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SARS VACCI NES AND METHODS TO PRODUCE HI GHLY POTENT

ANTI BODI ES This application clains benefit of U S
weeoosakosbd. Not Yet Known, Filed May 31, 2005 memukko85/019266

Serial No. 60/576,118, filed June 2 , 2004, which is

i ncor por at eARS) VAGC YRS (AN NFETHRDRrEMCRROPUCET hi s

application. Thr fyaheyt Pbmé Em,a%’gggb&%g, vari ous
publ i cati ons are—t+e : of these
publications in their entireties are hereby

, _incorporated by reference into this application in

This oPperlice tise FhPEpSdeRerebett hef stt®e ofSeHalar Nopo Not  Yet
Knowri £n 481 fal,n¥ent ixefp speridl §sg . BACKGROUND OFTHE ¢ 4 -
e I'NVENTI ON % vere acute resplﬁr atory syndrone (é),&%s’ ,18a’ filed
June rigml 30 @frer ghhghi hedthicoupodinsedsan iisscauseiddlyy oy reference
. RS- associ at.ed coronavi rus (SARS-CoV) (1-7) , which
into %%/lsora}p ?ﬁjacfaetjfcf’rb‘m some wild animals (8) . A gl obal

out break of SARS in 2002/2003 resulted in thousands of

cases and _hundreds of deaths, seriously threatening

Throygifiye heblif wolBAiig@tian,| at ev2pd3uand @abljiceddens  are
felddf ecti ong caused by SARS. trains; difighent ; i

e efromthose predom nantsbi n ooéc%?)éc‘% € |d§éﬁ1§%{v\e§§ in  their
entinepiors edata Chénaby9) incBeperakedsobat edtedfistdemeaks into this

that, resulted from acci dent rel eases of . the SARS- CoV
PP Lyce laqrésl%?%d?%pg%}tlgar?nrt]ﬁ*gh%aﬁ,esgirﬁ SpdtE Shfdofinathe art
to whidl mH{ ywimn wios i oY /srd sis/ en) . These indicate that

SARS epidem cs may recur at any tinme in the future,

ei ther by ani mal -to-hunmah transm ssion of the SARS-CoV
BACKGHoD tdye .i.ﬁdg UsnAseRiyfd from | aboratory sanpl es.

Therefore, devel opnent of effective and safe vacci nes

is urgently needed for protection of at-risk _

opul at,ions. Current I}%/S one_ candi d?ép?Rél)aCC' ne usi

Severe s ASWER o SARERARF syndrome , a newf& emerging

infectious disease, is caused by a SARS~-associated coronavirus

(SARS-CoV) (1-7), which may originate from some wild animals
(8). A global outbreak of SARS in 2002/2003 resulted in
thousands of cases and hundreds of deaths, seriously threatening
public health worldwide. In late 2003 and early 2004, new
infections caused by SARS-CoV strains different from those
predominant in 2002/2003 epidemic were reported in China (9).
Several isolated outbreaks that resulted from accidental
releases of the SARS-CoV isolates were reported in Taiwan,
Singapore, and China (http://www.who.int/csr/sars/en). These
indicate that SARS epidemics may recur at any time in the
future, either by animal-to-human transmission of the SARS-CoV
or by the virus escaping from laboratory samples. Therefore,
development of effective and safe vaccines 1s urgently needed

for protection of at-risk populations.

Currently, one candidate vaccine using inactivated SARS-CoV is

in a phase I clinical trial in China (9, 10). Although the
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in a phase | clinical trial in China (9, 10) .

Al t hough thei nactivated SARS- aV has been shown to be
we@bdosarise® in protecting ani mals from chal | engkCDYS2005/019266

SARS- CoV, its efficacy in humans is unclear. There has

inactigwated sePPBEsCOUNCAIdF abbBeni t Sheafet ytai nbe sorffective  in
prot&itigensinathe 11&1'1 oEﬁ fﬂ!n % é}e Ak & b@%eslttlgateidf)lcacy in

not neutrali ze, rath virtus infection
humar(g O} s. I&ﬂﬁeeamratfhpret élam hmeynl aduser hausf goncaruneabout its
and_i nfl anmat or res onses, potenti al cause of 6 SARS

safe%t hvgeResiPECa nrsatjr%n‘éﬁ% Forie8engay elicit antibodies

thatlmmn@suaeﬁesaamtzé (@u@ ratROIdad VAR infection (10).
treat msnt although there are apparent contradictions

Some { FLffls RERGiHar (1Y ipducenprarpebntimpungt agd inflammatory
ted,t V. ctien er aused
respc?nr%f)éo)lgl [ \O/Iaer h?%}? amm??o%élg%g t%g |I§;§/%% dé%‘a%%g Becans and  the
rationecle nboe seihgusmmnuinbbepberesets twer @ fg.rststiempidgzedfor SARS

vaccinia vir based SARS vacci nes before vjrus
treatcﬁl] h?’en € Y‘ gﬁ% G5t ePRE2GF Eor oPlv 7 UkesiaRre to this

regim&sponsi th f OnyoE Uﬁeeéﬁ!@'h?? iftusi 98 2B@oeRLHY. tr@a&d SARS-CoV
are maj or |nducers of neutralizing antibodies (14-16)

infectimmni ¢ds, ferapts ayaéﬁﬁtiu calldollesvgm infdlammation and the
llvefxﬁé?%§€?§hﬁa %dﬂﬂdﬁmf %&Ziough?f t@%nf%rrég were first

'S a or - virtal functions and
1mmumwne@ewnth1dedéhnﬂQ)v1khskbaaeﬂyﬁﬂﬂk3tﬁaaﬁmﬁﬁbewwﬁbre virus
gl ycop ein conS|st| ng of two domains, S| and S2 (18)
chal eﬁ%’ Qﬁ : is responsible for virus binding to the
receptor on the target cell. It has been denonstrated
t hat angi otensin-converting enzyne 2 (ACE2) is a
The f%nd@ﬁ@?\%\im ec@@t 0FCFORaBARS TV @LQ@ 28yspomsiphgnefvr virus

ate dIe on aqf |sthe
blnd %ept %r Si v glagmaln %@D) (aﬁl 26)Et © Sﬁn%%lnlnducers of
neutmmr@ntaattrnsb@dmg at (1ve-1fa)sii orma@amesde wﬁl@yt Wplay critical
eptad repeat (HR and HR2) regions - (g]{ : .
roleg eg’ﬁoi’@lrﬁlle H%@h?W%?ﬂ%eﬁ%eﬁlﬁurlﬁln%d %)rget T@@I |S protein

of BRABLERES. Likehhe anihsblM,peptides defiyed f20Miions  and
antigenicity (18, 19). It is a type I transmemberane glycoprotein
consisting of two domains, S1 and S2 (18) (Fig. 1). S1 is
responsible for virus binding to the receptor on the target
cell. It has been demonstrated that angiotensin-converting
enzyme 2 (ACE2) is a functional receptor for SARS-CoV (20-~23). A
fragment located in the middle region of S1 is the receptor-
binding domain (RBD) (24-26). S2 domain, which contains a
putative fusion peptide and two heptad repeat (HR1 and HR2)
regions -(Fig. 1), is responsible for fusion between viral and
target cell membranes. Like the anti-HIV peptides derived from
the HIV-1 gp4l HR2 region (27, 28), a peptide derived from the
HR2 region of SARS-CoV S protein was identified to be an
inhibitor of SARS-CoV infection (29). HR1 and HR2 regions can
associate to form a six~-helix bundle structure (29, 309,
resembling the fusion-active core structure of gp4l in HIV (31)

- 2 -
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the H V-1 gp4l HR2 region (27, 28), a peptide derived
fromthe HR2 region of SARS-CoV S protein was
Wﬂ()dtg);smffsméld to be an inhibitor of SARS-CoV i nfRCI/US005/019266
ol 29 g 4 e R @ (HR2 .regi ons can associate to forma
and ‘\fsé&*iﬂ‘*iﬁmll‘_"&éiﬁ@m‘ rﬁgﬁgﬁ@r‘@%pur@tbgg, QOYONAYEERFD| | Y hs mouse
fusion-active. e c e P43y LB HI t
hepat&ngnac\:/?rr%%? ls%g% a Iﬁr\g)ugghegfgt)?ti%h%g?on%\/l\l/(lsgﬁgs@(rl\}ﬁ{l\?)t Hpen

pindi632,083RBD Theseheuggesl t Isatpoponihi idi nHCHE RBD the target
the viral S protein to A

2 on the t t | |
cell, cRanGeengest GiHEra T byPh b BT BT BhTUeRR I RE e HRL and
HR2 L R rs0ions: t pufoganf yseaeri cak®@r erang brimrgl venal target
and target cell nenbrane into close proximty,

cell resubtimy intei roko$esipowdmd teht ryesedyingTHny virus fusion
i ndi cat that, t he t nLaLni fu j ;
and Sl Ae O (HES DrOFor e Pey e Gaed SeoANT gene Topaing the
funct%l?o%légl lfw)ln@ﬂtrisbadh esht 0 sblpaek edir usabilveli ngedr abusindri.gens for
. everal |ive attenuyat ed and genetically engi neered
induciaec iEmés i P SRS Koot Sprr{?ftr%flr?gnagfe Pn
preclinical studies. Recently, Nabel and col | eagues
(34) reported that a DNA vacci ne candi date encodin
Seveddle Sipreot eirtamubivet Trokl [genrt Ak vl i%%@%?%od@a“ines

respons neutrali zi tibod ' N A¢ :
encodiTeh PBRIT TR0 S aRAOSRAPeciE nPSe™t i EARGLGpyC, studies.
Recerfd},| agSe BSafBOWd 1N aediuced 4)i t eesoofeGARBaCoM iINA vaccine

the respiratory tracts. They proved that th
candiptaftect i VICENFredi Bred bY nefgw%?%r}i ngl%‘ﬁﬁ?e%%di N

not. a. .IT-¢ - Y i . . \
£ 2015 A Joceld n%’ggndfé‘é SEshani sna Mpstizecent hytibbes tit
neu r_af:hdl cor}%a‘raielrs 5) denonstrated 1%hat %ntrgnasgllor  ritess
rangé ntAramustubar tmodullfid)onsaofl npretewtddhigity from SARS-CoV

attenuated nodi fied vaccinia viru cto Vd .
challengf a ?M/A?Ilgﬂﬂ_t agﬁfi n&etdllfge&enéc%r?\é%di nog'ﬁf u%zj(%?_(e%%\t]h in  the
resp AR P 2 BE ST €TRe b9k dpreduc atheS-peeddt ton was mediated

antibodies with SARS-CoV neutralizing activit an .
by naetradiriznagantibpdies]pgsRotamy %T%?Jejcf‘éﬂpﬁg@éggrgﬁfjhanlsm'

Most£¢@§%g§%&§pfe&gggn after ddanshelr Of B8HUM demonstrated that
intranasal or intramuscular inoculations of mice with highly
attenuated modified vaccinia virus vectors virus Ankara (MVA)
containing the gene encoding full-length SARS-CoV S protein
(MVA/S) produced S-specific antibodies with SARS-CoV
neutralizing activity (mean neutralizing titer is 1:284), and
protected mice from SARS-CoV infection after transfer of serum
from immunized mice. These data suggest that the S protein can
induce protective neutralizing antibodies, although the

neutralizing antibody titers are relatively low.

A recombinant fusion protein containing RBD linked to a human
IgG-Fc fragment (for facilitating RBD purification) as an
antigen (designated RBD-Fc, see Fig. 1) for immunization of mice
and rabbits can induce highly potent neutralizing antibody
responses in the immunized animals (geometric mean neutralizing

- 3 -
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frominmuni zed m ce. These data suggest that the S
protein can induce protective neutralizing antibodi es,
W@bkaokorghs t he neut ralizing antibody titers arePCT/US2005/019266
conbi nant fusion protein

g el atively.l o
iteie gbmée%m& it 1o b ok F§s RETY afpeRB fpd Plock
|I|t D urlflcat n%@)tln%g_n lied as a
RBD b&a %P@n ggﬁgg- 13%ed" ggégg% %EF@ Rinnunlzé??o%p%fle
subunftC@aabénkabbit §r@a@ntmducefhsgmsy potent neutralizing
ant i body responses in t he i mmuni zed ani mal s (geonetric
nmean neutraI|2|ngt| Tr>1 (fi ! alr t | antibodies
This Cah R %h %¥51§%005 RBR Rinidinaghtt 0 AEPon TPikdtein or
suggests t e applied a s a subunit
lsola‘tadmpreljmptpxmmcp@rtaomHSAR@DT%l@]ﬁ%e*h‘P| @n human IgG-Fc

cl oses a_rec i_nant f on prataei ysolat e ntigen
fragmﬁaiy g PFdegaS&ﬁggaﬁﬁﬁg R ﬁﬁlgﬁﬁéga Qﬂnn1§g (én anere
(desibfhageRntref-arc f acdd | Fayupg RBDﬂhHhfmmmtlndycashaghly potent
antigen (designated RBD-Fc, see Figure 1, % can (mean
neut rigddgd@chi Gttt entEREREREET zi nY antTBBY ePesﬁ%ﬁ%ﬁ?

I_n . n S igZingatiter, $535,6360 mice),
neutrﬁﬂlzqq%ﬂ %ﬁg%ﬁdig§§23égggﬁﬁﬁmﬁﬁ%ﬁg suggestlng t hat
sugge3BRrpythae &0 i edyasba sumidiad vaécide sfgunit vaccine for

preven&gg Zﬁg{ SARS. The spi ke (S) protein of severe
prevepdHd ‘'ory syndrone (SARS) coronavirus (CoV) |,

a type | transnenbrane envel ope gl ycoprotein, consists

of SI and S2 domai ns responsible for virus binding and

fusion, respectively. The Sl contains a

receptor-binding domain (RBD) that can specifically

bi nd to angi ot ensi n-converting enzyne (ACE2) , the

receptor on target cells. This invention provides a

vacci ne conprising an effective anount of the isolated

pol ypepti de or reconbi nant protein containing the

sequence of RBD in the Severe Acute Respiratory

Syndronme (SARS) associ ated coronavirus spi ke protein

or a functional fragnent thereof.
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This invention also provides a vaccine conprising an
ef fective anount of a nucleic acid nol ecul e conprising
wo b@sazageence of a fragnent which encodes the BEQUS00&019266

. «0f. RBD.I 0 Lhe,Sever.e. Acut e Respi rat Synd
[ S (T P g T ) prratory osyndrone
:zﬁs@gfﬁﬁﬁﬂ%ﬁﬁﬁgﬁﬁeﬁ¥ s spi ke protein, or a functiona

fragnent thereof. This invention also provides a
reconbi nant fusion protein containing sequence of RBD
The &pikde Eeyvergrdeedre ReSpiseateary Symdreoneeapigeitaryd syndrome
coronavirus spi ke protein, or a functjonal fragnent
% awgﬁ?ne envelope

(SARS} heFesPNaFAd USequéidd rof 2 hufdhm 196G EESFPR

1 gsLgpat ed RBPsFE) or Ofs1a BuACt Eonadorid 52 iple f
g ycoégereoﬁ. Ré%—chcan(?nduce hi ghl y pot%ntﬂgﬁ?igﬁgymSl = et

virusr ebpodses i anghe fusioni zedeaperaiyelivncl ddeng Slabiongains 2

and m,ce. The .anti, bodi ec Lze h U :
recepiBph ghnéﬁngongpﬁaﬁﬁ tﬁggggveréggcd%ggRgsplrg?ggiLﬁg pind to
angio®¥ndharecassaeiiaigedeaoknaaviROE25pi kehpr ateteptdihe on target
sequence of Sl domain in the Severe Acute Respiratory
cellssyndrone associ ated coronavirus spike protein, and the
sequence of theSevere - cli ' :-' Es'pcrai!:O "r'|
Syndronme associ ated coronavirus spi ke protein. The
This dntvidvadices grownicdes nal va¢eine, cpabbiisdngn@nmeddective amount

i mmuni zed by RBD- Fc_ef.f.ectiyel bi ndi.ng.: of o
of the §§4i§%ﬁ% PR ﬁgpgéggréa c&%é%@ﬁ%ﬁ%ﬁﬁoﬁgbggﬁgrégggalnlng
the 88§06hated£ORGMAViH UShepi fevereot gidutied BobpbketACE2 Syndrome

mol'ecul es or ACE2 expressed on.cells. The antibodi .
(SAR)r omsgeiciated e CQrONPIBEISs ﬁﬁ&kﬁichoFﬁﬁﬂniQ%dqﬁbggunCtlonal

RBD- E tly neutralized infection by SARS-
fra ) _ y CoV and
g%%#ﬁﬂﬁ%%géé?va S pseudovirus with a neutralizing

LLL?E ab?yt 50-_380-f8Ig hi gher than those of the

, [ anti sera i nduce DNA vacci ne : i nji.a ;

This iRV§NGéetors %h c%]fﬁ’Y}Jgd?%e o u‘fafc-cflerlhggt %Olg?gé%ﬁggm Fhrective

amour® 0L ei B. apletd oacod abllecht carddminsdiLind r e astigsenae of a
did not affect neutralizing activity.

fragment which encodes the sequence OB/RBD in the Severe Acute

Respiratory Syndrome associated coronavirus spike protein, or a

functional fragment thereof.

This invention also provides a recombinant fusion protein
containing sequence of RBD in the Severe Acute Respilratory
Syndrome associated coronavirus spike protein, or a functional
fragment thereof, and sequence of a human IgG Fc fragment

(designated RBD-Fc), or a functional fragment thereof.

RBD-Fc can induce highly potent antibody responses in the
immunized animals, including rabbits and mice. The antibodies
recognized the sequence of RBD on S1 domain in the Severe Acute
Respiratory Syndrome associated coronavirus spike protein, the
sequence of S1 domain in the Severe Acute Respiratory Syndrome

associated coronavirus spike protein, and the sequence of the
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This indicates that the sequence of RBD on Sl domain
in the Severe Acute Respiratory Syndrome associ ated
W(amotsna)ls_ﬁf us spi k_ebpr otein can induce highly pPCENS$2005/019266
o peutrall zing. anti.pady responses and can be devel oped
Se B ad Mk ’*ﬁpa?'g“é‘émg%*aﬁsm@mm eSgasbRRadf groronavirus spike
revention of SARS. The 1gG Fc |inked to RBD ma
prOteg?gnlficantly enhance the i mmunogenicity of RBDyto
FF)erB(E))dUPI'(I: hi ghhl Svel s of specific antibodi es agai nst
., 1e met hod of linking 1gG Fc to,an antjgen be .
The a{nﬁe@o@@@a nEfefeT g RGH S e(gFe1‘§' of raﬁPFgédi arab?’gg%/lmmumzed
he, cors.es | : LSnkNyentd o¥id in i
by REGod e T ar M e aes AT Re T minoaam o 1y of onain in the
Sever@nEjAcgﬁnel cg&Epﬁmm@r&n efi@ciny e aasogieteld aponpnagenus spike
and an c domain, its._functi |, fragnent, . or
protedfipsPaned iEaRt AREng AR RIEFE [dhin BT Te e on tells.
functional fragment. In an enbodi ment, the antigen and
the IgG Fc arel i | cdT | ul | i bodinment they are .
The dmuﬂbaﬁuea)ﬁnﬂmn%ﬁim@l%n(ﬁr@teiﬁabbFFﬁaPPQ,mﬂﬁ%ilmmunlzed by
_J hvention al so_provide t r, usi a il e
RBD- S0 B OS¢ T ORGP o 2T Emun 2Rcan” Hran eabad vont 70 Y
HTV/daRey-cane sisedeasiovactisnes tiFl SUREStRiagurzd iy . titer about 50-

Schematic di agram of SARS-CoV S protein, and th
300-fedebrmaltait ¥R oRDBRSt i RIS RNl PP Rauced by DA
vaccf§§§!%ﬁ§ g; §Fn§9dv§%d¥”ﬁ%d§br§h§ﬁ@o&§n@ shgnalull-length of

peptide ( PSJ ocated at the Nterm nus of the S
SARSHIOL € mrofteelrSl domai n contains a receptorbinding

domain (RBD) . The S2 domain contains a cytoplasm

domain (CP) , a transmenbrane domain (TM and an
Depl&Cidopi nagerppsehrofilsoqidat fvem naethaerausiigh not affect

peptide (FP) and heptad repeat 1 and 2 (HR and HR2)
neut ralgi oy FBED-Fet¥onsi sts of RBD and a human | gGFc

fragment. S1-C9 contains S protein SI domain and a C9

fragnment
This indicates that the sequence of RBD on S1 domain in the

Severe Acute Respiratory Syndrome associated coronavirus spike
protein can induce highly potent neutralizing antibody responses
and can be developed as an effective and safe subunit vaccine

for prevention of SARS.

The IgG Fc 1linked to RBD may significantly enhance the
immunogenicity of RBD to produce high 1levels of specific
antibodies against RBD. The method of linking IgG Fc to an
antigen may be used for inducing high levels of antibodies

against the corresponding antigen.

This invention provides a composition for increasing the
immunogenicity of an antigen comprising an effective amount of
an antigen and an IgG Fc domain, its functional fragment, or a
substance containing an IgG Fc domain or its functional
fragment. In an embodiment, the antigen and the IgG Fc are

-6 -



Figure 2 . Mouse antisera contained high titers of
anti bodi es binding to RBD on SARS-CoV S protein S
waleovaitznseX A) Bi nding to RBD-Fc by antisera (1:RO1/080)5/019266

“ oCQl lect.ed £ romai.ce before i muni zation (pre-imune
11&%@3@‘1@ %}@ig‘s“ﬂfaf:@égl%e‘%\%mb@@e@@pt( B) LB Vi di g télR§9cht%y form a
, _mouse_ _antisera collected 4 days after the third boost
fusiof PLOLEFes of 5-fold dilutions: and (C) Binding to
S1-C9 protein by nouse antisera collected 4 days after
' the third boost at a series of.(g-fold giluti ns. éAJl_ any of
Finaldynpltds SneteVeREt Y PrrSQupiti TEt AN ERPES priedent et ?
uesoof E¥e tieshs iGSamernf.orid henf ehbewingnt, they
the a%lrogfures é@él:i gure 3 . Rabbit antisera contained high
are utktiees ghcantielsedi es binding to RBD. (A) Binding to
RBD- Fc by antisera (1:10,000) collected fromrabbits
bef ore i muni zati on (pre-i mune) and 10 days after
each boost; (B) Binding to RBD-Fc by rabbit antisera
coll ected 10 days after the first boost at a series of
5-fold dilutions; and (C) Binding to S1-C9 protein by
rabbit antisera collected 10 days after the first
boost at a series of 5-fold dilutions. Figure 4 .
Neutralization of SARS-CoV infection by nouse antisera
di rected against RBD-Fc. (A Inhibition of CPE induced
by SARScel | nonol ayer by nouse antisera in a series of
2-fold dilutions was quantitated. The results obtained
fromthe experinent using antiserumfromthe nouse M8
was shown here as an exanple. The CPE was recorded
under a mcroscope and the virus-neutralizing titers
were cal cul ated; and (B) Neutralization of
HI V/ SARS- CoV S pseudovirus infection by nouse antisera
at a series of 2-fold dilutions. Inhibition of a
single-cycle infection of 293T cells expressi ng ACE2
by the pseudovirus was determned in a |uciferase
assay. Figure 5 . Inhibition of CPE induced by
SARS- CoV infection in
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Vero Eb nonol ayer by rabbit antisera was detected as
described in Fig. 4A. Figure 6 . Neutralization of
woosSARES CoV S pseudovirus infection by rabbiBCT/US2005/019266

e @A 18800 JNRLOLL oN.0f a single-cycle infection of
DETA ‘BEB%%@E&’@'P@I A RYEAEESURFESt he >|c/)seudovi rus was
determned in a luciferase assay. Figure 7 . Effect of
depl etion of anti-Fc antibodies fromthe rabbit
Figurant iser schsmbindi ngitor&t- G9f andRRS+USV nelit ratdtz iy and the

activity. The binding activit i - Fc- depl .
recompAppakt ecdl%ﬂacb"bi@r%?ﬂg%eﬁﬁb%%c%uﬁ&ﬁa| glc?ﬁiieﬂzfﬁdgéﬁ.gtggg of Sl
and sgz]?)do\ﬁ%%r{ge.asﬂ{e% bys B4 | SAgndhepagut aal i(zbng 13ekiveldt yt the N-

of the anti-Fc-depleted rabbit antisera against
termiHuy SARStGeV B psetdowi r ThenasSl c6ePaiad SRRyt dofreceptor=

. _,.untreated r It aptisera . FI 8. ;
o1 330 SR | COPD bl GBRed oI SIVH of ol Tty off Camek g™ domain
(cp) ,RBD ¢ paAGE2mbrandi Bbhbon offM31-081 bamdengotiomsdhulsiomposed of

ACE2 by nouse (A) and rabbit, (B tisera wa
a PUtRLIFQ SACERERR A ianos! pepr i)hEz‘?ana?% néBRalP2RYeE 1 ana
2 (Héﬁﬂéﬁfxﬁﬁﬁésfggfg§g.bﬁBba?Q'EoﬁBEb%@r@ﬂNﬂBﬂﬁﬁﬁﬂkﬁdnmbn I1gG-
ow cytonetry (C) . In the positive control, no
Fc firabpientser ks addédingi | 6 | prokeinegati véorehRr opnd a €3
fra neit her rabbit serumnor S1-C9 was added. Rabbitto
INREEED- expressing cells in a dose-dependent manner (D)
. I'NVENTI ON Thi s invention provides a vaccine
conprising an effective anpunt of the isolated

Figune| gpeplPddeorafecifit naAPtAr6EE nP ot ity t Ré antibodies
bindééieggo B®'§¥r§FQ§ﬂ@6@ cRBDo N A Ne1 Sg¥eEenACUlg Binding to
prratory Syndrone associated coronavirus spike

RBD-Hf ot Biyn @mtd sfarrct i ghal 0 fGYmencol heebofl. Exoan mice before
. enbodj ment, appropriate adjuvant, (s) i re | .

1mmuf_%3|’1%a§3a‘?% vga%%?ﬁjé@rﬁ%%ch &y eséiraig/k%d aﬁ}c%ffhi gg%ﬂ "bbBst;  (8)
Bindﬂérgﬁ’_eEB' ?@dDJE% a§ Upblige emhadigrentcolhecvatcinemyar eefter the

nj ugat ed.

third boost at a series of 5-fold dilutions; and (C) Binding to
S1-C9 protein by mouse antisera collected 4 days after the third
boost at a series of 5-fold dilutions. All samples were tested
in duplicate and data presented are mean values of two tests

(same for the following figures).

Figure 3. Rabbit antisera contained high titers of antibodies
binding to RBD. (A) Binding to RBD-Fc by antisera (1:10,000)
collected from rabbits before immunization (pre-immune) and 10
days after each boost; (B) Binding to RBD-Fc by rabbit antisera
collected 10 days after the first boost at a series of 5-fold
dilutions; and (C) Binding to S1-C9 protein by rabbit antisera
collected 10 days after the first boost at a series of 5-fold

dilutions.

Figure 4. Neutralization of SARS-CoV infection by mouse antisera
directed against RBD-Fc. (A) Inhibition of CPE induced by SARS-
- 8 -
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A s used herein, functional fragnent is the part of
the RBD which carries out the function. In an

werwodesent , the function is to bind receptor SPCT/US2005/019266

- PPt de. or..Polypeptd de or protein with RBD Sequence
covt dapt ttégnﬁz‘e"-f“ﬁoﬁi\‘f%m\f“ Pl adr nsvloiAste HAp( (TRieF antisera in a
. _pol ypgpti af. -pratein co |.Si e 0 :
seriofoukREREL0R, LA (B S ARMENER Cheosunes cbrained
from BBSPlekpleariyneBytndioitey assotsated Copmnahier usowsye KE8 was shown
protein or a functional fragnent thereof, which

here BSe@laS*RRRIRI nEL¢ of PBr Beentisrg Tl e it by @é%gggggpe and

the A\?Hﬁ%ﬂfgéﬁaéwﬂn@/ndw{f@résswﬁé ed coranamiddis. lamd  (B)
an enbodi nent, the RBD i s having the bel ow sequence:
Neut rAll Thih CREGEENATKEAARAYERKKE  SREVADYSVIVeNSTH-tion by mouse

. TFKCYGVSATKLNDL CFSNVYAD - I e

2Nt 3BYRVE PODENELYE AT DATCTORVNYRYRILIRCK. REE S ton oF @
s1ng1 NVRESPEGKPOT ERAL B YVPE NDYEY T EEGLGYPYRYSYESRELLANE2 by  the

ATV. (SEQID NO 1) This invention is intended to
pseudoyir St e ShErGRIEEFEENE 6 THFIRTESEN &S FP¥agnent of

the bel ow sequence:T e PENTK ' 'P SV

AVERKKI SNCVADYSVL YNSTFFS
FigurEF KLY GISATKLENDIOCF SNYY ADSFVWREBDYRQ PGER8JI-AoV  infection in

Vexo [ /PFSPREKPETPPRINCYPLNDYCR Y1 TEr GHOVFARV SEEL L RRp do2 4250

in riTVan(SEQ ID NO 1) This invention is intended to
cover the RBD sequences with natural mutations in the
SARS- CoV strains identified so far (b) : such as R344

Figuzs 6 .F%@é%f&a#%@ign: oMMEIVKsARBABAVCS pHBH T ir@Ntinfection
any unnatural mutations. As it is known in this art,
by rAubati emtisdistit Ghhobitinseraf on aihafeteryoke ofinfgetion of

2937 ADGRRPEFES CREMAC. W HaHyGRe S TLOT & g dae’ determined in

a luciferase assay.

Figure 7. Effect of depletion of anti-Fc antibodies from the
rabbit antisera on binding to S1-C9 and virus-neutralizing
activity. The binding activity of anti-Fc-depleted and untreated
rabbit antisera to human IgG (A) and S1-C9 (B) was measured by
ELISA. The neutralizing activity of the anti-Fc-depleted rabbit
antisera against HIV/SARS-CoV S pseudovirus was compared with

that of untreated rabbit antisera (C).

Figure 8. Mouse and rabbit antisera blocked binding of S1 which
contains RBD to ACE2. Inhibition of S1-C9 binding to soluble
ACE2 by mouse (A) and rabbit (B) antisera was measured by ELISA.
Tnhibition of S1-C9 binding to cell-expressed ACE2 by rabbit
antisera was measured by flow cytometry (C). In the positive
control, no rabbit serum was added while in the negative

control, neither rabbit serum nor S1-C9 was added. Rabbit



intention of this invention to include said nutation,
substitution, insertion and deletion. Nucleic Acid
wWOo-e@dgensts Encodi ng RBD Sequence Nucl ei ¢ aci d vBCT/URHS5/019266
o OF fre ey enNQW- QpRQLEMRI LY to i mmunize with materials
an‘élgﬁga" 3%@@ ﬁ’ttﬁggﬂ ““"é%baéeng dxprdSBedeyreneing cells in a
reci pi Y e . There is greater control over
dosetﬁ%bgﬁgﬁﬁ?3%%¥%%£pk%2éss. The vacci ne nmay be
adm ni stered in skin or nuscle. Qher nol ecules such
as cytokines may be coexpressed. In addition
i mmunosti mul atory DNA sequences may be used to
nodul ate the type of response (Thl or Th2) . The
duration of the response can be controlled by repeated
exposure to the genes, which are expressed
transiently, by a variety of delivery nechani sns such
as: direct injection; electroporation; mnmucosa
delivery, etc. The ability to nake DNA nol ecul es
strictly by rational design nmakes it possible to
bypass years of devel opnent for the production of
ef fi caci ous vacci nes. These vacci nes are expressed and
presented in the host, making an ideal mmc of
intracel lular antigens. See U.S. Patent Nos. 6 , 339,
068Bl ; 6,821, 957B2. A DNA nol ecul e conprising a nucleic
acid fragnment (e.g, DNA vacci ne) encodi ng sequence of
receptor-binding domain in the Severe Acute
Respiratory Syndronme associ ated coronavirus spi ke
protein or a functional fragnent thereof, can be used
as a vaccine for preventing infection by Severe Acute
Respiratory Syndrone associ ated coronavirus. Live
attenuated viruses (e.g., MVA) containing vectors
conprising the nucleic acid fragnments or all nol ecul es
whi ch conprise the sequence of said fragnments encodi ng
sequence of receptor-binding domain in the Severe
Acute Respiratory Syndrone associ ated coronavirus
spi ke protein or a functional fragnent
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thereof, can be used as a vaccine for preventing
infection by Severe Acute Respiratory Syndrone
W(asmbts/al_z(ﬁﬁﬁd %gr onavirus. Fusion Protein or Pol BOEPS$1008019266
o pogtal pi ng.. RBR Seguence Li nked with 1gG Fc Domain A
DETA££§B1DﬁSbﬂgéﬁigggﬁFéﬁﬁEséNHE@EIQEIypep?ide that contain
sequence of receptor-binding domain in the Severe
Acute Respiratory Syndrome associated coronavirus
This SRvk@tRLe! @rdvaded faineidened Eompmestng heneefffekitiked amount
to a substance conprising an |1 gG Fc,domain, its, s
of theinésiodr&lec raghERerbida %s?gﬁ%b&&ﬁ? i Prytaht | gentaining
the FEeSQQbe—BEnaEE%fUQ&&&Qﬂ?' f fr@@yENt jncantRE Usesha&se @ Acute
vaccine for preventing infection by Severe Acute
RespiRaspiryatyyd Symer ereoas sbefatear worohzid r aplkg Iotein or a

nol ecul e can be c|eaved_by t e Y ith :
cuncrPheds EPaent SLEPYETen), | ol DR TR L gifroprsate
adsuviheUlshi da dyends tasda oducen t woh&absht dgneatsiard ongich are

Fc fragment (59) . One of the main fgnctions of tge Fc
descrdbesi nifs FesponsIERE¥R - bi ndifngof THHEIRBI eTTRIBeIE,  the

vacciﬁ%sr%%%PE%5§ aﬁ% R) on cell surfaces (60) . An
exanple o h gG sequence is illustrated

bel ow. THTCPPCPAPELLGGPSVFLFPPKPKDTLM SRTPEVTCVWVDVSHED
PQVKFNWYVDGV

As uSOYHNIRIKPRECEVAETVARRSVE TARBRIN DEREVR RIS K RTPABISERRD hieh

carrf@gwg%% the function. In an embodiment, the function is to
. PREPQVYTLPPSREEMIKNQVSLTCLVKGFYPSDI AVEWESNGQPENNYKTTPP
bind WERSHG BFRLYSKL TVDKSRWIQGNVFSCSVMHEAL HNHYTQKSL SLSPG
(SEQID NGO 2 ) (61) 1gG Fc fromdifferent species
shoul d work the same. This invention provides a
Pep tiRiea IR @Rl yoep t depos i prore o mpk Fls | REP a¥gaesnede above
descri bed i sol ated pol ypepti de or any of the
above-described the fusion protein and a

This P*ﬂﬁ%_@g‘&%%i cadyi @ssephabl o car&d epepthide | ovemidlgpeptide or
provides a nethod for induction of antibodies

protein comprising sequence of receptor-binding domain in the

Severe Acute Respiratory Syndrome associated coronavirus spike

protein or a functional fragment thereof, which can be used as a

vaccine for preventing infection by Severe Acute Respiratory

Syndrome associated coronavirus.
In an embodiment, the RBD is having the below sequence:

NITNLCPFGEVENATKFPSVYAWERKKISNCVADYSVLYNSTEFES
TFKCYGVSATKLNDLCFSNVYADSEFVVKGDDVRQIAPGQTGVIA
DYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDIS
NVPFSPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAP
ATV. (SEQ ID NO: 1)

This invention is intended to cover the below sequence or a

functional fragment of the below sequence:

- 11 -
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agai nst Severe Acute Respiratory Syndrone-associ ated
Coronavirus in a subject conprising admnistering to

wo b@sauispect any of the above vacci ne or an ef PEDUB2065/019266
amount of the Lsplateg pol ypepti de of any of the above
dEERY G EVENBER PPV ERRERKK T BBCEDRPOELYNSRFFEN an

wcge%&%;gs%wgﬁg? gﬁwﬁeﬁwﬁgﬂﬁﬁgegﬁ&ﬁp ﬁiagg
|EHNHKLPEBDM@G@LAWNERBDDAPSTGNnNYKﬂESLbﬂﬂgLRPﬁERDIS
uades uman but

c‘}%ﬁ’%Se%%G%%?%?%LNEE@HL%BY%‘QETJE\%G‘&Q? ERVYRESEBGYREAP

nethod emy ppodgcer pol ycl onal or nonocl onal anti body.
Thi s |nvent|on provi des the anti body generated by any

of the above nethods. These antibodi es nay be used to
, t reyen t nb Severe ute Res |rato
Thlss%ﬁﬁ%%#%Pgss%c EFéQ&?brgﬁaV|¥% |-|d|09 epg s
natuMithda(ﬂ’mﬁslmneﬂheosApse@bdeetaamstndedt@tyedcso far (6):
antibodZ mhichgghould mmc the RBD, or a functi ona

such 25 tRIME thefeoF 308 gai st L he TroRocNdALl ~akii BAEY - G; T487 -

S a§@e§ﬁf|gnﬁ9t5§ghoﬁu§%@§5ggrona virus. This invention
" Talso prOV|des a vaccine conprising an effective anmount

of the anti-idiotypic antibody, a functional portion

her eo or a S|n e chaln ant dy whi ch cal functlon
As l% i Ke® t gﬁtl-ldl%ﬁ?pf% dntWB%ag}g?hl§sqﬁV€n n, "insertion

and pcﬂ@l/dsﬂﬁsna €t heHef OEcdeérEsk NI Aget hgoBsubL Al i %hﬂge the RBD
epitope contained in S| of the Severe Acute .
funciReQp) r £For yIBYRUPOPRLI G4 FYs E6HBADSI nguReleaaed: (dF 1s the

inte@ENGHh Al idyg peplide EBQ%EESnRBDcéeq%{E c@e{) S%Iggd(}o mBtation,

protein; (b) 1nmunizing animals . 9., its,
subsett)tivwinh theepepondess @e)etmbhectlng bIood fron1the
I mmruni zed ani mal s; and

Nucleic Acid Fragment Encoding RBD Sequence

Nucleic acid vaccines offer a new opportunity to immunize with

materials that are entirely gene-based, expressed by the

recipient’s own cells. There 1s greater control over the
immunization process. The vaccine may be administered in skin
or muscle. Other molecules such as cytokines may be co-

expressed. In addition immunostimulatory DNA sequences may be
used to modulate the type of response (Thl or Th2). The
duration of the response can be controlled by repeated exposure
to the genes, which are expressed transiently, by a variety of
delivery mechanisms such as: direct injection; electroporation;
mucosal delivery, etc. The ability to make DNA molecules
strictly by rational design makes it possible to bypass years of
development for the production of efficacious vaccines. These
vaccines are expressed and presented in the host, making an
ideal mimic of intracellular antigens. See U.S. Patent Nos.
6,339,068B1; 6,821,957B2.
_12._.
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(d) testing the antisera collected from animals

i mmuni zed with the peptides derived from SARS-CoV s
wW@e@ba2es6iRBD f or neutralizing activity agai nstPCT/US2005/019266

SARS- CoV. A s an alternative, cells may be i munized

invitro. Spleen cells of an appropriate host may be

ar n 5&2{ it e.RBD of SARS: CoV S
A Dl\%’r o%ﬁg?ﬁsg}&?tgcr t eflﬁn ni%aé“iﬂgrl},el ou%?ﬁ% ﬁ%%%% f(§- 9, DNA
vaccjreduciamiiofg nseockaaal aft i]b@ﬁé;ﬁé&oﬂﬂ%ilb@iﬁ@r rdg@éhiout in the
. Epitope This invention further provides the epitope .
Sevelt U RS DT SARSGOY SYBAEEEn. 2 0GR BRBoFaRAMA Y itve  spike
prot&Phtepe bs geter Al byrdhembovedeser ibed mephod,coy a5 2

In a further enbodiment, the epitope is a
vaccheut fQY zREPIANEpNDopenARct sohatled [Sevepept Rdeter Respiratory

syndfgﬁéw%ﬁgggga@égtfgfbgggi L0ing the sequence of the

neu I'zi'ng epitope can be’ used as a vaccine. The
nucl eic acid fragnment, or the nucleic acid nolecule

.___which contai ps the sequence of a fragnment, encoding
Ll"eth@"shfeedu’e%t@épof SRt rdiSi-Sing efiVPope ePnhateéngr vectors
compELIPEJ Sithg nH§b§é§ca%@ic§r§QJ§gﬂl%nt%r E?e | 618 2%hes which

nol ecul e whi ch contains the séquence of a fragment,
compiheedithg t hedgegaencef ofsatilde hAragmahizi renepiirope seayience of °

e s_vaccine, This.inyention . also ovi des_a
rece R B AT RITY ¢ e 'B8qUENES oA Lo ReHR T EntFy Syndrome
assodiwr@pi copenakiran esPOde Mytotdite 6@MOUANCEidnal fragment
eptide or polypeptide. This invention further _ .
ther%?jg'vi g88 PTorPeei fiSon? cHREFLEPNE X cBAPBAREIWAI dimfection by

Seve£OMAINS ﬁé@bf%&ﬁ@@f'S§£@i$ﬁ@l%§§@c9§9é%d8095navirus.

pol ypeptide . This Tnvention al so provides a vaccl ne
conprising an effective anount of any of the above

Fusio%ﬁ{?&go?:i%ilﬁmo?ﬁr an?llls I()e[ﬁ’ti fad oé]orpi'[a(?j}/ﬂidnegs I@Blyeéehggerflger Linked with
IgG Fc Domain

A fusion protein or an isolated polypeptide <that contain
sequence of receptor-binding domain in the Severe Acute
Respiratory Syndrome associated coronavirus spike protein or a
functional fragment thereof, linked to a substance comprising an
IgG Fc domain, its functional fragment or a substance containing
an IgG Fc domain or its functional fragment, can be used as a
vaccine for preventing infection by Severe Acute Respiratory
Syndrome associated coronavirus

An IgG molecule can be cleaved by the enzyme papain with the
hinge region at a site upstream of the inter-H chain disulfide
bonds to produce two Fab fragments and one Fc fragment (59). One
of the main functions of the Fc domain is responsible for
binding of IgG molecule to Fc receptors (FcyR) on cell surfaces

(60) .

An example of the IgG sequence is illustrated below:
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agai nst Severe Acute Respiratory Syndrone Virus in a

subj ect conprising adm nistering to the subject the
w@b@sa20setci ne. | ncrease the | mmunogenicity byPCI/nK1008019266

the 1gG Fc Domain This invention provides a nethod to

i ncrease the immnogenicity of an antigen conprising

o0 s 9 SRR o S O AR v

fQUHNA KT ke R QA B MR UGS \SLal VL BN WIgRE K E YIRG ISV S NWRIM A TR KT T SKAKGQ
% S0 provides a %p osition for increasing the

M RYge T i RE S5 R Vet e onmpt i G4 @E@&NYI@T&TPPVLDSDG
ms@%@ﬁwmwsd@mmﬂ@ﬁ stz OES}%]%GID NO:

functional fragnment or a substance contalnlng a
Féldomain or its functional fragnent . In an

enbodi nent o f the above nethod or the conposition,
the linkage results in a fusion protein. This

TgG Favendm ofi Bf Soept ospslesed swbhod workneneassemthe
I mmunogeni city of an antigen in a subject conprising
adm nistering to the subject the antigen linked to the

Thlslgghgﬁtgeﬁmﬁ}dyldé§5£uBﬁé%ﬁ%gEgﬁﬁégﬁEka@%éf%lon comprising

substance containing an omaln o r
any bﬁnd:the)naboveagirwmrlb‘éhi sisovaened opopypepdesiea or any of the

Qp 03|t|o easi_ng the i munogeni C|ty
abovey ]%%ﬂp gc)élng gﬁléF?ec??QEeh%nuﬁg% np%ﬁf?@%ﬁutlcally
acceﬁﬂ&b}bfwﬁﬁwuégCEFc domain, its functional fragnent, or

a substance containing an 1gG Fc domain or its

functional fragnent. The 1gG Fc domain can be from

This r@%Q@%tl USE,8%188Y o hGk+aRiymaLS, fﬁa&gﬁléH”W %hogﬁglbodles

can any origin so long as It can Icit
agaln$%p©ﬁserelhcahee@b@@lmaﬂorﬁlﬁyﬁﬂHQMﬁHH&HmEmﬁﬁéﬁESoronav1rus

an antl en t hat .can duce antjbodjes, In a further
in a ﬁé g Ompﬁéséﬁﬁiéﬁ%WQ$§ﬁﬁ§W%ﬁ ??oﬁpﬁnsPﬁﬂ§€ﬁ(ﬁR¥ of the

abovéﬂﬁﬁ&01ﬁ@ 8rshhl brfdethee emRReMIH .tid iSolafedi p8lypeptide
orl n.
of any é% the above described fusion protein or the composition.

In an embodiment, the induced antibodies are neutralizing.

As stated herein, subjects are organisms which have immune
response. The subject includes but is not limited to mammalians.
Said subject includes human but could be animals, such as dogs

and cats.
The above method may produce polyclonal or monoclonal antibody.

This invention provides the antibody generated by any of the
above methods. These antibodies may be used to treat or prevent
infection by Severe Acute Respiratory Syndrome-associated

Coronavirus.

Anti-idiotypic Antibody
- 14 -
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The increase in inmmunogenicity may result in high
level o f neutralization antibodies, in high titer of
wa@nioshebes agai nst the antigen or anti bodi es BT/OSIV0FMM9I266
binding affinity. Appropriate adjuvant (s) may also b
e used in the vaccine or the conposition to increase
e respaon Sai sage. Q uvant.
This ESV&”P%OPhgrd%id%%heIgdgﬁgangglo£gPu eag&t%&éi\M%lCh should
mimid i ihieedRBO, Saponian BasediadplvapdstIth Ihéwedf,"' hgadnst the
-rt 1'p' tOV|des t he above conpositions and a
MOno GNadk it Healy ySReekbt @b e rPer SARReFRBYNE oF AEHG-
pharmaceuti cal conpositions. This invention al so
provi des a pharmaceutical conposition conprising a
This conbenatiron also desevides abovecaine anrmamadegt iaral £§fective
amouncceﬁi kﬁaca&&H?Hdlo oke BALROSER, O E 1 ortion
ion, " arnaceutﬁ§3f1y gcceptgble ca PPSF&ona P
theré&‘anSraray @ﬁgl@ecsaaﬁdaﬁﬁlm@@mﬂ&mcahncarurnldtrls}n like the
nples, o f suitable carriers are well known in the
antlzﬁql%ﬁﬁph%yamﬁépﬁﬁﬁ but are not limited to, any o f
the standard pharnaceutical carriers such a s a
phosphat e buffered saline solution and various wetting
This ageintwsntGdrer gqarailsless may i nuﬂem@@daddifbirvesdaSedmfming the
taplets, gran s and_capsul.es y I suych
neut i gL RS BB PR E exErpraRTE e iR o 30 o1 orthy TSvere  Acute
Resp Stiiedxy COYA@E Omé YPESU® topBYsingl atéps §E€ar|C acid o
r salts thereof, magnesiumo r calcium stearate, talc,
vegetable fats or oils, gum glycols or other known
| pi S 0 I 0
Lr ChTrs VHEO BEPLL D B Thel el ol Xe SRS -cov s
conprigrogesnch carriers are fornulated b y well-known
c nventlonal et hods h|s i nventi denonstrate that
2 Upbpt 1HEZ A7 1 VEd T P8R ehe H  cHTOR hat FARFbIGYy "ith the
acti vigpypondSARS- CoV infection and it can interact
with a peptide derived fromHR regiont o form
si&hel ¢x1 baigbiey beaedbfrey the fusibhzadt ppémadpe and

SE&FCtHégtgné the antisera collected from animals immunized
with the peptides derived from SARS-CoV s protein RBD

for neutralizing activity against SARS-CoV.

As an alternative, cells may be immunized in vitro. Spleen cells
of an appropriate host may be harvested and contact with the RBD
of SARS-CoV S protein. After the immunization, routine
procedure for production of monoclonal antibodies may be carried

out.
Epitope

This invention further provides the epitope of the RBD of SARS-
CoV S protein. In an embodiment, the epitope is determined by
the above-described method. In a further embodiment, the
epitope is a neutralization epitope.
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gp4l in HV. These suggest a nodel o f SARS-CoV entry

into target cell: upon binding o f RBDon the S| to
WQ\BH2/12885 changes conformation b y interacti onPOPUSIEFH019266

the HRI and HR2 regions t o form fusogenic core and

bring viral and target cell nenbrane into cl ose

[daty,. I i Q..Vvi ' a ntry. This. .
A R reREP R et R TERe RS R et e
sequergeon$ thet heuSrpildtzéing raytbpe usedba SisiATUROGERSIccine.
to induce antibodies t o block virus binding or
fusion.a nethod for designing effective and safe

The HHMRilc vagednesdflerddr event itoR ofuSARS-USING 8nolecule which
reconbi nant fusion protein (designated RBD-Fc, see

contgigs the caatdFArAg HBDR | ifMkemend hupeeodyB FEhe sequence of
f t. (f facilitating BR rificatign).as an . .
the Héﬁﬂ?ﬁllélﬁ%ﬂdﬁ§itope %Q aﬁ Qgg%or 8 %r%%én nt ﬁ;c acid

antigen to i I ze rabbits and ‘eval uate
fragmeners ot bthdi nguRBBiandapedt r abilzbngeSARE1GHY Wastains the

used in order to design effective and safe subunit
Sequ%ﬁ%%iné§€foﬁ prgG@ﬂW?gﬁ'of WS inthe th¥ent FBAUGNRFE pef  the

neutb@lif@ingngﬁﬁﬁb?@deY/ bef gsencest 9akRenExperi nent al
Detail s which follow, but those skilled in the art

will readily appreciate that the specific experinents

. d ' r Y. rative, and are not, neant to
Thlsl?%?%h?ggﬁi%9%%{i%%$%§§%%s%rFEQEQ%%%ﬂ?ﬁn LH§ gthe sequence
or cdefbmedthynt lef ctiee nepibbed. f ollhown embodiment, the compound
. thereafter. Materi al s, and Met hods Expression of
1s 2 ReBhbiRaft BPBBYREPEAESS1- C9 proteins. Plasmd
encodi ng a 193-ani no-acid fragnment of SARS-CoV S
. protein, corresponding to the receptor-binding domain,
Thisf ysedenridnt huFehdonaprovidhanea | gGhpORBDiBo) apndprising a

l.asm d .epcodi | _protein (residues,12-672) tagged
comp oG ST el POE (SIS} hak "Bech® abake fpgiFptide or
polypeeviawsly (21, 23) . The RBD-Fc and S1-C9 proteins

were, respectively, expressed by transfecting 293T
cells wwth the plasm ds using Fugene 6 reagents

This ( Ba¢BLiAgEr MIWhEBYides a vaccine comprising an effective

amount of any of the above composition.

This invention provides a method for induction of antibodies
against Severe Acute Respiratory Syndrome Virus in a subject

comprising administering to the subject the above vaccine.
Increase the Immunogenicity by Linking the IgG Fc Domain

This invention provides a method to increase the immunogenicity
of an antigen comprising linking of an IgG Fc domain, its
functional fragment or a substance containing the IgG Fc domain

or its functional fragment to said antigen.

This invention also provides a composition for increasing the
immunogenicity of an antigen comprising an effective amount of
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I ndi anapolis, IN) according to the manufacturer's
prot ocol. Supernatants were harvested 72 h
w@omsALwsenst ecti on. Reconbi nant RBD- Fc f usi on PCDUSt005019266

were purified by Protein A Sepharose 4 Fast Fl ow
an antAgenshinkBidodol emcelsiGC e cdemaay, ONJjts AHacsiopgl fragment

proteins were purified b fhnity t bt 1
or a aﬁPF)-SE@nﬁﬁusceo NONOC n&}afa%aﬁ]f?%ogytcf (%?@D%g{ %?iyo\r?gl rona
fragme@kl Culture Center, Mnneapolis, MN) . |mmunization

of mce with RBD-Fc. Ten Balb/c mce (4 wks old) were

i mmuni zed subcut aneously with 10 ng purified RBD Fc

e dii o PBSHEPH TR R thhe Peesence ebnpbB+TDbh, the
In aid%&%%%?g%ystem (SIgne, OSai nt Louis, M) and bo%%t ed
linkawiet retshid tsame antfiugewnprededti.ons at 3-wk interval s.

Two Bal b/c mce as controls were treated in sane way

as the immuni zed m ce except that RBD Fc was repl aced
This DYiRBSatPrg- i mere sgreviges cal | emeedobef are startinge the

the inmmuni zati on and antisera were collected 4 days .
immungidesyl cddah bedst . 2Ber a2t 8SRept 14t 42 0C PEILFEE usgSompPrising
. Pr PN OF fabbl by ANt Seha. J2abbjdn anthgBlato the IgG Fc
admin |S?C%(lj:tcité[{ogog%:;§i sop %EEID%H were pr oduc?jedn at Covance o
domaiResear ths Prfadattenbc £ xzDemerdr,, ®A)ausithgtenger containing an

st andard prot, COl‘sﬁ?' I%r.i eflﬁ, NZWernaCbbits wer e
19G HGnAmiedd Gt HRA5PIE Y H B0 puri fied RBD- Fc
resuspended i n phosphat e-buffered solution (PBS, pH

7.2) in the presence of Freund' s conplete adjuvant h
This ( FOAyenBhen bodEPEAAREt h & r 3PIRP Fthoden ToRd Brethfd S99 ©

s I YW 1Bt efyabscect t of
1mmuqﬂ%§$ﬁ%ﬁ%€ ggr§ﬁ&§%§£%$%egkg r%%%ggegitartiﬁa %Kg amount ©

an ahflyshzahidon amdnant fger Favedenedh) edted fnatayenaglf t ragment,
each boost. Sera wer.e kept ef or.e us

t 4 0C o .
or apnPYREtintfkeFOMNALHOSSr b tﬁggsac( Ofn§,&)n.o$helts functional

Fragh&PCti Whiy Ric MPUS&IAHMl A abhht ser arpht rarayigusmouse or any
anti1 gens was determ ned by ELISA. Briefly, 1 ng/m
other exmitbdhaint proteins (RBD-Fc or S1-C9) or purified

human 1gG (Zyned, South San Francisco, CA) were

The antigen chosen can be of any origin so long as 1t can
illici; immune response. In an embodiment, the antigen
encompasses any antigen that can induce antibodies. In a
further embodiment, the antigen i1s derived from an infectious

agent. In a still further embodiment, it is of viral origin.

The increase in immunogenicity may result in high level of
neutralization antibodies, in high titer of antibodies against

the antigen or antibodies with high binding affinity.

Appropriate adjuvant(s) may also be used in the vaccine or the
composition to increase the immune response. Said wusage of
adjuvants is well known in the art. The adjuvants include but

are not limited to saponin based adjuvants.
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used, respectively, to coat 96-well mcrotiter plates
(Corning Costar, Acton, MA) in 0.1 M carbonate buffer
w@ pﬂds@zcﬁ)s at 4 0C overnight. After bl ocking w RET/B005/019266
o “:."n%ﬂ;t aL, I ““Iii Ko oy SEL4 tﬂ!!il?'y diluted nouse and rabbit sera,
spat =|‘ggu-£¥shé'em dewl itieubabedeatcEm G Fokons hand a
, follo y four shes with _PBS containi % .
pharmaf‘%\%%wci%\ff%oundagﬁ?\ﬁgggi s weré de egrdt ed B%/ﬂ]%rdeglo%i on FOTMLNg
pharm&eRPEQN] be@bedi goahsanti - mouse and rabbit 19G
(Zymed) , respectively, and the substrate 3 ,3 "' ,5,
29' -tglt ramet hyl benzi di ne (TMB) sequentially.
Thi sQrba %at{l%pn nas asure ke | a it
-8 reaggr ( ec_ana S, Rg%eargﬁgﬂi angpi}gé/rPar k@%N%AaP E8mposition
comprb?iuhgal | 2at | crorofirBARSICOV &af ectiesarikedt r aldlxatd on and 2
of SARS- CoV i nf ect.i was _assessed.a revi Qusl :
PhaTMESRF i BeG Y 2 SO N y CRUerG (Eb Bat | S hwr B prared ©f FNis
invent 9¥hO el hedvid)cd N PbavebbrbbssuecLit ietr€’ pabes any of
and grown overnight. 100 TG D 50 (50%tissuecul ture .
the pBhhacpiteus RIGSERCEUSARS CAR G St r ab FAPALRessPon suitable

carriggggsé: ﬁ%%ﬁ?%ﬁ%%ﬂ?ﬁ%%n¥ﬁgdaWEt%ﬂﬁwﬁﬁvﬁﬂnﬁﬁﬁﬁgg Bfit are not

Th i}ié “’"‘fj_u: X

o

nouse an it sera, respectively, an

limitéﬂcﬁilbuat ethyato87thE kcaanBlalrd, pheermEcauiricalascagdeers osuch as
nonol ayers_of Vero E6 cells. Cytopathic_effec :
a phogpdatec WIEFTST EJSF p%%][sq‘f%récg?%nvgglg}lgvitwg&sgpg)g agents.

otherdesgiifeds (R9) inHedRewddl t zvog Uisker sir epapiensed granules
the dilutions of nobuse and rabbit antisera that

and mxrrmllee@;yq@rceveﬁy@acebtyi FBHY GRIERETRe| FRN ALY gxcipients
cal cul,ated w th- Reed: th 4l t i@n. :
s LGRS, AP LS00, (RGP el potein
stear\bﬂi_@s fnﬁﬁgab&d as1ps eviheuslof ,desegnbeiufi2dr 2dylcinm stearate,
rief, 293T cells were co-transf ected with a pl asni
talc,en¥6gPHGPd6donspt i AT zedt SARS- € S %f%?%{t% aon]g aoscrﬁe% known

exciplle@®® d epepdi pgrENYr deinfet iangso | Yeiclude flavor and color
erase-expressing H V-1 genone (pNL4-3 .luc. RE) usjng

additBugene of r eabent si{@Boedrfnger PIRPIRF Yy L ONSyperHRE BhtRg  such
carrf§¥gzy£g'%%J%aﬂgﬁﬁ?lgp%é%ﬂyﬁﬁ§wﬂ]3&H§%ntional methods.

This invention demonstrates that a peptide derived from the HR2
region had inhibitory activity on SARS-CoV infection and it can
interact with a peptide derived from HR1 region to form six-
helix bundle, resembling the fusion-active core structure of
gp4l in HIV. These suggest a model of SARS-CoV entry into target
cell: upon binding of RBD on the S1 to ACEZ, S2 changes
conformation by interaction between the HR1 and HR2 regions to
form fusogenic core and bring viral and target cell membrane
into close proximity, resulting in virus fusion and entry. This
indicates that the fragments containing the functional regions
in the S protein may be used as immunogens to induce antibodies

to block virus binding or fusion.
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15

harvested 48 h post-transf ection and used for
single-cycle infection of ACE2-transf ected 293T
w@eiosa2058% i ef | y, ACE2- expressed 293T cel | s weP€T/pkrb&ai9266
| sijeII Q,“,,j,t@,(f Egﬁ-wel | tissue-culture plates and ,
vkt R gD BRR des) dovimaish afhs Tprei FReb@n b wethective
2-fold serially_dil e r it sera, ;
and  $a&BecPROdIT b AbEe, TRuge BRduERRIch B saRs using a
recomBehhst ThHestuht upeowadnr e-(Hedignblietr eRBDrER, ums24 hFig. 1)
| ater and incubated for an addi%io al 48 g . Ce”ﬁ[-[% {1itati
contajaiBInwkERed WKIT PES BIHERT y5&d {Si hG2PPSPS &agedpcttttating
prp  hgli4deddin g | ugdf snasankiiyehPr afegaimivdi son, Mbbits and
Iquots of cell lysates weré transferred to 96- well = |
evalu@gstiarti¢ atniiébooiy | tht eosredr piadesg ( ERhi agdcastgralizing

ni ng, , » foll awed it]o0 I f S :

sars-CYI: o ook P ] e Pleb il ShasSare subunis
vaccidekersirnedeviediont @lfy samst.he U tra 384 | um noneter

(Tecan US) . Inhibition of Sl-protein binding to

sol ubl e ACE2 . Reconbi nant sol ubl e ACE2 (R&D syst ens,

neapp] i 175)8 2 Rt s WS4 CaRt edelrRrence to the

The %@%%F%Eu SA pl Z)tees (Eg%ﬁi ng C%%? ar)di 2%0. 1M _
Experdachardt ©didfles (ptcd. 6plapwd dCtovdrasghskintedrin the art

_ bl ockj wth 2% non-fat, mlk, 2 S1.- d -
will t%e?%f%\elap?rieﬁltaljfg p?%%%%éeofs%%ﬂdc sé?%#@gn@g Ubrailed
are SHlpted gouserand, r ahbi hrsermt nespect tuellymiAf tére invention

I ncubation at 37 0C for 1 h , the mAb 1D4 (National,
as degstiib@d thereent €p3Chass ad8ENEAd PVn EiFat T 1S Fhigh follow
f additional 1 h . After washing, the
thereﬁ%-e%gnj ugat ed goat anti-nouse 1gG (Zynmed) and the
substrate TMB were used for detection.of Sl binding to
cell -expressed ACE2 by flow cytonetry. 106 stable
293T/ ACE2 cells were detached and washed with Hank's
bal anced salt solution (HBSS) (Sigma, St. Louis, M) .
S1-C9 was added to the cells to a final concentration
of 1 ng/m in the presence or absence of rabbit
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sera at indicated dilutions, followed by incubation at
roomtenperature for 30 min. After thorough washes,
Wo b@sanisss C9 mAb 1D4 was added to the cells toPer/Us1085/019266
" concentration of 10 mg/nl and incubated at room
Expeiideptampesaide” 30 nin. Cells were washed with HBSS
and incubated with anti-muse 1gG FITC conjugate
(Sigma) at 1:50 dilution at roomtenperature for an
Mater@ddkt hgaake8Rodkn. After washing, cells were fixed

wth 1% formal dehyde in_PBS _and anal yzed in a Becton :
ExprePACSTal §bur HAGH AT FED-ERb UL i Ve, Rt Tathg PLasmid

|l Quest f i .
aSeL! Quest software., Bxperd nepiale Resal t saMguggvan tein,
eneoct abbi antisera directed agai nst RBD-Fc cont gig\r{ed@hi gﬁo =
corretpbadsngf tantitmdiresebtad-hintongBBoardnsl Hored ngith the Fc

Ten mce (M to M ' ' k1 h . :
o R L 05 LSRRI FERETE ess
(residiilssera gwerne eghheat edthefor eat munei z&tt@minus (S1-C9) has

(pre-imune) and 4 days after each boost at intervals .
been gfesgnilesd PTRY iseiedni sEipl € )at T1216000 QAR g Y proteins

wey r hindi e ' f Uy :
vece teLEbECLETELE! WA A48, I CoemBiaenta  yien cotio vich
the aNEsEE caldiect eduedays @f tmrageid f | r odivostgghownnhein,

. noderate binding activity. However, thi WYY
Indiagieginlfiszanty | %(ﬁﬁé)d%deldl%f &t m?%ee s&aghnlgfaandl%%% ?rlsd protocol.
Supe QS Aty Sr¥ks airieakval S22 The pasti-sebasfeldtdered Recombinant

ays after the third boost showed hi ghest RBD-F¢
RBD-Hsi nfizagoncHnAteinsTHEREE oL e ags oY t Fre U5atch of ePharose 4

Fast g%g%ﬁbﬁﬂhgﬁggﬂa orBE%%oi%H%%%Qe”biQEEEQQQy,tiNﬁ ;ioﬂnd S1-C9

I"i'zation experinents. These antisera bound
protdinRBReFe igurddsiedependeriti niemnech npnht gepaphy | Wifganti-C9

oo e S o R0 (Bigtr e 2B B PeBEPTTE B Soncuse

odr es

Cent%%e rﬁ@rﬁ?@aﬁ@fﬁsﬁ%)ﬁ! so bind to Fc, in addition to
D. Therefore,we | s H. | tivity of nobuse antisera

agai nst the reconbi nant protein S1-C9, which contains

Immu£¥g£€&gnng% @&cé\%ith RBD-Fc. Ten Balb/c mice (4 wks old)

were immunized subcutaneously with 10 pg purified RBD-FC
resuspended in PBS (pH 7.2) in the presence of MLP+TDM Adjuvant
System (Sigma, Saint Louis, MI) and boosted with the same
antigen preparations at 3-wk intervals. Two Balb/c mice as
controls were treated in same way as the immunized mice except
that RBD-Fc was replaced by PBS. Pre-immune sera were collected
pefore starting the immunization and antisera were collected 4

days after each boost. Sera were kept at 4 °C before use.

production of rabbit antisera. Rabbit antisera directed against
RBD-Fc were produced at Covance Research Products Inc. (Denver,
PA) using their standard protocols. Briefly, NZW rabbits were
immunized intradermally with 150 ug purified RBD-Fc resuspended
in phosphate-buffered solution (PBS, pH 7.2) in the presence of

Freund’s complete adjuvant (FCA), and boosted with freshly
_20_
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shown in Figure 2C, nouse antisera bound to S1-C9 in a
pattern simlar to that shown in the experiments using
wOoBDsA20565 an antigen shown in Figure 2B, althpCmyiSioh&019266

" : 200), Qf ,L e anti bodi es agai nst S1-C9 were
pré‘ééh:evvieri&ﬂmﬁ “1@&1}38@‘5{6 RED. E@munl@|9§nsgg@€st Fnewmd’s incomplete

d
adjuvaaéuﬁgﬁgaﬁghi2?&%<Se égf Qfsthg B%ﬁ%uﬁgtbgggywere collected

u | Ser a. antisera
be foreoldiectiechpef9s eimmnnizaat bon afjr earitningee aenle 1@odapsted 10

after each boost at int I f 3 .wk
days BEEEEd Poh ERORE aSERR HPrEr TNty o s e e

S1-C9. A s shown in Figure 3A the antisera (1:10,000)

coll ected 10 days after the 1st boost had the maxi mum
Enzymleeamnlk\adylwmnoRIDbEQtanaSSéVal HBHIEAE - hi Bhe| exeaqtivity of

ter the, 2nd d 3rd T
mouss oﬂl%ctr gbf% dsg?r;%a a?r’vtler t‘atrsjl Qe ﬂgggs W8%E§§%ﬁlned by
er.IsACFigeier8B) 1 Themel orecompinsad tﬁl@ﬂ:@lal’HISR]BDﬁFc or S1-C9)

sanpl es for the subse uent st udi es These r abbi,t
or pantEsera AMERN bJER téYBEdY PAVED do! dEgERgdrco, CR) were

used, Tl S &%ROe%?Wth 1.342, @%QWEEUQQﬁﬁcﬁgaltéﬁ plates (Corning

conS| ence the results of using nouse anti sera.
Costd‘ﬂ)uskcﬁﬁd r alBbi tirand i seta eyt RBDAEEcEondl nddo) at 4 °C

h titers of SARS- CoV: [;aI|2| atl d|
Overnalrﬂ %er%f eP13S Jelagf‘ﬁ?’gsh r PRBat Rl PHZI ﬁ(g (?Srla]thie}' diluted
mousé“%ﬁ@ f&@bﬂtfggfﬁntréé@@&tiyéugﬂswemeeadddﬁ(HHd(Hhaﬁbated at

i ARS- CoV in Vero Eb and of HI V pseudot %ed with o
37 CSARsrCéVhS protleied Hrw/ Sams. @évhSS) B ceti@ining 0.1%

Tweerixggegf‘r%ggrﬁ@c%ﬁl?clb ;Hi%san Legr ydvpyy mhge Mdition of HRP-

ose fromthe remaining 5 mce at
conjdgat R0 fgb#iy prmtemre@lusero &b cerdﬂsbitom BARS- coXymed) ’

i nfectjon see t I Cqs
respepingY ayer I’agﬁil ﬁ@ |ﬁ‘(1§5¥a Lot ‘n fgﬁsee?%ﬁ:amethylbemldlne

(rve @i 1983 dhe Cehbs@@ﬁﬁﬁbedeﬁfeaﬁﬁﬁ de #8st heeREred by an
i nduced by SARS-CoV replication in cells._ Here we

Emszsmmueth@ad@s,uwgcmtfé$ne1&e$%ﬁ?hh”érhﬁﬁgéeM?erés Hq) -
exanple (Figure 4A) . Mean neutrali zing

Neutralization of SARS-CoV infection. Neutralization of SARS-CoV
infection was 4assessed as previously described (29). Briefly,
Vero E6 cells were plated (5x104 cells/well) in 96-well tissue
culture plates and grown overnight. 100 TCIDso (50% tissue-
culture infectious dose) of SARS-CoV BJ0l strain (Accession
number: AY278488) was mixed with an equal volume of diluted
mouse and rabbit sera, respectively, and incubated at 37 °c for 1
h. The mixture was added to monolayers of Vero E6 cells.
Cytopathic effect (CPE) was recorded on days 3 post-infection as
previously described (29). The neutralizing titers represented
the dilutions of mouse and rabbit antisera that completely
prevented CPE in 50% of the wells (34) as calculated with Reed’s
method (36).
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anti body titer cal cul ated based on Reed' s nethod (36)
was 1:10,862. The pre-inmune nouse sera at a 1:40
W(drzdos)tlizusris had noinl i > | -t |l : | RS CoV idBUS10051019266
gouse ar jtisera.were also highly effective in
Neut:‘:haﬂifhﬂzbt&bhg‘ o Flg ety U vnsﬁas@evns pEEVdqvequfotyresl with

sans-3 IEWESLLELNG L) S (O o) Tk SR AHIGY g 0Bk vioneny

descriBbactban by) SARS- EeVe@nd2pseudetilsuserentai-timagsfected with
SARS-CoV S protein. Simlarly, both rabbit antise
a pli@ml@ctWQ@lﬂ%yscoﬁqurOHtHé“f%erdst HFost=Ot g |EF?£ﬁle and  a
10 Ly I-Riited CPE,
plasmrgpllén$| eybdgg%ggﬁ%g i th 8§§§§Q3Q¥e§§@§%§@ﬁ@' HIV-1
genomeeut (LaNL’ZaBLbncoRElqul@SZ HHana e 5). WQ@@ntabbu(tBoehringer

antisera also effectively .inhibi Cc n
annh B SARREBY S PRERAGTITdS TCRSgure 6o R RS S pegrgin vere
harveG@llectgd 10 drist -afiters fidie iseconthdndiddd r dfdwostingle-cycle
possessed conparable neutraliz activi t¥ agai nst

lnfecgéﬁ{s— @Mfan?\%mn%ﬁ%qw ec??g”ﬁ (e ot SRORA}Y,  ACEZ-
2l £ 0 t S m ha

SXPL eSS et bgggga?%g éRg%-ralan g@%@%gt a ?ecicgtthgmﬁﬂg%qbl néflng% Tweld
t1isswd Uiyl pzhhgsactidvi gyowisi nve rinhightec dhie n@seudovirus was

fusion protein.RBD- Fc al so, cont.a human, | F
Prel“ﬂ%‘ﬁ%ﬁ?{) with | 3~ EpRcPRE: ?iﬁgY fjﬁﬁg%gﬁt |mé>élr?evma|q]% ﬁcabblt sera.
respéd&%ﬁnt brFoantebadires: hndeetloré hedddlllion atdi selds. The

(1°100) reacted with human I gG Fc coated |n the wells
cultu}fe phasesq-Hagureiyp) fregbwaiadiun hddart j Lgger and incubated
anti_bogdi.es coul dobe de d ti
for B0CatRG e Sht F2er tRFough S ool " ean Gear eqtad Cho Lyeed

usindUMBsilgGradatpemtt he naritidelc- depl et eauamfesesa hidt no(Promega,
reacti on wi_th human

MadigQh -WE)deﬁilét‘%Jd’tént‘!PgeFﬁgrlet g‘gre 7A)ran&ferred to 36-

wellaqéégﬁéy (fiQ@I@ogﬁgmanﬁuﬂﬁﬁéﬁé%éﬁ|nﬁl@@ésVIRyoa@ﬁm@StCostar,
ection HI V/ SARS- CoV S pseudovi rus 1(LFl gure 7C

Cornimmparkb) e \/\f@hl@‘h%dunlwea@é@ll’ﬁhml to&nt %@Fgerqﬁ%)sesubStrate

(Pro£§§g|FS S%%%%%ét h%h8n§@y were determined immediately on

the Ultra 384 luminometer (Tecan US).

Inhibition of Sl-protein binding to soluble ACEZ2. Recombinant
soluble ACE2 (R&D systems, Inc., Minneapolis, MN) at 2 png/ml was
coated to 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, 2 upg/ml S1-C9 was added to the wells in the
presence of 2-fold serially diluted mouse and rabbit sera,
respectively. After incubation at 37 °c for 1 h, the mAb 1D4
(National Cell Culture Center) was added and incubated at 37 °C
for an additional 1 h. After washing, the HRP-conjugated goat
anti-mouse IgG (Zymed) and the substrate TMB were used for

detection.
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Fc antibodies in the antisera induced by human |1gG Fc
had no contribution to the RBD- binding and
wapeag20seutral i zing activity of the rabbit antPGEDS2005/019266

.. Muwse and Labhit .apti.sera agai nst RBD-Fc effectivel
Mea%¥“s“1‘§hélrme%é?}¢**‘ "Eﬁ’nh‘ﬁiaiE‘hg%ﬁ‘b O/iCE?l.bW\Edeégté‘{P\Aﬁ@Me?XPﬁ@gsed ACE2

by fﬁgg;éi%%ﬁég?*gogbfﬁﬁ%gﬁfel253%Vth§Z%eql§ ié%g BEE%Ehed and

0 € and Cél'l -'associ at'ed usi ng
washeBLl SR @NGiow cphoaBtey, sebpectdlvedion Si(HBESRBD{FLgma, St.
can also react with the anti-Fc¢c antjbodies_in the

Louisant iN®ra dff-sePed "Rfai ndfIRBD FO, wil'tseFo¥LS co-Qni 8h Final

conceﬁ%&%ﬁk%ﬁcg%YlR /Ut § ROt e pReddhcd h@rexpesd NEAt 8f rabbit
of determ ning the binding of RBD. In ELISA assay,
sera satublmdiiCEedasiicostiechon tied lweldds &y ELnsabptapas at room

and S1- si gpi fi.cant bou (data n S
compe S Tl Tt R bR RIS, Pehesiiico o
1D4 W pcketdk S tbi aHkngla sAGR? 4 nf analbsedapendeatisanndr 10 pg/ml

whil e the pre-inmune sera had no inhjibitory %ﬁhivi

and {RARAEBABNEO8E) CEMPRIETESE Hglly, 3Y B 8er & (§mwtﬁy% washed
with Qf&%é%dﬁd:\ﬁﬁ%\gf& bettigl actd Mgt I nddbEETdMg conjugate

/ nore potent neutralizing act|V|tg
(Signagai st 1SARS-GAVAt infrecet omoiom e aEtn wete stphamn additional

antisera fromthe mce.-M to Mp.(data n o] ;
30 m¥%1u%f%eﬁcﬁﬁgbéﬁgedQ§iﬁﬁzﬂﬁﬁ%sf%%ﬁdlg%ghtﬁ%:gﬁﬁ%ﬁ%dehyde n
pRS CORAOr ABLI QRedSO ive al sopdsednceFhcerpnedsed AQRR; cytometer

which is expected to retain the native conformation,
(Mourfigrimdatiesti ighht Hes RBD- SR HERYRS act e Vi3 e n a

flowcytonmetric assay. As shown in Figure 8C,  S1-C9

significantly bound to ACE2-expressed cells as
Expertiamsittld Ressulbtsanti - C9 mAb 1D4 (positive control) . If

no S1-C9 was added (negative control) , only

background signals were detected. Rabbit antisera at

Mousd: 409 sifseti wakysbhacked Sl b ndjaihdto H¥IEFEexpoesseted high
cells while pre-imune rabbit sera at the sane
titexh | ofi emtidbdics nhibiisgy tctRRE t jRATHE | APRBiREry Ten mice
(M1 i&gﬁgigwgggég%&ﬁbiéd a\fz‘l%l’?eﬁéDgf‘cSlanQ' Qq}cﬁgcérﬁ)crol mice (N1
and N2) treated with PBS. Mouse antisera were collected before
immunization (pre-immune) and 4 days after each boost at
intervals of 3 wks. The serum samples at 1:10,000 dilutions were
tested for binding to the recombinant fusion protein RBD-Fc by
ELISA. As shown in Figure 2A, the antisera collected 4 days
after the first boost showed moderate binding activity. However,
this activity significantly increased after the second and third
boosts at 3 wks intervals. The antisera collected 4 days after
the third boost showed highest RBD-Fc binding activity.
Therefore, we used this Dbatch of mouse antisera for the
subsequent antibody titration and neutralization experiments.
These antisera bound to RBD-Fc in dose-dependent manner with
geometric mean titer (GMT) at 1:312,500 (Figure 2B). Since RBD-
Fc also contains a human IgG-Fe¢ fragment, the antibodies in the

mouse sera may also bind to F¢, in addition to RBD. Therefore,
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cell s was dose-dependent. Depletion of anti-Fc
anti bodies fromthe rabbit antisera did not affect the
WO plosh2ases y activity of the rabbit antisera onPCUUSIER019266
e el BEEractlon (EWQQ&ngD) , confirmng that the anti-RBD
we Frlegdtedhil Eildi o nod Pitptiedt ey iy amfi aisent pbbdpesa against the
Di scussi on of, the.result [ angdam f
recom§552p§06§gﬁ§g§bi?% ?%é ﬂ?& of%%P%ggF§6§§%§d specﬁ??c Fe. A8
shownt BEr aRyur@sic SARS:pat aetiseracbvenddvery $evCpaienaspattern
~__could be re-infected by SARS-CoV |, .
similakt tie / vk wABOVRL /18T FE&r sPERGE TR S aldsdng RBD-Fc as an

antibodheal espentstsesh-WRswesed Yoren r thgheihose SARSRBBYFC. This
i nfection

SUggeBREt P07 Wil ERY | IR ERRFY 4472089%5-%7 | [LRE2483 RF myPPtiPoY
populathBegulial e sef ahyperiramune sera frommce infected

by SARS-CoV (38) or imunized with MA/'S (35) reduced

the titers of SARS-CoV in the respiratory tracts after

Rabbi%ﬂﬁ%%??%graT%%ﬁ%%éﬁ&f‘5&98§§tjhﬁ%&ﬂ%éﬂfgﬁiYﬁr@uﬂﬁﬁﬂhe) and

I's achievabl e and vacci nes can be devel oped
10 ddyar @feventhon bboSARSt Ameberlofofadcivhe wamei gdises tested

are in clinical trial and preclLini cal _st Locl udi :
for qngﬁi@g?égl%gcgﬁnggﬁi%@gv %Ckﬁggggn %vgg%}ﬁ#gp Hg'%%own in
Figuﬁﬁ;3§;b%§§ddﬁ%¥§éﬁﬁ encodj 0go SABS1Ce¥t8dpril edayé9after the

, 34, 35). These agents are effective in inducin ,
1st lpposectiade Heat RaKiLEUAg BRRFBHEYCY edioRs KB Hni pafs Tetained

the rgj?’é'h %_5e)ve'lts| N f %”qu:ﬁéenénc?t Uy, ey Usedsfs! eaopdbi @ant of the
usion protein D-FC) ‘as an i mmunogen to i nmuni ze
antigdee antleabbilt 40sidues RBEtes d&hkeylstunbepsehalvagordi fv 812,500

e _ _ yL3unoopol
(Figuigecitbr BROEREOFAr gbe ALTIC (206%%) “Bhi RbALarRLDLes for the

subs&ﬁ}ér{@'é@wgeﬁ)i t0p8s €3Bbit Antiibedibes lagaibiaincRBD l-CY in
the S proteins of other coronaviruses, such as MV, \
a doseadspesdeht engaseroenitedri V€ wifr Js: 312,500  (Figure 3C), in

consistence with the results of using mouse antisera.

Mouse and rabbit antisera against RBD-Fc contained high titers
of SARS-CoV-neutralizing antibodies. The antisera were tested
for their neutralizing activity wusing two different assay
systems, i.e., infection of SARS-CoV in Vero E6 and of HIV
pseudotyped with SARS-CoV S protein (HIV/SARS-CoV S) in 293T
cells expressing ACE2. The antisera from 5 mice at 1:10,240 and
those from the remaining 5 mice at 1:5,120 fully protected Vero
E6 cells from SARS-CoV infection (i.e., no CPE was seen and the
cell monolayer remained intact). At higher serum dilutions, the
cell number decreased due to the CPE induced by SARS-CoV
replication in cells. Here we showed the results obtained from
the mouse M8 as an example (Figure 4A). Mean neutralizing
antibody titer calculated Dbased on Reed’s method (36) was
1:10,862. The pre-immune mouse sera at a 1:40 dilution had no
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(TGEV) and human coronavirus (HCoV-229E) (40-42) , and
those against receptors for the coronaviruses (43, 44)
W@e@sh2eghs y effgct ive in bl ocking RBD-receptorPCT/US2005/019266
- h0teraction and.ne fralizing infection by the
1 nHiBe dor'es it "‘i‘w‘n@:r}sﬁ%é’i%‘d%?ﬁ%ﬁ‘RSu§e§. W fduirah + hBe s@emRBBeF@ntisera

vere GRERPERLS BeeLLO Sl Sy P o0y nabLLelLELRg, arv/sns-

cov PNskdhgornthserataond ervRletialyidy ockt SARSE@OY of 1:13,636
infection at the serumdilutions of 1:5,120 to

(Figurel0iBI40 (W ERAEa Bl sthewrRhigBBRertd Pegdss can inhibit
. ralizi i S 1: se ' _

insedf 2 | A tete, Bt g0 SE s e sthcov
protefdet.eririianr thoseotof aambthserantieerai colilmminidzdd wavs after

e S ISELIESATAENCPU N0, e ) LibeIa S B0 S ypicen coe
causeNdpot NeARyiES) frepatiiceralondomai neeedEBUl ¢6Ple with GMT of

neuttalizing epitopes, it is expected to induce nore ,
neut nedtiemt imgut odl i 2i Ag, 4B2i bOTI 4T ¢ han ‘RBB&SEneT2lRet antisera

possi bl e .r n . ctu Ligiteds,nmc ' -
alsotii? F%Cb_‘%%‘tra&gﬁﬁgggggtibgb%égﬁﬁﬁgn f§V|-|Eﬁg¥%ﬁ§§ Cov 8
pseuddvii®i (Bighee 6he Thetentientrai neliecteeutlfaldagisnpfter the

epitopes that may elicit enhancing antibodies, |ike -
secon os%n@nd&&%§Qn/Qﬂﬁ?ﬁ%nieoﬁﬁ?EEegn fﬁ@mgﬁvgﬁﬁ%e neutralizing

acti W AFORLRALGIRS GARELYoANd fDOb3eMlbyS r(45-ictidhe (Bata not

proteins from sone coronaviruses could al so i nduce
showrenhanci ng anti bodi es. For exanpl e, inmunization of

felines with a vaccinia virus vector encoding the S

protein of feline infectious peritonitis virus (FlIPV)
Depld&Eessn t eflf i nagnhanecenent 1lobdiés usfrepl i thei oanbisera directed

~virus_chal l en 49, 50 d.th ' i ci o
g1 EHhaREDNg Cart bo0P s NGRS T oL | SB0- P NG9S PHo BFHEraLizing

acti&%ﬁ%.' &l Lhoughnpo ephamsedaNt r usukephi CaLbeRiNASRBD-Fc also
observed in mce inmunized with DNA vacci nes and
contafesi i avimensbigéd Facdinsamesicodiliy SARSARALESd that this

anrilrotein, (34, 390, LIS H8Y fOL i ipodies. Indeed, the rabbit

antisera (1:100) reacted with human IgG-Fc coated in the wells
of plates (Figure 7A). However, the anti-Fc antibodies could be
depleted from the antisera by passing the antisera through a
column conjugated with human IgG since the anti~Fc-depleted
antisera had no reaction with human IgG in ELISA (Figure 7A).
Anti-Fc-depleted antisera retained the RBD-binding activity
(Figure 7B) and neutralizing activity against infection by
HIV/SARS-CoV S pseudovirus (Figure 7C), comparable with the
untreated rabbit antisera. These results suggest that the anti-
Fc antibodies in the antisera induced by human IgG-Fc had no
contribution to the RBD-binding and virus-neutralizing activity

of the rabbit antisera.

Mouse and rabbit antisera against RBD-Fc effectively blocked RBD
binding to ACE2. We tested whether the anti-RBD antibodies in
_25_
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exclude the possibility that the enhancing antibody
titers are |ower than neutralizing antibody titers. In
\Nammmnmﬁfﬁ, enhan0|ng anti bodi es may suppress PCT/US2005/019266
Loehedtralize” the.peutralizingantibody activity,
thd” i%mgwﬁi«éa‘:ﬁ%@“ ‘fa]blé»%g t!f‘g‘@t;ﬁ%ﬁ@mar allicdgRBRt PBHEY-NG %/’fé? ssoluble and
_Anot her ssiRLLiLty of .the r qﬁ?jnan usi rot el
cell ﬁ%f?%%aﬁggng ggkg to ihdfce %ﬁ@ y po%%%t ngg?galigkﬁgmetry'
respeddiibDdi essimye berbReRUSecdhe #Ho gereasunt aiirth hiumen anti-Fc

1 gG Fc fragment. Antigenpresenting cells (APCs), h
antibg 1@@n&ﬂiﬁ%55c%m¢%s%ﬁ% ﬁgﬁ%€§?@sa ﬁ&@ﬁ&pﬁ%ﬁ%@igtaﬁgcused S1-
c9 whgigﬁt g&&qv%i’lﬁé:e%%l?mﬁﬁ,es_ﬁm: Rt 0eRs 140 Al het REr experiments

o i ch regulate antibody production. It has been
for dshewninhay AREs kexptess aheRBP ghlaf ELAPRyapeadpt 6plple ACEZ

I Fc, FcgammaR al so d 4)_ a I = abfini ;
vas Seai s SRR TP, BT FBSNa g greetl s sycanciy
bound! 8cepAor S, (ARES e@ta shéwhpe. aBbth mosise’ takd Meabbiti anti-RBD
;f the imune conpl ex containing anti gen an 8%Etibody

antispge apfferhiHedyYanRt®edsr eshorse n&e t mtihe @ dose-

depenﬁ%ﬁ%leﬁanﬂ§§L”Jﬂﬂ¥£! Rhaut ol oupe, dhseases 633) no inhibitory
wever, If the antigen i's a viral protein, such as
activRBE i (Fider SARS- Gold BB ot Ehhereshjingdvi orrhsf pehanfrom five

, lgG Fc to j.t may,accel erate presentati 0 )
mice i%ﬁﬁnéx%thQ)fo¥lgﬁig????ﬁftﬂ%ﬁ%%ylﬁaieﬁg a%?gﬁﬁéiéhg S1-ACEZ
bindi@ddt | hady mbespanseemndnBeythalkiz2hgg HARS oy koheotiorBARS-CoV
_ The nouse and rabbit antisera directed against RBD arg
infecsfiforctinve/e P bERAPRG 160 tRBD GHHREES HomRi hher mice ML to M5

<datag’.pff%3£ OSP(?%EKO il gwes 208P84d3 oh aath bt peki RayRBRse the
i'nding to soluble and cell expressed ACE2 (Figure % )
native Thestoeenfiom t bat wehelrsusesemhdce dbbiekpassiseer #CE2, which

. contai n anti bodj es ecifically targeted to . :
ok eﬁﬂ?QﬁﬁﬁﬁF%wF?ﬁﬁénngggtQé?é&etﬁéﬁﬁiﬁ%ﬁ?{%@ ac%%ﬁ?%?%ﬁlng the
RBD-HJE&?RFSQCQQQi% bit aptir1BRDcgAbinbedies adfsapi mals shown in

~ nodel 5" agai nst SARS- CoV chal | enge, the high
Figurreu8@al F2irA§ tsitosris isfanties UG sbp a ACEST SFRER SPiety gells as

measirt e&%iﬁga%n%§9t§ﬁxﬁﬂ¥ hﬁguq%d§¥H¥¥EF%&%€féiY? If no S1-C9
was added (negative control), only background signals were
detected. Rabbit antisera at 1:100 effectively blocked S1
binding to ACE2-expressed cells while pre-immune rabbit sera at
the same dilution had no inhibitory activity. The inhibitory
activity of the rabbit antisera on S1 binding to ACE2-expressed
cells was dose-dependent. Depletion of anti-Fc antibodies from
the rabbit antisera did not affect the inhibitory activity of
the rabbit antisera on S1-ACE2 interaction (Figure 8D),
confirming that the anti-RBD activity is not mediated by anti-Fc

antibodies.

Discussion of the results

During the SARS pandemic of 2002/2003, despite the lack of
effective and specific therapy, most SARS patients recovered
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immunity in animals and humans, considering that the
effective protection against SARS-CoV infection can be
W(amE/emsds byI the conval escent sera from SARS pRECT/E82085/019266
W th neutral i g,ntlbodytlters ranging from1:20 to
£ rJi M by Addiniddmy A sbwaintve:ey afé\nona’ﬁeeesl RAUAFZEE Bey {nfected
DNA VaCCI nes nd v CI nia vi ry es
by a,E - Yo% :rL1eu ra ?g?%?%}ﬁ? body Neutralizing
antlbbﬂh%%s Qéréo d@téc@ﬁé&e(3é1 3%k .c$hea3equen¢e sérs of SARS
proteins, especially the SI domai nos
patiepssoraVilrudessdre iS5 bl @ (jiﬁf c\??/ﬂl"él]res§e§t sera was
used Major goncern in deyel@pi ng effrecti ve yrageidas agai nstfection
virus 'strains wth distinct genotypes and phenot ypes.
(ht t pHoWener. criengiti sét. ghings. 4ai2d 0Shdmy AH1 24Rs Tdav -
strains are ite stabeand 0 an ch.a -
Inocutlﬁ%il%s PgPﬁﬁFWuBFeds aedgfig Enl(‘% % %8%%5" by25aRS ~CoV
) Rhasguffn:SARS endenireajs 20692/ 2603ceb m‘mte afi telres chfs SARS-CoV
. amno acid residues in the RBD of SARS-CoV S prote
in the ereépﬂéﬁlt@r&[uetrtac?ttfhea%%t ihé ldane& i o%h%Fg%ﬁltaea Fuggest
t he Skt n : I
that pro f%géA% Rlllmé£§%o\:> J_ft%gnrﬁsgA%%l?iC%%%I_%e\;/wag@ Maccines can
be ddv@lldpdd ifdr |1:d:ehﬂi:rﬂ:lph’&8:8‘$ fARBL virus strains vvere
i sol ated from SARS patients during these two phases)
there is n o nutation in the RBD sequence. (6) .
A ndidherdor ;5 ddie Lo pidedd 108k ofafBD in's <ﬁ:ei1aid:a/1el ytrial and
conserved to ensure the binding of virus wt
precldifferlenstedpt yp@@lp@llalgsp@@@#ﬂeﬁ‘f&%pﬁé?%ﬁe?he DNA vaccines
tar et cells, ev 0 [ u RBD
and Y8y 6néava¥l% :feek?gﬁcﬁl g%;&n%%%é @ﬁé&dm eSI@F@S-OCJ}V BD protein
(9, ggzcdrogmzlz,es 3che nentassd i zaglgn’epl t epes @rfftehwélve in inducing
i ndi ng dopaj n on gpl 20 and neutr al es
protaToRtP TaHGe-ohL VA |25t Py Fearatas, 16l ehough oL ety 3
the ;{)%é@@ﬁtS§9H8909§e0ﬁs@94'ab|ﬂ%dﬁgalrrfégﬂﬂnﬁlsIbrgpﬂbﬁ&téilom(RBD Fc)
e correspondlng strains are highly variable (54, 55)
as an Qumudayanhive iSWowri 2shdriemt #hOdFebbiAst BénFsud®and & key
ntisera d cted .against 5@&1@: [ [
func?%%%@#i‘?%m%%lﬁfor mblgotr?a% {1 REIFBE b¥ral binding
to receptor on the target cell (24-26) and contains neutralizing

In

epitopes (39). Antibodies against RBD on the S proteins of other
coronaviruses, such as MHV, transmissible gastroenteritis wvirus
(TGEV) and human coronavirus (HCoV-229E) (40-42), and those
against receptors for the coronaviruses (43, 44) are highly
effective in blocking RBD-receptor interaction and neutralizing
infection by the corresponding coronaviruses. We found that the
RBD-Fc fusion protein elicited highly potent neutralizing
antibody responses in the immunized mice and rabbits and the
antisera could completely block SARS-CoV infection at the serum
dilutions of 1:5,120 to 1:10,240 (Figures 4 and 5) with
geometric mean neutralizing titers of 1:10,381 (mouse antisera)
and 1:14,451 (rabbit antisera), about 40-200 fold more potent

than those of antisera from mice immunized with DNA vaccines and
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epi topes on RBD since the antisera did not react with
any of the peptides overlapping the RBD sequence (He
W@tztio_a,hglégs unp_ugl i shed data) . These suggest t hBET/US2005/019266
. anti-RBD anti bodi.es. [ have neutralizing activi
vadtdmileh ¥4 Felbhbiasisdy b méts ETrHen S pdee r ﬁ\%r b-iesg\%- Boyrotein
(34 rains. In summary, the reconbinant fusion protein
" RBD-Fc is an ideal vaccine candidate since it induces
hi ghl y potent antibodies to block Sl-receptor

. interaction and to neutralize SARS-CoV_jnfection d .
Sincehaduldwlieagdin ofS riRIC @tbar € Wi th° i nBEYi vaPEd other viral
functYhhu§esadhat hye aid enkatadiv rusueatersngThepetopes, it i

une éEB Iic c.ana% e further de\(ilj)el opedua S ar% Ieltgf eg%%eﬁaﬁd o
expecsatie tsublmitce aveiae phtensr avatil ok sl1g SARSLIRefliss than RBD

eiibes, 1 .. Ksiazek, T .G, . . Goldsm :
aloneg RS PARGLEF PRV Rt Ty Rt BRI nigher
titerdr kAN nedtr& i zGogeBntWhodlies) ®iaral fuPDOBendtmogeprotein is

coronavirus assoclated with severe_ acute respirator
that syh@rokBttRT, EpgFains. IR%T“%%F%S%%&@G@F%?E’@S Yenat may
1icil O8hflncS cnEhes, Wikdr eingtle YhaScedV i geni
© lClg.% } Brcoglg S%n. Becker, Hl. Rabenaue, M .§S§nnﬁ§é,[)%£ntlgenlc
sites d¢ol €sai kovaloRe. Alychpuctiegns etf afiIVv2@ng. Ebola virus (45-

Identificatjion of .a novel coranavir i ' s_wi.th .
48) - skyere a%ﬂ?%ﬁ%%piflrgf“orf/o%?/n&Pgr%lévﬁf}lsEr?S?&gf& E/ggto induce
enhansf8igl 96 119481 eS. . FBei Ids@mple,S. imfunTzatiah, of flelines with
Poon, Y . @uan, L .Y . Yam W. Lim J . Nchol]s, V¥ .
a vadcinivee ViWusy vegipr Memcodigeuriyle etS alPLOREy, ©of feline
infeégﬁ§ﬂ§vkéyﬁtgﬁi 1R0ssihE ¢cpEsg) of SEMAIR aCHt @nhancement of
respiratory syndrone. Lancet 361:1319-1325. 4 . Marra,
virusM .ApliSathiorM .aflenes viGRs AsthellllerRe A (4%l $0) A . and the
. Brooks-Wlson, .Y.S.N._ Butterfield, .J . K : :
oD toRSOLIEE | ALL Oy BAIArE LG ARHiOcRe o el3ogRearizEe n the
s pARNONE seauenceneh i@ SABS- assdecatedveetenaveplscation was
Sci ence 300: 1399-1404.

observed in mice immunized with DNA vaccines and vaccinia wvirus-

based vaccines encoding SARS-CoV S protein (34, 35), this may not
exclude the péssibility that the enhancing antibody titers are
lower than neutralizing antibody titers. In such case, enhancing
antibodies may suppress or “neutralize” the neutralizing-
antibody activity, resulting in reduced neutralizing-antibody

titers.

Another possibility of the recombinant fusion protein RBD-Fc
being able to induce highly potent neutralizing antibodies may
be because the antigen contains human IgG Fc fragment. Antigen-
presenting cells (ARPCs) , such as dendritic cells and
monocytes/macrophages, can capture, process and present antigens
to T helper cells, which regulate antibody production. It has
been shown that APCs express the high-affinity receptor for IgG
Fc, FcgammaRI (also named CD64) and low-affinity receptor,
FcgammaRIITI (CD1é) (52, 53). Through these receptors, APCs can
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nd YAhus Vi e%{js%%gﬁgnﬁﬁ%ﬁiés SRl %ﬁ&ﬁma@%o’&ew dfhinst SARS-CoV

ana @ coronavirus surface
challﬂd@ﬁnﬂﬁﬁelmlghnnéhErﬁmiamagltndaes oS. GISisgdantisera tested

, editor. Plenum Press, New

in vitro suggest that’ RBD Fc may induce strong protective
immunity in animals and humans, considering that the effective
protection against SARS-CoV infection can be achieved by the
convalescent sera from SARS patients with neutralizing antibody
titers ranging from 1:20 to 1:1,280 (37) and by antisera from
mice immunized by DNA vaccines and vaccinia virus-based vaccines

encoding S protein with low neutralizing antibody titers (1:50

to 1:284) (34, 35).

The sequence of S proteins, especially the Sl domains, of most
coronaviruses are highly variable (14), which is a major concern
in developing effective vaccines against virus strains with
distinct genotypes and phenotypes. However, recent studies have
shown that SARS-CoV strains are quite stable and do not change
as much as that was originally predicted (10). At the early
phase of SARS endemic in 2002/2003, 5 out of the 193 amino acid
residues in the RBD of SARS-CoV S protein are variable due to
the positive selection pressure in the process of transition
from animal (e.g., palm civet) SARS-like-CoV to human SARS-CoV.
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confogymttdian Viafol G 30 10180 VA Y ﬁqns%r‘ﬁAa rlfr ensure the
cigied eqr N ypdot
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Moore, N .Y . Vasilieva, J .H. Sui, S _.K ng
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function a
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of SARS-CoV strains.

In summary, the recombinant fusion protein RBD-Fc is an ideal
vaccine candidate since it induces highly potent antibodies to
block Sl-receptor interaction and to neutralize  SARS-CoV
infection and has low level of risk compared with inactivated
viruses or live attenuated virus vectors. Therefore RBD-Fc can
be further developed as an effective and safe subunit vaccine

for prevention of SARS.
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in Sl of the Severe Acute Respiratory Syndrome Virus
conprising steps of: (a) generating peptide fromthe

w@RBDsaageence of SARS CoV S protein;( ) W th tP€T/US2005/019266

peptides; (c) collecting blood fromthe imunized

what lagi ollsnedidsed) testing the antisera collected from

1.

ani mal s i nmuni zed .wi.th the pept] cderi 0 :
SAREELV"S pfﬁW@ﬁ%%ﬁﬁgf(ﬁnru§ﬁ¢%§?§?%g é@??%ﬁtgbf isolated
B6aipsht SABS-(30 Vre@dmb Thentephotedh cdaita2Pinghehei mequence
the animals are rabbits or mce . 24, The dete ni@@d .

epi toFEHHP IR NN th alth 35 0f U T sOFafgy Respiratory
Egﬁg&gﬁecon£§58&59téae SEQMENGE Afs corfanmat i gpoekihhe or  a
Sai'd epitope or a nucleic acid nolecule conprising the
seqguenoeadf faaignegrirenttheeweddi ng sai d epitope. 25. A

conmpound contai ning the epitope of claim23 or its

functional equivalent. 26. A conposition conprising

trhe epidone obrClkabmm23l, wiwerdisol shed rpepbitde -bfi ncliaigmdomain
24 or the conpound of claim25 or a nucleic acid
m@h@@@IS@Sc@ngﬁpﬂéi RF 7 LS Edu SRS FFHGEnRY

SR AR AR kK TANAGEIR DA NG an
effective anount of conposition of claim?26. 28. A
etk VST K INUI e SNV YGED SRV HEO VRO TRRGQIKIV Sever e

Acut e _Respi rator ' ' '

CpRTG e T R R B B R TR of
& A P EDGK 2290 p A TR e N 19 G IO EGES ¥ ey RVNRISRESLNAR v
of an antigen conprising linking of an IgG Fc donain,

IATY f urfRQ oHaINGy agnent or a substance containing the

I gG Fc domain or its functional fragment to said
antigen.30. Aci ' i-L--iii qgq'r -
A vaccine comprising an effective amount of a nucleic acid

molecule comprising the sequence of a fragment which
encodes the sequence of receptor-binding domain in the
Severe Acute Respiratory Syndrome associated coronavirus

spike protein or a functional fragment thereof.

An isolated polypeptide other than S1 protein of the Severe
Acute Respiratory Syndrome Virus, comprising sequence of
receptor-binding domain in the Severe Acute Respiratory
Syndrome assoclated coronavirus spike protein or a

functional fragment thereof.

The isolated polypeptide of claim 4, comprising full or
partial sequence containing
NITNLCPFGEVENATKFPSVYAWERKKISNCVADYSVLYNSTEES
TFKCYGVSATKLNDLCFSNVYADSEFVVKGDDVRQIAPGQTGVIA
DYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLRHGKLRPFERDIS
NVPFSPDGKPCTPPALNCYWPLNDYGEFYTTTGIGYQPYRVVVLSFELLNAP

ATV. (SEQ ID NO: 1)
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10.

11.

12.

13.

5 ?u '(tmincreasing the i Mmunogenicity o f an
antigen conprising a n effective anount o f a n

wa@rasgersed i nked t o a n 1gG F ¢ domain o r itsPCT/US2005/019266

functional fragment o r a substance containing a n |gG

fHe dbsdtmtedr phs/déictdonalf f edgimntd 3 Phe hdbked to a
0 laim2 9 o r the conposition o f, claim?29, :
ﬁHEF%FHCFheCQWPFdéﬁnﬁ s i nkES t 5§ tRe ag&’F giﬁbngpﬁftlonal
@rbghbstl Wictd opabstangaeabntadntagmaa flgd ofc pdomein. or its
32. A nethod t o increase the imunogenicity o f an
annicgernpln fxagmsinéct conprising admnistering t o the
subject the antigen linked t o the IgGF ¢ donain o r

its functional fragnent, o r a substance containing a

ThgGlL Fnkedomm hypeptids fafnctilehml 6r agmamisiggy A full or
conpgsition for increasing the i munogenicity of an

RRtitden SEMSEIHE DT BFFEcti ve amount o f a n

antgen pabET Ach PYBLEF PO KSR SRTP ERTCVVIVEVSIHEDPQVKENWY VDGV
fragnent, o r a substance containi

ng.anlgGF c
@aﬁﬁamgPREQ@WW&VN@N&TVﬁﬁ&@%@@&&ﬁcﬁﬁgﬂfﬁ%&ﬁ%’&E6<TFSKAKGQ
Ry PéV@T@E@'Sﬁ%tE&%'K%%V%L“rg&'@%@%@'@%%‘At\ﬁEWES‘N doFEhAIYRTEBPVLDSDG

erein e antigen’ s derived froma n infectious
8gENY SKL3TDKERI QRIS 5 VM HEPAIHRHIA QKRS SRS -t heSEQ ID NO: 2)
increase i n immunogenicity results i n high level o f
neutralization anti bodies . 36. The nethod o f any o f

1l Mps89282830 1idies COBPYPSEPt 080 Jf CtBaMN3F, ®her/ei nwherein
the antigen i s any antigen that can induce ,
dritd boxf & 35 fron humprs rakb i mmeEisenere athge animals.
increase in iramunogenicity results in high titer of
ant i bodi es agai nst the antigen. 38. The nethod of
cited M 361 avber einkebe dalgpease den of claim 6 or 7 which is a

fusion protein.

A nucleic acid molecule comprising the sequence of a
fragment which encodes the polypeptide of any of claims 4-

9.

A vector comprising a nucleic acid molecule comprising the

sequence of a fragment of claim 10.

A composition comprising an effective amount of the
isolated polypeptide of any of claims 4-9, the nucleic

fragment of claim 10, or the vector of claim 11.

A pharmaceutical composition comprising the isolated
polypeptide of any of claims 4-9 or the nucleic acid
molecule comprising the sequence of a fragment of claim 10
or the vector of claim 11 and a pharmaceutically acceptable

carrier.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

I mmunogenicity results in antibodies wi th high binding
affinity. 1T 9 5-A- PCT CRF Bi osequence . ST2 5

WOBGQIANGES LI STI NG <110> -1 | ANG Shi bo HE, YurCamwskios/019266

shuwen <gFO> SA&%MA NES AND METHODS TO PRODUCE
H: GRiEY R dT R AR Begi os <If302n9illboddes PEFTadts®> WSere Acute

1 4-06-02 <1603 2 <170> Patent!n .
S%gﬁzgﬁa%&gy :2%5’31%903‘291» f§é1<s<21;§ PE?I’ <f1:bbgee§ er §OMPrising

AedhenReSprinsg oty Shadsabyectashecivaled reoronayifis 1 or 2 or
( SARS- %QRV%,<220> <221> DOMAI N <222> (1) .. (193) <223>
RECEBTERCBILND NETIANAI RE | NAEHE. BRSS! Apofppeptide of any of

RESP|,RATORY SYXNDRGME ASSOEATED CORONA SP i s1 th
PROTiEIm OR A FUNCTI ONAL FRA%VENTc THERE(Y]%€£80>E§ER§ﬁSlng e
| seagdrcAsAfLeu ot Phé QlaymE 1l ¥al tBee VASIt At aof claim

T S 5 . Phe Pro Ser.Val . Tyr aTrpd uAg

ng %%st%?ecééﬁggé%bggsoga?fﬁﬁm.i% érs Al a Asp Tyr

Ser Val Leu Tyr Asn Ser Thr Phe Phe Ser Thr Phe Lys 35

49hé 5method of claim 14, wherein the antibodies are

neutralizing.

The method of claim 14 or 15, wherein the subject is a

human or animal.

The method of any of claims 13-16, wherein the antibody is
polyclonal antibody.

The method of any of claim 13-16, wherein the antibody is

monoclonal antibody.
An antibody generated by the method of any of claim 13-18.

An anti-idiotypic antibody or a functional portion thereof,

against the monoclonal antibody of claim 18.

A vaccine comprising an effective amount of the anti-
idiotypic antibody of claim 20 or a functional portion
thereof.

A method for determining the neutralizing epitope contained
in 81 of the Severe Acute Respiratory Syndrome Virus

comprising steps of:

(a) generating peptide from the RBD sequence of SARS CoV S

protein;
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23.

24.

25.

26.

27.

28.

29.

Cys Tyr d y Val Ser Ala Thr Lys Leu Asn Asp Leu Cys
Phe ser Asn 50 55 60 val Tyr Ala Asp ser Phe Val Val

W(llyimsmosys Asp Asp Val Arg G n lie 65 70 75 80P&I/ESIHNH019266

" YoNakl lie Ala Asp Tyr Asn Tyr Lys Leu
P(% %r‘@&@& ol wbithalye@/%pwe%w A a Trp

n Thr Pe 100 ser, Jhr

9 As%o%%%snrg'lb ﬁ/s T7 J;TI:@Q ‘ﬁeu (irg H %gll%nd
129) 121{5é§f1dg]rt@5a&*ta@ErGRFccﬁLbéeMncEEOm S & immunized
Lvs Leu Arg Pro Phe G u Arg I e _ser Asn Val Pro
Phe Seritlzothgsrergipes %J@Ie@) 15 pPEREYEOThrS m%oteln RBD

Pro Al i : 16GyL
pon A G e e TH R Y TR

Gn Pro 165 170 175 Tyr Arg Val val Val Leu Ser Phe d

u,%li_egml§ ngffAlcgﬁﬁroz%’a Thr 180 %ggsla% V %O>r§bblts or

GHALA, <222> (1) . . (224) <400> 2 Thr H s Thr cys Pro
Pro cys Pro Ala Pro Qu Leu Leu Gy Gy Pro 1 5 10 15

The determined epitope by the method of claim 22, or an
isolated peptide containing the sequence or conformation of
the said epitope or a nucleic acid molecule comprising the

sequence of a fragment encoding said epitope.

A compound containing the epitope of claim 23 or its

functional equivalent.

A composition comprising the epitope of claim 23, the
isolated peptide of claim 24 or the compound of claim 25 or
a nucleic acid molecule comprising the sequence of a

fragment encoding said epitope.

A vaccine comprising an effective amount of composition of

claim 26.

A method for induction of antibodies against Severe Acute
Respiratory Syndrome Virus in a subject comprising

administering to the subject the vaccine of claim 27.

A method to increase the immunogenicity of an antigen
comprising 1linking of an IgG Fc domain, its functional
fragment or a substance containing the IgG Fc domain or its

functional fragment to saild antigen.

- 42 -



10

15

20

25

30

30.

31.

32.

33.

34.

35.

36.

ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
Met lie Ser 20 25 30 Arg Thr Pro Qu Val Thr cys Val

W@ 2005N2156Asp Val Ser H s A u Asp 35 40 45 prpCTHIR200ED19266

Lys Phe Asn Trp Tyr val Asp Ay val Gn val H s Asn
58 56616@6‘%@1@?3‘3‘3'%"Eyscm@s:&ng Gle G immghogeRyeipgn of an
Ser, Thr al 65 7 80 v er val Leu, Thr

VarC LR HOR P R AR, FEeb il @ iTe o Pastdbigen Tinked
Ty Lys Quee Lyse ValonGem Assr Lyis sA &ubemllam@lAl EFrBo@eht or a
i e @ uLys 100 105 110 Thr lie Ser Lys Ala Lys d .
GROPERNRE g QMR IPHRIG Anval 9Ty F eThACTeEN] 2pr 12@@53%99@10“5‘1
9%% ﬁm%gg' CRF Bi osequence. ST25 Leu Pro Pro ser Arg d

t Thr Lys Asn Gn Val Ser Leu Thr 130 135 140

Cys Leu val Lys A y Phe Tyr Pro Ser Asp lie Al a Val

Trpn.Gd.u 145 501 160 .G.n Pro_.d _.u.
%ﬂ Aé?‘#qc d é rooi“:’roSC al Cfénﬁo%églf% 395 claim 23,
A@ﬁe@@&nAﬁaeGahtagreanas Phenkea Tyr ther Iges Reuddhsin, or its
Val Asp Lys 180 185 190 Ser Arg Trp Gn G n dy Asn

virnpheoset Eyagmeptyvip KetrmHps fepign19s50866n205 Al a
Leu H's Asn His Tyr Thr G n Lys Ser Leu Ser Leu Ser
Pro Ay 210 215 220

A method to increase the immunogenicity of an antigen in a
subject comprising administering to the subject the antigen
linked to the IgG Fc domain or its functional fragment, or
a substance containing an IgG Fc domain or its functional

fragment.

A composition for increasing the immunogenicity of an
antigen comprising an effective amount of an antigen and an
IgG Fc domain, its functional fragment, or a substance

containing an IgG Fc domain or its functional fragment.

The method of any of claims 29-32 or the composition of
claim 33, wherein the antigen is derived from an infectious

agent.

The method of claim 34, wherein the increase in
immunogenicity results in high 1level of neutralization

antibodies.
The method of any of claims 29-32 or the composition of

claim 33, wherein the antigen is any antigen that can

induce antibodies.
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37. THe Imathsd Sf  Eiain 36, wherein the increase in
immunogenicity results in high titer of antibodies against

the antigen.
38. The method of claim 36, wherein the increase in

immunogenicity results in antibodies with high binding

affinity.
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