorpel Siiens] BoRgs are uilized 10

Li ndsh®@fct Wlﬂi%l&ﬁmk—%ﬁ%&)[%pﬁd%@gt dontalREPRRBinGBRiochem J. 15;
(1993) bcl - a bcl-2-related gene that functions as a

domi raftP *r:@gﬁﬁ ab-or of apoptotic cell death. Cell

A 5 5. r y S
pE N e Ty e
apopttctsatscop@mrbeg r@eat-dmtaﬁﬁﬁg fetein EBSG?IS) ifﬁamptstithJ the ubiquitin-

i m SR g oSS B mantofThE etk Mot eRm o Bjochem 1. 1

expr 853 ek gsgﬁqéandocyt otic transnmenbrane protein

f HV-1. Virol 315: 80-92.
%dl at el%ttygt er né? 3) gr% a%bw %i) %Iona&ﬂ){]utagmesﬁ@h protein/viral

T. Hpr&elnmndﬁg pﬁateﬁa'ﬁh R c\/c\/chaﬂé?&ga thAO0ARRts heat shock protein 70
Over-expression of 7a, a protein specifically encoded

by t letisly EeB Sesssdchaperones i (Bh2881268y ndr ome
Al o e S 0 P
GSCSFL AL ISy, SEEaSEOR BBk Uy B ARIATS: oo
Tsuj icogxiate frf,oteﬁim%@ (’l’Bn?O)I: tetafifizd filnctiGng m@Maﬁdﬂﬂ&)ed to interact with
|| S\r/rg:ﬁl n_gtn%:ér% ] tggg g. rfagfg%%ﬁ‘g}%’gng plflcggigsf gloche Sl ? liS 359. (Pt 2).
~37.59-426.

36. Tan, Yee-Joo, Phuay-Yee Goh, Burtram C. Fielding, Shuo Shen, Chih-Fong Chou,

Jian-Lin Fu, Hoe Nam Leong, Yee Sin Leo, Eng Eong Ooi, Ai Ee Ling, Seng Gee
Lim, and Wanjin Hong. 2004. Profile of antibody responses against SARS-
Coronavirus recombinant proteins and their potential use as diagnostic markers.
* Clin. Diagn. Lab. Immunol. 11 (2). 362-371.
37. Thiel, V., K.A Ivanov, A. Putics, T. Hertzig, B. Schelle, S. Bayer, B. Weissbrich, E.J.
Snijder, H. Rabenau, H.W. Doerr, A.E. Gorbalenya, and J. Ziebuhr. 2003.
-Mechanisms and enzymes involved in SARS coronavirus genome expression. J.
Gen. Virol. 84: 2305-2315.
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29. Tsujinoto Y, Shimzu S (2000) Bcl-2 famly:

life-or-death switch. FEBS Lett 466:6-. 10 3 0.

Vander Heiden MG Thonpson C13 (1999) Bel -2 proteins:

regul ators of apoptosis or of mtochondri al

horrest ai ss? Nat Cell Biol 1:E28®-216 3 1. Wnnefeld,
, Romel aere J. and C. Czi epl uch 2004. The human

| ut ri.ch TPR— i ni rotein i .
I‘GQL#LFQ (gl lplﬁllra & -Jf)ﬂ I‘Tdrlﬂgﬁ ﬁ ﬁﬁ%g&yofan %ng-sEong Ooi, Seng
EXper(EﬁDﬁﬂW@@ﬂlﬂ HBﬁg e@{cpphuaWéHTGoﬁgﬁ)M' Sﬁ&i@cténzatlon of a unique

43-57. 32. Hu S.M and Wang
2001, SR FR,fFlﬁ?t P&S%u ﬂélii?é n@O@f then Sevat Acwp oERSplratory Syndrome

cognasary) ehRhiif8. { VST Ok (Fat gfpti.gal functional

gr oups -utilized to interact with distinct

.t?é} rSaUdﬂBrcErJe[i’ti Baedespeskt §.€0MoabaiVigipelpl. Aidwmibr,BL.6c Reen, Y. Guan,

Do 3oWy BB s By 05 K GO e Ao VIERE aht conservd

t et r dedtuee pE pehdhe: ﬁ:&p@@teoﬁmﬁféﬂm&@omh@\hﬁisﬂar( 8T 3plit-off from the
interacts with th _ubi UI tin pendent ~endocytosi s
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Genedoc: a tool for editing and annotating multiple
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www. psc. edu/ bi omed/ genedo . MMSzi epl uch C, Kordes E,

Poi R, [ i . _ .
[ denty 11 ¢4 oy tgltsse AR Bt vl S R plypeptice 7.

prot & n, TBEISARB abronaviersagogp-spcctfic bl yeptide As.t sfiud4ior hkomprising

Vol el sefoe B MR SEOIRNOR 21 e wprosted

SARS 3¢ 0r QawdtbtisontPridiy SPRgéit asid rs@dllueae@bﬂlddﬁm e BARB@ronavirus
SARS cor gnavi rus group-specific polypeptide 7a. of
FrafFRecHiSRMYRePHEL ok dimahoind. aci d sequence set forth
I n SgQ | A Ndolafed Homhd fhay s S | Rk&havi )
acid se uencgg e%co_gf%}}g tahggléﬁgrgﬁg%ﬁ%{‘t?ﬁgsﬁﬂﬁ SOrdnavirus group
gspwﬁcgge@’ﬁﬂtidcqﬁolaypépirﬁde of claiml or 2. 4. An
i sol gt edLi.gand .t hat, sel ectjvely binds tao the SAR .
cor oﬁavi ril?gglggaggpgtaglﬁg%i ’i‘gh%fo'llny?)aé%g}%gé of gl%}ho y ¢ fanctional
Zragmenfltherdof.gand of claim 4, wherein said l[igand is an
anti hody or functional 10 fragnment thereof. 6. A |
met h8d of i@@ﬁ?&f?f n@e ifygapaurempeid ithateierpets wiith the SARS
tBRNPHRS RPRNfid Kﬁﬁ%@-&eﬁﬁhfﬂ&@,qha%%dd& ising the st
claim1 o%&gl? ?%e rritaekt$l od conprising the steps opﬁjn(sgl)g © Seps
@bnt act | ng the SARS coronavirus group-specific

y C n I . .
(B Eabaf te SR MIRLAALE, s PERRIORoRERHs with o candidate
camgbuat endso rpoditidng mitabledo petyip dptetadton afithe( dindidate compound to
Slgt eogti ng t he ,interaction between said candi date

TpOUNE g?faa“_flhe_ pol ypeptide. 7. The method of claim

Gb) Wdeteetin} $ia lifteiabli @1 Btived sai Seatbidatd @ehfdyinddad e pAlypeptide.
| abel | ed@ubstrat e and nmeasuring a change in the )
| abelt ed T8RSt ©f chamg6, whteithsgidointararsion isydaigeted by adding a

¢y Atbstie and hdSurn® £ B8n@ARTERHANAV b Fate.

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 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.
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33

group-speci fic polypeptide of claim1l or 2 conprising
the steps of: (a) contacting the SARS coronavirus
group-speci fic polypeptide with a candi date conpound;
and (b) assaying for the formation of a conpl ex

bet ween t he candi date conpound5&and 25 the

pol ypeptide. 9. The nmethod of claim@8, wherein said

assay, is selected fromthe group .consjstjng of a o
_Corrpe]tli' t if/l?ee E‘F&‘G& r?é nglga& WK _S€ﬁ§ gpqciyl?aélggé:ymgﬁae é‘h inhibition of
| A6HWRO BE ffel SUR ALbBRaviRAS 3Ap-shBeifi® pABHBAFIOf Screening

for a conpound that nodul ates the activity of the 30

SARS Igor oy methedgeioglpins g éc whiexsip stid papibite iof aggiviiy refithe SARS

BB RRE AORRRCR A 8 SRR o conpic

.. Catdeetathe SARApommdvinndgioup-apelific polpeptideadfl @aihp1 or 2 and one or

enabl e, 4t eract.i on of the_.candi date conpound to the
Pk R R e e i R RER st vl vy of |t he

pol ypiept i Alenethfll dfiidentifidngBh ARt @fhichl i8 b inkibitoMdeIrédlion by a SARS
sai d npdul ation conprise an inhibition of _activity of

t FREOTEXIRSS,BE aReiled cRMPRiHE Sepating & cplbloy selbexiect with one or more
T H ¢ - . > PETYNER -
ARATRIeIAPE] AR HrE ARG BLA. 5% HocrBith th bRy of tho SARS
pairgrepus goupopptifis pelypetidoiofictagmt her 2,andehérdry ddfteraining whether
C . bet n_ the S coranavi rus group-specific
ptgg%%)éﬁ qe %87 %1%1 P28 ne or  nore SARS

cor ondvi rasmethed pofs pRalifying pal yReptsufigsde 3.usd inetHRodeatment or
of i1dentifyi an agent, which is an inhibitor of

i fPERfiop At é@ﬁ% CORRREVINNGIN Giibl ety dhe methodsompesing:

CONpripi %tﬁﬂiﬁ%%%&lﬁ@cﬁ se@ble ASm @R Jubf¥t ract with one
or nore candi date agents, determ ning whether there

i s a (ecreoatstingtheampletyith a andfdatenagegiARS 10

coro ir ; - i fi 0 ' f_clai 0 .

0" NS, AR ABAEL ke RALIREBI 4F L MObotpepia o
i nhi bi t orclam boiSARBdcor onavi rus. 14. A net hod of

i dentj fyi ng ,an .agent, sui t.abl e for i.n the treatnent
or " herdion ot i A8 Sl W aee! R uttifle 1Pt i b Boqfent of SARS
retdhedirgonpri sing: (a) obtaining a biological sanmple

from_the subj ec&, 15 (b) contacting the sanmple with a_.
candildat & dB8Red for: freginge PHPRIVISBLNG CPRBAYIYSsinga subject, the
4REHhER 8Smpiisih P 8ardfldteHilsYioth ! ' 1

| or 2, air)1d 1t er egly dé{gepm' ?1F%edme%ﬂgﬁé‘{tﬁgl’gégfé%@?Sm"“m of the

digand pf elafmpf oy g soinpoundadentdiedhorthe ofett@drRE any one of claims & to 14.
COT 0NV M43 method of claim 15, wherein said method comprises inhibition of
apoptosis associated with the overexpression of the polypeptide of claim 1 or 2.

17.  The method of claim 16, 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.

18. 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 claim 1 or 2.

19. The method of claim 18, wherein the assay comprises contacting the
biological sample with an antibody which selectively binds to the SARS coronavirus

group-specific polypeptide.
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20 15. A nmethod for treating or preventing SARS

coronavirus in a subject, the nethod conprising

adm nistering to the subject a therapeutically
effective anbunt of the Iligand of claim4 or a
conpound identified by the netélbd of any one of clains
8 to 14. 16. The nethod of claim 15, wherein said

net h coppr.i ses .i.nhi,bit}j of apoptosis ocij at ed .
ot b 200 Kb B RruE g SARS horn BB e33R o e of claim 1
ot 2or alfeahd of dakn AEbEQHerObitlch dilient 6r cather ei n

i nhibition of apoptosis conprises inhihiting _the .

f or neitli orf* @et%f)cggwpr@ﬁmﬂétﬂv@@w% s i8JRB0R 7 GnBRP oronavirus, the

GhOMBd eRRpidihgs Pol ypeptide of claim1l or 2 and one or
nore SARS coronavirus group-specific pol ypeptides. 18.

-.A met(Abd leaidhaghﬁé%igﬁ%medimmmidwbjgcﬁ nfection in a.

subj , C [y t he.ste of, 30 (a)

obt ai n? ngctogﬁg{lﬂgé %géj%%qp?é@{&%ﬁ%éﬁgag&q ﬁ%“'gab?%lct ; and

(b) daspayiergtiiprthexpeasst oof ahe tl@endARSeaneNdoitidisto the SARS
gr oup-speci fi c. pol )@JR%EU de. .of (1:I alml or 2. 19. The

met hod of “CET"&VISIS, Eﬁk’e?%di“ﬂb &5Say conpri ses

cont got TR nidikod BF elaR8iNalwikAdR! Re WidlBgiad) APILANY plasma or cell
which selectively binds fo the SARS cofonavifus Sé}

FeBRl speci fi ¢ pol ypeptide. 60 20. A kit conprising

t he R P I Pz ief | [ f :

cl'ai o BRGNS SHBBhe 4PABRGE th PRGN SRS coropavirus, the
dné¢thedhcomprisizgzri er. 21. A nethod for screening a

subject for, jnfectjon by.a SARS coronavirus, the

met h _conﬁﬁag}l%?{’](’gﬁgl%ﬁ?aﬂ F_Erg?nhs%‘?ﬂf\{’éﬁci cal . sanpl e.
fromEni d suih&bies; satdbioldpidad Ghinpl Beth GamadBjcRt Withhtht Mcleic acid
ligand of claim4, and (c). detecting the presence of

the Ii gande%@%*?@?%%lﬂﬁ’d)ftc@imﬁé)@m@ cor onavi r us
pol yRept | dgebtifd @b g}e;eﬁelo%-sab ce SPRyUIRAAAGh Bétweb

t
21, wherein the biologlca anple is" a plasma or cell )
i 0 sanpl e. of Faidabivkigitall shmples and ¢l myclaicsadif eequdnge encoding the

i nfection R viyus, the nethod
O R R

conpri si ng: alrning a biological sanple from
sai d28ubhenikthof lbf clamacwherginge dudleiolacdi seqhens@ tPir&ponds to SEQ

f said subject with.the nucleic. acid ncoding the .
d@%egtqr&ere 1 CPPR gf g.allecél;ve rhyb(lg)m tpég? i EItcH]gl(P encoding the
FARS BeenSin8 kERpGpeafic pyRbLsticat i on between the

nucleic acid

nucl eic acid

25. The 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 for administration
via an oral, inhalation or parenteral route.

28. A method for inducing an immune response in a subject against infection by a
SARS coronavirus, comprising administering to said vertebrate an immunologically
effective amount of the polypeptide of claim 1 or 2, or the vaccine of claim 26.

29. A method for the treatment and/or prophylaxis of infection by a SARS
coronavirus, wherein said method comprises administering a therapeutically effective

amount of the vaccine of claim 26.
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of said biological sanple and the nucleic acid
sequence encodi ng the polypeptide of claiml or 2.

24. The nmethod of claim 23, wherein the nucleic acid
sequence corresponds to SEQ 20 ID NO | or a region
capabl e of selectively hybridiéing to the nucleic acid
encodi ng the SARS coronavirus group-specific

ol i de. 25. The hod of c¢laim 24, er ej he . .
P! AP E Bt i T S hre e B BN ol @ b s of infoction
fbpna t SRRET ebRnEANS ThinPAsRf inhPkioh DoN@optokR h&ocid with the

A vaccine, wherein said vaccine conprisés the
poYSyE@Etssign obthegolypsptiden! claimglor 25 t he | gand of

cl ai mdirpt oQgh ftebs &h%;? 38, Qﬁ@emﬁt;@ébﬁ%po%%%%%gﬁrgsfes inhibiting

carrier, adjuvant an I'l'uent. e‘vaccl

..clhgiform2@ion wh e ceinples dietiveeadbé BARSscofamamirisgedpfspecific polypeptide of

admi nistration via al, inhalation o rent er al

G0} 3520 Sk onhre R Rirond RS afbpranestlic PRARBHERS,

a suld2eat megad ot thienfeatihdn® And¥r PropBlaBARS caed Nalvdréid Said method
conpri si n&@adm nistering.to said vertebrate an

i?ﬂ%ﬁf D Tiyingets actiPire arberApcwiralbhetipdivypepeymof the SARS
OborGharik droRp-specifE %)(‘ilpﬁep‘ﬁﬂ@ 6F &P ofhai m 26. 29. A

met hod for the treatnent and/or prophyl axis of

i nf eci dhe PEtwdSARBIMGS;, vfranein said tredtment andéeri pdophsl xdsiof infection

i I 0j ' h ut i cal | ffecti :
Do SRS O RLTAST bOfheh SFIRIBEhG SR poolils” Bolops witn the
ofverd:prassidh pf this@obipepisdd «f daimdterent and/ or prophyl axi s

of i rf4ectA Qdst byotéin SAPEbIE OB AdHAE WIIARAhE TSRS coronavirus group-
i nhi bition of apoptosis associated with the

oPeribs prlypentisls b ertherelaim hpreghaimde of claim 1 or 2. 31,

The h ; . - R _ _
apoptsi o hedostilel ohiaifh L Qg M ploth cBlnprisgs small elutamine-
addipkeatribetepaén(IGE) 1SRG cottsiditgrotem. gr oup- speci fic

pol ype ti,ﬁg f claiml gr 2. and_one or. nore SARS o
cor onavi r SPé’U pRigfsdr i Pf cclaBn y pépt Wiseinz saidp srgalh oglutamine-rich
f@fratti i / - i .
oD PBEISTT M AbiaRIAR BN i d0ralANEF fho SARS coronavirus
srbjprespecHictpodymmpidit.i cal |y ef fecti ve anount of the SARS

5" SoPiy Al BB SRR aPSR LSS W, SR, ol Vo speitc
tHoRepRAY ofodiheOE itk @RI Y ad I2ScoRiprisife@ilei 0@ Borl YrdteiRf\Bom the family

coronavi rus conprises pronotion of apoptosis

g Pet2aelegdwrathinghe over expression of the pol ypeptide

of claimy, _or 2. 34 _A host pratein ca | e of .
i or e 105 Jaelh ePrbatBarl Yalb o s EBR e e tiops proteins are
peleytee Hiontithe groudl doneikting ¢ff BallXQBAT) 8t ¢8rabindtRong Therddte

host protein of claim34, wherein said {)rpt ein )

Corr'pr?ﬁgs ed angihod éq)ruf.}mﬁrﬁ@tment and/or prophylaxis of infection by a SARS

coronavirus, wherein said method comprises administering to a subject a therapeutically
effective amount of the agent of either claim 37 or claim 38.

40. The method according to claim 39, wherein said treatment and/or prophylaxis
of infection by a SARS coronavirus comprises inhibition of apoptosis associated with the
overexpression of the polypeptide of either claim 1 or claim 2.

41. The method according to claim 40, wherein the inhibition of apoptosis
comprises inhibiting the formation of a complex between the SARS coronavirus group-
specific pblypeptide of either claim 1 or claim 2 and one or more SARS coronavirus

group-specific polypeptides.
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rich tetratricopeptide (SGT) repeat-containing

protein. 36. The host protein of claim35, wherein

said small glutam ne-rich tetratricopeptide (SGT)
repeat-containing protein is degraded by the SARS
coronavirus group-specific pod¥peptide. 20 37. An

agent for inhibiting apoptosis by SARS corona virus

gr oup: speC|f| poI pe of either claim.]l or clajm
2 corri SMhijO y@ﬁ%ﬁ%ﬁe‘iﬁ&%wm‘w &rﬁwge@éﬁppwemﬂe 3b.
Bel - 23 e"EHe@AHQS Qb@h%ws@wpﬂiﬁecﬁ% Sy REGR S Bclhith 42 comprising
claim 37, wherein the one or nore rotelns are

e ammoccid wavenss ag e derle nSEQ I olfS Bel - XL, BAD or

conbigat i Ofs; Ja‘%‘:ff“r‘@é‘nnﬁéﬁ% ageht WRIAGad %ﬁit{i’@? of infegtion by a SARS

treat ment and/ or prop

. COronvny, ke nvdﬂmdecmnpmmg ntmt;tnmmigcmnqﬂ} bsedl extract with one or more .

adm,.ni st ering,t sub t her apeut i cal

SRR RO dH P Bp A g B iregaS imfhg apiviy of ihe SaRs
Cﬂommﬁrﬁs grélp-spERfiepoIpebtids PRI A2t ctdimi 43, 319(1 thereby determining
wherein said treatnent and/or prophylaxis of

|WWW899“§%A@@%&%MR%§OIQWFS% i nhi bition

of apgpt 9§'Iﬁetﬁ§§c{ﬁ1 RleREF gt Qnt%%nt %Qlté%“f@rfgf(%gslﬁ' fﬁ@ Qéatment or
thepolypet| de of elth claiml1l or claim?2. 41

maeeveotiomet rﬁgrmvmranm snbjectwﬁ@mthod bremprisini t i on

o R Shiuaf IR AR SNl Bt A e o O @
Shec ESP‘Z“*‘%“?\%%“‘“E@@““‘E "??ﬁ‘;@“‘“d‘f“é?pa%%‘ o ma and
pol yg@pt idgtesmingae whethar, thereois & f@ﬁ%f%g@e&&ﬁﬁ/&m’f the polypeptide of

cor onavi lelmaNQHRISReB! gﬂd: pol ypeptide 3b. 43. The
SARS coronavi rus gr oup speci fic pol ypeptide 3b of

cl ai rhasbscdeipmisinggvhethes thenaeot ischitale fuaisedn the teatment of SARS
Cgf&gvm SEQ ID NO 18. 44. A nethod of identifying an

agent I'ch is an inhibitor of infection by a SARS

cor odévi rAuspethdnk foretrbaithgcompreventing SARISacorongvisuscial & subject, the

Qr _.ce extract. w.th.o r Ie andi dat e, agent.s

His i porfRiiRapmitisfii © e higtir BREPPRATARTe amount of a
aeinpwiid/idedti fidieh ySARD el dPeRinl425r ¢laamp3s peci f i c

pol yp ptl,rglg of claim42 or claim43, and there

det eft methed RE claimedtn yeerein saidnmeting mowrw%ﬁr ingibition of cell

AR 2SRRIyt the c&%rexﬁte%&ﬁ‘@ﬂth@%m%?@&‘defo\f e @D o?gﬁﬂh 43,

suitable for use in the treatnmen reventi on of

~SARS48or dihawiathed ofrclaimsdib JVéwrem triebifien hﬁ@lellcdmﬂr ¢agimipes inhibiting

%lg% fogrg%]t?%ﬂ;{)f] @r[lﬁeg lbgt% Eﬁg cg{aorr]l Vi a?%og% ellfﬁc,l (1%3Iypept1de of

dhimrd? od cigm\!vlziétdmdrort:hﬂrrﬂoneqm&lypégﬂd@asmhj #% $ARS coronavirus group-

gﬁ%ﬁ\{é (Xypgp tdlgéa pol ypeptide of claim42 or claim43,
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35

for

15 thereby determ ning whether the agent is suitable
use in the treatnent of SARS

cor onavi r us.

46. A

nmet hod for treating or preventing SARS coronavirus in

a subj ect,

t he

met hod conprising adnministering to the

subject a therapeutically effe6iive anount of a
conpound identified by the nmethod of claim42 or claim
43. 20 47. The nmethod of claim 46, wherein said nethod
conprises inhibition of EEPIENCHAER I MSsoci ated with

t he overexpression of the pol ypeptide of claim42 or
claim43. 48. The method of claim47, wherein
i FRChI tHxehRcdf TedtloldaigshPiooipdi ses i nhi biting
formati on of a conpl ex between the SARS coronavirus

group-speci fic pol ypepti de of
afigd0eneroteimr en@oky pgpthdesyestehuas rfSARTaEOr0BANGACHMS - (SARS) . - .
group- 25 specific po

epti des.

t he

claim42 or claimi43

63 SEQUENCE LI STI NG

y
<110> EBRpPEITTTedhfot cfﬁgﬁsmPf‘%"FLtPal%lzw Prot ei ns
respiratory syndrone

encoded by the severe acute:
coronavirus and a role in apoptosis <130>
684414M844P%160> 18 <170> Patentln version 3.2
<212> DNA <213> SARS-CoV <400> 1 20

( SARS)

1 15 <211> 369

<210>

atgaaaatta ttctcttcct gacattgatt gtatttacat cttgcgagct

attabracdtat 60

caggagt gt g ttagaggtac gactgtacta

ct aaaagaac cttgcccatc aggaacatac 120 gagggcaatt
caccatttca ccctcttgct gacaataaat ttgcactaac ttgcactagc
k800> acacaciiht gexGlibh tgett g t gct gacggt actcgacat a

cctatcagct gcgtgcaaga 240

tcagtttcac caaaactttt

cat cagacaa gaggaggttc aacaagagct ctactcgcca 300 25
chhpitqgtca ttgttgectac tctagtattt ttaatacttt gcttcaccat
t aagagaaag 360 acagaatga 369 <210> 2 30 <211> 122

<219> PRY

<212> DNA

<213>

<400> 1
atgaaaatta

caggagtgtg

gagggceaatt

acacactttg
tcagtttcac
ctttttctca

‘acagaatga

<210> 2
<211> 122
<212> PRT

<213>

<400> 2

SARS-CoV

ttctettect
tftagaggtac
caccatttca
cttttgecttg
caaaactttt

ttgttgctac

SARS-CoV

gacattgatt
gactgtacta
ccectettget
tgctgacggt
catcagacaa

tctagtattt

gtatttacat
ctaaaagaac
gacaataaat
actcgacata
gaggaggttc

ttaatacttt

cttgcgaget
cttgcccatc
ttgcactaac
cctatcaget
aacaagagct

gcttcecaccat

atatcactat
aggaacatac
ttgcactagc
gecgtgcaaga
ctactcgcca

taagagaaag

60
120

180 -

240
300
360

369
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<213> SARS-CoV <400> 2 35 64 Met Lys Ile Ile Leu Phe
Leu Thr Leu Ile Val Phe Thr Ser Cys Qu 1 5 10 15 Leu
Tyr Hs Tyr Gn GQu Cys Val Arg Ay Thr Thr Val Leu
Leu Lys 20 25 30 Gn Pro .Cys. Pro. Ser Gy Thr Tyr
GQu Ay Asn Ser Pro Phe H's Pred4 35 40 45 Leu Ala Asp
Asn Lys Phe Ala Leu Thr Cys Thr Ser Thr Hi s Phe Ala 50
55 60 Phe Ala Cys Ala Asp Ay Thr Arg His Thr Tyr G n
L& Argy TAPalAr &%@hﬁs“dePoTWﬂs Lgn Ber ValaFhsdhrpfer E£ys dleu
Phe Ile Arg @n Qu Qu Val GnAn du 85 90 95;:Leu
Tyr Ser Pro Leu Phe Leu Ile Val AI a Thr Leu Val Phe
e TYye HIBOryEOSIn E0u K& sLeal Gys RheThkhfhi [Velllss: Aeg iyys
Thr G u 115 120 <210> 3 20,<211> 25 <212> <213>
SARS- CoV <400> 3 25 cgggatcégc cat gggaat g aaaat <210>

A6l Pdd 2y2 1prd0se2 £23 TNATy <213 >::1SARSr €8V Pro Phe His Pro- .

35 40 45
Leu Ala Asp Asn Lys Phe Ala Leu Thr Cys Thr Ser Thr His Fhe Ala
50 55 60
Phe Ala Cys Ala Asp Gly Thr Arg His Thr Tyr Gln Leu Arg Ala Arg
65 70 75 8C
Ser Val Ser Pro Lys Leu Phe Ile Arg Gln Glu Glu Val Gln Gln Glu
85 90 - 95
Leu Tyr Ser Pro Leu Phe Leu Ile Val Ala Thr Leu Val Phe Leu Ile
100 i05b 110
Leu Cys Phe Thr Tle Lys Arg Lys Thr Glu

i15 120

<210> 3
<211> 25
<212> DNA

<213> SARS-CoV

<400> 3

cgggatccac catgggaatg aaaat

<210> 4
<211> 21
<212> DNA

<213> SARS-CoV

<400> 4

ccgetcgagt cattetgtet t
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<400> 4 25 ccgctcgagt cattctgtct t 21 35 65 10 15 20
<210> 5 <211> 24 <212> DNA .<213> .SARS-CoV <400> 5
cgggatccat ggagctatat cact <210> 6 <211> 36 <212>
DNA <213> SARS-COV <400> 6 24 gtatttacat tgttgctgct
acttcactat caggag 36 <210> 7 611> 38 <212> DNA
<213> SARS--CoV 25 <400> 7 cctgatagtg aagtagcagc
aacaatgtaa atacaatc 38 <210> 8 30 <211> 28 <212> DNA
<213> SARS- CoV <400> 8 35. ccgctcgagt cattctgtct

ctcheaaf 28 66

<211>

<212>

L &213> .

<400>

24
DNA

SARS-CoV... .. ... ... ..

5

cgggatccat ggagctatat cact

<210>
<2%1>
<212>

<213>

<400>

6
36
DNA

SARS-CoV

6

gtatttacat tgttgctget acttcactat caggag

<210>
<211>
<212>

<213>

<400>

7

38

DNA

SARS-CoV

7

cctgatagtg aagtagcagce aacaatgtaa atacaatce

<210>
<211>
<212>

<213>

<400>

8
28
DNA

SARS-CoV

8

ccgetegagt cattetgtet ctcetcaat

24

36

38

28



10

15

20

25

30

35

<210> 9 <211> 20 <212> DNA <213> SARS- CoV <400> 9

ccgctcgaga attctgtctt 10 <210> 10 <211> 24 <212> DNA
15 <213> SARS- CoV <400> 10 20 ccgctcgagt cactcttgtt
gaac 24 20 <210> 11 <211> 22 <212> DNA <213>

SARS- CoV 25 <400> 11 ccgctcgagés aggt gaagca as 22
30<210>12 <211>22 <212>DNA <213>SARS- COV 35<400>12 67
ccgctcgaga agcaaagtat to <210> 13 <211> 24. <212>
DNA <213> SARS- CoV <400> 13 '

<210> 9
<211> 20
..<212> DNA .. -

<213> SARS-CoV

<400> 9

ccgetegaga attctgtett 20

<210> 10
<211> 24

<212> DHNA

<213> SARS-CoV

<4Q0> 10

ccgetcgagt cactcttgtt gaac _ 24

<210> 11
~<211> 22
<212> DNA

<213> SARS-CoV

<400> 11

ccgctecgaga aggtgaagca aa 22

<210> 12
<211> 22
<212> DNA

<Z13> SARS-CoV

<400> 12
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10 ccgctcgagt caggtgaaqc aaag <210> 14 <211> 26 15
<212> DNA <213> SARS- CoV <400> 14 22 24 ccgctcgagt
cattttggtg aaactg 26 20 <210> 15 <211> 20 <212> DNA
25 <213> SARS- CoV <400> 15 ttgaactggt gaaactgatc 20 30
<210> 16 <211> 21 <212> DNA k213> SARS- CoV 35 68
<400> 16 tcaccagttc aacaagagct c 21 <210> 17.. <211>
465 <212> DNA <213> SARS- CoV 10 <400> 17 atgatgccaa
ctHEE F1gRCcAIgeRgftata cacat aacta tggctactgt ataccatata 22
60 acagtgtcac agatacaatt gtcgttactg aaggtgacgg
catttcaaca ccaaaactca 120 aagaagacta ccaaattggt
ggttattctg aggat aggca ctcaggtgtt aaagactatg 180
%gt%ca tggctatttc accgaagttt actaccagct tgagtctaca
caaa tacta 240
<211> . L

<212> DNA

<213> SARS-CoV

<400> 13

ccgctecgagt caggtgaage aaag 24

<210> 14
<211> 26
<212> DNA

<213> SARS-CoV

<400> 14

dcgctcgagt cattttggtg aaactqg 26

210> 15

<211> 20
<212> DNA

<213> SARS-CoV

<400> 15

ttgaactggt gaaactgatc 20

<210> 16
<211> 21
<212> DNA

<213> SARS-CoV
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15 cagacactgg tattgaaaat gctacattct tcatctttaa
caagcttgtt aaagacccac 300 cgaatgtgca aatacacaca
at cgacggct cttcaggagt tgctaatcca gcaatggatc 360

caatttatga tgagccgacg acgactacta gcgtgccttt gtaagcacaa -

gaaagt gagt 420 acgaacttat gtaggcattc gtttcggaag
aaacaggtac gttaa 465 20 <210> 18 <211> 154 <212> PRT
<213> SARS- CoV 25 <400> 18 Met Met Pro Thr Thr Leu Ser
AE0d V6Thr His Ile Thr Mt Ala Thr 1 5 10 15 30 Val
Tyr. Hs.Tie Thr_ Val Ser Gn Ile Gn Leu Ser Leu Leu
L%Csac\c/%a‘fttfogazcga%g‘%h(rz Ala Phe Gn Hs A n Asn Ser Lys
Lys Thr Thr Lys Leu Val Val 35 40 45 Ile Leu Arg lle
Ay Thr dn Val Leu Lys Thr Met Ser Leu Tyr Met 35 50
55 60 69 Ala Ile Ser Pro Lys Phe Thr Thr Ser Leu Ser

LeycHi si7Lys Leu: Leu. 65 70 75 80 . A.n. Thr- Leu Val Leu

Lys Met Leu His Ser Ser Ser Leu Thr Ser Leu 85 90 95
147 LyS$Fhr. His Arg Met Cys Lys Tyr Thr G n Ser Thr
Alg,Leyy@n 100 105 110 Gu Leu Leu Ile Gn @n Trp
Ile Gn Phe Met Met Ser Arg Arg Arg 115 120 125 Leu

50

55

60

L€ 3Al #2r@yscdveu Cys Lys His Lys Lys Val Ser Thr Asn

Leu Cys 10 130 135 140

<400> 17

atgatgccaa ctactttgte tgctggcaca cacataacta tggctactgt ataccatata

acagtgtcac agatacaatt gtcgttactg aaggtgacgg catttcaaca ccaaaactca

gagaagacta ccaaattggt ggttattctg aggataggca ctcaggtgtt aaagactatg

tecgttgtaca tggetattte accgaagttt actaccaget tgagtctaca caaattacta

cagacactgg tattgaaaat gctacattct tcatctttaa caagetigtt aaagacccac

cgaatgtgca aatacacaca atcgacggcet cttcaggagt tgctaatcca gcaatggate

caatttatga tgageccgacg acgactacta gecgtgecttt gtaagcacaa gaaagtgagt

acgaacttat gtactecattce gtttcggaag aaacaggtac gttaa

<210> 18

<211> 154 °

<212> PRT

<213> SARS-CoV

<400> 18

Met Met Pro Thr Thr Leu Ser Ala Gly Thr His Tle Thr Met Ala Thr

1 5 1¢ 15

Val Tyr His Ile Thr Val Ser Gln Ile Gln Leu Ser Leu Leu Lys Val

20 25 30

Thr Ala Phe Glpn His Gln Asn Ser Lys Lys Thr Thr Lys Leu Val Val
35 40 45

Ile Leu Arg Ile Gly Thr Gln Val Leu Lys Thr Met Sei Leu Tyr Met

21

60
120

180

240

300
360
429
465
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Thr

Ala
65

Gln

~Lew

Giu

Leu

Thr

145

H s Ser Phe Arg Lys

Ile

Thr

Lys:

Leu

Leu
130

His

Ser

Leu

Thr

Leu

115

Ala

Ser

Pro

Val

His

100

Tle

Cys

FPhe

Lys

Leu

85

Arg

Gln

Leu

Arg

Phe
70

Lys

Met-

Gln

Lys
150

Thr

Met

Cys

Trp

Lys

135

Lys

Lys G n Val Arg 145 150

Thr

Leu

Ile
120

His

Gln

Ser

His

105

Gln

Lys

Val

69

Leu

Ser

90

Thr

Phe

Lys

Arg

Ser
75

Ser

Gln

Met

Val

Leu

Ser

Ber

Met

Ser

140

His

Leu

Thr

Ser

125

Thr

Lys

Thr

Bla

110

Arg

Asn

Leu

Ser

95

Leu

Arg

Leu

Leu
g0

Leu

Arg

Cys



