SARS Coronavirus S Proteins and Uses Thereof Field of

the I nvention The invention relates to the use of a
wodosnsass gl ycosyl at ed Spi ke (S) protei n of SARSI/IB2004/004073

Cor onavi rus, fragnments of the protein, nethods for

produci ng the sane, their in detecting SARS

infection, and their use or he use of their

correspondi ng anti bodi es to vaccinate or treat

patients suffering from SARS. BACKGROUND OF THE
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(orfs), encoding the replicase, spike, nenbrane,
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reported patients and deaths due to SARS, was about 8500
and more than 800 respectively. This outbreak not only
incurred great social and medical costs to affected
countries, it also had devastating effects on regional
as well as global economies.

A novel coronavirus was established to be the
causative agent for SARS (ref. 7, Drosten et al., 2003;
ref. 39, Ksiazek et al., 2003) and was subsequently
named SARS coronavirus or SARS CoV. 1It’s genome of
29.6kb revealed 14 open reading frames (orfs), encoding
the replicase, spike, membrane, envelop and nucleocapsid
(N) which are similar to other coronaviruses, and
several other unique proteins (ref. 40, Marra et al.,
2003; ref. 41, Rota et al., 2003). The difficulty with

the SARS CoV spike protein is that being a glycol
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protein in a humani zed formis one that is simlar to
the protein formin a human body. SUVMARY OF THE
WO MWERNRASEIN One solution to this difficulty woubdr/B20e4m004073
find a system capabl e of producing a SARS CoV spi ke
protein that is glycosylated so as to be humani zed.
Anot her solution is to find f4agments of the SARS CoV
spi ke protein that are capable of inducing
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fragments of S, covering the entire ectodomain (48 to
1192 amino acids), as GST-fusion proteins in Escherichia
coli and used the purified proteins to raise antibodies
in rabbits. By Western blot analysis and
immunoprecipitation experiments, we showed that all the
antibodies are specific and highly sensitive to their
target regions. Indirect immunofluorescence performed
on fixed but unpermeabilized cells showed that these
antibodies can recognize linear epitopes on the
ectodomain of S, which is expressed on the cell surface.
When the antibodies were tested for their ability to
inhibit SARS-CoV replication in Vero E6 culture, anti-
S 10 antibody, which was targeted to 1029-1192 amino
acids of S SEQ ID NO 4, has strong neutralizing

activities, suggesting that this region of S is very



transfecting a cell with a nucleic acid encoding a
spi ke protein of a coronavirus or part there of;
wexpsessshg the spi ke protein in the cell; andPCT/IB2004/004073
isolating the spike protein. A further aspect of the
i nvention provides a nethod of screening for a mature,
gl ycosyl ated spi ke protein of3a coronavirus conprising
the steps: isolating a spike protein,-
i Mmupeptaat pibat vagus hent 8pl ah@tbis pi&el praatiennsonithining
Endo-H, and detecting the remni ning spi ke proteins
t hat SARE_FAY Peltturd 1AiPgosdgTatRd spi ke protein.
Anot her Aa2sBe&indf tbheneNvaden o ovhdesraBeant iiRQE¥%cion
to a mature, glycosyl ated spi ke protein of a
cortdreaei rigss mrovaaed tehenatwfe,. dllvedsyllhbaiingpike protein
stagﬁnents relate to the above aspects of the
i nventi 577 °TRY one enbodi nent, preferably the
COr onaviphdshés asPORS 66r enaviihwent Poef prablged he method
coronavirus is a SARS coronavirus strain, 2774. In
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aspect of the invention, the present Invention
pr ®fi gesefboina pepta deatorrepr gilginsylated spike protein of

a coronavirus comprising the steps:

isolating a spike protein; immunoprecipitating
the isolated spike proteins with Endo-H; and detecting
the remaining spike proteins that are the mature
glycosylated spike protein.

Another aspect of the invention provides an
antibody to a mature, glycosylated spike protein of a
coronavirus or part their of.

The following statements relate to the above
aspects of the invention.

In one embodiment, preferably the coronavirus is a
SARS coronavirus. Preferably the coronavirus is a SARS
coronavirus strain, 2774.

In another embodiment, preferably the mature
glycosylated spike protein contains a transmembrane

domain (TMD) .



fragment of a S protein (SEQ ID NO 2) of the SARS

coronavirus, said fragnent conprising the sequence of
W@ei0s05683 d nunbers 1055 to 1192 fromthe S gePer/mH20041®4073

SARS coronavirus (SEQ ID NO 5), or alternatively, the

sequence of am no acid nunbers 1029 to 1192 of said S

gene (SEQ ID NO. 4). Preferabfy, the peptide or

protein has the HR2 heptad regi on of the coronavirus S
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al so provides for a nmethod of producing a fragnment of
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expression thereof in the cell; b ) expressing the
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More specifically, the present invention provides for
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sequence of amino acid numbers 1029 to 1192 of said S
gene (SEQ ID NO. 4). Preferably, the peptide or protein
has the HR2 heptad region of the coronavirus S protein.
The peptide or protein may be S 10 (SEQ ID NO. 4), S 11
(SEQ ID NO. 6), S 17 (SEQ ID NO. 7), S 18 (SEQ ID NO.
8), S 19 (SEQ ID NO. 9), or S 20 (SEQ ID NO. 10), as
described below.

The present invention also provides for a method of
producing a fragment of the S protein of coronavirus
comprising the steps of:

a) transfecting a cell with a nucleic acid
encoding a fragment of the S protein of coronavirus
comprising the sequence of amino acid numbers 1055 to

1192 from the S gene of the SARS coronavirus (SEQ ID

NO. 5), said nucleic acid in operative association with



NO 9), or S 20 (SEQ ID NO 10) . The anti body may be
used in a nethod of detecting a SARS coronaviral
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the anti body at |east part of the cells collected from
the patient. Arelated kit for the detection of SARS
coronavirus containing the anti body is provided by the
present invention. Finally, the present invention
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The antibody may be used in a method of detecting a
SARS coronaviral infection in a patient comprising the
step of applying the antibody at least part of the cells
collected from the patient. A related kit for the
detection of SARS coronavirus containing the antibody is
provided by the present invention.

Finally, the present invention provides for a
method to treat a patient with severe acquired
respiratory syndrome or prevent the onset thereof
comprising administering to the patient the peptide or
protein described above, or the antibody of such peptide
or protein. For example, a vaccine containing
comprising an effective amount of the peptide or

protein, or antibody of such peptide or protein is

provided by the present invention.



Mol ecul ar Wi ght Markers (Amershan) is used as the

marker on the left . Figure 3 Tinme-course of the
w@bkoososspbat i on of S protein. Lysates of Cos7 cedT/EB2004/004073

transfected with pKT-S are harvested at Ch, 0.5h, Ih,

2h, 4h and 6h respectively (Lane 1, 2, 3, 4, 5 6 and

7). Lysates of Cos7 cells transfected with plasmd

wi thout insert are harvested at 6h as negative control

(Lane 8). LysagrereobeSer?roedl som et baarireged with

pKT-S and tredfed EndoH (oh posttransfection) .

Lysat es Fé8uEBs¥ cells transfected with pKT-S and

harvest gds@b-RNsRBE! ahhapsicCebondatepedad | ¥8 8O0Hrekin.

Rabbit anti-S 10 was used for the detection of S
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resi duesn@ﬁi:eSSO 551 570 and 571-590, respectively,
were expressed in Cos-7 cells. Western bl ot analysis

was per SBCREEIEEFRG rbbi t - angibadirsft EHATIRM by
h0f§£a101§68§e&r amhns,?{l&é:)plé%rt%ﬁl NgWakEsSepaaked R 1s
10% PAGE gel s. Mol ec nasses of specific proteins

ar GilrmChI@@ISééCOﬁdthEthI%}hts anid MadgesSoi3 ne¥ Kehr:s sarlé and

'nQ§°§$?%s%2c 1vely (Lane 1, 2, 3, 4, 5, 6 and 7). Lysates

of Cos7 cells are transfected with with plasmid without
insert as negative control (Lane 8). High-Range Rainbow
Molecular Weight Markers (Amersham) is wused as the
marker on the left.

Figure 3

Time-course of the glycosylation of S protein.
Lysates of Cos7 «cells transfected with pKT-S are
harvested at Oh, 0.5h, 1h, 2h, 4h and 6h respectively
(Lane 1, 2, 3, 4, 5, 6 and 7). Lysates of Cos7 cells
transfected with plasmid without insert are harvested at
6h as negative control (Lane 8). Lysates of Cos7 cells
are transfected with pKT-S and treated EndoH (6h post-
transfection). Lysates of Cos7 cells transfected with
pKT-S and harvested at 6h post-transfection as negative
control. Rabbit anti-S 10 was used for the detection of

S protein.



left in kilodalton. The sanme gels were stripped and

reprobed with nouse anti- -actin as | oading controls.
wWo-2@5/08658% eat nent of the S-derived proteins w POT/N2004/004073

gl ycosi dase F and Endogl ycosidase H. The full-length

S was expressed in Cos-7 cells. Cells were resuspended

in lysis buffer. The sanples Were treated (+) or

nocktreated (-) with (a) N glycosidase F (N-gly-F) and

(b) Endegbvees4 dase H (Endo-H) . Proteins were

separated on 1Q% PAGE gel s and Western Bl ot was )

per f or m8d REOER1PasPressed 100 e, Sir tprgyef transiently
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i mmunof | uorescence (1F), when poly- and nono-cl onal
ant35308i78s amhi ASL-99, r aiespdcthvelibbi Werehorsmremsgd in
m re.uysed.. These tibadies recognize different.
et IR s ERE BOPE aReT ke Hear Pe-ToRSt olinins
‘"t hatabbiiB-a-pulse- cheme eppasliinenind a QeD, -sARS  (right
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21@@5?1 u||§r%¢?ﬁggngg@d’separated on 10% PAGE gels.

Molecular masses of specific proteins are indicated on

the right and masses of markers are indicated on the
left in kilodalton. The same gels were stripped and
reprobed with mouse anti- -actin as loading controls.

Fig. 6

Treatment of the S-derived proteins with N-
glycosidase F and Endoglycosidase H. The full-length S
was expressed in Cos-7 cells. Cells were resuspended in
lysis buffer. The samples were treated (+) or mock-
treated (-) with (a) N-glycosidase F (N-gly-F) and (b)
Endoglycosidase H (Endo-H). Proteins were separated on
10% PAGE gels and Western Blot was performed with
rabbit- -S 1. Lysates from mock-transfected cells were

used as negative controls (lanes 3, 4, 7 and 8).



endo-H resistant form Furthernore, when a set of
Ctermnally- truncated and internal -del etion

W@ onsSisdsst s were expressed, it was found that POEIER004/004073
pol ypepti des wi thout transmenbrane domain (TMD) were
endo-H sensitive, not transported to the trans- ol gi
and not expressed on the cell8surface, in contrast to
those with TMD. W al so found that two host proteins
(62 eandap4Bsseespectspeelif)c, protevesyacel linhioesed on
tested, were co-inmunoprecipitated with S b
ant'ilﬁod’f@tra?’é%dmfiﬁﬁﬁgnﬁ% &t 1S B ]%/"r"’lfrﬁd on the
recuel ed Ratb&MiSon AmMi no acid residues 31 to 200 of S
were identified to be the domain that interacted with
these two proteins, as the deletion of this region
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simlar cleavage products were al so observed. The S
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cells in paral transfecti on experinents. ,

o Gasu | ELdrie SoE o 6e nCAbS CBEPs SPadfGrs in a
OOSraEcQﬁhlaSm asekPLesB St | tyyHfed he Fhdr of ei psoEtht Nfas
matured, fullyglycosylated 21CkD form which
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present i nvention, we havé also ob
antibodies against S, raised in rabblts, horse and mice,

were used. These antibodies recognize different regions,
covering the whole ectodomain of S. We found that, in a
pulse-chase experiment, a 200kD, core-glycosylated form
of S was processed into a 210kD, fully glycosylated,
endo-H resistant form. Furthermore, when a set of C-
terminally-truncated and internal-deletion constructs
were expressed, it was found that the S polypeptides
without transmembrane domain (TMD) were endo-H
sensitive, not transported to the trans-Golgi and not
expressed on the cell surface, in contrast to those with
TMD. We also found that two host proteins (62kD and
64kD, respectively), in every cell 1lines tested, were

co-immunoprecipitated with S by antibodies raised in



fragments of the S protein and have raised rabbit

pol ycl onal anti bodi es against 5 bacterially expressed
w®2d0sasiFent s, covering the entire ectodomai n (BSI/AB2004/004073

1192 amino acids) . As these proteins were expressed

in Escherichia coli, the antibodies wll not be able

to recogni ze sone post-transl#ational nodifications on

S such as glycosylation sites. Qur analysis is
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210k tanRd ithe hﬁa@,tt rearﬂsp@éﬁedeiprémd}elalnosu:raftaﬁatlon
(11, 15) . It is also known that the 210 kDa
f ul9gRgTpdod Py SEBRSFRFERDICOS 17s 2pdt 8P4 P nedtoridt @grallel

transfection experiments. The processing is more
complete in AS549 cells than in Cos-7 cells, as the
majority of the S proteins are the matured, fully-
glycosylated 210kD form, which co-migrates with the
native form of the S protein in the supernatant of virus
infected cells.

In the present invention, we have also obtained
fragments of the S protein and have raised rabbit
polyclonal antibodies against 5 bacterially expressed S
fragments, covering the entire ectodomain (48 to 1192
amino acids). As these proteins were expressed in
Escherichia coli, the antibodies will not be able to
recognize some post-translational modifications on S

such as glycosylation sites. Cur analysis 1is also



into virions and secreted into the nedi um of SARS-CoV

infected Vero E6 culture. Neutralization assays showed
WO bas/054383 bodi es rai sed agai nst GST-S 10 wer e PEPEH20€/004073

of neutralizing SARS-CoV replication in Vero E6 cells

at atitre of up to 1:364at 0 TG D50, which is

conparable to the | evel obtained for conval escent

patients. Analysis of sera taken after accunul ative

| Mlikedat | 6s Hespl oyideda speablyneaicr &84E0pRs since  the

neutralizing titer, indjcati t t L bqguni ze
r abBT < W ew%ﬁ%vwe%ﬁrgc{é%%cif%gg i@rréfc'unggrrl%sponsgé ggls and
GSTS1dfk:a Nometché phesehber oansbbodileboappear taanpet rule

capabl e of inducing neutralizing antibodies V\hé%wree of

couPdt i ridiatat &PehaPrPReIR \RR: affedphSanBe BPNe
ne%éf&iﬁgg eRht opest iy ¥B8- IS5t Ao 1 deKadn©fbRies

prot el n. wever, this phénonenon is nost unlikely as

a hwesen anti body agliesto26eceniaa KesabeendsFowprueins
have neutralijzin roperti (see b rdisc i

on TR PRGSO ny o na e Cer Anapy & 2t fle,
exphapatoandi sltshatbdeuteadl itai ngmepicpapespitatdi sative S
region are heavily qJ ycosl yated and/ or cant aiﬁ rigid h
t er PFRFSITT r EPUr &ELThiY i, (BaPUFelult s2Bfoed  T0€

that L 4851055.@82 fhaS PhELEI Rnk$bbesss SUrbaliadiay to
use In the devel opnent of vaccines that are

peplideabased crxpwessd opifpIRstei pEeeXpr ed@edths folded S

non- nanmal | an st that _are n toJg.m

gl yég&%t F%nfzgﬁjclgge‘; TF° Humen lclgit ﬁ%sﬁce{%%%}ltsehefound
frofmh 798 195h13Ar@nd£Ssl0 Ispdroaatlii29-itidAopaecipitation
clear that the region 1055 to 1192 aa of S protei niﬁth

| D REPeBiIEGHal HOMIhedi thethef | ZHP AP o fEYs) Fidt =°
woub g pe Ui LAkl £od O UL oV a%8) Nende@)aPER tos T ea

first step in Torondvirus infection is the attachment
of \WkpdokBak ofdldstlengkhsSanas iwellhescdde ShdgARSeEhILance

A PRSP OB P2 E, Rl B85 Bipporeo
by indirect immunofluorescence experiments which showed
that these antibodies <could recognize S protein
expressed on the cell surface. It is known that the
core-glycosylated S protein has to be transported to the
Golgi apparatus before it undergoes maturation,
resulting in an increase in apparent molecular weight
from 200 kDa to 210 kDa, and is then transported to the
cell surface (11, 15). It is also known that the 210
kDa fully-glycoslyated form of S is later incorporated
into virions and secreted into the medium of SARS-CoV
infected Vero E6 culture.

Neutralization assays showed that antibodies raised

against GST-S 10 were capable of neutralizing SARS-CoV

replication in Vero E6 cells at a titre of up to 1:364



domain in the N-termnal of S protein, approxi mtely
300 to 510 amno acid (aa), is the receptor binding

wa@leovaiosssgl6) . Subsequently, the fusion of the PEPIER004/004073

bi | ayer ofthe viral envelope with the host cell

menbrane occurs and this proggss is al so nedi ated by

the S protein (4). The coronavirus S protein is a

class | virus fusion protein and contains tw heptad,

r epeat2 00e §CdRs . ( WRL chndls HRoYParab o tid the $2vadnebhadped
C-termnal donmain. Thes ongj - S t

pl ffrar?ogyﬁc?% SRl BT &é‘sf'r%in%éytggg g?i %%%{%r ?gkgg after
st ra%f:hhhﬁﬁaﬁfv@ ancuhenoel oradi @t spltdved usi ehebéy weenrease
viral and cel]lular nenbranes (4)..For the SARS-CoV, .
HRAT sNEYEEReF iE1%skr t o t hé“@gﬁ%gffé?rbrtiiﬁé aﬁl%ormmhmzed

(114811193822 andwHR 4 SspedAQ Aa sl @@Bbehskt to GST-
(900-1005 aa) (14). Interestingly, S 10 (1029-1192 aaz)1
e

encompas s¥sne hef HRZe regicon anBiibedeas caPATUdiePeh &R
shoun L hal, pept | des, oLy S0ONYI 1g. L e, R AL HReouna

of .ARS} rotern can assoc e Into an
antiirdatak! ethsi Xdelrex basdlan wiabeateuctfir aleutralizing

features typical of the other known class |_fusion .
pr SRitRPESsuyestd g *that™the RS ad@?f usPon an®TEEFLD-
ent}fc:)(rle%‘fhar}!lﬁ@ M&r\etn%gl bys _Sﬂ8§tc%\'{lii§e$ifmajsarat Guman
that for other coronaviruses like MHV (1). In the

f uldntlibogvh &pimottei A61t HE2 HRE- HR2s sthagdt uFBOBR| fgs have

the fusion _peptide redict to e he. N, - .
teﬂﬁ%&la%]zgﬁgzl PA9 te%téfagse?sgereox}o%??g t%(r()D Iﬁ hgl%ussmn on
t r ansgEtbrapend o dorenich)t.hi Thkaeblket ptesathe dysiapation
between viral and cellul ar nmenbranes, allow ng th ,

Vi AR G FeReEET R hbs R [SDHORREUET BBLY oFSE IbIHR Eeavily

th bl ey ) o
1685,00LR0 2@ /bhe JdRR adamaiig W tde iighyaffdRidkhres .
an?c‘f )% folyantlabgdi és coul dabl ocl%%tlhe i nt elr agti on es
betTheere fidRe , avdrHR2sahts hehceedr ehaht thet AR Toge of S

et d dass Enitgp1e oS IRCHE IRl hHRLBRERE of
vaccines that are peptide-based or based on proteins
expressed in non-mammalian systems that are not able to
mimic the glycoslyation process in human cells. Since
S 9 ig from 798-1055 aa and S 10 is from 1029-1192 aa,
it is clear that the region 1055 to 1192 aa of S protein
SEQ ID NO. 5 contains linear neutralizing epitope(s)
that would be suitable for subunit vaccine development.
The first step in coronavirus infection 1is the
attachment of virions to host cells and in the case of
SARS-CoV, ACE-2 has been identified as the cellular
receptor that binds to the SARS-CoV S protein (9). A
domain in the N-terminal of S protein, approximately 300
to 510 amino acid (aa), is the receptor binding domain

(16) . Subsequently, the fusion of the lipid bilayer of



and cost-effective to produce on a large scale, the S
10fragnent (1029-1192 aa) SEQID NO 4 identified in

wo bios/osdsexly may be an i deal vacci ne candi dat e POT/1B2004/004073
SARS- CoV. In future studies, it will be critical to
determine if anti-S 10 antibodies can prot ect agai nst
SARS- CoV infection in animal #odels and to delineate
the precise contribution of this S region to nmenbrane
f usiten. vl t érevd laideeryitie elie€ hosterkly mepbprage occurs
nonoc| onal anti bodi es obtai ned fromm ce that have

bectd hlikSi PEFHPEhIBsH 2° 19edtarssd Y FePEPeAPNG?) -

t hefe bEBELRNG, BE NEULRBLEZHNG PrHPRNILLES. 1 Lasgthy, fusion
reconbinant S 10 protein and anti-S 10 antibodi es can

potrtfttiednl pnde cgevalppetive orerird -xanealt megdrpent(§R1 and
Corgnavi &%S%%F%e%ﬁoﬂ td venst %@”g ROVA, M L USRS gjﬁd tBfese

virion consis a hudd eocapsSi d core surrounded by
an damsdnepeacontmidtulgtiedr eeo negilyananpr ot et 18], &pﬂke in
(S) menbr ane ( and envel ope (E), which are comon

fintBEbEPE B LIMETH FETEFERT P et ety 2k dogice gpdiate

Thech% PEQL £5A, pWBLELL f QBB M RNOLEY $Ald Ymembranes  (4) .
characteristic projections on the virion surface,

medicat esths nd$W1Cb?VhostHHr?ece{ft or boemedenblesre to the
fu o or oL _vir
as?gﬁané&g %%Qh€?££$J r%ﬁﬁeor g?ra hﬁ packag?ﬁ% aa

Thaqﬁmnmamebm at qeoonawo5u5a)s(IeBpoan&ﬂneékamgly, S 10
duci ng _host i nfmune responses and virus

neu&%Q%9|2&??oﬂabye%ﬁﬂqﬂiﬁﬁﬁéstbﬁ HRZ)regigg- SARS- Cov,

it may g bhahiPLl O stRABL | ORaPE OVEHBSn Pr @h8EL | YRptides
imunity in a nouse nodel and the passive transfér of

neuwtarxeisponginat kbotdhesHRd aadvERA of SHARE-Prbt Ecprotein

then1fron1|nf ctlon Thi s wo ld | e,
enhancensnt - QSAhgﬁoVE?hf%E ] &%ﬁ¥besbﬁo%e%lx bundle

i nfveiath OBtﬁtﬁct&fﬂaﬁf Ebetatks nlts,rbﬁahnorbmf thEMUEh &l WAbwn
unli ke the case forfelipe infectious peritonitis virus
(109L2sgnd! t FeF &P BYoF 1Ryl FUEResHing t thHavbhg membrane

Vacﬁiﬂ%ﬁ' %dag:%lrlSt r%@sngb\l{lanlsms exploited by SARS-CoV
is similar to that for other coronaviruses like MHV (1).
In the full-length S protein, the HR1-HR2 sgtructure
brings the fusion peptide, predicted to be near the N-
terminal of HR1, into close proximity to the
transmembrane domain and this facilitates the fusion
between viral and cellular membranes, allowing the virus
to enter the cell. It would be very probable that by
binding to the HR2 domain with high affinity, anti-S 10
antibodies could block the interaction between HR1 and
HR2 and hence prevent the SARS-CoV fusion with the host
cells.

As bacterially expressed proteins would be easier

and cost-effective to produce on a large scale, the S 10



A DNA vacci ne encoding the S protein alone may induce

T cell and neutralizing anti body responses and protect
wor@s/056583n SARS- CoV i nf ecti on, suggesting the EPIRNE/04073

is indeed the primary target for viral neutralization

in SARS-CoV infection. This _fL%Jndi ng was al so confirned

by an i ndependent study that Uses surrogate/carrier

virus to express Sin primates (5). Fromthese , .

st fdhgwent t (ApPTarO2 leat) FERDAR NPesforisenadhiedt i this

al one .is sufficient.to pr gal SeCpV -

nPERE ot YAt hotioh i RaRt T EF b VRaT e s Tey sape ooV

shaw prnenksi Bguaess|tstf @ilvabei nrattdoali toi getermine if

inmportant to identify epitope (s) _in S capable of

i n@BEing heut PRFERPALE SNt F%‘gdi §§2°E\§c%pi ?agé?ﬁ%seéARs'C"V
Vf’i%]'fe@%iééﬁum 2y ohsh anYadesside dd Yaeafineaver shenptecise
virul ence and woul d be safer and cheaper to produce.
| ncohicsibtutgny @€ Edent Bf sdghent Eal mePhERRpi| E%Jé%n in For
the S protein of SARS-CoV, t ed .1 he
deVvE&fopmetitt 6t vatlti nd5 or CP%JéngBe ti é“ggééﬁgs S‘Eéﬁ"ﬁé‘t’“l
SARStCBYdi B eebt aMneNef expr @ssedtHat f Baeat beegi dnsuof zed
S as GST-fusion proteins and used themtq raise_ ..
antiis&d CES -Fnl P A teinfhedd AEFGET UMY d qlﬁog’llélglﬁgr gnd
then 05t ¢d: hor bhehdrSRECH fi Cifd RS i ovardombia®t s 10
protein in WesStern blot anal ysis, inmunoprecipitation
angrioweunof Audr esgdne lAnadysidwdssneFrRN PP G GiRdily be
capaci ties . .to inhibit .SARS: CoV. r |[cation in Vero E6
cul‘fleereé‘)pﬁgrg%n%%trls‘V& a?hg%%?%eﬁﬁauv% Tus famly,
previ ougocsbHal esuddy easbopbsi biate - duramistRFasesyrusde Snd
protein is cleaved into two subunits, the N -term nal
S tded VErdPRi AARS SRS RioBaBINF1EHCRBFHAI GRTT FFHHTOPRES PY
pr %gneaégé?l-r&fe PLOLEQI Vil L CheavagenBt e eRBBACEs, spike
menbrane fusion and inféctivity but may not be a
pr efBquirsnbeapeef(M) 26nd 28hveldne sds Wigh tafe common to
1A FReRe S VEED St @BEA9R LY, MRIPTANGS) ST Bl
protein, which forms morphologically characteristic

projections on the virion surface, mediates binding to
host receptors and membrane fusion. The M and E proteins
are important for viral assembly while N is important
for viral RNA packaging.

The S protein of coronavirus 1is responsible for
inducing host immune responses and virus neutralization
by antibodies (6, 14). For SARS-CoV, it may be that
prior infection provides protective immunity in a mouse
model and the passive transfer of neutralizing
antibodies to naive mice also protect them from
infection. This would involve, no enhancement of SARS-
CoV infection in mice upon re-infection or after the

administration of immune serum, unlike the case for



dependent on individual strains and cells used (24).
Perhaps this reflects the nmultiple determ nants of the
wo pwsosssexti vity of S and difference in expresBCDIB2004/004073
| evel of enzynmes in the cells tested. The proteolytic
cl eavage of the S protein of SARS CoV has not been
found to date. Therefore, it Youl d be interesting to
investigate whether the S protein of SARS CoV was
cl eé@bl—jﬂﬁf—‘ mrfegtigng Beritefitis |VslraJISsdl@I)eaaed théeefore,
the; g t fusi n t|V|ty couldb
st ué. ed or O‘%%wlstsl&r?elé glrrg?ggeid corlonr?é_‘vll Fu§92 1 HE" 1 %fﬁﬁj'cov
t hah Dm ﬁaqf)d!n’(eele'nda:fdl%RShQO‘g m&téiﬁaélﬁﬁlné by athddce T
-ter of 110-kDa and a C -term nal S2 of 90-kDa
as ?%]eg e P TR EF NG tREIRAAYa BESPPRERS e@nYerRFr g Ct
cel hscandrbfn BHREIESE YihfdONS,DY é{fdgé@taﬂbl t&%%' & protein
specific to the N - and Ctermni
ful s &rdpead Sher @tremﬁrmf tmﬂ(l:fapmva@rallsoederebimtmm in
vir » ded t t he roteln f SARS
msé%%?tcfo\g}lel%%g savad. &%e rg agl TV ‘%%n%l Tt e c?ﬁflrmed by
cl eavagadppentiwits coudyl it bes@scunatebyt £addrmieed Bus
di rectlx scanning the blots with a densitoneter
bechus&*PheSSf Fi ﬁPt PEdmateantPhodi €M thesgnbtodligee it
di figgeatts TRse ARGl €8 ¥E5E:4 al 580 Wt h purjijed
virions and E-coli-expressed fragnents, respect Vel y
Tiet Figditentth &P Hrpy@d‘:fc adgal31s82 SaR&alag el r5f egrdlonf. or

ot her coy Vi use ent quyence of
SARS Co%‘ﬂ%% Bt he “Findi ng ?mr ‘é’HPﬁfergé?{s éOVPr BGY ouShov
St ush @si ssingyg esdsulhat W%wlm&m Jofd fiks ipeateft to

i medi at el yupstream of the cl eavage site of the
cortiRFitys SeBLbPREAS) Poillt mft at F8RaBiesonef of ingwicing

mul 4d & 1033 hg ra%%':.gHg§e£n 94t ebfmf’ﬂ)é s<Pld ntelge would

cl eavage (ref. . Presumably, I's notl

r eRNTisd Roy fmlellkeyprQﬁ easesreiomamml vaﬂubehdes and

whi s.oe shown, t responsi |l e for cIe age of

otﬁ%?ﬂsﬁra {E?ﬁn?ﬁ%%ﬁ%eaﬁs %o pro%uce %As study,
we identifed neutralizing epitopes in the S protein of

SARS-CoV, to be used for the development of vaccines or
therapeutic agents against SARS-CoV infection. We
expressed different regions of S as GST-fusion proteins
and used them to raise antibodies in rabbit. These
polyclonal antibodies were then tested for their
specificities towards the S protein in Western blot
analysis, immunoprecipitation and immunofluorescence
analyses as well as for their capacities to inhibit
SARS-CoV replication in Vero E6 culture.

For members of the coronavirus family, previous
studies have shown that, in most cases, the S protein is
cleaved into two subunits, the N-terminal S1 and C-

terminal S2, probably by cellular furin-like proteases.



(ref. 26) . We decided to devel op an expression system
of the single S protein in a manmalian cell |ine, and

WO bms/okspsiisi ng mutants to determ ne the alter neCT/IB2004/004073
cl eavage notif for S of SARS CoV. A 90-kDa protein
with simlar size as the S2 identified in infected
cells was detected in Cos-7 é€lls transfected with the
S gene SEQID 1 . The system nakes it possible to
deteidn fieotdia yelieaudgavaiggnalighy usibagce membrane fusion
internal -deletion nutants of S . W found that vvhen
r estfUSPHECSAVEEY PBESTRY wBPe PRndVRESTIHE GES K 20-

pr 05331 n wag.nogedgatected The sequanssnsdhi &heoeagveen the

resi dues deleted in the nutant was FGRDVS '
VRDFJPé'E@Egie dfide g@nmmnpr otfgisdonas (toe cirdeeggeity) is

C;el s ég: n Celn ll:firll.g SJT eC{Z 11\'1/\ét Ignhhece%. nSSe%he(24) .

FedPates ifia Aot cont &in an a ernative
t r anf@ﬂlﬁiysortnlry t:te?ﬁ]]eQﬁsCQﬂﬁl’l ;mAeiphe Htkbaipantei bf the
could not be due to internal-initiation of
t r affiag i c’th‘YHéYQGfkéaaﬁfiofiéfﬁeﬁ%%‘:%n’rry FRESIHG e 1&?}‘/81

antépoe%sﬁneég%néhet be1 s teg Jidaus Th@t pgeﬁe@yyé{pscqeavage

agal nst N -termnus, thus it could not be a
pr ocdﬁmihedé;r predefinoaf p‘B@R@tQﬂVelna@r nphabéem Hfund to date.

sl at erest gl t hese 20 residues did nat
coﬂﬂh cﬁg m)tj‘tt ;ergjl t|¥|%I e o?er%ﬁtre ;LSI c Fesiageste

I equlid @k byt Helrd npir@&@lrpr@ﬁ COBRS . CEWIew&stE:EEeafrB& $nto S1
protein of SARS CoV m_ght not be cleaved by t sanme
enz3ifbsSUs el f bF 6f3hé|1S@orcéﬁﬁv??lusége%uf:hﬁy e@?FFEr gRt the

Ce' th @ SRIORHHLRI6Sry dBE81d eﬁylétme@r}_faxsttqms newly-
servations by others that co-expression of

W tehnemgﬂ?e damamaviiruisnsecie célomsdd|td11anotthmu%epi.rhté\es1 of

cl eavage o SAR no_sequence t

(oY, vamerbexred Bito"gar MEERGERTTL 51 epdgo-koe
cl ofdd ng Ea@émlﬁsa. |dkef( 050 IKDAP s -dHeke JwdtfeOtRASR ted in
exi sted, which was the consensus cl eavage notif of
fustisn pediei @ ofnfeftadenVerd BAd SSdddai 274 r dBepurified

o O&Jﬁ%é{gvf% Sgééﬁ@/agﬁtﬂ&aal\@t eghddg ifUSIPN QL Ofh €1 BRa c-
termini of S. As the full-length S protein of 200-kDa
was also detected in virions, we concluded that the S
protein of SARS CoV was partially cleaved. The relative
abundance of cleavage products could not be accurately
estimated by directly scanning the Dblots with a
densitometer because the affinities of antibodies to S1
and S2 are different. These antibodies were raised with
purified wvirions and E-coli-expressed S fragments,
respectively.

The fact that a typical S1/S2 cleavage signal for
other coronaviruses is absent in the S sequence of SARS

CoV makes the finding more interesting. Previous studies

suggest that RRARR or RRAHR motif is located immediately



Based on earlier studies of the S protein of nouse
hepatitis virus, the S protein is

woOR0S0ERSES gl ycosyl ated and trinerized in the PCT/IB2004/004073
endopl asmic reticulum (ref . 10) . The hi gh nmannose
side chains are trimed and further nodified during
transport to the Gol gi appar@&fus. The cl eavage occurs
in the Gol gi apparatus or the post- Golgi . The S
pr aipitireain SARS theV cbheddadrtss 3256 redli dhes aodoarides s
23 potential_N-1inked %ycosyl ation tsltes. If the ,
cl Toc ARHS Cat™ &S Fite £ T5592%¢7 00T t hBE SUdfgPse basic

\Amuéislfa%eonméﬁt anflpddr bt esvol £53PaGd eldavals thesSl 23,
was about 20-kDa |arger than the S2, it was reasonabl e

t 0 2BsurRrasvaebayst this motisl lis prmvired foirt doim-3like
Werp oq:ﬁa%.(:sief or anXl%rgﬁ a%} I llgsut wgg%ll'}]alltxé? Orgeetrp%%%wlnnt§2be

Sta Y, 1%0 sefve he si zés "of
t he:ecslpe:al\seﬁlsl faadcsaad@geecdsiedottmen: etdrdly Faisdonwgireteins

sl |(ghtly smal | er than those detected in supernatants
and45ifri Redd Yfr f8rdedris deVGHPPI AR SREETHAD EY)tem of

furdiiers imedief isc @&beelﬁceﬂraega@ﬁaﬁfazplﬁ\iaqqn%f §nan@hen
per haps béfore assenbly of virions, and (2) t
pr dtvei ¥e irigytutiza tel ey edeti arigee | ihe aﬂtyﬁrbgathast cd@lalvage

protae I ells tr ected with the sin
IR8on P P SFRFREP T or oudt cant PR ish Bed finfar
SI z.c.amerae dabesia eddémilﬂmid tihe iht0c k& &lls.lmaskeleltﬁcted
Vero E6 cellsinfected with SARS CoV. These m ght

b
{ hel b ICOR7 ddFRRYT SRR HHSSHEC WibP She of Gene SEQ 1D 1. The

pr esl%tlé‘?ne hekok naty O?OQEQQPQt Sto | Rt ha9l the t REeavage
othér two proteins o 2-kDa were identified in

botsngnraelnbﬁfegsedgan@temaécﬁedecebhsmuwg@esif 1%y Weatfound
th rod t|on of the N-te naI roteln no
q: lﬂ]e . 3 ts' E%f' eI a&rrfovr?§h She 50—

arti |C|a ?ranssfeclied ceIIs

bemmel’pfdﬂfél(ﬂ eayagao0f ddtabted! s TheNGd@BaCEMIIOr e 20
fusion, infectivity and pathogenesi s?rGr enmai ns

Coﬁ:qul@ppﬁgde@te%q i thstltﬁ’] nkang was RDVSDFTDSVRDPKTSET.

The 90-kDa protein was the cleavage protein S2 in cells
transfected with the S gene. The 20 amino acid residues
did not contain an alternative translation-initiation
codon, so the 90-kDa protein could not be due to
internal-initiation of translation. The 90-kDa protein
was only detectable by antibodies against the C-terminus
but not by those against the N-terminus, thus it could
not be a product derived from premature-termination of
translation. Interestingly, these 20 residues did not
contain the motif of multiple or paired basic residues
required by furin-like proteases. Therefore, the §
protein of SARS CoV might not be cleaved by the same
enzymes used for other coronaviruses but by different

cellular endoproteases. The result is consistent with



processing still need to be addressed. For exanpl e,

why is the cleavage of S evolutionally conserved in
worvg/ossdnavi ruses if it is not |inked to thePCT/IB2004/004073

functions of S? Recent report indicated that trypsin

activation of pseudovirions HV(S) wth incorporated S

protein of SARS CoV was requilffed for cell-cell

menbrane, although it did not enhance infectivity

( 3D bseXBERBAE S HANDoWEEHEODS et erbaéspraddweidtosdfamnml with

Vero E6 ceI I.s used in this study were purchased from
AEITEE TP EBI HRTECICHIg et FoR Fﬁ/ﬁnﬁg‘é%es LReA S (G3/pvage

Cosdt Ce8hRS WoKe GUISUT agh akedlerfcd Nmala £2 ¢m+¢m{)a& -Arg
in Dul becco nodified Eagle nédiumcontaining 1 g of
gI ucdse i% de, R ynviSegl upaniThe) 195 1gl<zr-fd sodittrkng Factor

tefljt 0 0; ac
O H‘?L {Arfep?%@%r%/ {g\ﬂeri S%S%e&fé penl m% J”ﬁlf’%lh 585°
fettaie b@wneenseﬁ uneYely@genemott &ih, ofUSA)J.s:Loh/ermrcEﬁalns of
cells were cultured at 37 C in 5% CO2 incubator in

Ve ditihUE882c dht 3ihi SR IV EEHTSR -ank TR ST TR A (73 eavage

acifdikEeanene U@bh o $Abte THE SF NG & 1$hisakN
SARS- CoV 2003VA2774 ("2774") of Sars coronavirus was

iscﬂaaateé’d Pn Rariteck SarjcEosptt dheand adapedd tof gmowse
Ver . b f. t al It
| nsr%e;%t utlgq(e, Hﬁ}ﬁsl’ n. | abar g&SE% 3 9f  Enyl EQHk i Ay égs"i‘;laged

Si'ngapo assa e 3
celdmi vvmmaﬁ&(édf dm oh}reecénd%lmaemhba&teltdnulﬁﬁvekse 10)
transcrijption and pol ynerase chain reaction (RT-PCR
and ey mﬁﬁﬁ?flg §idpe BREPRaMT S abEH MRS T‘?n9| rfl‘}é' ther

(\fﬂ@dl\@@%dgr&ﬂ'(ln%nd;ltér;slb%trﬁd N MeL 06eh! SapPhishud S @ne
subcl one for growh of avian infectious bronchitis

cor@rﬁ@masss o¢BSr&h. the Shkgi apdparatu003) .the post-
A SR8 SOBLNCEE, o8 5 SSSRY ol remicues
f ulalﬂ&n:gaﬂﬁs( 124266 @i Q. aci dsikesda)gl masylaetdohOsites.
perfforthe cleavage occurs at residues 551-570, the S1 and
S2 would harbor 12 and 11 sites, respectively. As the S1
was about 20-kDa larger than the S2, it was reasonable
to assume that most, if not all, potential sites in S1
were used for glycosylation but not all of those in S2.
In this study, we also observed that the sizes of the
cleaved S1 and S2 detected in cell lysates were slightly
smaller than those detected in supernatants and purified
virions. This might indicate that (1) further
modification occurred after cleavage of S and perhaps
before assembly of virions, and (2) the S protein might
be cleaved intracellularly by host cell proteases.
In Cos-7 cells transfected with the single S gene,

small N-terminal products 55- and 38-kDa in size were

detected but not the 110-kDa S1, unlike in Vero E6 cells



anplification and RT-PCR, and the cDNA fromthe RT-PCR

was used as the tenplate for cloning of S constructs.
woews/0a@estructs S 1, S 2, S3, S 9 and S 10p¢Tm2oet/004073

1) were obtained by PCRwith the priners listed in

Table 2 . Al priners used were purchased from

Research Bi ol abs or Proligo Pt Ltd (Si ngapore) . The

PCR products were digested by BanmH / Xhol and |i gated

i nt anBaatkd Xhotitdut [SBRRATI Coéct orTHe&eer sidighPhar baci athe

Bi ot ech sal weden) to obfain plasmds pGEX-S 1, .
pae R e e Mot o6 4 P e S5 P et ion
exppesauets of Padraishiiagey s tepasianase ¢GST) FEHE&%\S of
prot ei ns, ég) For expression in mammualian cells. The
con&tf bRt e ofeKT- Slentdifiigini Ag t kethul krpeafestsl, and
whi ¢ e | 7 cipLa. vy t

P L O Ty S et 1 o amsl i oe| POUPFLE (B biese
pKTE80 18 t KR 1l DrogkTnS 18 npKa il cipATi8 tHaasfected
pKT-81}6 (Fig. 1) were cloned as follows .Table 1 .

Pl aSfid% used in this study Plasm ds Nucl eoti de

sequencerh¥ fel AGichspasi beoRed®t Bhe NO1eHFaT J¥0 ACIHP jtg
pKT-S 1-3765 1-1255 1255 pGex-S 1 144-1074 48-358 310
pGekVBCoiqme- 23rgAnro0 4£8spasx- S 3186acy B8y and

168-&@&%&%&%*&%%%94& | A8 .Q5<§u£s5c7j]o%§e?<%\§ e s

3089-35 1029-1192 163 Table 2 . I go- nucl eot i de

Pripeesessiody i st illli esdudy be addressed. For example, why
is the cleavage of S evolutionally conserved in many
coronaviruses i1f it is not linked to the functions of S?
Recent report indicated that trypsin activation of
pseudovirions HIV(S) with incorporated S protein of SARS

CoV was required for cell-cell membrane, although it did

not enhance infectivity (32).

MATERIALS AND METHODS

Materials. The Cos7 and Vero E6 cells used in this
study were purchased from American Type Culture
Collection (Manassas, VA, USA). Cos7 cells were cultured
at 37°C in 5% CO, incubator in Dulbecco modified Eagle
medium containing 1 g of glucose/liter, 2 mM L-
glutamine, 1.5 g of sodium bicarbonate/liter, 0.1 mM
nonessential amino acids, 0.1 mg of streptomycin/ml, 100
U of penicillin, and 5% fetal bovine serum (HyClone,
Utah, USA). Vero E6 cells were cultured at 37°C in 5%
CO, incubator in Medium 199 containing 2 mM L-glutamine

and L-amino acid (HyClone, Utah, USA).



Primers Sequence Application SS03-56
5' - ACGGATCCACCATGITTATTTTCTTATTA- 3" d oni ng
wo posHs@Esyt h S SS03- 57 PCT/IB2004/004073
3' - GTAGGCCTATGTGTAATGTAATTTGAC-5' Cdoning full-1ength
S SS03-62 5' - AAGGATCCAGATCAGACACTCTTTATTT-S Cdoning S
-1 SS03-63 3' - AAAATCTCGAGTTGTABAGCACAGAGS' Coning S 1
SS03- 60 5' - CAGGAr CCTCAACCTTTAAGTGCTATG'S Coning S 2
SS03- 61 13- GEAHGESPACEAGSFAARAET EeTCAMY A 26haNni g 754 )
2 SS03-68 5'- TCCTTTTCGCTTGATGITTC-3' Coning S 3
SSO%E 6%a3's- TATTACTORAGCGREGAAATIRGART- $n C(Tani nip<s 3 Seng

SS03- 01 5" - CTGGAT, TTTATT CLTGG 3. . C oni 9 .
SO . TERACTORAEEROCT CoATOACACAT V8°0 B e 2% ™
SSOZKdY o orACCEAT CERACKIeHERCCTHERL €h  Chwosnt ivgnt® 10(EHI) ,
SS03- 04 3' - AAACCTCGAGAGGCCATTTAATATATTGC- S d oni ng S
10CHHRSARREEI orPBTSAeasH d8- QA 1 EP ¢ o Rartfigngused for
Fevey,SePri BRAS Weheadesbgned t0.28P! i fiyahBerSpeese Ohind
Si ngapore strain 2774 . The PCR products were digested
W tpoBarddasend Stain andekicgared | (R BBRIH / EcdRV-gqguence
pKTQ, resulting in.plasm d pKT- r_.the nt r.ql

a fflaﬂryosﬁﬁt'eﬁeggﬁgég??% B???x%r%lsa%\%p g’eigéls“?i gne )tsv%S Yrown
anpdid ye st rat & 2684 waqueseEl 4 r onhinde| aet i dle sppslbhensgor
21476- 25171, -25066, -24934, -24415, -24157, and

- 2396t RpedY iRl RIghel s RERIER o iR aKeres, 1BV
di ggsgﬁ'd o t BhBarkhaand, | i2gaked to BanHl / EcoRV- cut

pKTO under the control of a T/ pronoter, giving rise

to pl asrdlgnipETS £l IDNHKFossipuc tT- Q) 3FopKpxpregsion in

KT-S 15, 1-S.16 d_pKT- 2, ivel.y. S
gf Ig.rc(ﬁ]l5- %e %1&1@8%§§e?ﬁso§a§e C2J/”‘F4§chogx%tj_sa¥1§l1¥19 %h%e%ull-

1'nS "enco ese ons arée "shown in
Fi g1 drayt hfvp- (Db PCRiwRY eadielst ofaad waishgist@edid igerform
prinmers to produce S fra%ments W th
i nt@pel Ligeitderongd RIePPER PPdgrBfit STEr & *Mortd® iFft &R
pKT, gg¥é@ga5'%ﬁethﬁ#QﬁgEd%oPKEﬂgnlzg RET-85 dShatructs.
pKT-S 19, pKT-S 32, pKT-S 33, and pKT-S 34. These
mut Bites eocsderdtdse B Ipr 0% 6 nsSwh t hS del endols16f (Tebler 1)
20 am 0o a0l d Lepl Iues BlePaild (1915ek091 $ALES L ravie 2.
All primers used were purchased from Research Biolabs or
Proligo Pte Ltd (Singapore). The PCR products were
digested by BamHI/XhoI and ligated into BamHI/XhoI-cut
PGEX4T1l vector (Amersham Pharmacia Biotech, Uppsala,
Sweden) to obtain plasmids pGEX-S 1, pGEX-S 2, pGEX-S 3,
PGEX-S 9 and pGEX-S 10 for the expression of glutathione
S-transferase (GST) fusion proteins. (b) For expression
in mammalian cells. The construction  of pKT-S,
containing the full-length S, which can be used with the
T7 vaccinia virus system to express S efficiently in
mammalian cells. Plasmids pKT-S 11, pKT-S 12, pKT-S 13,
pKT-S 14, pKT-S 15 and pKT-S 16 (Fig. 1) were cloned as

follows.



Fig. la. Analysis of the S Protein in Infected Vero E6
Cells. Confluent cells were infected wth strain 2774
WwW@r0oa/0m3B3 i plicity of infection (mo.i) of 1 apd/voe/004073
i ncubated at 370C for 12 to 15 h . Cell debris in the
medi um was renoved by | ow speed centrifugation. Cells
were washed with PBS and wer#%resuspended in PBS . One
volune of 5 x standard protein sanple buffer was added
to four volunmes of cell suspension or cultured medi um
The sanpl es were heated at 1000C f%r 5 m nutes and
veffebkept - R1AFAMES 668 bei'vte WéLern bl ot anal ysis.
Forvirus purification, -propiolactone was added to
infected cell culture to a final concentration of
0. OBY%sa&midsact i vat e | nfBetiadtide FHRAYCREEt i vat | ST REs
exam ped by titration of jfreat S I E6
cel f"g?g Vitlses were hgortva&eis?lg)d %gp%lrﬁgré&%ﬁ%/lﬁsgawm
3 tg gsgand cel I debri s was renoved by centrifugat7iieén
at 5,000 rpmfor 10 mnutes. Utrafiltration Was
perftot?®d to concentrate viruses (300,000 NWA
M| EQQ[§)1' The concentrated sanpl e was appligeditoaa
Sepﬁar ose 4B fast flow colum (Pharmacia) follow ng
manyBagserer's instruction. The eluted fractidHs were
exam ned by transm ssion el ectron m croscop The
fraE‘??iSﬁSc%nt aining virus particles was useglc%soe!;ezwo
anakysisgpf the S protein by Western blot. Anétgsis of
the S Protein in Transfected Cos -7 Cells -Fift
per ®€ax-8f3 confl uent nonol ayer of cells in 6059%31l§e8t3ri
di qu‘é@ié nfected at a mo.i. of 1 with reconpymnant
vacCinia virus vTF7-3 expressing bacteriophage T7 RNA
pol prrexases After 1 hour adsorption, cells wepgt-3165
transfected with 2 to 5ng of plasmd using Effegtene
ReadéRti0P® AGEN) according to manufacturer's
i nstygdgtkone Transfected cells were 3087-3576

1029-1192 163

Table 2. Oligo-nucleotide Primers used in this study

Primers Sequence Application

S803-56 5/ -ACGGATCCACCATGTTTATTTTCTTATTA-3' Cloning full-length S
S§803-57 3’ -GTAGGCCTATGTGTAATGTAATTTGAC-5' Cloning full-length S
$503-62 5/ -AAGGATCCAGATCAGACACTCTTTATTT-3' Cloning S 1

5503-63 3’ -AAAATCTCGAGTTGTAGAGCACAGAG-5’ Cloning S 1

SS03-60 5/ - CAGGATCCTCAACCTTTAAGTGCTATG-3 Cloning S 2

SS503-61 3’ -CTATCTCGAGTCAGGTAATATTTGTGARA-5' Cloning S 2

S503-68 5’ -CTGGATCCTTTTCGCTTGATGTTTC-3"’ Cloning S 3

S503-69 3/ -TATTACTCGAGGGAGAAAGGCACATT -5’ Cloning S 3

S$503-01 5/ -CTGGATCCTCTTTTATTGAGGACTTGC-3 Cloning S 9

S$503-02 3’ -TGAACTCGAGCTCCTGGGATGGCACAT-5' Cloning S 9

SS03-03 5’ -AGGGATCCCACCTTATGTCCTTCC-3 ' Cloning S 10

S$S03-04 3/ -ABACCTCGAGAGGCCATTTAATATATTGC-5' Cloning S 10




i ncubat ed overnight at 370C and the cell |ysate was
prepared by resuspending cell pellet in Ix protein
we avphssskuf fer for Western bl ot anal ysis. PuriPCTBE2000004073
of the reconbinant S proteins expressed in E.coli.
Plasm ds pGEX-S 1, pCGEX-S 2 , pCGEXS 3, pGEX-S 9 and
pGEX-S 10 were separately tra&isfornmed into BL21 (DE3)
cells. A single colony fromeach plate was grown at
370C ovVeionisgbtiction B- 3gar mlaaedsoppatnfng afpireatdi Nand
(100 g/m) . Five mlliliters of theresulting cultures
VasreirrEs ardderat weze| designed E8 ﬁ@aibfeﬁrclaﬁ? afnPRge of
aml.cidlin (1 L. nd bRAgU i akgr,
Ot R G E F oo e 0T Ebr dasran of “oro cgsoeed
waswittduBadHLiSiang |$MMI PI@1 Celgkhsederiatoar Basi B(E@RY -cut

after induction by.centrifugat] at_ 5,0 g for 1

mi PSR 4FESUIFABIC AP pg%??b‘?sp%:g{]sai%%rv\grg doflexd? of a
I estis PERAGESEd  RBZd iITVIcPMeRmé@ sgwdlreDNRSE ghednd ol ysgdify
by two passages through a French Press. Lysates were
cemiifigged’ &t Sedpency fEPMIMUFEIFOLTAR PRSACHBPE 21476-
proteins in et v she i mes r esyspen

in cont gf%ﬁlehg 1\0? réll&t@'on ?(24%6% Pr (2)?2??1'5 wer e Wdes,
sepesaiead iiviel 0 YT PAGE: SDS (REIRs preducs r wese chiged ieidngith

GST-fusion protein re cut and_th rotei wer e
o) RAHTLIGRRE. M Yo N o BHAT L dPEO R B CRADERES) clder  the

CA, c4iSA01 Jines repubtbdiet US| PR RIOLAISRS tae el datiaet @atT-
in Western Bl ot using nouse anti-GST anti bodi es (Santa
Cr 2 Biotekhndl 3gy, PISart 436 KT EA L AUSAK TR 18heiRKT-S 16
congcent [ ' d oppal] Wt

ot S B o BB Bl (N e BB SRR (dhciea oy
SDSEAéEe g8l conSenectad | ane obhant i Bodikg .agai IMfo-trkend PCR
various S caonstruycts., One m | I,%\ﬁgr am of each_of the

di fYSrenPZiPFYes YoMS nPREGII ¢ h B 64 dal 0ol REEE S
Conpl £4rfefeiseudli 8h adi theata1( Sk P8Riond . 170kl SPCMO, £ hdof¥ent s

and used
were cloned into pKTO0, giving rise to plasmids pKT-S 17,

pKT-S 18, pKT-S 19, DpKT-S 32, pKT-S 33, and pKT-S 34.
These mutants encode the S proteins with deletions of
200 or 20 amino acid residues at positions indicated in

Fig. la.

Analysis of the S Protein in Infected Vero Eé6
Cells. Confluent cells were infected with strain 2774 at
a multiplicity of infection (m.o.i) of 1 and were
incubated at 37°C for 12 to 15 h. Cell debris in the
medium was removed by low speed centrifugation. Cells
were washed with PBS and were resuspended in PBS. One
volume of 5 x standard protein sample buffer was added
to four volumes of cell suspension or cultured medium.
The samples were heated at 100°C for 5 minutes and were

kept at minus 20°C before Western blot analysis. For



for the immuni zati on of New Zeal and white rabbits. 2
rabbits were used to rai se antibodi es agai nst each

WO e®pestssye antigen. Two weeks after the initiedT/1B2004/004073
i mruni zation, the rabbits were given booster
injections at three-week intervals. Inconplete Freud's
adj uvant (Signma) was used forzzsubsequent boost er
i njections. 10m of blood were harvested fromthe
r abbitus eaplr if imatdfoner t he-pitdpiogaktoBeh, wh2t h, added to
and, 16t h injection Al _procedures on the use of .
[ AOGPRCGR SRim PP ETORE it Sithr U i gt 005
reqid ati-eRsvand gxiéelivias ofrnAnimatt Resepscwdd hixamined
Committee (AREC) . Expression of reconbinant S
f r dgireht sratiorareial PRt | nEeE7 Hel Yerowke GsédsasThe
e AL LA LALER81 00 BYSIAILOhaVeRLEIA, BY Ot imes ana
anal'ysi's, immunoprecipitation and | munofl uorescence.
Monodldy etelofi sCoss csdniesredgmpwreantrad £66amidnsht wer, €00 rpm

subj ected to T7 vaccinia VigJ. infection at a

Ul A5 89 £y B ER oct R A G TR 18R 1 %aFor PRRIRBNPS  EO
Tr adsricRpte rheanstgeetbos of36€) doo WiNMwIpKT-18.113K6x8) 11, The
pKT-S 12, pKT-S 13, pKT-S 14, gKT-S 15 and pKT-S 16

pl RANERERE S arTdhd SoUt2 s PRP! 79 eCPenteRIIRSFect? ofast
realglfed’]v;s Q:glﬁglﬁn’ Y%gthal%a)m’ fg§ wg§Or .drhéltglga%turer’s
manuf acturer's prot ocol . or contro experi nents,
celimstwerceionf ecTee wIutel/ faeckmbas vi werse argkamgled by

transfected with egpt)é vector, pKTO . Endo%kgcosi dase
H a4y ¢88i dase *F-TPRBat mBCS°8F Rhe S fraction

Prdgicasnéall siveEephhf 6l Wid RideRCHWI PRl ysis of the
vacci nia-T7 viruses and transfected with plasm d pKT-S
or Srrleteranby ebesewit ttHognpty pl asmi d as descri bed
above. LS r e ' P a d

in lysi y’%&?ﬁ%%s %cg%@gf}%e%r%g?rﬁnu ac?g?{égﬁz%}%g%:e)%g.s 7
CeldeldabiFis twapetrernvedfbyoanehtient ugahobayet &, 6801ls in
rpm_ Ten nd of the. super nattaencttevcviere m xed wi.th o1f0 {d

of (S[ﬁjfrfugrgetrl dish was 1in at a m.o.i. with
recombinant vaccinia virus vTF7-3 expressing
bacteriophage T7 RNA polymerase. After 1 hour

adsorption, cells were transfected with 2 to 5ug of
plasmid using Effectene Reagents (QIAGEN) according to
manufacturer’s instruction. Transfected <cells were
incubated overnight at 37°C and the cell 1lysate was
prepared by resuspending cell pellet in 1x protein
sample buffer for Western blot analysis.

Purification of the recombinant S proteins
expressed in E.coli. Plasmids pGEX-S 1, pGEX-S 2, pGEX-
S 3, pGEX-S 9 and pGEX-S 10 were separately transformed
into BL21 (DE3) cells. A single colony from each plate
was grown at 37°C overnight in LB-agar plate containing

ampicillin (100 g/ml). Five milliliters of the



recommended by manufacturer (Roche) with or w thout
Endo-H (0.5 units/20 mM , Roche) and incubated for 2

wo 2003/0ks583 370C . Lysis buffers used contain PCT/IB2004/004073
pr ot easei nhi bitors Conplete (r) cocktail tablets at
concentration reconmended by manufacturer (Roche) and
0.2 nmM PVMSF. Western Bl ot Anaq%/sis. Cell lysates were
prepared in | X SDS | oadi ng buffer under reducing
condesL oniy 198 8D as twr0. PndduIEPed riggd vadline#®%of LB

PA an ferred t.o.a.nitr | ul ase nbr gne.
ThS:ﬁ%ﬁglgL%‘% m‘g?‘getr%{}%c ed %mr‘?%%ﬁ%éﬁ-fgggl% | k3 RLpRS ARt b vas
0. Obnéabeen- ) andghpkebedtw 31icr aliit @, - $&a%hed 0.6.
(1: 20,000 dilutions rai sed agai nst the various S

f usPEF 008 /S, PéPllﬂi@t e rificged rRaNgeRBY oS wied 1s
| NICWORS Otk idch cGog! ANALR0NGL 0L SR AP S ERIAMAIN ot

(HRP) - conj ugat ed secondary anti bodies at a on of
1: 290G og fol at0 rwbm eenpét at The aedldeedlleped abtained

en ed 1l um nesce r.eag Rierce kf ord,

IL, %%A) rgg%%{%ﬂeﬁ%drl?%ﬁsﬁﬁtﬁglpfg&sl%ztoa??%. 8 1 and
wereysed eioy edwsd phssdgyacehpbaghi bUFrandnt rmaRskecti8dates
with the pKT-S or plasm ds expressing C-termnal
del‘éﬁ%nc%ftr&l%e& ag§ 22pRP0s591 forpRP- Qirp Ther-igispduble
PKTs = tkinsP KE- r 5 S ri i
CeIEISs m)ck-{§ ?;aﬁgfi g%?e%%ﬁa%%%T% \%gﬁ%gséél?ggﬁg%gs\égénded o
confBolcontfimivgl 1§ Werntost rVed. f Brot30imd rwdref areparated

| abel i ' - met., for /2_h, and chased for_2 h . .
Forﬁ{ hg& %ﬁ‘%(?%gﬁgseg%&sp'er?%énﬁr%%e THEA PES; ST -fusion
befmrerdiar westi 6gt t fued cld Hroasilshwero dutdd Rising Mini
, 4 h and_6 h respectively. Cells were lysed usin

| ysi@5uPer c6Rtai nilREC THeECuligen PIBF, DSANP40 The

(PH sl ingn¢useBh blyged,at Q feQr 330 iR 30
1 of Sthelggpe}dnat anF are | ncubat ecp fe%rte%l hl}lvvit Slggl% %%Ot
rabiingant im@8Se S 1an@i;GJ 9 entifodidd owedshytd h cruz

| ngubation ;)él};] Pr o%lei n-Av\éeanr ose beadsﬁéRoche thei

Di agnost i cs;(m. The B&4ds wet 2% wasldd 3 PPhes vith eir

| ySdccentrations were estimated by comparison with BSA
standards in Coomassie Brilliant Blue R-250-stained SDS-
PAGE gel.

Generation of antibodies against the various §
constructs. One milligram of each of the different
antigens were mixed with an equal volume of Complete
Freud’s adjuvant (Sigma, St. Louis, MO, USA) and used
for the immunization of New Zealand white rabbits. 2
rabbits were used to raise antibodies against each
respective antigen. Two weeks after the initial
immunization, the rabbits were given booster injections
at three-week intervals. Incomplete Freud’'s adjuvant
(Sigma) was used for subsequent booster injections. 10ml

of blood were harvested from the rabbits each time after



buffer. 20 1 of I X SDS | oadi ng buffer (containing 0.2

MDTT) were added to the beads and boiled for 10 m n at
wd 0508585 Sanpl es were treated with Endogl ycosPCEER2064/004073

(EndoH) enzynme (Roche Diagnostics) and incubated at

370C for 2 h in the EndoH experinent . Sanples were

separated in a 7.5% SDS- PAGE 4fel and devel oped with

aut or adi ography . Indirect | munofluorescence. Cos7

cel tise gudun off, Pesfranaes| i de™( Nabge M8ifhcinjections. All

Internatjonal, Naperville, 1L, USA. ) were infected and,

t r ATELEFaS ™ Wi Yoo\ APOTAPEY § AMBosBEEr §REF 17

ect i Qhbr fRlckeS wiRhethe Xeshwi 4t A% Rarabei 8l dedy der ffimal

10 min at roomtenperature and bl ocked with PBS pl us

1% Rrerdanshs Bthircal Byt YeBSARRESY - 30 min and then

i ncubat | .t.he pri [ bogdy ;,I 2 f desmnal &

, vvashe%‘%p\gﬁ%g%hgnofgnc%ggé%%%p%\ﬁh{)hgff"icjo esgz)esl nﬂ{ dlian
i so¢dllaCy anai7e el ECweeenjudagdt ed skeomaamyl zani i dxqehession
(1:200; Santa Cruz) for_1 h . | jncubations and . ,
wasTer Sier E°hefSitEd &t F ool e ehipEt at aPEYRRT e Wdtd o
NMoUE £d; Whidb Fludiaseance Moubihpar VBEI @Wds7 cells, grown
(DakoCyt onmati on) and anal yzed on a Axi oVi si on

Fl Ut escep@en LidgRh WesisEBPRe¢e | t2ei®5, vEEFhBRY) virus
’\'euﬂé)ﬂ(ﬁ&%’ﬂ -4 Ac?'sx%brbi 013;%%? 'Bf”%r&%%ﬁ:ﬁgh' A48 4) of 1,
anti’bodies i n the rabbits’ 'serum we perforned an

assStyr virt haaer.i aradel et otrafsfeettdousbigecal B6-wid pKT-S,
pl at e. x 104 _Vero E6 cells were grown_in 200 1 of

2
Medt o199 i nPEReh TRl | PO thé 06 RiEi 15 prlat eBXEmg 15 and

in £d @t 34Gmiger kdkedi bt 08a of cl@bbid i &pr eiddtene
mediumin the ratio 1:10 to 1:1280 were prepared. 0.1
M wfandfeddilont edaegdebre an@iagsera wdpdentked wlhh 0.UEA)

m é@céygﬁ _CQM %gnggg 1&%4%’%0 E?Eogglhour at room

t enpéra ure before adrl’ng i ht 8 the respective wells.

The 96-weld qrad®lweskddidmeated icelasCwWeriencimiaichedf orith
3-5 days to observe thecytopathic effect (CPE) .

Per EEnt@fE 1B aceNEEURI t MEPEESs FERBRAFRRE byWiEki RFPLY

10 Je o epgpended cells from
Endoglycosidase H and N-glycosidase F Treatments of
the S8 Proteins-Cells were infected with recombinant
vaccinia-T7 viruses and transfected with plasmid pKT-S
or mock-transfected with empty plasmid as described
above. The cells were washed with PBS and resuspended in
lysis buffers recommended by manufacturer (Roche). Cell

debris was removed by centrifugation at 12,000 rpm. Ten

pl of the supernatant were mixed with 10 pl of buffers

recommended by manufacturer (Roche) with or without

Endo-H (0.5 units/20 pl, Roche) and incubated for 2 to 3

h at 37°C. Lysis buffers used contain protease



each well and counted under a m croscope. The fornul ae

to calculate the neutralizing titer is Log (50%
wNewsnsdsszi ng Titer of Tested Sera) = Log (SerBCT/IB2004/004073

Di lution Hi gher than 50% of CPE % - Log(Coefficient

of Dilution) x (CPE % Hi gher than 50% - CPE % at

50% / (CPE % Hi gher than 50% 2°CPE % Lower t han 50%

The inverse logarithmfor the cal cul ati on above is

detierriiriedras Gowleealr siockitaglt iteblesf tife catemtration

serum Al |l pgriments are ca ut upl.i S.

RE§ﬁff§m5Pg€és man Phe Vgccgﬁpa %E%pggsgﬁgs

Syst em wketagal metemmsvsuen aed1pneecasssngeat prigpared

transfected cells, the S gene was cloned into a vector

(pKTFO) 1Xingles imadtnmtPeficl wnder prefhstioE capgdtzons (1%

celdss Weienl 1Y 8Ctfd N vageini&y TEn" eLOIIERARL ge1  and

viruses and were subsequently transfected with plasm

commnaf@greﬁets genetrddrd 18 1pset eembexpe esBicorplots were

prafi | s._anal yzed b er.n t n rse-

- %c}n\&abod%s nognengr af't e?fﬁc it QJI% I e?hag)d%%url FivEgn 20

Vi radd perdbed esitiA sasthiownanti Fdegra | b : 2@ 020034,1ut40ns) ,

HO, 90- 64/62-, 55- and 38- kDa proteins were

det’ettEd (1‘9&?1’@52) therh¥agigpecifest WHh® PEPEiNS c &hd4°C

WeT &y d,dight  duie! RchBPa SR £S5 O AL JUOCASS B8PS ade1 -

as no such proteins were detected in negative control

cel#abuﬂumhprgpraahehZﬁﬁroxmd$s£40HREm peoledatsed secondary

corrs ded to the full-lengt ) el

(gI%ﬂ:ol r‘llz‘i‘teé;d And®un t&?yl a?P ?',BB%d f%trhelr Emeld 't eF oo™

pr oghigdesavRte pr obahhy t hedelepaesh pr ot eiins and/ @nhanced

premat ure translation products. The results

SUgEStidMR AL S ERRCS liﬂatﬂeé’itn (BfepRs Repkhnirght Ihe USA)

cl eaved Vi t S LRSI em

coul d bgaggégkﬁg%aznal§§Ts of prog§§§¥§% of g%%%QCongre

prcﬂnﬁamtebewechlmﬁ vdcdedreiaClvdavagen®r odams Seqtred with the

%g?onnfe ted. I'ls -To.inv%§ igate if
préf

|§ gl 8ml S eXpressing -tcermina

S, pKT-S 11, pKT-S 12, pKT-S 13, pKT-S 14, pKT-S 15

défgif%n mutants

or pKT-S 16 as described above. Cells mock-transfected
with pKTO were set up as a control. The cells were
starved for 30 min before labeling with *°*S-met for 11/2
h and chased for 2 h. For the time-course experiment,
the chase period before harvesting the cells was 0 h, %
h, 1 h, 2 h, 4 h and 6 h respectively. Cells were lysed
using 1lysis buffer containing 50mM Tris, 1mM PMSF, 1%
NP40 (pH 7.4), and centrifuged at 16,000 g for 10 min.
300 1 of the supernatant are incubated for ¥ h with 5 1
of rabbit anti-GST-S$ 1, 2, 3, 9 or 10 followed by 1 h
incubation with Protein-A  sepharose beads (Roche
Diagnostics). The beads were washed 3 times with lysis

buffer. 20 1 of 1X SDS loading buffer (containing 0.2 M



processed in virus-infected Vero E6 cells, western
bl ot was perforned to detect the S-derived products in
wodaok/osdses cel | | ysate and the media of virus-iEBIH2604/004073
culture. If the S protein was cleaved into the
N-termnal SI and C-termnal S2, they should be
detected in the cell lysate; 2and if the two cl eavage
proteins were assenbled into virions, they should be
detpaat) edvdrie tdiRiagEdia e LRt ethTabdiSled-ofort hi® min at
purpose, two rabbit anti-S anti bodi es were used, which
wer'® % ai Sed SEFRLESt Y NCERPAFRAI Witd t ARdegt¥reqifase H
reg r [ 2t 3 °
B e L N
- S redogm zéw Endeli enper omert)29Sanp lE Xerseseprgated

la), . As sh Jn ELg. when rabbif- -S.1._was .used,
twd sped fi %%Fote§hg'8$%oo-g n]hd 1 -kDadsverléDpeci with
detraledaheybapmy t he cell lysate (lane 2) and in the
media (lane 4). Wen rabpbit- -S 10 was used, two

pr ot ei ndngireph. TAAYNoBlRTELIRANE et €22 Ed TSILR |FFAHe on
cel e {{.ane ' he [ - 8 -
TR seerRy Pl ke IS Ao RRE b e
spedi,esUsa ght weepr eésdrctele dxdd andas fertadnaks cldesecagbed

products S|_and S2, respectively, of Sin .

Vi ra???-"uenf e%ﬁteedf cél I% Bﬁgt‘(tz‘jari €81 BPot &It \Ragere fixed
pardiital lag Rarafetmsoagh i sorCleavwet fr 2ARS téaberhture
was observed that the 200- , 110- and 90-kDa proteins

i n ave hegkgdwei Bh sPRHhPLYS | BF gV iitarPyd) @lbumin (BSA)
co rpart:s, isn4C I [ ' : t

M e S R e s e
cl edvage) antbpeflobe Bssevdshed| ntand/i then. Tocwstfad nwith
t he._above observatiagns, purifi virus particles wer

oG R SRy B SETYPREEE he Fadm HAP BEH G - SRbondary
shQt ibBaki g.1:200;t RenBh Tuheni trosas: det eah ed jWsuBEt ions
rabbit- -S 1 (lane 1) and the S2 subunit was detected
usiamg repdias were OPerEerner) at BgpAMt [fe¢mgprature. Slides

were mounted with Fluorescence Mounting Medium

(DakoCytomation) and analyzed on a AxioVision
Fluorescence Light Microscope (Carl Zeiss, Germany).
Neutralization Assay. To determine mneutralizing
antibodies in the rabbits’ serum, we performed an assay
with serial dilution of sera using a 96-well plate. 2 x
10* Vero E6 cells were grown in 200 1 of Medium 199 in
each well of the 96 well plates and incubated at 37°C.
Serial dilution of rabbit sera with medium in the ratio
1:10 to 1:1280 were prepared. 0.1 ml of the diluted
rabbit anti-sera were mixed with 0.1 ml of SARS-CoV at
200 TCID,, for an hour at room temperature before adding
into the respective wells. The 96-well plate was

incubated in a CO, incubator for 3-5 days to observe the



and S2 subunits were detected with horse- -SARS
anti body (lane 3). The full-length S protein was al so
waledososasss by all of the three anti bodi es used PCEIB28041004073
2 and 3) . The sizes of S, Sl and S2 are the sane as
those mature forns detected in the nedia of infected
cells. The results clearly skdwed that the cl eavage
products SI and S2 as well as the full-length S were
assgnhipedhii ot @ f\fiectoNECPE)L. Ve celbsepeedft hadl G2/ 6dth CPE
- kDa Sgrotei ns, also detected in tﬁransf ect e%l cel I@ﬁ ésee
Fi gasb)ietegBracglyt Frkere i 10 thett yRaWRT e s6ttdg from
celdstn( Ridl1 2tha | @ted dddernQl _nhirbxtd&o?)el.t thed fRdhfae
(lane 4) and purified virions (Fig. 2b, [ane 1 and 3).
Thed40calgslatend 8BkDa nsustreilazingt edtidgri n is  Log (50%
transfected.cells, (sho in_FLg wer.e t fo L0
e ea egire IR5ehuTT TeRe b Pap bR, 1 g2 e it o
suggegiernghhhatot hefy o¥r & )not Laggesblelci¢rito of Midmcion)
The 140-kDa protein mght be the unlgé ycosyl at ed f/orm
of %5 (CPE sterd@beRat tE#e PAG- ; 5%EE arffd 38- kIE)/ (CPE
Pr Qi Qs WRER Worduceqdsenly fdyes thansfspot.edreel lisiverse
Det ection of Cleavage Products of S in Transfected
Cellagags tho £9pi tla¢ emitdUulatRRARABRYe | hereddttamiyed as 50%
upstream of .t he _c| eavage site f.or. coronaviruses was
f odhid" |rIrT‘?]l “583 S}-l\hge %9 ?}tle was® tneedc essesrélrmy tAo1 Lid stermne s
expard rtraklyotheisenipancatbar boring the alternative
cl eavage sitebetween SI and S2 subunits. For this
purpose, six Ctermnally- truncated S constructs (S 11
t o guslferssee Fig. la) were expressed in Cos-7 cells.
If the S protein was cleaved, the C-termnal products
woul d b@zomessimy | @f S\hieh AnMeaetigiar TR ExerdssiannisSysltem-
del et .05, ¥er &, Useds; On Lhe other hapd.. the 5ize of o cpeq
t he NYErfi°hal I|‘?)roosuccfs WoulPd °renaine t e Safe when
t hesa 18yt &AkS sweefeUwad. chded | Dd Poreddnalpxkang under
nonocl onal anti bodi es, raised against different
redﬂﬁhéxﬁwaoaoﬁgiﬁs?7m@F@m9§%ﬂ' Cos-7 cells were infected

with vaccinia-T7 recombinant viruses and were

%

subsequently transfected with plasmid containing the S
gene. The S protein expression profile was analyzed by
Western blot using horse- -SARS antibodies, generated
with killed and purified viral particles. As shown in
Fig. 1b, the 200-, 140-, 110-, 90- 64/62-, 55- and 38-
kDa proteins were detected (lane 2). These species were
S-specific and were 1likely due to the expression and
processing of S as no such proteins were detected in
negative control cells (lane 1). The 200- and 140-kDa
proteins corresponded to the full-length S protein
(glycosylated and unglycosylated), and other smaller
products were probably the c¢leaved proteins and/or

premature translation products. The results suggested



to detect all potential cleavage and/or other
S-derived products. Rabbit- -S 2, rabbit- -S 3 and

WO abios6585 S 9 recogni zed regi ons w t hin resi duRST/IB2004/004073
362-790 (S 2), 168- 461 (S 3) and 798-1055 (S 9) (see
Fig. la) . Mnoclonal antibodies MAbl 2-6 and MAbC
recogni zed donmi ns cont ai ni ng8r esi dues 281- 300 and
631-650 of S, respectively . (1) Detection of the
C tan rak Br pduvetsn\\ést sams bt ra:@ityeda Al@avedr ihedhis

out, to detect the S proteins in Cos-7 cells
tr dfsf BEEED WFPReERECR ulSYSEERgt W%C&ndC@ﬂﬁ P gsggl for

consgihyst s. of's §%E@Mb'd§ EEQSA§§ Céﬁxk protdQn . and

90- kDa " bands mere detected in cells expressing the
fuI | - | elPgtcSipr otadi ntmherﬁ—”lmaabea vrﬁ’ltddu@&lsbl in- §A225 C8v-
antlbodle ( e nd u p
§Eﬁge§ngFgAgc&ﬁ 5aUeTs %ﬁ%grggsgg%lg F? e also
th@r&@ssaadlmollﬁﬁ)a b:amls;ewr\&xdftﬁmctcmiusn (w%|s|t§rn blot
expressin% the C-term nal deletion nutants S11 to
16)7af tREHEMEImEOf Aftesht itB6diSeserErgd BaCdrahRsin Pgth
7 anfd %Qlﬁoh%blte é“ﬁ”ghéiM@@larBbeirusfiﬁ%éﬂgéd culture.

nonocl onal C were able to detect the corresponding
pr ddudthe fSr gmosadh whst heeadetdtimm dmestl\f-up@lrsu(lliilgﬂ and

CS#%%&“P n'e%f” -l %g gsr#(%rlgicggﬁl zeotte?cllfée rblatht}é cell

derlly\eadef r afdl aEgehet tuacaneﬁm@@r@ﬁoaﬁr@(m@@s@eh\gled
3a, | ower panels) (also see Fig. la) Thei r appar ent
ol iEEQ ArinieEses ey hdile &t dRtITteseiin ceteuPedER of

”0|1%%lé|c%dweé£ﬁ§ aBQrt helils Ppedbsied mpleculgys; webght g
changes after glycosylation, Suggesting that they are

t h@nftulblodheagtNhrgl yeesyl ahedh awdr@nghyee:@yhaaemstf otlns, N-

ectively e pro ucts coded. b
Coreriere. arh | 5PFy T COPERIRAT o oG Rt v AP RREEEPLY -
t hapbhe - 9OSkDar@<f<£§rﬁ.lzl’édV\@r eedebrCt £6h fd0iNd PR id resides
C-term nal deletion constructs (S 11 to 16) by the
sarfé Ol‘?e?’ﬁ?nl?ééipe%? bit- -S 10 recognized a region from

1029 to 1192 (see Fig. 1la). As shown in Fig. 2a, when
rabbit- -S 1 was used, two specific proteins of 200- and
110-kDa were detected both in the cell lysate (lane 2)
and in the media (lane 4). When rabbit- -S 10 was used,
two proteins of 200- and 90-kDa were detected both in
the cell lysate (lane 6) and in the media (lane 8). The
results suggested that (1) the 110- and the 90-kDa
species might represent the N- and C-terminal cleavage
products S1 and S2, respectively, of S in virus-infected
cells and (2) the S protein was partially but not
completely cleaved for SARS CoV. It was observed that
the 200-, 110- and 90-kDa proteins in the media were
slightly larger than their counterparts in cell lysates.

It is 1likely that these products may have undergone



antibodies (Fig. 3a, lanes 1 to 7 and 9-15, as
indicated by arrows in lanes 1 to 7 in upper panel)
wabmsosagsat i on patterns of these products and pd&EIB2004/004073
apparent nol ecul ar masses strongly suggest that they
represent the C-termnal cle age products of the S
protein. The S 16 protein contains the N-term nal 797
amno acid residues and its Cterm nal cleavage
pr ofurthes wedidEeatiogi adteranésavagpdand, Peppes assembly
panelbag :}Nb n nonocl onal anti body MAbCI was used, the
K pro duct derived fromsS 16 was det ect ed (1 ane
15 uppero pamef Jry  theli ahbvagobharvathmm:l,eamagaefmd ev1rus
gresent upstream of the binding Efﬁuence of t
antP bl kT s "8H8s ‘SS?IJ 880) Ve ad bt &tF tWat © same
55-kPaips ot N Asaneswh ti% 7FigUPRe!, Ppanel élvmlbumt was
det ect ed by rabbit- -S 2 instead of a large Sl
pr odaéttctéﬁ]eﬂstslg(l}fai%?rl@rerﬁ waslaer H)et@é‘?e'ah%y” subunit

mong %?g?keg{g& Qyn%/l%pg%db( angs ;3 1Qala, 2fPP%otn the s1

pane was a at "anot her set

pr ognéssz velhursingl wete detattev@lmn‘}almtrspmelaaks amtr:soody
det ect ed en r abb -S 2 and MAbGQ was ed (la

Lo Tiamn ¥ Ors Ryt epanal s PHCAIRAER 810y 5E PO

in Laness 9tﬁé3 tléelenaﬂleassdp@@als)ed (Thexsm ght Qledti])e The
i nternedi ate products, suggesting that the SI m ght be

degrades @of Tl ddvedd A2t paastketwaheds $hghderature forms
conditions, used in thisg study. Thi |.ai ned
Q %H §S (ﬂﬁ%% eﬁg 1F%ec§ %Fﬁﬁg.Z%M%&f%ﬁylts

110K Wad not .
covelsathe skesialeshdt orhe3621 daorag@0 ;&raxdiuhas tshe and S2 as

potent| al tqQ recognize both SI and S2. (2), Detecti,on

of VRE! NS te¥enifidl -PRBALL tS -h PES ST ‘i IngQpbitionss

3 and nopoclonal apki-hedy MM 2-6 mar-gpusedrbee dgs eCtalso
the N-term nal products of Sin cells transfected with

t hedsheetednsin uciangdsecteBedcabbye. (Fee thig 1b), were

ful li&'er?@%:hea:onﬁ rt'IJth fyFslaQ:'e ng Jﬁgggteld aggl?; (Fig. 2a,
lane 2) but not in the cultured media (lane 4) and
purified virions (Fig. 2b, lane 1 and 3). The 140-, 55-
and 38kDa proteins detected in transfected cells (shown
in Fig. 1b) were not found in infected cells and
purified viral particles, suggesting that they were not
assembled into virion. The 140-kDa protein might be the
unglycosylated form of S. It seemed that the 140-, 55-
and 38-kDa proteins were produced only in S-transfected
cells.

Detection of Cleavage Products of S in Transfected
Cells-As no typical motif (RRAR/HR) immediately upstream
of the cleavage site for coronaviruses was found in S of
SARS CoV, it was necessary to determine experimentally

the sequence harboring the alternative cleavage site



t he 200-, 140-, 64-/62-, 55- and 38-kDa bands were
observed when the three antibodi es were used

w@ eovdiosas®ed by arrows) . It was observed that P¢EIB2004/004073
140-kDa protein (as well as 200-kDa protein) was al so
detected by these N - terminally-specif ic antibodies,
confirmng that it was the fadbl-1ength ungl ycosyl at ed
formof S. For the CGermnally- truncated S

consdtivdehs &3 1dnd 0536,subliQitwp Papdsmls thergdye,i nsix C-
each | ane were the full-length proteins, glgcoiylated
and-a¥ngnpé d¥ yF BeRept he §detPIRFrE&ER t Fundat &8 S 16, see

cons! ZEJEE@S(Vghg e%@rfiésﬁenie%nzdag—q @Qﬁl@ 523 jé])e' _STlﬁ?otein

64-/ - and Da proteins were detected in
celwas exylreessdng ahk consérmiisl byprndiesesN would become

termnally ecific antibodies (Fig. 3b, .l s, 1to7
and 51057 SRR MHESEFETEE The GayBRNelsae ighgond fere
38-ddaa .prext eicfs rmireghide sREE swhken dfMethe N-terminal
C-termnallytruncated nmutants were used, confirm ng

t hatrodneysweiee 1eha eRet Br fhAaFaprodlieRs tHESS mpfants were

horgey @ xR %&igﬁﬁ MR8 a¥Sellal GARIAChAR AUrfliRSal B
thé%ggﬁe p&é% SJ’1oy§at S &cThlﬁg an?ﬁ body can gllet ect lboth =
t heralsedardaCnter dii Afér griodurd ionsAldnd ipmaghsangere used

C-ternjnal prqteins described above e detected .
(FI'S S eqtaiad FOREPEaal | QIer matyt/ Corf e ng ERAT =
al lprdaR cdgscridiesh for olsebns ¥ tspesi Bi Cahdly rabbit- -s 9
S-derived. The 110-kDa S | was not detected (or
detx@sgaized Fo@éaRsSbAAGPIIt HeRéAYRS - 3ARS79QedSFPYy: 168-
|b)4é1n {é’ %qu q‘ﬁ:{ eﬁs‘:—el'ols% u(@}d%r) %régl tH1QNS 4 %e.d'Mon clonal
I nstead, smalfer termnal products re detected.
Theantadodtiesst rgaigll - 6suggedt edMAdTat t hecSghizwd domains

degraded rapidly in this expression syst [ S m_ght
al s‘i?nﬁé‘ﬁﬁéﬁgi n VW ESShe eg?gbp%oel I e‘?‘,nsaa sggiﬂ%gé kot S
pr qteeé?&tweggyal so detected in infected cells (see,

Fig. 2a, lane 2 ) . Nevertheless, this expression and

processi(Ag systethivakesl | thepoSsipminalo Repdudie -Western
cl %alvo%gean%llg/%i%e%%n%%§rr§.85 Eﬂ@ §’8‘R§e9g¥tsthe S proteins

in Cos-7 cells transfected with the full-length S and
S 11 to 8 16 constructs. As shown in Fig. 3a, 200-, 140-
and 90-kDa bands were detected in cells expressing the
full-length S protein when probed with rabbit -8 2, -
S 9, -8 10 and MAbCl antibodies (lanes 1 and 9, upper
and low panels). Products progressively smaller than the
200- and 140-kDa bands were detected in cells expressing
the C-terminal deletion mutants (S 11 to 16) with the
same four antibodies (Fig. 3a, lanes 2 to 7 and 10 to
15). Among them, rabbit- -$ 2 and monoclonal MAbCl were
able to detect the corresponding products from each of
the deletion constructs (Fig. 3a, upper panels, lane 2

to 7 and 10 to 15). Rabbit- -S 9 and rabbit- -S 10 only



protein. Mpping of Amino Acid Sequence Harboring the
Cl eavage Site-For the full-length S protein, the C -

WO eooFion@EBs cl eavage product was 90-kDa in size. PEDIB2064004073
shortest truncated construct S 1 6 (encoding residues
1t o 797), the cleaved product was 30-kDa in size.

The nonocl onal anti body MAbCBlrecogni zed the residues
from631 t o 650. Therefore, the putative cl eavage

Si trecoghi%ell ahd Prddocght derévedcdtred ilargke regnoated-
around amno acid resjdue 600, T o determne th
seJUREARES| AFol VRESEES hE 1@ eadrge ' Sp?ng]e?)er Z?lso see
I ntggignahby- dehet £ gpdAHS M1k chilgr Sn&edes WRIE consistent
constructed. | f deleted sequence contains the

cl edvrdige tdiefle, checobakeh \iRAKFWGT b weiphsducangd their

First, ..three tan e p j i .
deraeiineofy sRe 80l B BERREY AL, i ason.
18)xainde201nd0@haf INey aitee thspécilli depgeheiglycasytated
anal yzed by Western blot using rabhit- -S 10. A s seen

i n 3% UnPLYCPRYLRFFY tOEMYT ST RENTRLIYE 198 &PFr STEfHCts

20Qn dogglidyese shordflsctridaps90- kDa, was observed (I ane
2), indicating that the cleavage site m ght be

upst r eafiot laeky duer DGt STHRE WlessiyAlyf smasiepeshan the

401:,600_(S Lnde bol 4 he - K | eav :
prg)9 u% a(l gr]%)cg;lﬁ V\E’eﬁgr esdlegggge Ol-f%§8 ?%h%& %V\/\g%gmmal
deldtled iohhecf8t ke pr@duct twassst by | tips cthiree  -agrminus-

expect e,d,%l ane,4%%iln Iact, a sli htI)_/L | ar ger product

t h&PCRé 1 §02RPEPER Sas Tt ecfed 1Pfi=Eeltl §°t FaRBfedt b 28
W tihaS chBedPVifidngsf Uid hesnayi derees; that ySheMapanel) .
probably cleaved in the mddle of Sl by an .
enddyer omeaset 1dhi Pakasresnsest ditesei t hrefservatangnstheir

th%ﬁ%@gw%% Sec%l%'r”srﬁaé&es CéE?B {%S s,‘i_L% gggeq:haatSGEhey

of 't érnedi at’'e cl'eavage products {see Frg. 3a,

I Nndiepatednby tate ovstemmimaies cBeth0add, pHumoictpanef ) the S

To further define the sequence harboring the ,
protein. The S 16 protein contains the N-terminal 797
amino acid residues and its C-terminal cleavage product
is 30-kDa in size (lanes 7 and 15, upper panels). When
monoclonal antibody MAbCl was used, the 30-kDa product
derived from S 16 was detected (lane 15, upper panel),
indicating that the cleavage site was present upstream
of the binding sequence of this antibody (residues 631-
650) .

It was noted that a 55-kDa protein (lanes 1 to 7,

upper panel) was detected by rabbit- -S 2 instead of a
large S1 product. The 55-kDa protein was not detected by
monoclonal antibody MAbCl (lanes 9 to 15, upper panel).
It was also noted that another set of progressively

smaller, relatively-faint products were detected when

rabbit- -S 2 and MAbCl was used (lanes 1 to 7 and 9 to



cl eavage site, three nore deletion nmutants were

expressed and anal yzed. These constructs encoded the S
weemosesaiss Wit h del eti ons fromresi dues 531- 550P(13IB2R)4/004073

551-570 (S 33) and 571-590 (S 34) . Western bl ot

anal ysis using rabbit- - S 10, (Fig. 4b) showed that,

when residues 551-570 (S 33) re renoved, the

production of the 90-kDa protein was abolished (Iane

3) 15.ThePRRY eRamsis . ofaSSBLPd&%teé %2) aam@wg7ins59enes 9 to

34) noy, e d t.he

cl e]agag'él pro @%Ect %(a]n%EZs gltl?e d ﬁ'q?ﬁé s%\%gs cortinSREa e

V\hqnsrdsmrcs:e,» aﬁ@@&s\tﬁﬁgu&eﬁtt crl-mashyzmc_t;]hte Bandegehlied or

lysates (Fig | anes 6 to 10) . It was noted that

bot‘Fll‘?arY@dQO“F(Dér%%lf??FeedSSC%Eé pPBERr ncRAdihbtns used in

detgotedsopby. WaghsS 33 14888XRIHRSS£d1hRdKkBAt INg §Aat not
the 55-kDa protein was the cl eavage or degraded
pr oitfeacteld SyitiTheakeiuende 2of wiheclPOcpesislucbedelestiddes

in S \VRDPKT SEI ST search
aga%]ogrf am nggz??ydgzggggﬁcég of FﬁnéqfiRé:%oV?%ﬁ%&ﬁe&Oth
t had1 tdml sesi dues 551 to 570 were fully conserved

anong dlfferent i sol ates published to_date (data not

shown) . (AnIHaEEERBRSOpr d:lhél N-GFTBERRE EEPErabTTRAdEEL- -

no RRARR-O¥p iRRAHR Qoran%v%r%ﬂbﬁglb%%'tg_bﬁﬁy glﬂg§% were
notif existed within this small region. The results

st reiRyl yt@uégéSt:*éd tbhatNﬁthémehehv@g@dscte of theiSARElls
Co\érgn%rf% i dlf from Ehosgsof %Er? e? t“"ﬁ@?’e
a

cor onavi ruses an tha er ce u alr protease
t hefoxt henef lﬂulrl—D.lehgth)neSnM&h&:U n\rdlguedb, Fuehber 1 and 9),

I nv ation of Gycosylatlon of the S Protein b
otg'tﬁ gB 87 dast®H (R0l 89 -and N @Bt osSiBd4Be Pands were

(Ncms)ér'\:r)ad-rnvﬁéhr@ﬂ& tAr8e SEOWLALL & Tyerd dléelae Qndicated

proteins in transfected cells were treate
N- diwy aErowghesItt vas mk)SQ%W@dEﬁﬂ@t He e ahes-d er®rein (as

ol YiHey 5 P GPR 8164 | PaRag  SRnBPEFGEd BT nbhese -
treﬂﬂﬁﬁﬂhlmythpé&&ﬁitt&Wklbodles, confirming that it was
the full-length unglycosylated form of S. For the C-
terminally-truncated S constructs S 11 to 16, the two
bands at the top in each lane were the full-length
proteins, glycosylated and unglycosylated, encoded by
each truncated constructs (Fig. 3b, lanes 2 to 7 and 9
to 15). The 64-/62-, 55- and 38-kDa proteins were
detected in cells expressing all constructs by these N-
terminally specific antibodies (Fig. 3b, lanes 1 to 7
and 9 to 15). The sizes of the 64-/62-, 55- and 38-kDa
proteins remained the same when the C-terminally-

truncated mutants were used, confirming that they were

the N-terminal products of S.



enzynmes. The 140-kDa protein was an ungl ycosyl at ed,

full-length S as the treatnent of these enzynes had no
webdososessdn it (Fig. 6 , lanes 1 , 2 , 5 and 6RCT/IB2004/004073

was interesting to find that a top band, slightly

| arger than 200-kDa protein, was an Endo-H resistant

(lanes 5 and 6) . The results®tonfirned that the

200-kDa protein was further nodified as shown in

i nf ect edrigeel | handd-u-eakdesant Deshparbd£Lr iwded hito  detect
study) , perhaps before incorporated into virions. The
resBFese IS olpr Sed f3ma 631 b2lvantess- Fbasprgitdibrdy can
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products. It wou einteresting to examne if the
andab8- kKDaepmohal nproeeéngl yYeesyliheéd aborvgs waireEndkezddted
resistant_forns. Hoywever, as_the efficjency of. .
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study. Ceneration of rabbit anti bodi es agai nst the
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neuPF SFHFihg" propertTeS G 13)1e HoGRVErS FHECT Pfggested
posthit arskat s ONahsMdrdGatl OFaSUER, asn 910HGRSYéA &k ion
in a bacterial expression system m ght exhibit
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acter o Shara s EAtel ARG i) et eRLel, R, infectea
DNAcebhst r (mdes, OfFig.cower,i ndanke entirSeeetddelmss) this

Fig 1) . W cloped 2 fragnents covering the Sl region
(5 eptagestn il CHrlcd dANR T el | IE, SoskeaBes to

S 1Qdpantiel (TA0NRYY SOVET igRguanPest il OfnbOtdARal abd s
S2 (Sp2). . The constructs S@gluand S 10 contain the
hepPBetgepeat 1 (HR) and heptad repeat

Mapping of Amino Acid Sequence Harboring the
Cleavage Site-For the full-length S protein, the C-
terminal cleavage product was 90-kDa in size. For the
shortest truncated construct S 16 (encoding residues 1
to 797), the cleaved product was 30-kDa in size. The
monoclonal antibody MAbC1l recognized the residues from
631 to 650. Therefore, the putative cleavage site of S1
and S2 might be located in the region around amino acid
residue 600. To determine the sequence involved in the
cleavage of S, several internally-deleted mutants of the
S gene were constructed. If deleted sequence contains
the cleavage site, the 90-kDa would not be produced.
First, three mutants were expressed, which carried

deletions from residues 601-800 (S 17), 401-600 (S 18)



2 (HR2) regions respectively. Antigens for constructs
SI, S2, S3 S9 and S 10, were produced using a

W 25056583 - expr essi on system These anti gens We¢EIB2004/004073
injected into rabbits to raise polyclonal antibodies
agai nst their respective target regions. Two rabbits
were used to raise antibodi es?%agai nst each respective
antigen. Two weeks after the initial inmunization, the
r abiamd s meogx vers hoost efhenj ect ispeslﬂictmze:s:emk were
i nterval s. of Ioo wer e, harv%%ted fromthe
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protein 1n Wstern “fre Speci
antrdémidives 00 . t Maef Ldéldtam@t hofS pestéueas expressed (sn18)

ells . are termned West ern Bl ot
ana’r‘§fg‘=1e'§I a& lifr‘?tvi‘a‘%d|1?’§§d‘I“FEJm(tlIEfEfe 3).

SerW&EBrPfrésMés_enﬁo(P@do Wn@ b@s $668VaEedcEfOMene 90-kpa
SARS- CoV i nfection (26), coul d detect 2 mmj or bands of

fulprQC’ewg'{ hwas prsﬁ_;tiéiln PAGICEAOKT: SHgEFEes| ydrae form In
CkDa f
df(’fg&7 cel"?s ra sf e?%ego\rﬂlpogiﬁl %T%gLnTﬁég tglaekbxsggewas

specmn‘aoa:es bandsca$ls hetyramxfeamﬁ det ent esl 1£n ttpacomdlng
neg e contyrol Vé_lbserved simlar results usi

Fodt BLEE i aravt r 4 S eRTgaPHst Cf faved Sln the

r ecr@malreanéf PEat elySaf FietadBrbrdasdhi eni 8dieat eoddidtkent
all the antibodies raised against the various S

con@xwfua@e@dataoggeéﬁm @awngvd@lﬁa rgassth dendd-trdnngnus
CONIAL P (BERSHE ROt RIS By oo
spewid. c34 0 ﬁheldaetrmi ubﬁdaﬁ:ub‘ksl engtllan8ARS oy $5, upper
proFt)aeI{ nl) ‘Det ection of the native formof SARS CoV in
To further define the sequence harboring the
cleavage site, three more deletion mutants were
expressed and analyzed. These constructs encoded the S
proteins with deletions from residues 531-550 (S 32),
551-570 (S 33) and 571-590 (S 34). Western blot analysis
using rabbit- - S 10 (Fig. 4b) showed that, when
residues 551-570 (S 33) were removed, the production of
the 90-kDa protein was abolished (lane 3). The deletions
of 531-550 (S 32) and 571-590 (S 34) did not affect the
detection of the 90-kDa cleavage product (lanes 2 and
4). This was confirmed when horse- -SARS was used to
analyze the same cell lysates (Fig. 5, lanes 6 to 10).
It was noted that both the 90-kDa and the 55-kDa protein

was not detected only when S 33 was expressed,



I mxnuopreci pitation. To determ ne the specificity of
the anti bodies for the native S protein and their

WO e®pests8ve target regions on the S protein, WeCTEB200404073
out i nmunopreci pitation experinments using the various
anti bodi es. Lysates of Cos7 cells infected with T7
vaccinia virus and transfectéd with pKT-S and
C-termnal deletion nmutants, pKT-S 11, pKT-S 12, pKT-S
13,ingKE8tidg pKAatSthb aAdkPKTpEol€in weae the cleavage or

[ noprecipitated with P6 _serum and th ant.i_bodi e
S L AR R P B T e
CoVieZepkat ehnsang WA rGrRoesBFnaEvRsheidMN e GRAieirNadkrch

protei ns can be detected by inmunoprecipitation wth
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me?gkg?éggc?§§??§£%e%%%?%% ﬂﬁiﬁﬁ%ggdgé nf%%ﬁgﬁe%gkgﬁgng
r aiddédeagat ndsol Aeew apublisshest othi dard Sdptat sonsshéwy) .

3a-e, .lane 1), Antibodies targeting the region S |, S
> 7 13RS RGN BT cCPr TR THAER gy RRARE or
angrakk t (& Cdelat | 94 ray aphsi é Firdsdauek) . MHidodkesteq
targeting the region S 9 can detect full-length S and
pKFiship £Bipkamryls raggogpedhei Eepahes v dstlecsegapated

th T-$ .16 ecayse e T+ 6 .

[ n%[h% e tt%ﬁ:"e CSllg regi o% |%p38§?§ S,%ﬁt%i k?%gfzssn]?a?%% g nvéas
agaiifiser&ndO fowmy tdeisect of hetpeot etordymvdsuexpr eagedthat
by pKT-S 11 to pKT-S 13 (Fig 3e) .. The region ,

o BT oo by P T Lot o REEREH et o P Er dilke t AR
S 1Rreeghoniwdd. thus rabbit anti-S 10 does not detect

any band in these |anes, showi ng that these antibodies
are hi gRkytieeciiivestoge et ©ar getyveetylationheohatthee S

co I i ' et ai i iS.
burreroen Phmnsr cke ot S aapdiel, a ¢l oakBkBicase
that t(NeylpessesmedtephtopeAd s)shwinchisarnFiyxe. 6, the S
recognized by all the 5 anti bodies raised against the

5 P& BﬁﬁPﬁah BFB?%ﬁ?ﬁF?d cells were treated with N-gly-F

(lanes 1 to 4) and Endo-H (lanes 5 to 8). The results
showed that the 200-kbDa protein was a glycosylated form
of S as it was sensitive to the treatment with these two
enzymes. The 140-kDa protein was an unglycosylated,
full-length S as the treatment of these enzymes had no
effects on it (Fig. 6, lanes 1, 2, 5 and 6). It was
interesting to find that a top band, slightly larger
than 200-kDa protein, was an Endo-H resistant (lanes 5
and 6). The results confirmed that the 200-kDa protein
was further modified as shown in infected cell culture
(described earlier in this study), perhaps Dbefore
incorporated into virions. The results also proved that
64/62- and 38-kDa proteins were also the glycosylated

forms of the N-terminal products. It would  be



Mat uration of the 20CkDa S protein to the 21CkDa EndoH
resistant form Two S specific bands were observed in
WO b@siosasedhopr eci pitation experinents. To find BPCL/IR20€/004073
rel ati onship between the 2 bands, we carried out a
ti mecourse experinent. Cos7 cells transfected with
pKT-S, | abeled with 35S-net ard | nmunopr eci pi t at ed
with rabbit anti-S 10 were harvested at %h , | h, 2
h ,interematdng o Pramimssulf sth@oRed angr &udDa proteins

i ncr e j.n t k nd acc nj.ed_by. r.adual
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were sensitive to_EndoH treatnent. Cos7 cells were
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Wit EiSnandsta eat adh i tdh BydoH enzyme wher eas

control cells were not treated with EndoH Results
showed tGeaerahion]1C0eBa brakbitas Entipedisisst apgaimsit t hehe
200k, . oH-sepsitive (Fig 4. Lan . 10) .
He%%f etl}%%qr\g% Iltgggdé’r’%oﬁé;tQ a‘?teecf“t'heEg‘r‘?é’tlﬁ}‘St iSEH%BFSt §1ing
20 @kdnanadad - ept des 4 Gkdlai earsd. cdaiteticiten hak e SABSnEOYhat
S protein . on surface of Cos7 cells. To provide further

eviTUIOE K fisit *PRECHATT b3dP 231 Y ai S8 Yt e22bl €07 27 of S
recegniizeebignnadi ¥& AQltPAf z2nB QL €l N3 o e ey fdmeds 4 n
i mmunof | uorescence experinents. "The Cos7 cells

ut idtisseRP f begidre Wader edsoi Moundf Itvomescesse neartegralizing

non-.per il . After infection,with T7 vaccinia.
Vi %urgj%éeﬁ?tg %aﬁé?gbtﬁ%evvﬁﬁ’h tgllle-l §c}§s°%le%%ﬁ b%@“:fﬁ&?é?nal
sufrfdddifaettione é8ch pastt gBpsdBatdtamh Was alal owRdttelal

the S protein to be expressed and transported to the
celFFPEGFPAER afiictHes Gt bExBiRAF| ydHetaxandd potagtial

anys i@fe st hﬁnanélp@gﬁﬁ% rﬁje§@fiaﬂgza.ijr{éstaﬁ&eoc§/ﬂreisqusr§ study
protein constructs (Fig 5). Geenfluorescence
i ndihsatreditrhdipdndt Fropiof omebacréwisd -prpmasyed SARS CoV

anté qugit%%nt h%g Qiggeé C)5 t ﬁﬁl% ﬁcgc?r?s t?é)ltc:t\%e o§ %r %to%iegiﬁgsthe

expr essed and processed i
entire ectodomain (Fig 1). We cloned 2 fragments
covering the S1 region (S 1, S 3), 2 fragments covering

the S2 region (S 9, S 10) and 1 fragment covering a
portion of both S1 and S2 (S 2). The constructs S 9 and
S 10 contain the heptad repeat 1 (HR1) and heptad repeat
2 (HR2) regions respectively. Antigens for constructs
$1, 82, 83, S9 and S 10, were produced using a
bacterial-expression system. Thése antigens were
injected into rabbits to raise polyclonal antibodies
against their respective target regions. Two rabbits
were used to raise antibodies against each respective
antigen. Two weeks after the initial immunization, the
rabbits were given booster injections at three-week

intervals. 10ml of blood were harvested from the rabbits



conformation by the Cos7 cells. The binding of the
anti bodies against SI1, S2, S3, S9 and S 10, to

wo bs8pises ein on the cell surface provide furtPer/1B2004/004073
evi dence that these antibodies are specific and
sensitive to the native conformation of SARS CoV S
protein. L region in S2 can elfcit neutralizing
activity. Al serumfromrabbits injected with the
varéatls Sipeot®ftsr wehe t4£8t ed ™ orsfeutr2dt,i zing and 16
activity after each bleed. Results for rabbits _
i nj éaz%%twq-m EéEng?l.(?l@’azl, @%‘tbé’r‘?deg YeLRofRyracterized
negaity e wasRensep1Ser ughdipmd abhikeinbpieci sdc ¢ {dh and
pCGEX-S 10 showed neutralizing activities after the 4th
i nj temynef luogiesicghceest s usi ng SARS- CoV at 200 TCI D 50
showed Ky Al : . Of | Zi ti i
inall tHe rlgk}tk??tq:§a%%i -%é%bgb?‘gg&‘{ﬁﬁéiﬁi% v% v s
serprodtdiad i twestdrn Stlot .nj Bt | spedifakliey3)of e IGiHbit
injectjon is the |l ast hooster injection and the rabbit .
i s 3BCHIESD T tHrS Shhbelet8tRsCeMTQtFiPhEXRPESFEEL 1n

aboy SnnSEldHN ARl g8 abtesr hﬂfed4tb@,, g@fsherﬁt Biod2dbiysis.

14th and 16th injection with pGEX'-S 10 was sent for a
neuks aPPsingatedt asthgS SARSibodies £f000 TOEDSe(Uabbe a

N

hi ghes) t haoullde 8eétedts det eajed ibarEARSofat EebhlSlength S
Ant i body, response i n. SARS rExati ents at 100 TCI D 50
r anke_t$om £he50 1£8KR2 4 79 p\°Sd YRERRod E BF ™ 2 137 Y ayid 0kDPa
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is The region that can Stinulate the production of

neutransfAqtgdanti thodb s Sagdlhmste tdmee SARS: UbM: Tabbengs. as

US| 08 L, BB dC R Sl r e

r eaghsgyed §MMErdrmieeultselising 1eH® 8ntiB6dies that we
have raised against the 5 S recombinant proteins (Fig
2b-f). This indicates that all the antibodies raised
against the various S constructs could specifically bind
to S in denaturing condition by targeting different
regions of the linearized S protein. Therefore, these
antibodies are specific to the denatured full-length
SARS-CoV S protein.

Detection of the native form of SARS CoV in
immuoprecipitation. To determine the specificity of the
antibodies for the native S protein and their respective
target regions on the S protein, we carried out
immunoprecipitation experiments using the various
antibodies. Lysates of Cos7 cells infected with T7

vaccinia virus and transfected with pKT-S and C-terminal

deletion mutants, pKT-S 11, pKT-S 12, pKT-S 13, PpKT-



12 1:208 14 1:256 16 Control (water) Table 4 .

Neutralizing test at 1000 TCID 50 No. of injections
woews05d58%1 Nng titers before bl eedi ng (Average PET/BB2004/004073

readings) O (Pre-immune O serum) 1:30 4 1:66.8 6 1:112

8 1:67.2 12 1:98 14 1:189.2 16 Control (water) O SEQ

IDNO 1 - The full-length nut? eot i de sequence of the

spi ke (S) gene of SARS CoV, clone 12 of 2774 strain.

RNAS|  hearPRT-&mlAucked c FJI-§ 16t 0 BF65. IORGANDSRE1SARS ed

cor I pHS atp_VLruses,; SSRNA positive-stran

Vi rﬁggps{, {Dﬁosgﬁrﬂs?é{%e?ﬂﬁi goéflfe‘éf)%é??s Cf)%)%%%/i ar‘?adlé'és;t g 1.
Cor snayi sus, SEQ | &hdNG 20 - The $aRd -¢wngd hp]ﬂfﬂienlﬁl a%ﬂ the
sequence of the _spike (S) gene of SARS CoV, clone

of q%ﬁ%‘w}% rﬂelﬁﬁﬁﬁa Lereminanty pyoteips| paRcpe detected

Theppueheehbste: Si8AWARGEEN0L 1 SR1Q nEr gl af (tFI1% SfH)Ke e
(S) gene of SARS CoV, clone 12 of 2774 strain. "Nucleic
aci goBY8F yc@ygdateS§ECE | (NG ein - (POkAM noamdi dthe fully

SRS Py S O R ORGSR 9808 Ol cary
119@et SH@d DwNen 5Swe The aBnB@bagfids sequerce 8§aife the
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CoV/ p g .
Antibodies targeting the region S 1, S 2 and S 3
respectively can detect the full-length S and all the C-
deletion mutants (Fig 3a-c). Antibodies targeting the
region S 9 can detect full-length S and pKT-S 11 to pKT-
S 15. No specific band was detected in the pKT-S 16 lane
because the pKT-S 16 does not include the S 9 region
(Fig 3d). Antibodies targeting against S 10 only detect
the protein bands expressed by pKT-S 11 to pKT-S 13 (Fig
3e). The region expressed by pKT-S 14 to pKT-S 16 does
not include the S 10 region and thus rabbit anti-S 10
does not detect any band in these lanes, showing that
these antibodies are highly specific to their target
region. The native conformation of the S protein was
retained in lysis buffer in immunoprecipitation and the
results showed that they possessed epitope(s) which can

be recognized by all the 5 antibodies raised against the

5 recombinant proteins.

Maturation of the 200kDa S protein to the 210kDa
EndoH resistant form. Two S specific bands were observed
in the immunoprecipitation experiments. To find out the

relationship between the 2 bands, we carried out a time-



clone 12 of 2774 strain. Amno acid 1055 - 1192. SEQ
ID NO. 6 - The am no acid sequence of SDII fragnent of
wo bwsepiske (S) gene of SARS CoV, clone 12 of 2FGHIB2004/004073

strain. Amno acid 1 - 1232. SEQID NO. 7 - The am no

aci d sequence of SD17 fragrrent of the spike (S) gene

of SARS CoV, clone 12 of 277#%train. Anino acid 1 -

1255 with a deletion from601 to 800. SEQ ID NO 8 -
Thecawise egper Beguenceost S@lBSfrtacgneﬁecoédtlwethplpm S,

(S e pf SARS.CoV, clone 12 of 2774 strain.
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na 81‘3 Lo sequepge af
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12 IodiRY 74F 53 r4i nLarfen hes acwch IEndol? Expeirtimeat déketdoar to
fro to _200. All er cited herei.n, includin
Sgnrﬁg?m? BEi oWt thsR eﬁ['1 rf at V85660733‘f§t%§8 F91 @ﬂl oH
Dec&éa&rmelﬁ 26087 R 16NCREROT dliegebled ef®y €MGE Jdbcinia
their entirety. REFERENCES 1 . Bosch BJ, van der Zee R
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Pan@} N@ank 9,K0h.6$[” kRvide, R theA reEQUEHI @emofAstrated the
Berégguratlon of the 200kDa band to the 210kDa band.
Detection of SARS CoV S protein on surface of Cos?7
cells. To provide further evidence that the antibodies
raised were able to recognize the native form of §
protein, we performed immunofluorescence experiments.
The Cos7 cells utilised for the indirect
immunofluorescence were non-permeabilized. After
infection with T7 wvaccinia virus and transfection with
PKT-S as described above, sufficient time (8 h post-
transfection) was allowed for the S protein to be
expressed and transported to the cell surface and these
can be clearly detected using any of the antibodies
raised against the various S protein constructs (Fig 5).
Green fluorescence indicated the position of the various
primary antibodies that bind to the Cos7 cells. S
protein was expressed and processed in their native

conformation by the Cos7 cells. The binding of the

antibodies against S 1, S 2, S 3, S 9 and S 10, to the S
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ascertain the results above, serum samples after the 4™
6", 8, 12", 14*® and 16" injection with pGEX-S 10 was
sent for a neutralizing test using SARS-CoV at 1000
TCID,, (Table 4). Neutralizing activities was found to be
as high as 1:189.2 at 1000 TCID,,, and is comparable, if
not, higher than the titers detected in SARS patients.
Antibody response in SARS patients at 100 TCID,, ranges
from 1:150 to 1:475 over a period of 210 days (35). This
result provides strong evidence that S 10 is the region
that can stimulate the production of neutralizing

antibodies against the SARS CoV.
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4 1:66.8
6 1:112
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SEQ ID NO. 1 - The full-length nucleotide sequence

of the spike (S) gene of SARS CoV, clone 12 of 2774
strain. RNA linear from nucleic acid 1 to 3765.

ORGANISM: SARS coronavirus 2774 strain Viruses;

ssRNA positive-strand viruses, no DNA stage;

Nidovirales; Coronaviridae; Coronavirus.
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gt t 4 AL AlagPRAE A36@PHE § TR A0 hefgrh ot id tddmaddQ 351
taacaattct actaatgttg ttatacgagc atgtaacttt_ gaattgtgtg
acaaccctidt cThegcPgPtid®0 A1 AretgaRcceh t GhytTcdca which
gac, AleAlgal ald n2eadrICath ot ArLil0GAGk LEGIZFLACR ne
490 491 tatctgatgc cttttcgctt gatgtttcag aaaagtcagg
t aagtoUraBEQ AUl tNL.galy /R tIg gia. 560 SBQ] IDad@aattaa&EQ ID

P OHEL e EEB30 0692 1Bt Gt ton Mo bt oF GHL Abb oyt aPr
aagttgcct.c tirggt gebaageabtagaaakbiht bagagaem 10hai@hg the

ttcttacagc cttttcacct gctcaagaca t_ttggggcac gt cagct gca
gcciRa thaRfact g§edartef 74 FProRa¥gEeaaTtPERI&-at g

tcaagt atga t gaaaglgqy; [acagt Cg‘iége?ﬁ 9ot L 08 f 1 gt tLd1GRR o
840 841 aatccacttg ctgaactcaa atgctctgtt aagagctttg

agaftgacase aggagt t t@cs icagagctectsan9181 03¢ 1o&t BEQagQgNO. 4,

TG G850 08 onaPt RETakt e adt At odi dope-” .
ct adis alrgwojagagaagad anaid.t abaa ttgtgttget 1050 1051

gattactctg tgctctacaa ctcaacagtt ttttcaacct ttaagtgcta
tggecgtttot gdB&cPERHLIA 190 RUPUE iyl gatadm™ ti gerredsc the

aat - t t agg ggagat gat g taagacaaat
119 Waggg@%%géééa Scéaggal?t;tgg)t'g'ttattgctga ttataattat

aaatt gc@ag afhat pepatdggot tgtoftein 260 d26Mn ct twyetregga the
at act aggaa cattga ct_acttcaactg gtaattataa ttataaatat

t
aggtft FS3BT 1333 Pt diy§Cad - gct t aggece tttgagagag

acat at ctaa t gt gedHd bECHHPALIngCanagehygedd00r14de s
caccccacct gctcttaatt gttattggcc attaaatgat tatggttttt

ac aexeictiac of g generyper Uy TempA 7 $ingcekRictigrsa®dgagt t gt

tactttct t L t -
1940 1541 aal{ at Coae COaCLT Lol { Sagatacagt ofareant 1o d

t aadridddhalg ggaEctagaehy gtachggsgbrdtdin 166 lcgtdraadtrast the
tCt%éﬁgﬁEﬁ% %%%E&%g?ﬁg gtgggg?gfgéing domain, said nucleic
acid in operative association with regulatory sequences
capable of directing the expression thereof in the cell;
b) expressing the protein fragment in the
cell; and
c) isolating the protein fragment.
8. An antibody to a peptide or protein fragment
of SEQ ID NO.l, said fragment comprising SEQ ID NO. 5.

9. The antibody of claim 8 wherein the fragment

comprises SEQID NO. 4.



tttggccgtg atgtttctga tttcactgat 1680 1681 tccgttcgag
atcct aaaac atctgaaata ttagacattt caccttgctc ttttgggggt
wQr@agsessna 1750 1751 ttacacctgg aacaaat gct tcPCTARPAGAL04073
ttgctgttct atatcaagat gttaactgca ctgatgtttc 1820 1821
tacagcaatt catgcagatc aactcacacc agcttggcgc atatattcta
ctggaaacaa tgtattccag 1890 18%1 actcaagcag gctgtcttat
aggagctgag catgtcgaca cttcttatga gtgcgacatt cctattggag
1960 196D .ct gheastnt goddyctafgtctlad mcat abagein tid trEptddg or

tagt act agc caaaaatcta ttqgtggctta 2030 2031 tactatgict
S GOeRt (9 L gt BoheRbactss 1ot O acthe
t acdRaniabli r4309 gdddeffaatt agca ttactacaga agtaatgect
gtttctatgg ctaaaacctc cgtagattgt aatatgtaca 2170 2171
tct gcggdda t Fheagtigkedwafctcdatm Bgrheretredhr apytidge or
ttiaacac 3ackagaied 2240 ARA1GLARRCGLG3.00LALEOGES 1p
ct gaacagga tcgcaacaca cg?gaag?g? gct caagt aacaaatg

231 23,1 SEACc aMAAOCCBAACEQt RAN@L a6 | tIRMIIDYgict.t t7aallEQ ID
tttcacaaat attacctgac cctctaaagc 2380 2381 caact aagag

gt At at £EJadfal? t gt FettRadPalCygtYacact ¢ getgat get g

gcttcatgaa 2450nedidd Gt aaetdagt 98Ct SARIt Fdr@inbddral
tgctagagat ctcatttgtg cgcagaagtt caatggactt 2520 2521

ac agtffatgenc dectac tRptil egdc tapargas 1 ag gabegetgrc efacaplyéng
tgchad agld; gl 0gtact g, ;9590 8&9%%099§§§C%99t a{@g%ﬁ thbiis
ggt gctggcg ctgctcttca aataccct gCtaf gtaaa tggcaratag
2666012 i dgEtomat lgg aatileggagt t a cccaaaat gt tctctat gag
aaccaaaaac aaagﬁcigcc a ccaatttaac 2730 2731 aaggcgatta

gt caaat t¢a afadtitact?” atRacH§EatttducPc PR SgJrRRgutgus
Caagaralindnd80he 280l HdRae¢agagih gt caagca ttaaacacac
ttgttaaaca acttagctct aattttggtg caatttcaag 2870 2871
t gt gct addt ght areehed dgrgacer§a taapytieply guFdaggeaere
aaat g 9 ggcag c__gaagccttca
LR JLeaAl A el ORI RN | Bl
301he3@bY ctaapridigey t gahani aear it cbgaghe gt ticdntggthe
acaat caaaa agagttgact tttgtggaaa 3080 3081 gggctaccac
ct tRRRJEEL OF cR %"cea’afbé’fag’&g&%géat ggtgttgtct tcctacat gt

cacgtatggg 3180 RlbLCRLCCEAND: agagganctht CagGaragdedere
ccagcaattt gtcatgaagg caaagcatac ttccctcgtg 3220 3221
aafayired t gegpiratarygeyodrone gort tereventac &gegganset
ttgentttct.c cacaaataar 3290 3291 tactacag aatacatttg
Lordiostta FOMERAR sfripr s o tEaatis Bl R e
33&ht3IBoliygatcet£ing® .aacct gagct tgactcattc aaagaagagc
t ggacaagta cttcaaaaat catacatcac 3430 3431 cagatgttga
tcttggcgéc atBt JRFGaRet t R FECRE tHt BFEAFRE artidhasggygre

aaagldgaced 3200 3P0, GLt k988e 9 SHC GadrA AL t kagat gg
atcactcatt gacc tcaagﬁgat%?gggaag at at gagcaa 3570 3571set

t attdteraadt cqupcising an giftfegyéve guownttarf ghet ggactdat or
LG5 e9he o8t 99t fRqRa
17. A vaccine to treat a patient with severe
acquired respiratory syndrome or prevent the onset
thereof comprising an effective amount of the antibody

of claim 8.



3640 3641 tcttgctttg ttgcatgact agttgttgca gttgcctcaa
gggtgcatgc tcttgtggtt cttgctgcaa 3710 3711 gtttgatgag
w@adogastses g agccagttct caagggtgtc aaattacatt aPEEB28VGH4073
SEQI DNO 2 - The full - length am no acid sequence
of the spike (S) gene o f SARS CoV, clone 12 o f 2774
strain Amno acid 1 MFI FLLFLTE¥SGSDLDRCT TFDDVQAPNY
TQHTSSVMRGV YYPDEI FRSD TLYLTQDLSL PFYSNVTGFH70 71
TI NHTFGNRPY/. | PREKDE HBER AT ERSHNWREWRCSEVNNK r8g8wht | AbBected
T | RACNF. ELCDNPEFAV140. 141 DNAF
v EPAF S BIGIRSGRER . PRI RRIK DORL YRGH (BFDWRSLP
210 211 H6-NH KRt hslaPLEGEN ddk ERAIgI ARSPARRKWGESABnaviral
AYFVGDLKPTTFMLKYDENG Tl TDAVDCSQ280 281 NPLAELKCSV o
KSFERBREF YOrTSNFRPS t EERAVREPINP 11 M SP AR/ PR 95T KEPSYRRVY 1 ng
ERK : 51¢ D VESTEKCGY!
ATKLREL G SR ADSPCEITRG AP, OFGV ADRRY RLPEHRNERS o1
420 c4d21e tPANTRNITDATSTGANVMNYREYY. RYLRHGKLRP FERDI SNVPF
SPDGKPCT, Al YWPLND YGEYTTT4GBI1 QG 491, YOPY LS .
FELLNAPA%CG?EE‘&%LEORN%NWC&?&T T%%’?Eé\géﬁﬁ% irus
FGREYDETA) 126 G Heb hnS VBRI TSEI c 1d3imSRESFCG  VSVI TPGTNA
SSEVAVLYQDVNCTDVSTAI HADQLTPAVRI YSTGNNVFQ 630 631
TQAGCLI GAE: HYDTSREEDE - Pl GAGCASFERRVSER RSTSProtein of a
&S géé&%%&ﬁ%gSSlAYSNNTIAIPTNF 700 701 SI SI TTEVIWP
VSMAKT | CGDSTE CANLLLQYGS FCTQLNRALS G AAEQDRNT
REVFAQVKEM 7 The7 Tk t¥MKE PF L KYSEy EENFESQpliRB BrKPEaKiRSPE claim
EDLLENKVTL ADAGF YGECL GDI NARDL I CACQKF 840, 841 .
TVL &JLLTBBEFMYT%%VS@?H}&%\M&&%\%%AN@MFI@OWm
| GVERhVA MENGKE rANQmbimB £ 8n & 1donAlInSQITiEHL-
TTTSTALGKLQDVWNONAQALNTLVKQLSS NFGAI SSVLN DI LSRLDKVE .
AEVQ DRLEY- 9dtheoge teReBLTYSY Irt@d RRAEE RASRRERATK claim

MSEGYL DE FPQAAP 5 .
PN AR B PRI RY GHETH| THRAE FPSRORT e @
NTFYSCRCD\GAGtEINNTVY 1120 1121 DPLQPELDSF KEELDKYFKN
HTSPDVDLGD | SG NASWN | OKEI DRLNE VAKNLNESLI DLQELGKYEQ
1190 1193 v ﬁ%ﬂ/\ﬁ\?\?\t‘r PACED ISP r E%tuk@%alm
SCGCHCGEOR PDSERVIEKGYn K-HYds 11205 SRRs! MR vus . The

nucl eotide sequence o f SD10 fragnent o f the spike _
(S) gene2d f THaR®atoye glvresvirted spike srehgin of claim

21 wherein the coronavirus is a SARS coronavirus strain,
2774.
26. A method of producing a mature, glycosylated

spike protein of a coronavirus comprising the steps of

a) transforming a cell with a nucleic acid
encoding a spike protein of a coronavirus or part there
of;

b) expressing the spike protein in the cell;
and

c) isolating the mature, glycosylated spike

protein of the coronavirus.



3087 taccacctta tgtccttccc acaagcagcc ccgcatggtg

ttgtcttcct acatgtcacg tatgcgccat 3157 3158 cccaggagag
W@22@SsH5658T C acagcgccag caatttgtca tgaaggcaaa QgPEL/ER2D04004073

ctcgt gaagg 3227 3228 tgtttttgtg tttaatggca cttcttggtt

tattacacag aggaacttct tttctccaca aataattact 3297 3298

acagacaata catttgtctc aggaaat?gt gatgtcgtta ttggcat cat

t aacaacaca gtttatgatc 3367 3368 ctctgcaacc tgagcttgac

t catt caady adlpegchggeodaadt acldion alfaavietaircatbac osgauire

3437,3438 tgttgatctt ggcgacattt caqgcattaa cgcttctgtc

ot CHRFEITE SRR RAkE | BLCETREt CORT 19508 abf BATBTERFane

ct agemaih t (@9t gaat ca ctcattgacc ttcaagaatt gggaaaat at

gagcaatata 3577 3578 tta 3581 SEQI D NO. 4 - The

am no act® sé@gentetrd SOl ©ldFmgRentWweereirhe thpi keature

) e s AR R Vo SO 12 202 0REL 4o b Bt 1029

YAPSQERNRT. T ARACHEEKAY FERECVAME NGT SWER EQn RNRE SPQY driavirus
1099 1100 TDNTFVSGNC DW Gl I NNT VYDPLQPELD SFKEELDKYF
KNHTSPHOVIR SGOPSERREST /NI QKEI DRL 1169 1170

NEVAKNLNESL I DERELGNe £6dd 1582 SERQ{m D M@ SwneF8En  the

am no acid sequence o f the neutralizing fragment o f
t heCRPPIQY (*TF géné BARS SIRSIEYYIugl 8REAIR, RF742774

ENFESPQ T TONPEVESRE DAY | RN Vb I 4boy 1691 o1 b=

PEL&SFaEE DK ForK NEHSPBYBLp Cobb& ARG VBE QKEMBRL 1ung cell
NEVAKNLNES LI Dh LGKY EQYl 1192 SEQI D NO 6 - The
am 7% &89 's€qdence o f SDL 1 fragment o f the spike

(S) gen 0 f ASARRGVE . 6FON&cke2ndny 27864 Skl aighthire,
MFI FLLFLTL TSGSDLDRCT TFDDVQAPNY TQHTSSMRGV YYPDEI FRSD

TL Y2 NI sSil appdSNPEERH PR tRLR RINHTFENPRNPRREG §Fprising
ATE&T@N;Q%E FGSTMNNK SQSVI | | NNS TNW RACNF EL CDNPFFAV
140131 QTHT M FDNAFNCT FEYI SDAFSL DVSEKSGNFK
HLREFVFKNK D&FL YVY¥&NatRIDARBbPk2 ab@ddi iSGFNTLKPI F
KLPLA NI TN FRAI LTAFSP AQDI WGTSAA AYFVGDLKPT TFM_KYDENG
TI TDAVDCSQ 280 28T™NPPREERER\F AEdEs) DKASY GrESNPRRPS spike

COVRFSIN 1h Ne/eRRCENENL AT KERSVYAW

c) detecting the remaining spike proteins that
are the mature glycosylated spike protein.

33. The method of claim 32 wherein the mature
glycosylated spike protein contains a transmembrane
domain (TMD) .

34. The method of claim 32 wherein the mature
glycosylated spike protein is a 210KDa protein.

35. The method of claim 32 wherein the
coronavirus is a SARS coronavirus.

36. The method of claim 32 wherein the
coronavirus is a SARS coronavirus strain, 2774.

37. An antibody to a mature, glycosylated spike

protein of a coronavirus or part their of.



ERKKI SNCVA 350 351 DYSVLYNSTV FSTFKCYGVS ATKLNDLCFS
NVYADSFWK GDDVRQ APG QTGVI ADYNY KLPDDFM3CV 420 421

WO 20050588DA TSTGNYNYKY RYLRHGKLRP FERDI SNVPF SROXAG200HRIB4073
ALNCYWPLND YGFYTTTA G 4 9 0 4 9 1 YQPYRWLS FELLNAPATV
CGPKLSTDLI  KNQCVNFNFN GLTGTGVLTP SSKRFQPFQQ FGRDVSDFTD
560 561 SVRDPKTSEl LDI SPCSFGE¥/SVI TPGTNA SSEVAVLYQD
VNCTDVSTAI HADQLTPAWR | YSTGNNVFQ 630 631 TQAGCLI GAE
HVDTSYECD? . Pl GAE GASY bHEYSIOERSIS iKS VAN inGADSS| MetSire
NNTI @I PTNF, 700, 701 SI SI TTEVMP VV'SMAKTSVDC .NMYI CGDSTE

YERRE FEFO NR E S ARBIFNT REVEADRER 7767771 anti-
YKTe}gggggmﬁsgohgal PLRIIKRSFI  EDLLFNKVTL ADAGFMKQYG
ECLGDI NARD LI CAQKFNGL 840 841 TVLPPLLTDD M AAYTAALV

SGTATAGHT GAGREL @R bANMIVIRERFNG 1G\ATQNI e IO SANGRN Y €

NFCAPERIAT %gﬁﬁwﬂ%%%%%%% Carv

TQQLI RAAE . RASANL AATHC IMSEEVL GISK  BVBDRCGKGYH MbﬁE’EQAAPHhe
GWFLHVTYA 1050 ,1051 PSQERNFTTA .PAl CHEGKAY FPREGVFVFN
GTSPRT TERN BEsPE PTTER UGG I NNTVY 1120 1121

DPLQPELDSE, KE thi32 antibody of claim 37 wherein the

coronavirus is a SARS coronavirus strain, 2774.

42, A method of detecting a' SARS coronaviral
infection in a patient comprising the step of applying
the antibody of claim 37 to at least part of the cells
collected from the patient.

43. A kit for the detection of SARS coronavirus
containing the antibody of claim 37.

44 . A method to treat a patient with severe
acquired respiratory syndrome or slow the progression of
severe acquired respiratory syndrome comprising
administering to a patient in need thereof the antibody
of claim 37.

45, A vaccine to treat a patient with severe
acquired respiratory syndrome or prevent the onset of
severe acquired respiratory syndrome comprising the
mature glycosylated spike protein of claim 21.

46. A vaccine to treat a patient with severe
acquired respiratory syndrome or prevent the onset of
severe acquired respiratory syndrome comprising the
antibody of claim 37.

47. A vaccine to treat a patient with severe

acquired respiratory syndrome or prevent the onset of
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severe acquired respiratory syndrome comprising the
mature glycosylated spike protein of claim 22.

48. A vaccine to treat a patient with severe
acquired respiratory syndrome or prevent the onset of
severe acquired respiraﬁory syndrome comprising the

antibody of claim 38.



