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NEUTRALI ZI NG MONOCLONAL ANTI BODI ES AGAI NST SEVERE

ACUTE RESPI RATORY SYNDROVE- ASSOCI ATED CORONAVI RUS
WORWBHSGIFERENCE TO RELATED APPLI CATI ONS The pPesaIs2006/004599

application clains the benefit of U S. Serial No.

ﬁﬁb@f{kL%ﬁquMb%cﬁ%N@!ANﬁlBéﬁ@és AINST 8EVERE ACUTE

contlnuation-in-part o Serial No. 11/141, 925,

fil edRERYIRAT OBO@SYNHROM&ASSG@IAEED@@BQNAWRMS S.
Serial No. 60/576,1 18, filed June 2, 2004. References
are made to various publications throughout this

appl i cat ICROSEREPERENY TOSREDATEDEAPPCEA BIONS hei r
correspondi ng di scl osures are hereby incorporated b

The presentrapplieation alaimisrthe henafirofddS; Rewalt¥e. b |,Q4,6atfulqsh¥<ﬂmary 8,

2005 @{%&’Yé ag?or?ln Oql-%ltk?aﬁp% SRS ELI RS 1197 491906 hﬁ@m,@gos which

IS TnAvention pert ai'n
claim§3he Beleflt NYENS ] SHhiabbloc 6€/526,01 & flled Elhrfec’ﬂ ang4.s Roftraires are made to

SARYS) |sarec ntly-recqgnized, blles ere | ower
varion eg&ﬁp%nqyﬁythxqwg i GRPTRRl e A<SaTNREIs SN TelrERies gnd their
corresgﬁrggﬁ%i df&lo@m‘%@‘éﬁé )&%\Agfdi‘ﬁe& H M (it -thdir ehfities into this

out br eak o cont ai ne but concerns
applicatéoraitn povade ahaomoﬁwrdnghl degctigfticnuol the stewuof thecas to which this

ally with recent reports of |aboratory-acquired
mventl“ﬂ? E{afnéns (6). However, no effective treatnment or

prophylaxis is currently available to conbat this

deadly virus (7 {?Q Li ke ot her coronaviruses,
SARS-CoV is arBAf @HD/@H@P%WXEN HgNa | ar ge,

Se:vercfJ g%v]lltla 'r‘é%@faéo?g ﬂdIRM% %es RS t Qr%cieﬁﬁf 9%%%&‘%& afelbngal %egvere lower

I'NS an u ns i’nc
respirapiyk#lngss) thatriznthe aesaﬂi( &8 an aﬁv@ionp@uédﬂ) by IaLnﬂVebC(a‘pﬁdudrus (SARS-

N) d several rized rote
CoV) ﬁshéb gdivegiobalprtpise SE ST SPRS s onnedaRa: engeps’ remain over the
possithllit§t b FHitubd qg&tﬁ‘ﬂ:ﬁcéshre% edﬁlgw%wﬁf‘tré&ﬁf”r@p&{so WP SiaBdratory-acquired
cofonavi ruses. Therefo ost - genom ¢
infectiohau(@)t ddveret,om effe@ArRSHGNentsof ppaphylants fsogurrently available to
ba% veI ng an¢7| SARS t herapeutics and vaccines (10,
com % U§ infection is initiated by attachnent
of the S protein to the specific host receptor, which
triggers a conformational change in the S protein. The
Like aghey, eprangyigpessARREGPY 48 ant%éowdt ViAW fRRBmEgea large, positive-

strandgél bN7:Y lgg o%@th\% E&oﬂe@@ﬁg'rgﬁlﬂsé ﬁ%génlﬂs 8la s:ltm%ﬁéal%}b{éﬁls including
aci ds at contar ns

spike (S), membrane (M), envelope (E), nucleocapsid (N), and several uncharacterized

proteins (4, 5, 9). Phylogenetic analyses indicate that SARS-CaoV is distinct from the three

known antigenic groups of coronaviruses. Therefore, post-genomic characterization of

SARS-CoV is important for developing anti-SARS therapeutics and vaccines (10, 11).

Coronavirus infection is initiated by attachment of the S protein to the specific host receptor,
which triggers a conformational change in the S protein. The S protein of SARS-CoV is a
type I transmembrane glycoprotein with a predicted length of 1,255 amino acids that contains
a leader (residues 1-14), an ectodomain (residues 15-1190), a transmembrane domain
(residues 1191-1227), and a short intracellular tail (residues 1227-1255) (5). Unlike many
other coronaviruses, such as the mouse hepatitis virus (MHV)(12, 13), in which the S protein

is post-translationally cleaved into S1 and S2 subunits, no typical cleavage motif has been
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a | eader (residues 1-14), an ectodomain (residues 15-1
190), a transnenbrane donmain (residues 1191-1227), and
wa 28temsései nt racel lul ar tail (residues 1227- 125BLT(US2006/004599
Unli ke many other coronaviruses, such as the nouse
lderﬁﬁﬁdt int the YARBSCAWH)trdtdin 453) N'oﬁeﬂ‘i@‘lbﬁh itsh81 SQndr 92 Qlothains were
post-translationally cleaved into Sl and S2
Pre@%@: Ry tsgquense aligniraet V@ﬁbatha@@rﬁmwms IPaRrofsisn(Sel éhk | Theed2 domain
[ I
(eslge BRLFASSS RARSRAR BelbolsiH col BRI ffve hforlbefill and o
heptatl repeat (R h aud IHKZ)Segibm Bim@oﬁﬁblelﬁ) fusidiebéd@ectomipalrand target cell

i d 681- 1255) 0f SARS CoV. t t
merl{Feats vie bt B BRIl §05 HEBUABORE GURESORRS Brfarm a six-
helikRéhdle 8@ fl% 1 @S%&ﬁbl@ﬁgeﬂﬂ‘e%sﬁﬂ%b% Bst We e H![Vaégm (19) and

and target ce nbr anes. been found that
the MRV §rm0ﬂa@(2|0efgl)o ﬁl?he@elrdmm of &ABSE@OV Srprowinsingdietes wirus-binding

witt) B EpSib ok, 5 e b Gy Ris' R R, rReh TS 5AKS-Cov on
suscépiible ldetls $Q2'Q§)TB'REC%HYSAR$9£@M1@ RiOBiall RIS OFithin S1 domain

VI rus- blnd W t h, angi ot ensi n-converting enzyne 2
(residues=2)8- M)éwsuﬁ@tuf@d@s areeepprdiinding dangs- (E@D)owhlch is sufficient to
[ I (22-25). Recently, a 193-am no-acid
assoé%é{ﬁﬁ%ﬁ%]%e@% iv%?t hin SI domain (residues 318-510) was
identified as a receptor-binding domain (RBD)S whi ch
is suffi c ent to associate with ACE2 (26-28 The S
The Brloéqu?.rcso FOTRRAVIHSRSi 4LS) g@éoraﬂngg%j: Ptegwpp@tg eg induce the production
of n@@t"rﬁfz‘iﬂgqﬁﬁfb%dfeg‘ 9, 1300UGfyd, I htelogfcgﬂl&' ‘f(?]llo%b t%fuse S roteinil as an antigen
neutrallzing anti bodi es % y
for Y&@bing\dswlopmstﬁ (S())@rl&fccenﬂy,atshwbeamsh@\m tlfatb thev&pmtcla of SARS-CoV
devel o ment Recent |. it h h
is a SR BRI of Pl B g BriE o B g bt eyt ol (32
repdrtmumat Yo DAY vEdCINeC Chiiddat®r icding (h31%. %o%%iﬂ in@heddl SARS-CoV
(32) reported that a DNA vacci ne candi date encodi ng
neutyizakioty (Bewrahizingd el dgAlsrcaangsd ufrpr 123t tonl:150) and protective
[ r
m:r&xﬂgtg d§1311rﬁ 'ag((i) ?EEA{Q Vg%véﬂ tt}%{tsthé aﬂ%&?hgté%n %%]éﬂigcﬁat&gsby neutralizing
antilporddasetut tnb’aby b Mecqbl-ddpenddano membammd Bagheckt Al (33) demonstrated that the

| Z] [ [ b b T-cell -d
S D oS BoSptoreeed Py omRse b aNs HEt YD Difgod S-specific
antiRIddsl it SARSABSY GRVISXRAE SRR D Yitdt dramat Qﬁ‘d\l\}ﬁﬂ)@édtl%@—lmmumzed

virus (MVA) elicited S-specifit anti bodieées
mlC@MR@ﬂ@o\?Aih%Cpé{I nlzfsq:tgmaas ishouyn by treduasfl fite284f SABS-CoV in the

B S YR SRS HRRE TOTR e A B8 G s
much§f fidndlrfatiohl SICARidh Fe&e ndfkeys Wil &hahbiRRBE parainfluenza virus

I nfection. Bukreyev, et al. (34) reported that
(BHPIV3) expressing the SARS CoV S protein induced neutralizing antibodies with

neutralization titers ranging from 1:8 to 1:16 and protected animals against the challenge
infection. These data indicate that the S protein of SARS-CoV is a protective antigen capable

of inducing neutralizing antibodies, although its antigenic determinants remain to be defined.

We have recently demonstrated that the receptor-binding domain (RBD) of SARS-CoV S
protein is a major target of neutralizing antibodies induced in patients infected with SARS-

CoV and in animals immunized with inactivated viruses or S proteins (35, 36). Therefore, we
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mucosal i mmunization of African green nonkeys with an
att enuat ed parai nfluenza virus (BHPIV3) expressing the

WEARB/8e¥1S protein i nduced neutralizing anti bedTas2006/004599
with neutralization titers ranging from1:8 to 1:16

used ik rer@hbiateRBDioftHesS ARBICHSL S phetciahghh angRnbHIa6 ihdRide
These data indicate that the S protein of SARS-CoV is

neuara‘g%lesgwpvﬂen fofbedec@yeVe of induci ng neutralizing
anti bodi es, although its antigenic determ nants remain
to be defined. W have recently denonstrated that the
recept or - bi ndi MRIGEFRIMMARD)OBTHEARS/ KN YINprotein is
a maj or target of neutralizing antibodies induced in

Lent.s infected. wth, SARSCoV and in i mal s e
oo et il E o PR P lena inEb B eBre ofsinding to the
recépbor-bifdias efonisn (RBIHESK {Heespiks e9PbiAsth $BMRedeviRCacute respiratory
ARS- CoV .S protein as an i nmunogen to induce
SYRNHOMCr LY CORRBETSHIARMEP Md 80 @8 tq aexhpdtitively ihibit the binding of

e SAENE, T, LANENT R T PGl R0 B o subsac

conhiri_sigign@g tcxontpﬂmnenﬁam%de&;r}mhiimgl irggdorsboomite o ahfiBody described

spi ke ratein_of the severe acute respirator )

abod aip B0 BRBEE 1 W SeBF SRINAY Y DA i g ercsibed above
conpetitively inhibit the binding of the SARS-CoV to

host cells. Additionally, the present invention
In ppoeimhedimeniu bt snbdansengescuberly dbhee is an antibody. In a preferred

ntary-deternm ni.ng regi ons of. t he, nonocl onal X
et R B a3 e 3 BB nteiigtraoa ror s for a single-
chaiganibed boaribady-fitoBRRELaNA huRRhiz80 Siida$ CAlddE Bhimeric antibody

aboye, |n one enbodi nent, the substance descri bed
as dgssabed pkovEn anti body. In a preferred enbodi nent, said
anti body is neutralizing. The present invention al so
provi des for a singlechain anti body or anti body-fusion
It iscthesihtention of theupmsdrt eppAcitiohadyovandifRreitichBRdric constructs created

.aﬁﬁibod %s e criggd above. It is the intention of
USIng e W@fﬁs USRI AP BFFSEY 1R RAEPD dlsp ceveh el e rspangzed constructs
of tRORARHoHRES I8 R tBfbolfhd, b qsdlé‘%? @%ﬁgooﬁn&ésmd?uovg he directly or

present invention also covers al umani ze

indivegHy coundedstoatytatbrdc agentbodi es. I n one enbodi nent, the
i sol ated anti body descri bed above is directly or
indirectly coupled to cytotoxic agents.' The present

Theiproent inRnkids alspr@eiides fdrofeligelvhish WahipRisé IP AN The present
_ antlb&g¥. The present invention additionally provides
Invegtipn, afdiienally; prowigee & ulueleimedid imjequire erdoding thatabbeodgntibody. The

presg_ll[’[qnvention further provides a nucleic acid molecule capable of specifically hybridizing
the molecule described above. The nucleic acid molecule includes, but is not limited to,
synthetic DNA or RNA, genomic DNA, ¢cDNA, and RNA.

The present invention also provides a vector comprising the above nucleic acid molecules or
a portion thereof. In one embodiment, said vector is an expression vector, whereby the
protein encoded by the above nucleic acid molecules may be expressed. This invention
further comprises a cell which comprises the above-described nucleic acid molecules. Said

cells may be used for expression.
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present invention further provides a nucleic acid
nmol ecul e capabl e of specifically hybridizing the
wonbmsoséwl descri bed above. The nucl ei ¢ aci d noPeTwiSe006/004599
includes, but is not limted to, synthetic DNA or RNA,
Thgpressmt invohidon piohilles a ekt or iffdﬁu&h% & Untibb¥EBpaBR AlbHRling to the

rovj des a, vector_ conprising.the above nucleic acid
reckspishipfiiog” domain, GREPL Ly ther gke (h rovteine abdbe MRS-CoV so as to

i o ] I r - .
C b (B W AR P I, SARKEE) Ui rm MR RO chifriine operatively-
linkieg thseuelefr aéd expleclei deséribed mbbwntof the bpyRoprimepsguistsry@lement so as
; cell which ,%g r'ié)ies t he ?ggvcﬁ dgls.cri bg)g ucleic acid .
o firess il andlody: leding i Tpked sugleromolsrplects remome conditions
eriditEfg e dxpy@Bioh AT sIdANLBESy; f Fisaddl 'a&garﬁ-
P ant | %oql x(ri:ba abl e of bi ndfg‘cﬁyé%?gr?%d%g&ry edgesgitaoérg(?ﬁe%g% ingllBde’ thereby
produsiig ﬁalé rBihody: This igysinkien @B)p mrvides an ehtibddy BARSeAdY the above
Inagg as to conpetitively inhibit the binding of the
S-CoV to host cells, conprising operativelylinking

the nucleic acid nol ecul e descri bed above to the

approptiate regul atory el enment so as to express said
Thea&%egggypntm%w ef REOMPRRIEEN soRPEpipg 8| cfiective gmount of the above-

. J R ¢ o '

AesGRRY RN Rl Raf ALY AR SREHAIE LoD IS SEEBACRRAAn Hurther provides
a phamidseatical tdoerpekiyiopr colnisige ai effentive badyunt Tof she above-described

i nvention al so.provides an. anti bo produced by the
THOng ({5’@{ ?}gibﬁgﬁ andl’ﬁ Bﬁﬁp@%%‘ﬁ’(ca]ilﬁ%cﬁ’l’?ag% BFSFi des a
conposition conprising an effective anount of the
abovedescri bed nonocl onal antibody and a suitable
Thegyesepkinventinn gee pwrvides puaethpd forftegatihg infpetinn afeSARS-CoV using the

j cal [ tinQn CcO L.sing a ffecti.ve

0ol SRS GE o BRIRORL. 130, R SRR Bt bl gt o
prev@nfih@infeiontof SARS Cavagifgald sz phh@iacetita] o8 & Mon.

i nvention also provides a nethod for treating

i nfection of SARS-CoV using the above pharnaceutica

g e i ' C ovi

heRERAE St USRS N LN ) AL PRSI GE R s cov-
infegtiod wellph avmpising icoathctingntho sintibody. off fte dpriesivetcapable of binding the

i nventj.on al so id a th for .detecting N
recelRERAIRE (B ER Al s e (SPBErin . Sbridep spdgr conditions
perraidiviee ifo@ndtion FHohlpRYs BEtwebsS 1L bagY, & iféacféﬁ?!aﬁve?_faﬁd the RBD

bi ndj ng. t he recept or-bi nding domain (RBD) of the spike
of S(payteisr ity RABS-GY andi detesting thercoopheties farmedper ni t ti ng

the formati on of conpl exes between the antibody, or

its derivative, and the RBD
Finally, the present invention provides a method for screening compounds capable of

inhibiting infection of severe acute respiratory syndrome-associated coronavirus (SARS-
CoV) by blocking the binding of said virus to receptors on host cells, comprising the steps of
(a) establishing a system for the antibody to bind to the receptor-binding domain (RBD) of
spike (S) protein of the SARS-CoV; and (b) contacting the compounds with the system of (a),
whereby a decrease in binding of the above antibody to the RBD of S protein of the SARS-
CoV indicates that the compounds are capable of interfering with said binding, thereby
inhibiting infection of the RBD of S protein of the SARS-CoV. This invention further
provides the resulting screened compounds. The compounds then can be used to treat or

prevent severe acute respiratory syndrome (SARS).
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of S protein of the SARS-CoV; and detecting the
conpl exes forned. Finally, the present invention
wonresiodes1a net hod for screeni ng conmpounds capabirasefo6/004599
inhibiting infection of severe acute respiratory
syndr one- associ at ed coronavirus (SARSCoV) by bl ocki ng
Ththe bi ndi ng.of said virus to receptors on host cells, )
T BRSPS NG PRVESS It ORISR pj cHmpRginent eoniamingan antibody
capbfi'l@ o@@cb@&%ﬁ R QARM Viis! he receptor-binding domin
(RBD) of splﬁe (S) protein of the SARS-CoV; and (b)
contacting the conpounds with the system of (a),

. crease in binding of the above anti bo t )
Thet ggs%%llgvfeggorbr olnﬁ{%%tgs Bﬂaé %&R%_SWOF' &dggt ggmlaﬁlagﬁbﬁg contains
multipie) @enfismarien-eaRabiif, ﬁéutfaﬁk&[d‘neépiﬂﬂ)ey‘wlﬂc}ﬁ ﬁid%(éeD aoﬁgangl of potent

blg%qi ng, thereby inhibiting infection of the
neugplizipg magpclopd agihadies, (mAs), swhighveantbheorsed dort thertreatment, diagnosis,
mﬁ@ﬁg%hg&§of§§RS¢sulting screened conpounds. The
onpounds then can be used to treat or prevent severe
acute respiratory syndronme (SARS). The present
i nv ' ' it _conprising a conpartnent
contE R oRal bl SaV Ean. VuluSib Thg bRavewves
virus. The present invention denonstrates that the

. receptor-binding domain (RBD) contains nultiple,
Figaxen fl oEpidenieomapiine nflanitbs 4Rfusndal THR by ovedqipimnpsptidss that cover the

| .papel, 0 ot ent neutrali,zing ocl on
R M Bl B, 8 R ReP s BtssGd el P DS were testd at 10
ug/l.eat ment, diagnosis, and prevention of SARS. BRI EF

DESCRI PTI ON OF THE SEVERAL VI EW6 OF THE DRAW NGS

Figure. 1. Epitope mappi ng of mAbs 4D5 and 17H9 by

: e | i ' . C h BQ.of S protein. .. ..
s ED AR BTOHDISSikI YRS 0B e Ty ition o
RBD«R;gﬁcd)éncﬁgg eemél _ceit-asls@ciz’@ﬂ rACéEfFiegp&éQseiiJ 2n 2493 fl‘i’A?CFQ Qﬁll@fneasured by flow
_ inding to by s. Upper panel shows
°yio 'Yb;f?W?ErPaaﬁlgﬁB’BlS 1O @RB@-E%MH%&&M@@@ ACED measure by
ELISXPIEspeadt: ffs 8&%&05%1&1 %hsmﬁﬁﬁ%feeﬁiseayat %b%‘;{:é% inhibition was

cytonmetry; | ower pan shows inhibition o
calcnl)éf?difﬁlgeacbns@b.ubl e ACE2 measure by ELI SA. RBD Fc was
used at 1 ng/mM and mAbs were used at 50 mg/m . %

i nhibition was cal cul ated for each mAb. Figure. 3.

FiguveL8s Mbitzaizhish of SSRBSBSRHAAY by USABY WMSitioh BRISWRY PRudovirus

. . of SARS %seudovirus )
infection in 293T/ACE?2 cells by representative mAbs from each group was shown. Each of

the mAbs was tested at a series of 2-fold dilutions and % neutralization was calculated.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an isolated monoclonal antibody capable of binding to
receptor-binding domain (RBD) of the spike (S) protein of the severe acute respiratory
syndrome-associated coronavirus (SARS-CoV) so as to competitively inhibit the binding of
the SARS-CoV to host cells.

The present invention also provides a substance comprising the complementary-determining

regions of the monoclonal antibody described above, capable of binding to the same epitope
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infection in 293T/ACE2 cells by representati ve mAbs
fromeach group was shown. Each of the mAbs was tested

wanow/sewi es of 2-fold dilutions and % neutr al PEaMISLN6/004599
was cal cul ated. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

as tht mqmpelseaitarﬁihtv@ndésoannlr aboveles Taly substhdedlclogssQbhtds abt limited to,
0 gto receptor-blndlng domai n

b bl bi ndi
2 P?’&@@“‘gﬁz iy que e gliltq 5 oF 2 SRSTRG Ob B WiREdY-e In & proferred
emﬁ&ﬁlﬁbﬁtaﬁi%r%u%bfﬁ‘ﬁ [OIRLARSACT 3 ﬁx%tﬁ&r ﬁﬁ?o\éﬁﬁx% #@%ﬁﬁbg@qs a single-

so as to conpetitively inhibit the ng o
chagpgeibody/or antibody-fesion eansthe; @hmsemlzed antibotly;oom aadhiroeric antibody as

BB 5351 LB FRH BIRAE5E1o s i hiprc consrcts

crezaétl uhﬁglyhedﬁﬁeﬁte@adumﬂeée T ?&@!‘}En@ iBfenRbm dish %o{/&s taN8he humanized
sane 1pltopeas t he_nonoc| onal antibody descri bed

Coné%%%o RiaBtikqses: dheeart @ﬁﬂmé@ﬁng bhulmq‘rl@ o dumianized entittodjes is well-
fra
kno "an g%t(% g?/) ﬁ{;ﬁha pre er r egs %Hn%&%f)%g} %09 Pﬁl 898 bodics. An

ordmatllybshlﬂjfed artlsmuhayahlozllﬂyghe beguamuet dfehe ebdedlcsBitied sub&ance in 11ght

tib d -f
o B SO Bl Al htaion o

cert@itldnlifd ¥cidSc§enetd RaHe AROMEt. The eg%n&gﬁmbf%ﬂ 0y bR)QluQJ an antibody is

this application to covef differ I merl
within rthe knewiedge odtand Qfs@ndglat}h ekiilnmetht ext. aSee leqdi Bsing Thetibodies: A

LR B R RS S55 B bk JBORDL 200

Chl meri c or humani zed anti bod| es is well known. See eg
, ,38) for chineric antibodies and (39-41) for
In Oﬁa ﬁﬁwpé@e?n&ﬁw polsicessantihgdy,desicribed abpve ks dir yaarnmcbmqﬂy coupled to

en f, . .
one”@% Sn{i'(ggcé (I)ngfcl ﬁg{iﬂ' %%hdo E{rogog%(ﬁt %él%s Crrciﬁ:c{? u%é? Jrot limited to,
radimpatilédticlas oo Dthasﬂyomnml Tte peedeiitt inoentioded1 &1 ptbﬁhde@ feells comprising the

tion of certai.n a n cid sequences in th
antif S B Dreses IRNsREP pd Rgvig g%a ae@elara%mpbsage engoding the

aboVé &tibddy. henko i £e86di6d a@q lé%gd e e r\¥h1§ll§ khdo Qsaﬁ Qntlbody may
UL MRS

art. See e.g. Using Antibo oratory
be isoletediind Beotusta¢ aNd. SellublyceEdlll bhrdemmn(nbﬁ98)&ccdrd1rxgl}e the present

inve ! reg‘hq‘ﬁer rro{nﬁgﬁ Fergl{c tcegcaag%l%lgg % ajﬁ %g@gpca\ﬁy hysf)rldlzlng the

moléc}(ﬂ@tdes’dribedgﬁok/e Sahél mewlet 8t Cmakerle in@ﬁlhbléj Sut f@uﬁoﬂ ﬁmlted to,
not limted to, radionucl eotides or other t OXi ns.

syntBelsINA onR A BW@FW@@N@@W& conpri si ng the
anti body. The present invention additionally provides
a nucl ei c acid nol ecul e encodi ng the above anti body.
The @nesentt ineeraivni diodpresides & vectod adngstisiighthe @boee Ml acid molecules or

a poerﬁor? %aesiregta ! ‘}hlasnlgc;rplgg may %e a functional portion which carries out a certain
function. A fragment or a partial sequence may be able to encode a functional domain of the
protein which is functional. In one embodiment, this vector is an expression vector, whereby
the protein encoded by nucleic acid molecule may be expressed. The present invention
further provides a cell comprising the above-described nucleic acid molecule. Said cells may
be used for expression. Vectors are well-known in this field. See e.g., Graupner, U.S. Patent
No. 6,337,208, “Cloning Vector,” issued January 8, 2002. See also, Schumacher et. al., U.S.

Patent No. 6,190,906, “Expression Vector for the Regulatable Expression of Foreign Genes

in Prokaryotes,” issued February 20, 2001. In one embodiment, the vectors are plasmids.
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be isolated and the nucleic acid sequence will be
determ ned. Accordingly, the present invention further
wonresiodesia nucl ei c acid nol ecul e capabl e of  PCT/US2006/004599
specifically hybridizing the nol ecul e descri bed above.
The nucleic acid nol ecul e includes, but is not Iinited
to, synthetic DNA or RNA, genom c DNA and
Therpresqiit davsation pyvidsson method ﬁ@r @m%@gathe @etlmdy capable of binding to
[ u r
reoGRRNREhR MR "B, TS SRS BROER b IE SARS-CoV 0 55 1o
congetitively inhibiththe dindies oﬁ die SARfSl’-CaVrtofhustbelm corﬁpnsmg operatively-

f.ragnment or artial ,sequen be able to, enco
linking, BREURISHC BRI GRETRIGIOGTR KAPREAPTALS FepIAiq g Fgmment so as to
exptdys Ofd ecﬁ‘fﬁﬁgd)mi‘ﬁiacmghth% YBREP MubRicA I AERMESH! Mpropriate conditions
vector, whereby the protein encoded by nucleic acid

permijting theeexpesssion of spidaetbetly; The repogeryritf saidvaxpraseed antibody, thereby
prol b 5 B e SRR HD8 A B B 0 by e

abo®¥ pfe@i®dll on. Vectors are well-known in this field. See
e.g., Gaupner, U S. Patent No. 6,337,208, "d oning
Vector, " issued January 8, 2002. See al so, Schumacher

Hyl%ﬁdonﬂhcel]R 3%%‘%@5%? g?g.}%ﬁcgﬁpﬂzﬂféﬁ%% ?%enfgfsh) VEEEP Conf IV),

33G%* (karty'd), emd '19B2s (&b FdD rveeae We@dsite@ @A Uanbary di3e 2005 with American

Ty RGP PO 650 CEm R GURSE OB neTssonieh GO USA.
und%laﬂl%q:lrgvﬁ()n@ b8l daPest Q‘E@a@}? %r'tﬁé ﬁﬁéﬁgtl&ﬁmeﬂoénﬁm ofothe Deposit

he spi ke (S) protein of the S- CoV so as
Mmm@gamsmefpy thenPurppses tof aksink dﬁrwdmfe tGell BAME@S/(@mf I), 31H12

(coltity SEbRGREPTRL FSRRRIRE YEBYLLPAL P9, O 085 €t 1) ver

accdslaldu | AL OC YA &8N NustheBS PTA-6508] @I -6504d PANX-65DI]VPTA-6523, PTA-
,? the |inked nucleic nolecule in approprlate

| acj n
652@0@%&#3 AS2pdpsreetiYsly t he expression of said anti body;

and recovery of said expressed anti body, thereby
produci ng said anti body. The present invention also
Theppresent es/eatiornalsd pooydes repitojms dedzqgntzleé balibe ebowetdenctibed monoclonal

it ( SR SPipyes, SRSt Sagraesl (e PYRin i disgnostic or

ther&g&;glc(@@g]f VI) were deposited on January 13 2005 Wi th
Anerican Type Culture Collection (ATCC), 10801
Unlver3|ty Bl vd., Manassas, VA 20110, U.S. A, under

oV sj.ons of th est Treaty for
The gseegﬁ Iy Vlerétﬁ%q prﬁé/%dga &G orn(pﬁs@]on cwéipggag gptef%:f;p ive amount of the above-
des&t‘lbéﬂoﬁi)g&‘lbﬁdh drdibolij eanBUk PRSESle OfarRat eNthePeffe@flkr 8Bmount may be
Cell lines 32H5 (Conf 1), 31H12
determined by routine experimentation. The present invention additionally provides a
pharmaceutical composition comprising an effective amount of the above-described
monoclonal antibody and a pharmaceutically-acceptable carrier. As used herein, a
pharmaceutically-acceptable carrier means any of the standard pharmaceutical carriers.
Examples of suitable carriers are well-known in the art and may include, but are not limited
to, any of the standard pharmaceutical carriers such as a phosphate buffered saline solutions,
phosphate buffered saline containing Polysorb 80, water, emulsions such as oil/water

emulsion, and various types of wetting agents. Other carriers may also include sterile

solutions, tablets, coated tablets, and capsules. Typically such carriers contain excipients
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(Conf 11), 18D9 (Conf 111), 30F9 (Conf 1V), 334 (Conf

V), and 19B2 (Conf VI) were accorded ATCC Accession
wolodsaseS6PTA- 6525, PTA- 6524, PTA-6521, PTA- 652BCTRE2006/004599

6526, and PTA-6522, respectively. The present

such nase statoh naills supsg Wetlein BPped opatay, Sbdit, 26aAribYacid@r salts thereof,
aboyve- desch bed nonocl onal anti bodies. Said eg(l t opes,
magnesivan OF SRlcym SigaiPtss fale: Yagsiableaiats ooy wams, £ pols or other known

excg:h@}%‘o%hbl@ RrietBh ?%@s‘dt hClulS Bvor i &{lﬁ? g&{ltﬂ/égvo%n&th&ningredlents.
ective amount

rovi des a conposition conprising an e
Compodifiensaiompeiding cnélbertriens accfoomalatedrityi welgn@amtlcanventional methods.

suitable carrier. The effective anmount may be

determ ned by routine experinentation. The present

Thd ﬁl‘é%ﬂt iBRnA6k hisb QAR}ilids Phethbd esr ReinaiAREEM bf3§ARS CoV using the
osition conpri st ng an effective anpbunt of

ab Oéibﬁ angeeEicehranpasition) Jﬂnalprﬁmtl lmmg‘doaraddlaonally prov1des a method for

C bl. e use
BTSRRI KRSSERY b6 R Sl pbSmUE M Shson. e
presbhami&htﬂorp fathenpesktidesad naiod MﬁeteE@i@gTBAQés QBVSerk tRDBARS-CoV-
carriers are well-known in the art and may incl ude
infeg{sel cally, pRIEPHSHE faRclBe theAntibpdy, & its dammitve, capable of binding to the

rec [B'{H&iﬁ%tdoqﬁ‘e{m ‘"(WDRE‘&S ?]k@??? pH %&ﬁp{ﬁageﬁd b\HI’L{ eﬁr?tf%r condltlons

[ine sol utions osp i né contai ni
perrﬁatllyg diekfo&ﬁatmmoiécro,m]ﬂmds éxetw&nsthm huntdx)dw o msdaivative, and the RBD

si.an, es of ttin nts, O her
of i pruf Oﬁﬁgﬁd%@% e B5Co ne P& comP P OiREned apl ot s,
coated tablets, and capsules. Typically such carriers

contain excipi ent ssuch as st arch, mlk, sugar, certain
qul%etbe djresﬂngynve@@pat prayides @amethodc fod sﬂre@mg sonmeureisf capable of

1nh1@'ﬁ?1g%ﬁfelé&r9 bf ﬁgckg (g&ﬂ/ %&%i?% érfg %33 f @?{irﬁs OSIES?PQOI‘S on host

cells;adempﬁﬁngTﬂ)e @ﬂeps) of (8) weleblishigos s@ﬁtémcﬂﬂroﬂhe aéilﬁbbcﬂy‘/% bind to the
or tlgcf i ngredi ents. Conmposi tions conprising su

recepigrryinding famaip RE: of By swdra (Rhowicwond dhe |%&S -CoV; and (b)
eS8 o T BRI SHERLID SHER DGR e o
antipbdyr toathe LRBDatf therfppitdin ofi theT BARISFEs¥rindicatee iat dlfe compounds are

capflit st inanee SAReh Brdisin dherivy AT RAFHRReRh the JED of the S

proteRNPO et § ARS-TdWe, F’I‘}féS%’@Een't RYRRALbR Furfihiy éﬂ@%d@é’ e ALSItAe screened
nmet hod for detectin ARS- CoV (or the SARS- CoVi nf ect e%

compepnds) whichregn ibs jupgsl T@dwab@tprn‘gem bryereracuteodspiratory isymdrome (SARS).
derivative, capable of binding to the receptor-binding
domain (RBD) of the spike (S) protein of said virus

Theup@ssnt dovhtioh Ofivides a kit comprising a compartment containing an antibody

capable of recognizing the SARS virus and/or a substance which can competitively inhibit

the binding of said antibody.

The present invention demonstrates that the RBD contains multiple conformation-dependant
neutralization epitopes which induce a panel of potent neutralizing monoclonal antibodies

(mAbs), which can be used for the treatment, diagnosis and prevention of SARS.

The invention will be better understood by reference to the Experimental Details which

follow, but those skilled in the art will readily appreciate that the specific experiments
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permtting the formati on of conpl exes between the
anti body, or its derivative, and the RBD of the S
wonraic@sesenf t he SARS- CoV; and detecting the coORpIANe®6/004599
fornmed. Finally, the present invention provides a
detiitidnad dndy iIEGEHEEN, A8d GRTROMMEStGa 1Rk Shd InveRtidPhd H&@ribed herein,
I nfection_ of SARS-CoV by bl ocking the binding of said
whigh ig defingd by dagrelaims which slovederesfteconpri sing the steps
of (a) establishing a systemfor the antibody to bind
to the receptor-binding domain (RBD) of the spike (S)

(ot ei f the SARS-CoV; and (b) contacting the
Exﬁ%ﬁégﬁﬁ&ge%l h the systemof (a), whereby a decrease
TweityBendi hgbrifonidheloakovereapénchaely by Fuihge SRBD afyeldi®n Slls with the

protein of the SARS-CoV. indicates, that the conmpounds o
splefjogytes Fam %albﬁ mice dnpainized With s usinreicusaRpining @regsptor-binding
Rt B i ti _ : .
o R Bt (5] Prin o SRR G B BB BG1 P ragment
(desipmatede RBD-Foy daengnthe 20 anuochais] andibocliesc@m s prsdded drom these

by ondc SXEBL 25 TR R i GUISGEAS EDeRT EpIIopes all other mAbs

recGEIRIA SinPenfti6 RRBASHIARNEpifoPEY. 2iBRLE0R A RishRO BYtained from binding
capabl e of recogni zi ng the” SARS virus and/or a

compeition epengh base 2o rpeiormatiei-specifle iAbst doalbibadlivided into six

erofie, B8y R ts il R R ERBFIY anEERRE Vit PE BTl poked RBD-
Fc bigtingab IAGRD, aife RpéftonRs S\MR'S_:CoV_,nmg@@stﬂlgﬁﬁﬁt&hei%%iﬁqieﬁ Blerlap with
neutral i zing nonocl onal anti bodi es ( MAb

. ( ] s), which can )
the peceptaabingipg sies i thet Snpreteing; Mesoef theamdbpr(@¥@at theh regognize the
. i i i . ' y .
confFRanl Srh N BRsE! P alflne CHTRE ABMTGARS pocudovins
with G0%treotalizikg HdsedNDR)trhging filomM.D05 tee@ 869 pg/appr eci at e
that the specific experinentsdetailed are only
illustrative, and are not neant to limt the invention

Theds SIERSIANE heh@L1Bikh nIbLC Bar %ed@é‘eHPQ? £Yirﬁrﬁll§n&hé5§@ﬁtics for early

which follow thereafter. Experinmental Details

treaetrit gf- SARSCHY bnfedidor 2| anbislogivad reagantsafioe dlidgnosia 5if iPARS-CoV

. 22/ .0 cells with.the splenocytes from Bal.b/c

iR A Sl ol el o PR By AR, Sructure and

funéteegiltos SARSICHY Lsoin FuRBEMIre théte nsRideanAD cfif B RiRanized for
of the SARS-CoV |inked to human Igd Fc fragnent

therep andjprat @liorsb.SARS-CaYdafctiele 27 nonocl onal

anti bodi es (mAbs) produced fromthese hybri doma

cl ones, except 2 mAbs bound to the adjacent |inear
Matgridlomed metlhddsot her mAbs

Immunization of mice and generation of mAbs. Five Balb/c mice (4 wks old) were immunized
subcutaneously with 20 pg of Protein A Sepharose-purified RBD-Fc prepared as previously
described (35) in the presence of MLP+TDM Adjuvant System (Sigma, Saint Louis, MI) and
boosted with 10 pg of the same antigen plus the MLP+TDM adjuvant at 3-wk intervals.
Mouse antisera were collected for detecting anti-RBD antibodies and SARS-CoV-

neutralizing antibodies.

Hybridomas for producing anti-RBD mAbs were generated using standard protocol. Briefly,

the splenocytes from the immunized mice were harvested and fused with SP2/0 myeloma
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recogni zed confornati on- dependant epitopes. Based on
the results obtained from binding conpetition
wexpwroseent s, t hese 25 conformati on-specific nADS/US2Mb/M04599
be divided into six groups, designated as Conf [-VI.
cellsh éleﬂmuﬂhﬂe\,é@eﬂlaﬁﬁmfﬁdm niRowelsd @jhlteflmﬁgfhtybﬁid(ﬁh@ 6Keflies were screened

h SARS- CoV,
by SR DD MRt 2 L1, SESBLOr LT DS GO sty
SRR A, S Sy UL Vs i,

Cu]élpﬁﬁ ﬂpésems@&bgwtdvep‘@tmmbdemdm gmemge aablle\hybnéSma cell lines. All

0 d
B PRI AR S aaS AR 1 GBEE ¢ rut o
Aﬁ&&ﬁﬁmggﬁmeﬁu&g§I|Z|ng mAbs can be used: 1) as
i mmunot her apeutics for early treatnent of SARS- CoV

i nfection; 2) as biological reagents for diagnosis of

j.on: bes. f t udyi the .
e S L, A0y SR T s o
detarinduebyINRSACOBiEINNQig#inh recbubinagt protetns (RBIS-Ec By Sllf@)) or purified

R PR o LoD BB, o ahor G S PRPNTTY: 0 et 96-vwell
@ : |
mlc?(ﬁtlt&‘ ﬁ@te@\?\goﬂﬁ‘fge CBLhO A REn, MRS in ol @@bgécﬁ %ﬁgr Epﬁ 9.6) at 4 °C

re immuni zed subcu?aneous
ovemghtemﬁteAbE@bim.grm 2punor-fas dmRBBeﬁa:ll}pdﬁmtad @thuas sera or mAbs were

B 4 S 85057 08 Tl B S GRS, S Mg .1

Twawnt DO. 1Boﬂ‘i§ﬁ Qﬁtlbd&ﬁe&ﬁ%@e ABfet @8 "with USRPRSnMeBEd at anti-mouse 1eG
adj uvan interval s. Muse antisera were

Zypgf) %tc3t7 & foesrlhd@dlemed it veashes. m@rmu@mwas gisualirgd by addition of the

T i e Aot T T —

an EIrISAqﬂmtle reddet €lfdcyn UShResepicMaRyibRPakl, )0TY. he i muni zed
m ce were harvested and fused wth SP2/0 nyel omacel | s.
Cell culture supernatants fromthe wells containing

To dtBhtidO MR Sal-PRF %&uﬂﬁg%o@?r@&ﬁ%@n %S)Y&H%%ar g%(i) -gpecific mAbs,

| Munosor bent assay usin
ELlﬁAeMaT@umsycqa@sicwnlbe@o(rﬁ@anaRBé) Foat |Sr1 eCant 4 gencentatidrsof 1 pg/ml

e L T R S A,

foll @estetyaivastl ated thy RellfasR watdd \bﬂtm%mlxlt\hédda@aérnif&%rfsr 1 hat37°C.
purified fromculture supernatants by Protein

Aftesayaghgsoa standard FLIFA oves parfermsddan Riodsidehees) .

A competitive ELISA was performed to determine the inhibitory activity of the RBD-specific
mAbs on binding of the biotinylated mAbs to RBD-Fc. Briefly, the wells of ELISA plates
were coated with RBD-Fc at 1 pg/ml as described above. A mixture containing 50 pg/ml of
an unlabeled mAb and 1 pg/ml of a biotinylated mAb was added, followed by incubation at
37 °C for 1 h. Binding of the biotinylated mAbs was detected after addition of HRP-
conjugated streptavidin (Zymed) and TMB sequentially. Biotinylation of mAbs was
performed using the EZ-link NHS-PEO Solid Phase Biotinylation Kit (Pierce, Rockford, IL)

according to the manufacturer’s protocol.

10
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ELI SA and bi nding conpetition. Reactivity of nouse

sera or mAbs with various antigens was determ ned by
wabkowsAseBIi ef |y, 1 ng/ m reconbi nant protei ns PEBDSE®6/004599

or S1-C9) or purified human 1gG (Zynmed, South San
Neiltrdixatio of SARY psetdovitae thiedrion.peltiel sokyntional S@atalization assay using

livg SABS1CON ¢ FBhEambEnd B (o Derymag 1a HS-5 gestblicgnt We hercfore
adaPfcH e SRRRCHSVGs nﬁ)st%rgs/ %ﬁ?egxaf(?’f 3 hK.a3 %’i ottt %09%499 gﬂns assay is

nouse sera or wer e nd 1'nc bat ed at
senfitive ndh, quantititve dndyai darcaweshes ni BSL-RBfcibies.ai SAR]S; pseudov1rus

e TP R T S b L e o

repbr@ér Wik plefhile@ ViR orB¥iowap eseribd €27,2BC UB PN INVBSief, 293T cells were co-
vi sual i zed by addition of the substrate

trangfegtedswith at asnaiseansgding e delt- metlr(uzn@)SAé%ﬁjCaHs% iieteipeansl a plasmid
encélégg %Hv‘g%?% ﬁ@%ﬁﬁéﬁ&ﬁ&yﬁpﬁgkﬁw#ggﬁ %ﬁ%‘eg T\hcgﬁﬁ)usmg Fugene

6 reddeatst (Rdehdinged Mabehéiand ISaidemhﬂaﬂl@ &fhtélhﬁ}lngARSn @sdildovirus were
RBD-speci fi ¢ mAbs,  ELISA p (ile was coated w

haryested i heawt P%@a@%feawnﬁld@@e torgingmexsie rrﬂ%qv@ﬁ ffAGE2-transfected
293ﬂ‘9<29§T@I@E2 ft%ns tBﬁéﬁf‘M"PfAéﬁi‘ca& x?ere% &ﬁf Lthloo“ cells/well in 96-well

hi ot hrer'tol (DT at a concentrat|
tissftulome pldsgs wadsigwn Divermightie The Isiyseraands tcoatinng \péddovirus were

preBPuli GRe 2Rl by it muStectaedentsah ShagTe T Rbere adiion

to c@IMTUFFlé SuldRe hd RAFABFIIPRESANEREIMIX KIRESTAH HecubBiRd for an additional
inhibitory activity of the RBD-specific mAbs on

48 Inj hallngeest W@Srliléd Bitt PRY land bsednbing dyrisRrEgers indBadedfiny, luciferase kit
(Pr&ﬂ?gmwﬁ)[eld% on, W be§9 cg{())?st & C‘%&F hf?at%% @}e?e trﬁlinstferr % P' g%we é‘ostar flat-

ove. re contaln

botim\:ﬂ lmdmmfmaar plﬁ]ﬂeﬁt@cbrﬁdlgr(i‘oﬁfar A06nihgyAN] follbwad by addltlon of luciferase
bi ot i ry m%b f added, followed by incubation
subgrate) 8 PB]Fg"l nikelfivribag wits iR ivwirs dyterningd ﬁmmedwa@y in the Ultra

38448 BfhRArdTEGH 18¢)di t1 on of HRPconj ugated streptavidin
(Zynmed) and TMB sequentially. Biotinylation of mAbs

was perforned using the EZ-1ink NHS-PEO Solid Phase
ockfor ccor

. Bi t Pierce
Bingip8 WU P REP-E° gh Bt GEpIoRet: PPt-. dEPIERIGT OGARDS On RED-Fe
bindiS € IQTED LspieR§ifE béRvas Thens6:RA b9 TdvPHRbmBsyi! Bﬁkﬂ)z a1tor” 993T/ACE2
assay using |live SARS-CoV is cuirbersone and has

cellp syerp rdetaghedh @dlectsds and [Washess Wlﬂ\eH@h]éSebmeécﬂabt @d{utwn (HBSS)
(Slﬁﬁé@o t.qf?oYu§J ﬁq’lgoﬁgﬁj Fie AR 85@41% %glls ﬁna?l )cpn?egfra{,%n of 1 pg/ml

ratory assay i s sensi Foeis quan
in thngresane e absunce @ 50 Utg/mhnPHs; Blfoaet|tyt inesbatidARBroom temperature
for %eﬁ%?nov'éeﬁ were washed with HBSS and incubated with anti-human IgG-FITC
conjugate (Zymed) at 1:50 dilution at room temperature for an additional 30 min. After
washing, cells were fixed with 1% formaldehyde in PBS and analyzed in a Becton

FACSCalibur flow cytometer (Mountain View, CA) using CellQuest software.

Inhibition of RBD-Fc binding to soluble ACE2 by mAbs was measured by ELISA. Briefly,
recombinant soluble ACE2 (R&D systems, Inc., Minneapolis, MN) at 2 pg/ml was coated
onto 96-well ELISA plates (Corning Costar) in 0.1 M carbonate buffer (pH 9.6) at 4 °C
overnight. After blocking with 2% non-fat milk, 1 pg/ml RBD-Fc was added to the wells in
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beari ng SARS-CoV S protein and a defective HI V-1

genone that expresses |uciferase as reporter was
wonrepasedi as previ ously described (27, 42, 43) PCTMS2006/004599

brief, 293T cells were cotransfected with a plasmd

theqmesaﬂa:m@r ataehare- afFﬂOI pod/ e ﬂm‘ﬁéﬁRﬁn@%l\énS 1?&1Qia®drht 37dCafor 1 hour. After
di defective uci f er ase- expressin
Waﬁll {TL% éﬁ%’?rgorlgg%_q{] \g/oqﬂ:elpél%c }gé} yeed way nans! 1%cubated an
addBRRALH hnAGTer YARRE! I suiHBRIABANL LGP ALl h, SARS
pseudovi rus were Rarveste ours post-transtection

and used for single-cycle infection of
R ACE2-transfected 293T (293T/ ACE2) cells. Briefly,

e303T/ ACE2 cell's were plated at 104 cells/well in
IsoRfioMRihl] ikitiSB&IRr &MriA4tiBn BY DS sPESH OfoP WBIPVRBD-BH fu&oBZ;?rotein was

super nat ants cont ai ni ng pSGUdOVI rus were prei ncubat e
trangjently gxprgssgd die 2P AT rellscindpusifiedbubemegaiciorbynotsim®s. Five mice (A

to ngv%rg dm&m?#@? frfcgeﬂsrﬁm?gggvlu"th ?t-ﬁ ft et{bg Preg%rgc% oﬁ%ﬁ aa(dZ\.avapﬁrAll animals

devalopedidpprieciable #flibbdy Cedpbasesriprinee RBEUFWAfler BRSfigft thoost, and their
t‘%gjed usjng lysis reagent included in a luciferase kit
an

b HEFRInCToRRfdswHith swRsgquent ingBRizatismsc dibe apyses e@,llemdé% days after
the ttﬁ@dﬂ%fosﬁfﬁ,%ke tﬁ%}gﬂﬁdte hﬁ'éllﬂh@kl@@l{}p% \ABSQQ%%JC%VV and SARS

pl ates (Corning rnin
pseedidinup bearolg JARSCoNVaS prateibst rat e (Pronega). Rel ative
light units (RLU) were determined inmediately in the
Utra 384 [ um noneter (Tecan US). Binding inhibition

A pahel RBR7FRBIL-RcITRGRADS kvab e AISd b'yrﬁlblﬁg spRAGfies SR 18 RBD-Fe-
RBD- Fc bi ndi t o ACE2-expressing cells was rreasured
imnyypizadgpice Wﬁh%ﬂ@/ myBlomesf ¢els and Glezgzsfﬁlenm&.ilybEMmamrth S1-C9 as an

ed W th s _bal anc
i}, 253 58 SRl EGLELor PR RS Lhed RS 15 g
RBDhE%, mméfbduoed RBICEY, IS5 -C9, BTTirBdlced mocesmtdnatd Piifdd Human IgG as
presence or ‘absence of 50 ng/n1 mAbs
003‘3%3 frfigees %ﬁa%ﬂ%l%u DAUPBEY ofithe suhhs @AB3d) aeus wastie wih Artive RBD-Fo
t
AL R VLR DR LA et by g e
agaiast dtsulﬁdeehqmﬂ dependent ocronﬁmrmddnatll epiwipesS @xpiessedAbh ethe RBD of S

was cel | fi wth 1% for Ideh de i.n PBS
protéft Uit S Al > Sand §le eelarive Fof Patayitiediesd KBD-Fo and
S1-CHbindicating Yh& WheAVerd! irdbte Polghidde Bhead @pﬁ%@éEsepresented on the RBD.
Inh|b|t|on of RBD- Fc blndlngto sol ubl e Al by mAbs

Nongeaf the apdbetprespedby S - CBrrc@qwq/wnhéwm Igéntwheodas lwhatrol antiserum
ﬁonv‘%mgsﬁ?oggg%ﬁﬂi%c? Wkih ﬂ]ﬁﬁ-‘P‘c AsTORARe w1§1 "hum. NI\aDn Ig & (%alr)]ig fﬂ

Since the mAbs 4D5 and 17H9 could react with the reduced RBD-Fc and S1-C9, their
epitopes might be mapped with synthetic peptides. A set of 27 overlapping peptides that
cover the RBD of S protein was used to localize 4D5 and 17H9 epitopes by ELISA. As
shown in Fig. 1, 4D5 reacted with the peptide 435-451 (NYNYKYRYLRHGKLRPF), and
17H9 reacted with two overlapped peptides 442-458 (YLRHGKLRPFERDISNV) and 449-
465 (RPFERDISNVPFSPDGK). While the epitope of 17H9 was clearly mapped to the
overlapped sequence (RPFERDISNYV) of the peptides 442-458 and 449-465, the epitope for
4D5 requires most sequence of the peptide 435-451 which overlaps partial sequences of the
peptides 442-458 and 449-465. Therefore, these two mAbs recognize neighboring linear
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onto 96-well|l ELISA plates (Corning Costar) in 0.1 M
carbonate buffer (pH 9.6) at 4 0C overnight. After
wohoewlisesgiwi t h 2% non-fat mlk, 1 ng/m RBD FcPG@aAIS2006/004599
added to the wells inthe presence or absence of 50
epitopesrthahweside mithin thedRBDC ubrahedf a%e SJnttBKﬁlaft?)h-dr]]e &Qiah’lc mAbs reacted
RP-co te oat anti-human 19G
W“@f erf:s{y‘a%ﬁe%g‘ifﬁggesaaﬂmlnﬁ?: d angaddltl onal 1 h.
After washing, the substrate TMB was used for

detection. Results Isolation and initial
Epitape rsaeqiBeityzef the R BA-spasifc mﬁéi:détiemnmm’ bRBUIingBEdmemetition assays. In

ol SR S eBOESEE WAL e e
grofpfedt by BindiRg &ohipatifior @skale l{TaElé nes \@ﬂehoﬁ% Frﬁ&lisn(lt()ﬁg) was first

Ri_bi adjuvant. ani mal s devel oped

bloglﬁggtgg %gg&é gﬂ'{lblmwcﬁw@ﬁ él@;g2ag)azﬁb§;pn RQE?Fb:n@hg gp RBD-Fc was
me&snl%df IT3imBBOIDs AR 7@@6:50(@%1%?@9&’% §P{§§ élllég‘)%rpg ggtpgatldes above

subsequent ~i mmuni Zat e oan
Wer4 1dei}aéechﬁn ¢le chmpetitiondadsapsss ahanedl. hlﬁgiﬂuy maft @Nthe conformation-

depBEtith Bt 19535 bomibe o RRR s o O, vﬁ‘wep@h@n m@bs iid not block
109?3%&13%% RBD-FROSA e Q‘&Hedf%@ﬁoxp—%%ggt I%gl PPEX& G4, 4585,

fromthe RBD Fci muni zed mce wt rm cel
and g 13199 Aesre sWrsequently bWleaiﬁﬂmEl tested sﬁiﬂ@ \a1$h &re binding competltlon

assanﬂlt In? E% E?pe ﬁ? gha{sfl %_ptf: ltgstpﬁg) Tégg IV\%7 also blocked the

blotmyrawcem:eﬂmaﬂgt&mm%d weld. dés@@ﬁfe%das%lseg&at@%}%ﬁ Thus, the 25
i fied human |1 gG as coating antigens
Con%ﬁ“@i"i’r{' spesiticyAbsayste diviied mto ey @ISW@&GOMPQIMII growgest (desgnated as

M W

confgirmatidn-gectionokAtepefibewt resltf Qggedti %ﬂtﬁtheeltﬁBmﬁgg plzotem contains
er two S

g o Sed° O‘E%%Efeﬁﬁ 5@5 ka{ﬁlﬁﬁ Sﬁe&ﬂés[@ﬂm&y FePoBEY IRBI: méce. However,

the ﬁﬁﬂu@ﬂo@nan‘t BitRS i@e RIFH afch§ fo\f’%%%oﬁkéﬁeg it agai nst

| i near epitopes presented on t t he mAbs
screened by S1-C9 reacted with human | gG whereas

L T R AT R RN, o

ACEDExmesded 61298 DA CET eélist andl th RotubR: A@@Q% G EBel byAMlv-cytometry
5&1 their epitopes m ght be mapped with synthétic
and;id &

sspegiivest (data 2pt shewmap i e destiashhddsr theaRBIbsmecific mAbs
mhl%gﬁltngﬁgs&gk@%ﬁc k.%lefx?mﬁla'r@eoq sgfﬁbi Xébbz %As s%5wralqg Filgﬂi',gall of the
mAbs from Conf IV (28D6, 30F9, and 35B5) and Conf V (24F4, 33G4, and 38D4)
completely blocked RBD-Fc binding to both cell-associated and soluble ACE2 in a highly
consistent manner. All the two Conf III mAbs (11E12 and 18D9) and two of the four Conf
VI mAbs (19B2 and 45F6) partially inhibited RBD-Fc binding to ACE2 expressed on
293T/AEC2 cells and soluble ACE2. All of other mAbs, including two mAbs against linear
sequences, had no significant inhibitory effects on receptor binding. These results indicate
that the Conf IV and Conf V mAbs recognize epitopes that may overlap with the
conformational receptor-binding sites in the S protein, although these mAbs did not compete

against each other in the binding competition assays. Conf III mAbs and two Conf VI mAbs
(19B2 and 45F6) may also bind to the conformational epitopes being involved in the
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shown in Fig. 1, 4D5 reacted with the peptide 435-451

( NYNYKYRYLRHGKLRPF) , and 17H9 reacted with two
wovassliagioed pepti des 442- 458 ( YLRHGKLRPFERDI SNeETAIS2006/004599

449- 465 ( RPFERDI SNVPFSPDGK). Wil e the epitope of
recdp‘tcbigbmdlmgcl AHrthy @@mfdeshd Cohh€l avedsl &RPRSA bﬂ&ﬂ@ﬁﬁcl%ceptor binding,

é IE%@I\Q of the peptides 442-458 and 449-465, the
SUggeing fhats @ngwlé?qﬁﬁert‘@gfmm@éqn@m thyft dohot peptlapithe receptor-
bin Mg, o a S

‘f,‘g%tsfﬂ%%s 447- 45%353 T35 ﬁggﬁéblt B SPppe 1?‘?%“%%6‘%‘3\%}6-‘/ of the RBD-
SpewﬁbsnAbs: ey ifuthareindiebio rthatgthk | RIBBr &S tppgiein ¢dndding efiltide antigenic

h{n the RBD. None of the conformation-dependant

P¥acted with any of the tested peptides (data not

shovvn) Epi t ope specificity of the RBD specific mAbs

determ ned by binding conpetition assays. In order to
RBRisa¢cies wdbs @at’méo@%mwmﬁngmdwpe nBaokt ofetyhe tRRiéspedlﬁe mAbs was

e R RS T B AR B S GRRE o

conformbtionsHepgendartndnAbe (QBVESDI thed Y paehi Vhéu‘!raﬁﬁmé h%ct%?g&b with  50%

10E7, bi ndi F
neu R AP e IaRARE 97 O 6 657 FBpHd TablpBBH Wipteas two mAbs

thatRBRES Qfa?ns@hﬁé’ﬁ ’@ﬁf)ﬁes Qﬂéuﬂ@dlt 1) LG F2TRED Blgﬁﬁgﬁy(&BS) at a

as a control conf or mat r onde
congpafreti¢ 8y Righ asdl@ﬁ el;gédl diidt ot lnemttalizy ltied SARSAIsEudomiviuk enfection. The

AR STHEMTD omb B Jbd By IAbBloCkss Peaicoasmbinding had

hi gl&ﬁtﬁ’iauttaﬁﬂné ab@\h’u@@ ﬁ%lﬁo{tl Qﬁeegéé%ﬂévﬁ/usb ' l%éré%h?fge dvap QS F6 from Conf

tested simlarl h the binding conpetit assa
VI, withdtsgelativly i@vwmﬁgudowaus porpization adtivithepatiaiyi hsiymﬁeue binding

1ot | ated A5B5 .bi ndi.n
of R Feov iR AN IEE PGPS b gl G R VY 50 erfispresentative
mAlbshizoid aclo of gll‘oliipi wan peRetted ICFIRABSTHRE Qesiilty ’s@@ésﬂ ﬂﬁﬁtothe RBD of S
si x di,sti nc etition, gr oups (designated as
protgin, piedomigan g‘t?cee BEYtEpbigingp artibadies ikt ditecis agmusthm@nnatlonal
epm;ﬁegl not corrpete with any of confornmation-specific
mMAbs. These results suggest that the RBD of S protein
contains nultiple antigenic structures that induce

ec .ant i body responses in the mce. However, the
EXPF'?}WH%H@W ﬂ? epitopes in the RBD are

Recd®3fudlid¥eitave 'shdRRABSIAMRE - AGFYAR
t.hat bl ock receptor bi ndﬁ%& RB?IS chlgggﬂdpg?% Pfglt ent ?&(/)r antigens

eliciting, gmpynacgsporses dusng mf©ﬁ10219(347‘4603E27hcs€I $uggestdhatahe S protein may
I flowc and ELI
serve 8 4B ifhdiidoge f S BARUPE Selali A w0 B fiieal St we used a

recoRBiRaap sidn prowd@sRBD-Fc as an 1mmunogen to immunize mice and generated

con

hybridoma clones to produce 27 mAbs. A majority of these mAbs (25/27) recognized
conformational epitopes and among them, 23 mAbs had potent neutralizing activity., Only
two mAbs were mapped to adjacent linear epitopes by overlapping peptides and they could
not neutralize infection by SARS pseudovirus. Interestingly, the conformation-dependant
mAbs could be divided into six different groups (i.e., Conf I-VI) based on a binding
competition experiment, suggesting that there are several distinct conformational epitopes on

the RBD that can elicit neutralizing antibodies.
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i nhi bit binding of RBD-Fc to cell-associated or

sol ubl e ACE2. As shown in Fig. 2, all of the mAbs from
waande/08866 2806, 30F9, and 35B5) and Conf V (24PdT/US3184/004599

and 38D4) conpletely bl ocked RBD-Fc binding to both

It 1sed:>dpeetsd; ahatati dhanseusalizihg en ABE2iebted dPafiidt Yhe FlBEDlZCan block the

consi ste the two Conf [11 mAbs
intezagtion eegﬁggpvg@ddflc}@%ethp gmctlgg@{frquptq%g SARSBGo¥ndHowever, we
b T T L

expressed on 293T/ A
bmd)mgetp AR, iSocteudiAlyy tasotimplvsitta gad I(l’bhf |IIIn@r&I VI partially inhibited

hi bitory effects on
inteFERUTRERRasp e mED SEACHCS e StprascBetnein apivente Seynpverlap the
recdp‘tbraﬁﬁdlﬁg NéiteY BRDMer RBIYNZ BirRol QPefheldaha PR Yio0 RY| [Larﬁay cause

with the conformational receptor-binding sites in

confpratipnal ghangetof thajiscertierdunding sitesi tswlting toimpetigomgbRBBtbinding to

ACﬁ%bgrﬁa%tn%%bs tﬂ%ogfe, %mne%gc?t%gg %%8@5@) gﬂ@cagﬁé’ f%ect the RBD

bindihg dvithoACHER, bonhles pesdessral potit nepesi-Rf MWht[b\éOEl}@%Gstiﬂ@ that these
herecep in Al 'l the Conf | and Conf
mab] SHSEEPLRbSARY) o et ot g BB AG T atteractlon The
mechBSYm! STEREM 8Ethk RO HALJLRE Y 'f&\lthe? 91’1\; At I:l%t s @utd Wdicate that
ptor R S8

overlap the rece Inding sites
the RBQdegcdﬂ @utra@hng aintd)aelmstsppmﬁc et emlgg‘eﬂ&ﬁlrtec}epﬁfr Hiding sites, but

rther indjcate that the RBD of
als"?‘B g?@&eé “H1q88 ”ﬁg&H@i‘ ﬁ%ﬁfém?t@nénhlg tigg disrpngieemi¢ iheiszogenicity, and
sugddBbDitepekd RBD BAEA IR Vo8t I?rBfen{‘ %ﬁtguﬁk dlﬂ lea&)tn&‘éﬂ'hfaillonal epitopes
Each of the RBD-specific mAbs was teste
resppaible 4o1 indvgiioasfipeteny neuyalinisg aSAlR@ypszmodwn r us.
Strikingly, the mpjority of the conformation-dependant
mAbs (23/25) had potent neutralizing activity with 50%
The nemtforadatioaili semsiiese 6N%OBAIR@Gngnédtﬁﬁkﬁ§0%b% 0d3cr?BY here is
Table [11), whereas two mAbs that direct
consggmtﬁ@ h properties elnqugglizing apsbsanised zeast afher emeelopedlyiruses, which
g
gené‘rﬁl%@%ﬂfe bre( #4452 ¢ acﬁff forit a;ﬁﬁﬂ Cfgﬁ&éﬂﬁﬁsé {]4(;2\” P TS ougllx Be RBD of

not neutr
SARHS?ICQM $ @mteﬂihle a3 Bdacid snmal(Dﬂ“fafgn'Mnaﬁd c&ihiﬁgs Eéﬁ&ﬁ] cysteines and
bi ndi ng ha [

five (L bt SRt BT VBt 1 ACER RiRGomn o Thechrraandt botween these
cystdinése et if0ghYcoBMeR atfy f §tﬁ[@n§9§‘ftovl:onswtﬁt@ fh%smultlp)}e antigenic

relatively | ower pseudovirus neutralization acti
confggpations| \Figwevsk.edl n?WéalmrrgthgaroﬁnﬁﬂB@elﬁaed\nftohn AGihimfHuee human

TR T I T ———
(49)i Mhetedore 3furfHee SlwracﬂémiahSn s319@R8d té bafind e B3BPaIRIatiSh determinants

on the RBD of SARS-CoV S protein, and this may provide critical information for

developing anti-SARS therapeutics and vaccines.

It was reported that passive transfer of mouse immune sera reduced pulmonary viral
replication in the mice challenged with SARS-CoV (33, 50), and prophylactic administration
of neutralizing mAbs conferred in vivo protection in the mice or in the ferrets (51, 52),
suggesting that passive immunization with anti-SARS antibodies is a viable strategy to
control SARS. Thus, mAbs with high levels of SARS-CoV neutralizing activity may be used

for early treatment of SARS-CoV infection. However, application of murine MAbs in human
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15

protein predom nantly induce neutralizing antibodies
that direct against confornmational epitopes.
waxzpwrosesent al Di scussi on Recent studi es have shRowuStdano4599
the S protein of SARS-CoV is one of the major antigens
Wllf‘l)é it AQut PIMARA- SR PORESS bl EHAN/f@P&k}SHhSéS“(@B 46).- If only a few
hese suggest that the S protein may serve as an
dosesmﬁm@geﬂnﬁdls arpusediing shettiperaed of tirge folisgo twva wehks) at the early stage

of BRBSRE v I 1 SRR B SFARDABEEh, Rl bR bafhopt may save

livdxydFrg atﬁ?dnw eWethave udUtilZ /stifiptes fér eajyoidaiteritfof Hantaan virus
t hese s (25/27) recgﬁnlzed conf ormat i onal epitopes

(HENY) anfertigniitng mamnaapbisHRNY pobert) nButheampis, H@ murine neutralizing
mA! éa\ﬁ' b 1 Imhl)ée& VQ@ t eullEs Or q%ﬂﬁﬁg fo?hgigk F?ré)%ﬁﬁ@ﬁmmedmte
epi t opes By over | app pept| des and cou not
profeetibn agdins SlA{K&}CbNanfebﬁorﬁt@RBomﬂb‘pbpmlsuOﬂs
Interestingly, the conformation-dependant mAbs coul d
be divided into six different groups (i.e., Conf 1-VI)
Th@ §%ﬁﬁicﬁﬂceaoibﬂh@ %ék@nﬁé%ﬂﬂ?ﬁis‘ tht ROFRK PRt Humb3H 88 85hly Potent RBD-
hat there are several distinct conformational
SPequ opagaliring hen/RBD havat beem gbnarated,nevbichl imdyngbe developed as

im RO R b Tk il T aFRTAR S drebiafing 2 Soptls gRSH LAY &' developed as

dlagﬂiﬁsﬁb apbhte fob atediy BRRRSa06V ARfedtion. herHitd) lidse il bs can be used as
receptor for SARS-CoV. However, we found that only t

prohp o1 sty HerBIYnOSEEeY, IAYtiEscy. SBustaree ARG éwﬁpnwf ‘the SARS-

Col o F 1o ARARTA ) R Rl TOF Heolt Sla itenion of

SABSt ween the RBD and ACE2. This suggests that their
epi topes may overlap the receptor-binding sites on the
RBD or binding of these mAbs to RBD nmay cause
conformati onal change of the receptor binding sites,
resulting in inhibition of RBD binding to ACE2. The
mAbs that recognize the Conf I and Il did not
significantly affect the RBD binding with ACE2, but
al so possessed potent neutralizing activities,
suggesting that these mAbs inhibit SARS-CoV infection
wi thout interfering in RBD-ACE2 interaction. The
mechani sm of action of these mAbs needs to be further
i nvestigated. These data indicate that the RBD i nduces
neutralizing anti bodies specific not only for the
receptor-binding sites, but also for other unique
structural conformations, highlighting its antigenic
het er ogeni city, and
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suggest that the RBD of SARS-CoV S protein contains
mul tiple conformational epitopes responsible for
wondsmsésen of potent neutralizing antibody responasst6/004599
The conformational sensitivity of the SARS-CoV
neutralizing mAbs described here is consistent with
roperti of neutralizing mAbs raised against other

Table I. Regﬁw)gtleéﬁég "$RRCEE MANPR 2gRingk Masious|antigensi re nore native

conformation for binding (47, 48). Al though the RBD of

raonnnnt

mAbs SARSILIIbeS Proternis—a193-am no-“'g“' straH—fraghrent
it contal ns seven cystejines and five o? whi ch are

essential for RBDF@ssdredueecRBD-Fhe dP4@9f JdReducrtcS1-C9 Human IgG

4D5 Dbetweg@1kNeSe CYiRggEl Nes mayq 8T M CONptEgs tertTaryog 002
structures to constitute the multiple antigenic '
7 conf o'?#& i ons. HWever, a P8 ralizi ng"#iman ni AB08 0.04
10E7 sel edg@tif r om a 1#&¥ni nmune hwomn anti bot¥2 | i br aryoaeul d 0.05
11E12 I eacigipiafh the [lsh-reduced gpprotein gpg, bl ock
19B11 receg%{gr associ atjon (49). O‘??werefore, furt her 0.09 0.02
char d8PYFi zati od-3’s needed 99 define théd 0.00 -0.01
13B6 neut rlgBi/kat i on ded8er m nant so.on the RBD.9¥ SARS- CovoS 0.02
17H9 Pr ot g4@¢,cand t hissomay provige critical, infornati for
1802 devel% I ng anti-SARS t her apeﬁlti cs and 1\7%1120i nes. ?'ﬁswas 0.07
repor'®@Y¥that pd<Sive transP8t of nmous®8d mmune s8PA -0.20
18D9 r edudg@1/pul nonarma7viral repb.ocation irpdgghe mce 001 0.03
1982 chall, gd with RS- CoV ( 50), an ophyl acti
adm ni s?r ation gf%%neutral [ S(lf’%og mAbs conterred inB'\1/?vo 0.01
20E7  prot WG%P6n in tAdOmice or iM% he ferreék88 (51, 529.01 0.02
24F4 suggdgti/kg that 1Bassi ve | mplpi zati on W dggh anti - SARS 0.04
4 anti jes is a,g,able strategy to confrol SARS. us,
24Hi8 mAbsq%gi/ﬁ hi gh I1§6el s of SAl §?COV neu{br% I zi ng O.TP 0.01
26A4  acti V€Y< may be1®8ed for edkQ0y treat ne@9 of SARD.CDV 0.01
26E1 infeqgeon. Howeven, applicaidgon of nurigse MAbs igpg 0.01
humanwi),l be linted due t uman- ant i - rouse ant | body
27C1 (I—|AI\/E§Mr”ésponsesT4 53- 55). ?Of&onl y a féw'doses of 007 0.01
28D6  myri NgStik Abs ar @0sed in a Glort peri ddéOof tine ¢.o0he 0.00

20G2 to tweowreks) ayghhe early ggpage of SRHRF CoV infgetion 0.04

may not, cause serious HAMA, but this urgent treatnent
30F9 1y g%\(%ﬂé'(l ives 0P®SARS pati%ts. we hdA used siM?ar 0.01
31H12 strate@fi'es for 4dely treat st of Hanttean virus ¢2TNV) 0.03
32H5 | nfegid@n usingqmyrine antigddlNV rrAbs&q%g‘) 051 0.00
3364 Furt gr nor e, ch nurine neutralizing s can be
humal¥P2%8 as t hdr3peutics &2 munopr dffyl axi s &0 -0.01
34E10 provigBig | medi&ke protectiiion agai nst1.88ARS- CoV 0.18 0.04
3585 |1 Nfegld@n to thesg at-risk gpppul ationg.,,The
b signiticance of the present study is three-fol d.o'25 0.02
38D4 K rst9C1& nunber 168 highly gllent RBDsJedi i c 0.07 0.00
44B5 IgG1/k 1.57 0.09 1.64 0.16 0.00
45F6 1gG1/k 1.61 0.11 143 0.15 -0.01
Antiserum 2,22 1.78 2.32 1.68 2.07
Naive serum 0.01 0.02 0.02 0.01 0.04

*Antigens were used at 1 pg/ml; mAbs were tested at 10pg/m] and sera were tested at 1:100 dilution.

Positive reactivities are highlighted in boldface.
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neutralizing mAbs have been generated, which may be
devel oped as i mmunot herapeutics for urgent SARS

wonrewtoselst . Second, these mAbs can be devel ope#CaIS2006/004599

di agnostic agents for detecting SARS-CoV infection.
Table'llh |% thhlhlthmscé RBtbspexifit rb.ébsusredmdmgmf biolalsylzﬁted nsﬂthsdy iRBJp-Fc?

HéCoV SJC)F ot ei n

further humanl zed for treatlmrE‘nt anth la‘rzevenmem of 45B5

17H9
2 By - - ROD=-SHhee ‘riv
Cc)aéal nst vari Ol?s anti gens A\o | sotypé Anti gen RBDzlgc 164
Reduced RBD- FtOES1- C9 Reducéd.0S1- C9 El@man | g@9D5 12§61/ 99
k 0.88 1.36 O48%(0.94 0.02 8@,537 | gGl{g & 1.60.3 00 Lgd5 210
0.08 0.04 1OE7 | gGl/ k 1.77 0.02 1.72 0.16 0.05 11E12
lg@a/ k 1.50'%201 0.72 0. 34%. 02 1811 | gctP k 1.187 19.4
0.04 0.78 0.0f4H80. 01 13B6 l93@l/ k 12458 -0.0%.00. 93 28600 221
0.02 17H9 Ig K1.72 1.7 21 1. 007 | /
k 1.28 -0. 01669%0 001 -0 6 Mame 15 o B o.%gzjf 25.0
0.90 0.01 0.03E0B2 | gGlL/ K6B. 63 0. Wl 55 0.612 0.10% 23.5
20E7 | g&@a/ kaydyH0 0.00 0. 93 0. 01 0,02 24F4,4L,gGL/ K, 203
169-00110800800424H8|gGll 154 001094
0.12 0.01 26A4 1gGl/ k 1.60 0.00 0.89 0.09 0.01 26E1
Cdgglbﬁ(l)/ 1k5%- 810.@0@7 1.85 0. |0€97QL 0& 274815 | gGL/ 5l 1. 4G3.0 24.6
. . . 0.01 28D6 2.06 0.01 60 0.
0.00 29@ IgG%GéL)‘i K 1.69 0. %’gyo. 96 03.%117 0. 04]° o8 100
27C1 97.2 36.7 14.6 73.7 20.9
31H12 97.5 18.7 7.1 58.4 19.7
30E10 98.3 19.3 12.9 68.9 246
Conf lll 11E12 12.6 92.0 0.3 -3.7 20.2
18D9 -16.2 98.3 8.3 23.6 17.1
Conflv 28D6 39.7 99.6 13.8 67.4 26.6
30F9 28.7 100.0 8.7 64.0 324
35B5 34.9 99.9 10.0 64.7 33.6
ConfV 24F4 11.5 -1.0 95.5 2.5 24.9
33G4 9.5 -3.7 99.5 264 29.1
38D4 8.1 -14.4 82.0 -5.1 15.8
Conf VI 13B6 23.3 10.7 -4.9 72.5 12.6
19B2 2.9 -26.4 18.0 50.0 16.1
44B5 25.3 ~20.6 10.0 95.6 19.4
45F6 25.7 -10.4 10.8 94.8 23.5
Linear 4D5 13.0 10.6 -11.1 1.0 -10.5
17H9 17.8 33.3 -5.8 25.0 97.8
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30F9 1 gGl/ k 1.66 0.04 1.21 0.12 0.01 31H12 | gGl/ k
1.72 0.08 1.91 0.22 0.03 32H5 |1 gGl/ k 1.54 0.06 1.55

W0 2606/08680 334 | g&RRa/ k 1.79 0.02 1.76 0.20 - BCODAS2006/004599
34E10 I gGl/ k 1.62 0.10 1.82 0.18 0.04 35B5 | gGl/ k

aCoxthﬁthmQﬁ verd @sted 49001 B IR abilifslib blocl biiding Bf 14 bibtikdPated mAbs

to tﬁ?eﬁ]?-%ﬁ OEIéI%EO (.Jviga%/tl}?g 4 %?éllgggg\f(as Aﬁ?ql@éq%mlg%gc?ﬁ%etﬁgm (values in

bold). BRgalive Budbddy/intName insRadabindidg ofthe Biofinydaterefknd). 04
aAntigens were used at 1 ng/m; mAbs were tested at |
Ong/ M and sera were tested at 1:100 dil ution.
Positive reactivities are highlighted in
bol df ace. Table 11. % I nhibition of RBD specific mAbs
on bi nding of biotinylated mAbs to RBD-Fc a G oup
Conpeting mAb Biotinylated mAb 10 E7 11 E12 334 45B5
17H9 Conf | 9F7 84.5 11.7 -13.3 22.3 16.4 1CE 7 91.0
5.6 -12.9 21.0 9.9 12B11 85.8 19.3 -0.2 19.8 21.0 18C2
84.9 19.3 4.9 18.1 19.4 24H8 93.7 24.0 7.0 25.6 22.1
26E1 95.1 10.5 37.4 30.4 25.0 29 96.6 20.4 1.6 11.4
23.5 32H5 98.9 18.5 4.4 9.1 20.3 Conf Il 20E7 97.2
38.5 5.9 73.0 24.6 26A4 96.3 33.1 -0.5 60.0 19.0 27C1
97.2 36.7 14.6 73.7 20.9
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31H12 97.5 18.7 7.1 58.4 19.7 30E10 98.3 19.3 12.9
68.9 24.6 Conf | 11E12 12.6 92.0 0.3 -3.7 20.2 18D9
WO 2606088813 8.3 23.6 17.1 Conf |V 28D6 39.7 99P6TAR2M6/004599
67.4 26.6 30F9 28.7 100.0 8.7 64.0 32.4 35B5 34.9 99.9
10.0 64.7 33.6 ConfV 24F4 11.5 -1.0 95.5 2.5 24.9 334
9.5 -3.7 99.5 26.4 29.1 384 8.1 -14.4 82.0 -5.1 15.8
Talgell. NgutraBaion actvity @f RBD4si@cifig nAB2agminsdB2 2. 9 - 26. 4
. 6.1 44B5 25.3 -20.6 10.0 95.6 19.4 45F6
SA%% p%eé%‘ﬁrifélo 8 94.8 23.5 Linear 4D5 13.0 10.6 -11.1
Gbup -mhBb5 ligtichf BCB3bBding. 8 25.NDsQ(gBa)Conpet i ng mAbs
——mEre—fesfed—at—16e—ng+n+—+or—fhe—abr#rty—ro bl ock
Conthdi A of the biotinyl ated mibs t&%%he RBD-Fc in
ELISAOEgieater t han. 40% i nhi bi tiong consi dered
positive conpetition (values in bold Negati ve
nunbeeB11 ndi cat e i ncr eased blndlng4918the bi oti nyl at ed
reagent. Table I11. Neutralization act|V|ty of
RBD- si€€i fi ¢ mAbs agai nst SARS pse o88Vi rus G?oup mAb
I nhi ?‘mgon of ACE2 _bi ndi ng ND50 égg) Conf 9F7

6. 56 E 7 1.673 12B11 4.918 18C2 031 24FB 3. 955
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Commun. 298:552-558. CLAIMS What is clainmed is: 1. An

i sol ated anti body capable of binding to the

.bi ndi ng dormain of the spike protein of the
d¥te respiratory syndrone-associ at ed
coronavi rus (SARS-CoV) or anti body capabl e of
conpetitively inhibiting the binding of the severe
acyte respiratory syndrome-associ ated coronavi rus

Y- sARSseigigs angbedy; eapebleit tinding &1 theareaptesrbinding domain of the spike

celsids rising the

C PSR e e Hntc ooy SRS e ARl B S ARS-Cov)
cl ar mfibodyapaizble of coimpeiitigply dnhibRingatie BRHINGPEf e severe acute
conpetitively inhibiting the bindjing of said epitope

as " CREGH} W%?SSB‘F%‘F%C@?OHSWWA?%Q@X%&%aé‘#cemoaiomhost cells
2, orde RILAe: @é@iﬁg@nce is an anti body. 4. The anti body

of claiml1, where the antibody is neutralizing. 5. An

anti body produced by Hybridoma 18D9 with ATCC

R A T A e i P SRS RS iy o

Hy blaind ciyecap B2 o bihdiﬁg% theCcansd epitdiR: of Eom &%?ve%ss inhibiting the
The, epi tgpe recogni zed by the antibody of claim?7. 9.
AnbigAing ol §gid spBerfcasdhegutiaply oelsian 30F9 wi t h ATCC

Accession No. PTA-6523. 10. The epitope recogni zed by

the anti body of claim9. 11. An anti body produced by

3HyBhé shbstan@d ¢fl2aini 2, whdTBe Anleseate darNmtibBIA- 6524. 12,

The epitope recogni zed by the anti body of claim11.13.

An anti body produced by Hybridoma 32H5 with ATCC

AACTRS&ItBBINSS clBhA SRRe iAntibisy RRhERAEfLcogNni zed by
t he antibo%? of clain1i3. 15.&§ﬁ ant?@%ﬁ%gproduced by
Hybri doma 33G4 with ATCC Accession No. PTA-6526. 16.

5T&n GRESR rOREOFBY HR 8 riG¥mb 1808 Wik R e bl S 2T A-6521.
6. The epitope recognized by the antibody of claim 5.

7. An antibody produced by Hybridoma 19B2 with ATCC Accession No. PTA-6522.
8. The epitope recognized by the antibody of claim 7.

9. An antibody produced by Hybridoma 30F9 with ATCC Accession No. PTA-6523.
10. The epitope recognized by the antibody of claim 9.

11. An antibody produced by Hybridoma 31H12 with ATCC Accession No. PTA-6524.

12. The epitope recognized by the antibody of claim 11.
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17. The anti body of claim1l, where the antibody is a
si ngl e-chai n anti body or an anti body-fusion construct.

waaoo6lses6ant i body of claim 1, where the anti bo#gTIUS2@6/004599

humani zed anti body. 19. The anti body of claim1, where

the antibody is a chinmeric antibody. 20. The isol ated

anti body of claim1l, where the antibody is directly or
i1BdAK @ﬁﬁﬁddy@v%tﬁic@dib% PIanGMhQBQP‘IS iRIETEC AdeessdbiCiRb!PTA-6525.
conprising the anti body of claim1l. 22. A nucleic acid

nol ecul e encodi ng the anti body of claim1. 23. A

mor iR R AR, R etB35. 20 T nuct i c

aci d nol ecul e of cIa|n122 wher ei n |t IS synthetlc

25. A vyecto
?glArr%? ?%t?ﬁv@m@“ %ggﬁgbag?raa EXIa &aiihe‘\B@CeMPmon@rP% -6526.
portion thereof. 26. A cell conprising the nucleic
acid nol ecul e of claim?24. 27. A nmethod for producing
&6. Ehretepifops recagritddebyothe bivtibtidygfchrimié. r ecept or - bi ndi ng
domain of the spike protein of the severe acute
respiratory syndrone-associ at edcoronavi rus ( SARS- CoV)
07. EHet hiditibylyCapahit bf wherpeiei &rhtib‘éh%l is N{i s ld-Bighih Nitibody or an
bi nding of the severe acute respiratory
sy rieibe-Bisicioastarst.cor onavi rus (SARS- CoV) to host
cells, conprising operatively-linking the nucleic acid
mol ecul e of claim22 to the appropriate regul atory
¢8.eitenmtibodyast dlanek wiessths antibaiitis bbdmanizbdantit@dy he
I i nked nucl eic nolecule in appropriate conditions
permtting the expression of said antibody and

€ CIeRntib&d i uci ng
said an#.b&ﬁ?h%3§¥p¥ﬁ§ﬁ§ﬁf?E%%gggyg uce %%u?ﬁgﬂnethod

of cI a| m 27. 29. A conposition conprising an effective

R 0 ol L B S s copis

ant@akgﬁmha@a?ﬂwunt of the antlbody of claim1l and a
phar maceutical |l y-acceptable carrier. 31. A nethod for

treating infection of severe acute respiratory

$Y LA E ARG AL Sftibody of claim 1.

22. A nucleic acid molecule encoding the antibody of claim 1.
23. A nucleic acid molecule capable of specifically hybridizing the molecule of claim 22.

24. The nucleic acid molecule of claim 22, wherein it is synthetic DNA, genomic DNA,
c¢DNA, or RNA.

25. A vector comprising the nucleic acid molecule of claim 24 or a portion thereof.
26. A cell comprising the nucleic acid molecule of claim 24.

27. A method for producing an antibody capable of binding to the receptor-binding

domain of the spike protein of the severe acute respiratory syndrome-associated
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coronavi rus (SARS-CoV), conprising the use of the
phar maceuti cal conposition of claim30. 32. A nethod

wohom@rossssnt i ng i nfecti on of severe acute respi PATAISY06/004599

syndr one- associ at ed coronavirus (SARS-CoV), conprising

t h@oém8yvi i~qal Lt . im 30, .. ..
3 T O LY BE PR cot PO ety ifbifd the binding
sy Rthsraevers soete atspiratony syraivomerasspSARS-dGedpvirts (I7RS-CoV) to host
SARG; CoV- i nfected cel compri sing contacting the |

an?léSI E)SOc?)(?mé)fmi“_tgSOPSE%V\?}_A’?IFW%%‘FC&&Bfac’é{ W@:ﬁeﬁﬁ%t %PPI_H@’ 22 to the
r eapRbpriathirogilnGrH et 86 e Spirks dar@hﬁﬁﬁbdg,f pfaagin% the linked
virus under conditions permtting the formatidon o

cofpfleis avolpailuneappronsiatmeongions pemmitting the expressionenf saiddmtibody;
th -Dindi [ f i.ke protein,of.the

sount RO PR G 8BS s Snitods.

coronavi rus (SARS-CoV); and detecting the conpl exes

0 d...34. A pmethod for screening_ _conpounds capabl e
zgif IFH% Fl‘?tlh“é?’ %0‘{1“2?‘2&' F}{?ﬁn‘?}goé%ﬁfé?@ $espiratory

syndr ome- associ at ed coronavi rus by bl ocking the

bi ndi ng of said virus to receptors on host cells,
200 cPBipagjtioh sompeping ain: ¢fHctivs taatuiuns b iy antshoslyesfi élaim 1 and a
t he . [ of claim1l to bind to the receptorbinding
dorg}ué%ﬁfeoc?%?%'e spi ke protein of the severe acute

respiratory syndroneassoci ated coronavirus (SARS-CoV);
and (b) contacting the conpounds with the system of
3Payh Pharmacpwicab compeNitien agmplising enasffectivel pmonnicofithe dntibody of
t o lLiAg 1t - hi ndi k0 of .the spi ke protein of
t h% se\l/g{r?gg@%%ﬁ%a%&e}g%pgaa?%g%lb%ycﬁﬁrﬁ%m- associ at ed
coronavirus (SARS-CoV) indicating that the conmpounds
re capahle of interfering with said binding and .
3?n‘§i By OHgF"F nALng ofestion il severepa@ie BpsPiatngy daRdiomegissociated

t heyreii L 'S c r ' o
Sy RSP SomBrat ThE e Bl RRhABhRYY cqmposition of
conpoudd resulting fromthe method of claim34. 36. A

kit conprising a conpartnent containing the anti body

of claim 1.

32. A method of preventing infection of severe acute respiratory syndrome-associated
coronavirus (SARS-CoV), comprising the use of the pharmaceutical composition of

claim 30.

33. A method for detecting severe acute respiratory syndrome-associated coronavirus
(SARS-CoV) or the SARS-CoV-infected cells, comprising contacting the antibody or
its derivative capable of binding to the receptor-binding domain of the spike protein
of said virus under conditions permitting the formation of complexes between the
antibody, or its derivative, and the receptor-binding domain of spike protein of the
severe acute respiratory syndrome-associated coronavirus (SARS-CoV); and

detecting the complexes formed.

34. A method for screening compounds capable of inhibiting infection of severe
respiratory syndrome-associated coronavirus by blocking the binding of said virus to

receptors on host cells, comprising the steps of:
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(a) establishing a system for the antibody of claim 1 to bind to the receptor-
binding domain of the spike protein of the severe acute respiratory syndrome-

associated coronavirus (SARS-CoV); and

(b) contacting the compounds with the system of (a), a decrease in binding of the
antibody of claim 1 to the receptor-binding domain of the spike protein of the
severe acute respiratory syndrome-associated coronavirus (SARS-CoV)
indicating that the compounds are capable of interfering with said binding and

10 inhibiting infection of the receptor-binding domain of the spike protein of the

severe acute respiratory syndrome-associated coronavirus (SARS-CoV).

35. The compound resulting from the method of claim 34.

15 36. A kit comprising a compartment containing the antibody of claim 1.
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