
SARS Coronavirus S Proteins and Uses Thereof Field of
the Invention The invention relates to the use of a
matured, glycosylated Spike (S) protein of SARS
Coronavirus, fragments of the S protein, methods for
producing the same, their use in detecting SARS
infection, and their use or the use of their
corresponding antibodies to vaccinate or treat
patients suffering from SARS. BACKGROUND OF THE
INVENTION In 2002-2003, a new virus that caused an
atypical pneumonia, a disease termed SARS, emerged
from the Southern part of China and infected people
from at least 30 countries. At the end of the outbreak
in July 2003, the consolidated World Health
Organization number of 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.
It'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 glycolprotein it is difficult to
produce enough of the protein in a humanized form that
would be suitable for the production of antibodies,
vaccines and other therapeutic, diagnostic and
prophylactic tools. A 



protein in a humanized form is one that is similar to
the protein form in a human body. SUMMARY OF THE
INVENTION One solution to this difficulty would be to
find a system capable of producing a SARS CoV spike
protein that is glycosylated so as to be humanized.
Another solution is to find fragments of the SARS CoV
spike protein that are capable of inducing
neutralizing antibodies. In the present invention, we
expressed 5 different 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 veryimportant for
virus entry and/or replication containing a SARS_CoV
neutralizing domain. According to one aspect of the
present invention there is provided a mature,
glycosylated spike protein of a coronavirus . Another
aspect of the invention provides a method of producing
a mature, glycosylated spike protein of a coronavirus
comprising the steps : 



transfecting a cell with a nucleic acid encoding a
spike protein of a coronavirus or part there of;
expressing the spike protein in the cell; and
isolating the spike protein. A further aspect of the
invention provides a method of screening for a mature,
glycosylated 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)
.In another embodiment, preferably the mature
glycosylated spike protein is a 210KDa protein. In
another embodiment, preferably the cell is a lung cell
line A549. In another embodiment, preferably the
antibody is used for immunodectection of a SARS
coronaviral infection. In another embodiment,
preferably the spike protein or the antibody is used
in the production of a vaccine. According to a further
aspect of the invention, the present invention
provides for a peptide or protein 



fragment of a S protein (SEQ ID NO. 2) of the SARS
coronavirus, said fragment comprising the sequence of
amino acid numbers 1055 to 1192 from the S gene of the
SARS coronavirus (SEQ ID NO. 5), or alternatively, the
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
withregulatory sequences capable of directing the
expression thereof in the cell; b ) expressing the
protein fragment in the cell; and c) isolating the
protein fragment. The present invention additionally
provides for an antibody to a peptide or protein
fragment of SEQ ID NO. 2 of the SARS coronavirus, said
fragment comprising SEQ ID NO. 5, preferably SEQ ID
NO. 4 . Preferably, the peptide or protein comprises
the HR2 heptad region of the coronavirus S protein.
More specifically, the present invention provides for
antibodies to the peptide or protein 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) . 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.BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 Western Blot
Analysis for detection of S protein. Lysates from Cos7
cells are transfected with plasmid pKT-S (Lane 1, 3,
5, 7, 9, 11). Lysates from Cos7 cells are transfected
with plasmid without insert as negative control (Lane
2 , 4 , 6, 8, 10, 12) . A BenchMark Pre- Stained
Protein Ladder (Invitrogen) is used as the markers on
the right. The 200 kDa and 140 kDa bands are specific
S protein bands. Figure 2 Specificity of antibodies
determined by radiolabeled immunoprecipitation.
Lysates of Cos7 cells are transfected with S, S 11, S
12, S 13, S 14, S 15 and S 16 respectively (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 used 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, Ih,
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 posttransfection) .
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.Figure 4 S protein expressed on the surface of
transiently transfected Cos7 cells. S protein
expressed on the surface of Cos7 cells, were detected
by Rb -S 1, Rb - S 2, Rb -S 3, Rb -S 9 and Rb -S 10
respectively, as indicated by the green fluorescence.
Positions of the cells were taken using white light.
No fluorescence were detected in control experiments.
Fig. 5 Mapping of sequence harboring the cleavage site
of S1/S2. The full-length S (lanes 1 and 6),
internaldeletion mutants S 32 (lanes 2 and I) S 33
(lanes 3 and 8) and S 34 (lanes 4 and 9) lacking
residues 531-550, 551-570 and 571-590, respectively,
were expressed in Cos-7 cells. Western blot analysis
was performed using rabbit- -S 10 (left panel) and
horse- -SARS (right panel). Proteins were 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
mocktreated (-) 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).Molecular masses of specific
proteins are indicated on the right and masses of
markers are indicated on the left in kilodalton.
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS The S protein of coronavirus is an
important determinant of tissue tropism, as it binds
to cellular receptors on the host cell and it is also
crucial for virus and cellular membrane fusion. For
SARS-CoV, it appears that humoral responses against S
alone are sufficient to protect against SARS-CoV
infection (14) . The S protein of Sars coronavirus
strain, 211A, was expressed in monkey kidney cells
Vero E6 and Cos-7, and in human kidney 293T, lung
cells A549 and MRC-5 in a vaccinia-T7 expression
system. The S protein was detected by
immunoprecipitation (IP), western blot (WB) ,
immunofluorescence (IF), when poly- and mono-clonal
antibodies against S , raised in rabbits, 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 20OkD,
core-glycosylated form of S was processed into a
21OkD, fully glycosylated, 



endo-H resistant form. Furthermore, when a set of
Cterminally- 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 lines
tested, were co-immunoprecipitated with S by
antibodies raised inanimals and antibodies from
recovered patients. Amino 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
completely abolished the specific binding. These two
proteins are glycoproteins as they are sensitive to
endo-H treatment and they interact with the S protein
of Sars coronavirus but not with that of IBV, a member
of the group 3 coronaviruses of birds. Interestingly,
the S proteins were cleaved into at least two pieces
in transfected cell detected in WB experiments,
although no conventional cleavage sites were predicted
by sequence comparison. In virus-infected cells,
similar cleavage products were also observed. The S
protein could be detected in the supernatant of
infected cells, roughly half of which were cleaved. We
found that the most efficient expression and
maturation occurred in transfected Cos-7 and A549
cells in parallel transfection experiments. The
processing is more complete in A549 cells than in
Cos-7 cells, as the majority of the S proteins are the
matured, fullyglycosylated 21OkD 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. Our analysis is
alsolikely to be limited to linear epitopes since the
proteins were extracted from SDS denaturing gels and
eluted in the presence of SDS although we cannot rule
out that the protein can maintain some degree of
folding. Interestingly, we found that the antibodies
were not only able to recognize denatured S proteins
(expressed in mammalian cells) in Western blot
analysis, but could also be used to immunoprecipitate
native S proteins from cell lysates (Figures 1 and 2)
. The results indicate that these antibodies are
binding to linear and exposed epitopes present in the
folded S and/or to flexible regions, like turns, that
are found in the structure of S . Importantly,
immunoprecipitation experiments showed that these
antibodies could bind to both the unglycosylated (140
kDa) and core-glycosylated (200 kDa) full-length S ,
as well as the EndoH resistance fully-glycosylated S
(210 kDa) . This is also supported 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 1:364at 200 TCID50, which is
comparable to the level obtained for convalescent
patients. Analysis of sera taken after accumulative
immunizations displayed a steady increase in
neutralizing titer, indicating that the immunized
rabbits were showing a specific immune response to
GSTS 10. None of the other antibodies appear to be
capable of inducing neutralizing antibodies, which
could indicate that there was an absence of
neutralizing epitopes in 48-1055 amino acid (aa) of S
protein. However, this phenomenon is most unlikely as
a human antibody against 261-672 aa has been shown to
have neutralizing properties (see below for discussion
on receptor binding domain) . The more probable
explanation is that neutralizing epitopes in this
region are heavily glycoslyated and/or contain rigid
tertiary structures. Therefore, our results showed
that the 48-1055 aa of S protein is less suitable for
use in the development 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 is
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 is 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 ofthe viral envelope with the host cell
membrane occurs and this process is also mediated by
the S protein (4). The coronavirus S protein is a
class I virus fusion protein and contains two heptad
repeat regions (HRl and HR2) are found in S2 domain or
C-terminal domain. These domains are postulated to
play an crucial role in defining the oligomeric
structure of S and hence mediate the fusion between
viral and cellular membranes (4). For the SARS-CoV,
HR2 is located close to the transmembrane anchor
(1148-1193 aa) and HRl is ~ 140 aa upstream of it
(900-1005 aa) (14). Interestingly, S 10 (1029-1192 aa)
encompasses the HR2 region. Biochemical studies have
shown that peptides corresponding to the HRl and HR2
of SARS-CoV S protein can associate into an
anti-parallel six-helix bundle with structural
features typical of the other known class I fusion
proteins, suggesting that the membrane fusion and cell
entry mechanisms exploited by SARS-CoV is similar to
that for other coronaviruses like MHV (1). In the
full-length S protein, the HR1-HR2 structure brings
the fusion peptide, predicted to be near the N -
terminal of HRl, 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 HRl 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
10fragment (1029-1192 aa) SEQ ID NO. 4 identified in
this study may be an ideal vaccine candidate for
SARS-CoV. In future studies, it will be critical to
determine if anti-S 10 antibodies can protect against
SARS-CoV infection in animal models and to delineate
the precise contribution of this S region to membrane
fusion. For the latter, we are currently mapping
monoclonal antibodies obtained from mice that have
been immunized with GST-S 10 proteins and determining
their binding and neutralizing properties. Lastly,
recombinant S 10 protein and anti-S 10 antibodies can
potentially be developed for anti-viral treatments.
Coronaviruses are positive-strand RNA viruses and the
virion consists of a nucleocapsid core surrounded by
an envelope containing three membrane proteins, spike
(S), membrane (M) and envelope (E), which are common
to all members of the genus (for review, see 8, 13) .
The S 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 is 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 na ve mice also protect
them from infection. This would involve, no
enhancement of SARSCoV infection in mice upon re-
infection or after the administration of immune serum,
unlike the case forfeline infectious peritonitis virus
(10), and therefore, it would be safe to have a
vaccination against SARS-CoV. 



A DNA vaccine encoding the S protein alone may induce
T cell and neutralizing antibody responses and protect
mice from SARS-CoV infection, suggesting the S protein
is indeed the primary target for viral neutralization
in SARS-CoV infection. This finding was also confirmed
by an independent study that uses surrogate/carrier
virus to express S in primates (5). From these
studies, it appears that humoral response against S
alone is sufficient to protect against SARS-CoV
infection. Although inactivated whole SARS-CoV may
show promising results for vaccination, it is
important to identify epitope (s) in S capable of
inducing neutralizing antibodies as epitope-based
vaccines would avoid any possibility of reversion to
virulence and would be safer and cheaper to produce.
In this 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
Sl and Cterminal S2, probably by cellular furin-like
proteases.The proteolytic cleavage might enhance
membrane fusion and infectivity but may not be a
prerequisite (ref. 20- 23) . It seems that the
relationship between the cleavage and membrane fusion
(or infectivity) is 



dependent on individual strains and cells used (24).
Perhaps this reflects the multiple determinants of the
fusion activity of S and difference in expression
level of enzymes in the cells tested. The proteolytic
cleavage of the S protein of SARS CoV has not been
found to date. Therefore, it would be interesting to
investigate whether the S protein of SARS CoV was
cleaved into Sl and S2 . If it is also cleaved, then
the effect on the fusion and infectivity could be
studied for this newlyemerged coronavirus . We found
that the S protein of SARS CoV was cleaved into an N
-terminal Sl of 110-kDa and a C -terminal S2 of 90-kDa
as they were detected in the media of infected Vero E6
cells and in purified virions by using antibodies
specific to the N - and Ctermini of S . A s 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 blots with a densitometer
because the affinities of antibodies to Sl and S2 are
different. These antibodies were raised with purified
virions 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
immediatelyupstream of the cleavage site of the
coronavirus S protein. Point mutation of some of the
multiple basic residues might impair or abolish the
cleavage (ref. 23, 25) . Presumably, this motif is
required for furin-like proteases of mammalian cells,
which has been shown to be responsible for cleavage of
other viral fusion proteins 



(ref. 26) . We decided to develop an expression system
of the single S protein in a mammalian cell line, and
then by using mutants to determine the alternative
cleavage motif for S of SARS CoV. A 90-kDa protein
with similar size as the S2 identified in infected
cells was detected in Cos-7 cells transfected with the
S gene SEQ ID 1 . The system makes it possible to
determine the cleavage signal by using
internal-deletion mutants of S . We found that when
residues from 551 to 570 were removed, the 90- kDa
protein was not detected. The sequence of the 20
residues deleted in the mutant was FGRDVSDFTDS
VRDPKTSE I . 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 S
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
withobservations by others that co-expression of S
with mouse furin in insect cells did not cause the S
cleavage of SARS CoV. Also, no sequence motif GIn
(GIu)-X-Arg (where X is GIy, Ser, or Thr) for blood
clotting Factor Xa-like (or trypsin-like) protease
existed, which was the consensus cleavage motif of
fusion proteins of influenza A and Sendai viruses.
Proteolytical cleavage activated the fusion proteins
of these viruses. 



Based on earlier studies of the S protein of mouse
hepatitis virus, the S protein is
N-linked-glycosylated and trimerized in the
endoplasmic reticulum (ref . 10) . The high mannose
side chains are trimmed and further modified during
transport to the Golgi apparatus. The cleavage occurs
in the Golgi apparatus or the post- Golgi . The S
protein of SARS CoV contains 1255 residues and carries
23 potential N-linked glycosylation sites. If the
cleavage occurs at residues 551-570, the Sl and S2
would harbor 12 and 11 sites, respectively. As the Sl
was about 20-kDa larger than the S2, it was reasonable
to assume that most, if not all, potential sites in Sl
were used for glycosylation but not all of those in S2
. In this study, we also observed that the sizes of
the cleaved Sl 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 Sl, unlike in
Vero E6 cellsinfected with SARS CoV. These might be
the cleaved/degraded products of Sl or
premature-termination products. Interestingly, the
other two proteins of 64/62-kDa were identified in
both transfected and infected cells, suggesting that
the production of these two N-terminal proteins is not
artificial in transfected cells . The relationship
between the cleavage of S and its functions (membrane
fusion, infectivity and pathogenesis) remains
conflicting. Questions on the S 



processing still need to be addressed. For example,
why is the cleavage of S evolutionally conserved in
many coronaviruses if 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% CO2 incubator
in Dulbecco modified Eagle medium containing 1 g of
glucose/liter, 2 mM Lglutamine, 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% CO2 incubator in
Medium 199 containing 2 mM L-glutamine and L-amino
acid (HyClone, Utah, USA) .The Singapore strain
SARS-CoV 2003VA2774 ("2774") of Sars coronavirus was
isolated in Tan Tock Seng Hospital and adapted to grow
in Vero E6 cells in laboratory of Environmental Health
Institute (EHI) , Singapore. Passage 3 in Vero E6
cells were used for direct RNA extraction, reverse
transcription and polymerase chain reaction (RT-PCR)
and sequence analysis. Recombinant vaccinia/T7 virus
(VT3) was grown and titrated on Vero cells, which is a
subclone for growth of avian infectious bronchitis
coronavirus, IBV (ref. 54, Shen and Liu, 2003).
Cloning of DNA constructs. (a) For expression in
E.coli. The Singapore isolate 2774 containing the
fulllength S (1-1255 amino acids (aa)) was used to
perform 



amplification and RT-PCR, and the cDNA from the RT-PCR
was used as the template for cloning of S constructs.
Five constructs S l, S 2 , S 3 , S 9 and S 10 (Table
1) were obtained by PCR with the primers listed in
Table 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 BamHl/XhoI-cut pGEX4Tl 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 .Table 1 .
Plasmids used in this study Plasmids Nucleotide
sequence Amino acid position Total no. of amino acids
pKT-S 1-3765 1-1255 1255 pGex-S 1 144-1074 48-358 310
pGex-S 2 1086-2370 362-790 428 pGex-S 3 504-1383
168-461 293 pGex-S 9 2394-3165 798-1055 257 pGex-S 10
3087-3576 1029-1192 163 Table 2 . Oligo-nucleotide
Primers used in this study 



Primers Sequence Application SS03-56
5'-ACGGATCCACCATGTTTATTTTCTTATTA-3' Cloning
full-length S SS03-57
3'-GTAGGCCTATGTGTAATGTAATTTGAC-5' Cloning full-length
S SS03-62 5'-AAGGATCCAGATCAGACACTCTTTATTT-S' Cloning S
1 SS03-63 3'-AAAATCTCGAGTTGTAGAGCACAGAG-S' Cloning S 1
SS03-60 5'-CAGGArCCTCAACCTTTAAGTGCTATG-S' Cloning S 2
SS03-61 3'-CTATCTCGAGTCAGGTAATATTTGTGAAA-5' Cloning S
2 SS03-68 5'-CTGGATCCTTTTCGCTTGATGTTTC-3' Cloning S 3
SS03-69 3'-TATTACTCGAGGGAGAAAGGCACATT-S' Cloning S 3
SS03-01 5'-CTGGATCCTCTTTTATTGAGGACTTGC-S' Cloning S 9
SS03-02 3'-TGAACTCGAGCTCCTGGGATGGCACAT-S' Cloning S 9
SS03-03 5'-AGGGATCCCACCTTATGTCCTTCC-S' Cloning S 10
SS03-04 3'-AAACCTCGAGAGGCCATTTAATATATTGC-S' Cloning S
10Construction of Plasmids-Specif ic forward and
reverse primers were designed to amplify the S gene of
Singapore strain 2774 . The PCR products were digested
with BamHI and StuI and ligated into BamHI/EcoRV-cut
pKTO, resulting in plasmid pKT-S under the control of
a T7 promoter. Specific primers were designed to
amplify strain 2774 sequence from nucleotide positions
21476- 25171, -25066, -24934, -24415, -24157, and
-23866, respectively. The six RT-PCR products were
digested with BamHI and ligated to BamHI/EcoRV- cut
pKTO under the control of a T7 promoter, giving rise
to plasmids pKTS 11, pKT-S 12, pKT-S 13, pKT-S 14,
pKT-S 15, pKT-S 16 and pKT-S 22, respectively. Sizes
of proteins encoded by these S constructs are shown in
Fig.Ia. Two-round PCR were performed using specific
primers to produce S fragments with
internal-deletions. The PCR fragments were cloned into
pKTO, giving rise to plasmids pKT-S 17, pKT-S 18,
pKT-S 19, pKT-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. Ia. Analysis of the S Protein in Infected Vero E6
Cells. Confluent cells were infected with strain 2774
at a multiplicity of infection (m.o.i) of 1 and were
incubated at 370C 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 1000C for 5 minutes and
were kept at minus 200C before Western blot analysis.
Forvirus purification, -propiolactone was added to
infected cell culture to a final concentration of
0.05% to inactivate infectivity. The inactivation was
examined by titration of treated samples in Vero E6
cells. The viruses were harvested by freezing/thawing
3 times and cell debris was removed by centrifugation
at 5,000 rpm for 10 minutes. Ultrafiltration was
performed to concentrate viruses (300,000 NMWL,
Millipore) . The concentrated sample was applied to
Sepharose 4B fast flow column (Pharmacia) following
manufacturer's instruction. The eluted fractions were
examined by transmission electron microscope. The
fraction containing virus particles was used for
analysis of the S protein by Western blot. Analysis of
the S Protein in Transfected Cos -7 Cells -Fifty
percent of confluent monolayer of cells in 60 mm Petri
dish was infected at a m.o.i. of 1 with recombinant
vaccinia virus vTF7-3 expressing bacteriophage T7 RNA
polymerase. After 1 hour adsorption, cells were
transfected with 2 to 5mg of plasmid using Effectene
Reagents (QIAGEN) according to manufacturer's
instruction. Transfected cells were 



incubated overnight at 370C and the cell lysate was
prepared by resuspending cell pellet in Ix protein
sample buffer for Western blot analysis. Purification
of the recombinant S proteins expressed in E.coli.
Plasmids pGEX-S 1, pGEX-S 2 , pGEXS 3 , pGEX-S 9 and
pGEX-S 10 were separately transformed into BL21 (DE3)
cells. A single colony from each plate was grown at
370C overnight in LB-agar plate containing ampicillin
(100 g/ml) . Five milliliters of theresulting cultures
was inoculated into 2 liters of LB medium containing
ampicillin (100 g/ml) and was incubated in a shaker at
370C until OD600 reached 0.6. Expression of proteins
was induced using ImM IPTG. Cells were harvested 2 h
after induction by centrifugation at 5,000 g for 10
min at 40C . The cell pellets obtained were
resuspended in PBS-ImM PMSF-20 g/ml DNase I and lysed
by two passages through a French Press. Lysates were
centrifuged at 22,000 g for 30 min. The insoluble
proteins in pellet was washed 3 times and resuspended
in PBS containing 1% Triton X-100. Proteins were
separated in 10% PAGE-SDS gels. Gel strips containing
GST-fusion protein were cut and the proteins were
eluted using Mini Trans-Blot cell (BIORAD, Hercules,
CA, USA)). The resulting fusion proteins were detected
in Western Blot using mouse anti-GST antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and their
concentrations were estimated by comparison with BSA
standards in Coomassie Brilliant Blue R-250-stained
SDSPAGE gel . Generation of antibodies against the
various S 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 afterthe 4th, 6th, 8th, 12th, 14th
and 16th injections. All procedures on the use of
laboratory animal are done in accordance with the
regulations and guidelines of Animal Research Ethics
Committee (AREC) . Expression of recombinant S
fragments in mammalian cells. Cos7 cells were used as
the mammalian expression system for Western Blot
analysis, immunoprecipitation and immunofluorescence.
Monolayer of Cos7 cells, grown in a 60mm dish were
subjected to T7 vaccinia virus infection at a
multiplicity of infection (m.o.i) of 1, for an hour.
Transient transfection of cells with pKT-S, pKT-S 11,
pKT-S 12, pKT-S 13, pKT-S 14, pKT-S 15 and pKT-S 16
plasmid were carried out using Effectene transfection
reagents (Qiagen, Valencia, CA, USA) according to
manufacturer's protocol. For control experiments,
cells were infected with T7 vaccinia virus and mock
transfected with empty vector, pKTO . Endoglycosidase
H and N-glycosidase F Treatments of the S
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 ml of the supernatant were mixed with 10 ml
of buffers 



recommended by manufacturer (Roche) with or without
Endo-H (0.5 units/20 ml , Roche) and incubated for 2
to 3 h at 370C . Lysis buffers used contain
proteaseinhibitors Complete (r) cocktail tablets at
concentration recommended by manufacturer (Roche) and
0.2 mM PMSF. Western Blot Analysis. Cell lysates were
prepared in IX SDS loading buffer under reducing
conditions (1% SDS with 0.2 M DTT), resolved in 10%
PAGE gel and transferred to a nitrocellulose membrane.
The blots were blocked in 5% non-fat milk in PBS with
0.05 % Tween-20 and probed with rabbit anti-sera
(1:20,000 dilutions), raised against the various S
fusion proteins, at 4 0C overnight. The membranes were
incubated with goat antirabbit horseradish peroxidase
(HRP)-conjugated secondary antibodies at a dilution of
1:2000 for 1 h at room temperature and developed with
enhanced chemiluminescence reagent (Pierce, Rockford,
IL, USA) . Radiolabeled immunoprecipitation. Cells
were infected with T7 vaccinia virus and transfected
with the pKT-S or plasmids expressing C-terminal
deletion mutants of S , pKT-S 11, pKT-S 12, pKT-S 13,
pKT-S 14, pKT-S 15 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 3SS-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
lysis buffer containing 5OmM Tris, ImM PMSF, 1% NP40
(pH 7.4), and centrifuged at 16,000 g for 10 min. 300
1 of the supernatant are incubated for M 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 IX SDS loading buffer (containing 0.2
MDTT) were added to the beads and boiled for 10 min at
100 0C . Samples were treated with Endoglycosidase H
(EndoH) enzyme (Roche Diagnostics) and incubated at
370C for 2 h in the EndoH experiment . Samples were
separated in a 7.5% SDS-PAGE gel and developed with
autoradiography . Indirect Immunofluorescence. Cos7
cells grown on Permanox slide (Nalge Nunc
International, Naperville, IL, USA.) were infected and
transfected as described above. After 8 h post-transf
ection, cells were fixed with 4% paraformaldehyde for
10 min at room temperature and blocked with PBS plus
1% bovine serum albumin (BSA) for 30 min and then
incubated with the primary antibody (1:200) for 1.5 h
, washed, and then incubated with fluorescein
isothiocyanate (FITC)-conjugated secondary antibody
(1:200; Santa Cruz) for 1 h . All incubations and
washes were performed at room temperature. Slides were
mounted with Fluorescence Mounting Medium
(DakoCytomation) and analyzed on a AxioVision
Fluorescence Light Microscope (Carl Zeiss, Germany).
Neutralization Assay. To determine neutralizing
antibodies in the rabbits' serum, we performed an
assay with serial dilution of sera using a 96-well
plate. 2 x 104 Vero E6 cells were grown in 200 1 of
Medium 199 in each well of the 96 well plates and
incubated at 37C. 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 50 for an hour at room
temperature before adding into the respective wells.
The 96-well plate was incubated in a CO2 incubator for
3-5 days to observe thecytopathic effect (CPE) .
Percentage of cells with CPE was determined by taking
10 1 of resuspended cells from 



each well and counted under a microscope. The formulae
to calculate the neutralizing titer is Log (50%
Neutralizing Titer of Tested Sera) = Log (Sera
Dilution Higher than 50% of CPE %) - Log(Coefficient
of Dilution) x (CPE % Higher than 50% - CPE % at
50%)/(CPE % Higher than 50% - CPE % Lower than 50%) .
The inverse logarithm for the calculation above is
determined as 50% neutralizing titer of the tested
serum. All experiments are carried out in duplicates.
RESULTS Processing of S in A Vaccinia-T7 Expression
System- To analyze expression and processing of S in
transfected cells, the S gene was cloned into a vector
(pKTO) under the control of a T7 promotor . 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. A s shown in Fig. Ib, the 200-, 140-,
HO-, 90- 64/62-, 55- and 38- kDa proteins were
detected (lane 2) . These species were S-specific and
were likely 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 cleaved proteins and/or
premature translation products. The results
suggestedthat the S protein of SARS CoV might be
cleaved in this in vitro expression system, which
could be used for analysis of processing of SARS CoV S
protein. Detection of the Cleavage Products in
SARS-CoVInfected Cells -To investigate if the S
protein is also 



processed in virus-infected Vero E6 cells, western
blot was performed to detect the S-derived products in
both the cell lysate and the media of virus-infected
culture. If the S protein was cleaved into the
N-terminal Sl and C-terminal S2, they should be
detected in the cell lysate; and if the two cleavage
proteins were assembled into virions, they should be
detected in the media of infected cells. For this
purpose, two rabbit anti-S antibodies were used, which
were raised against the Nterminal and the C-terminal
regions, respectively. Rabbit- -S 1 recognized a
region from amino acid resides 48 to 358 and rabbit-
-S 10 recognized a region from 1029 to 1192 (see Fig.
Ia) . 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 Sl 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 likely that these
products may have undergonefurther modification after
cleavage and before assembly into virion. To confirm
the above observations, purified virus particles were
used in Western blot using the same antibodies. As
shown in Fig. 2b, the Sl subunit was detected using
rabbit- -S 1 (lane 1) and the S2 subunit was detected
using rabbit- -S 10 (lane 2) . Both the Sl 



and S2 subunits were detected with horse- -SARS
antibody (lane 3). The full-length S protein was also
detected by all of the three antibodies used (lanes 1,
2 and 3) . The sizes of S , Sl and S2 are the same as
those mature forms detected in the media of infected
cells. The results clearly showed that the cleavage
products Sl and S2 as well as the full-length S were
assembled into virions. It was observed that 62/64
-kDa proteins, also detected in transfected cells (see
Fig Ib) , were identified in the lysate of infected
cells (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. Ib) 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-transf ected 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 sitebetween Sl and S2 subunits. For this
purpose, six Cterminally- truncated S constructs (S 11
to S 16, see Fig. Ia) were expressed in Cos-7 cells.
If the S protein was cleaved, the C-terminal products
would become smaller when mutants with the C-terminal
deletions were used. On the other hand, the size of
the N-terminal products would remain the same when
these mutants were used. Additional polyclonal and
monoclonal antibodies, raised against different
regions and domains, were used 



to detect all potential cleavage and/or other
S-derived products. Rabbit- -S 2 , rabbit- -S 3 and
rabbit- -S 9 recognized regions within residues
362-790 (S 2), 168- 461 (S 3) and 798-1055 (S 9) (see
Fig. Ia) . Monoclonal antibodies MAbl2-6 and MAbCl
recognized domains containing residues 281-300 and
631-650 of S , respectively . (1) Detection of the
C-terminal Products-Western blot analysis was carried
out to detect the S proteins in Cos-7 cells
transfected with the full-length S and S 11 to S 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 -S 2 , S
9, -S 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- -S 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 onlyrecognized the products
derived from larger truncatedmutants as expected (Fig.
3a, lower panels) (also see Fig. Ia) . Their apparent
molecular masses are consistent with their calculated
molecular weights and their predicted molecular weight
changes after glycosylation, suggesting that they are
the full length glycosylated and unglycosylated forms,
respectively, of the products encoded by each
constructs. Similarly, products progressively smaller
than the 90-kDa protein were detected from the
C-terminal deletion constructs (S 11 to 16) by the
same C-terminusspecific 



antibodies (Fig. 3a, lanes 1 to 7 and 9-15, as
indicated by arrows in lanes 1 to 7 in upper panel) .
The migration patterns of these products and their
apparent molecular masses strongly suggest that they
represent the C-terminal cleavage products of the S
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 Sl
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 to15, upper panels, as indicated by arrows
in lanes 9 to 15 in upper panel) . They might be the
intermediate products, suggesting that the Sl might be
degraded or cleaved in transfected cells under
conditions used in this study. This explained why a
110-kDa Sl was not detected with rabbit- -S 2 , which
covers the residues from 362 to 790 and has the
potential to recognize both Sl and S2. (2) Detection
of the N -terminal Products-Rabbit- - S 1 , rabbit- -S
3 and monoclonal antibody MAbl2-6 were used to detect
the N-terminal products of S in cells transfected with
the same constructs described above. For the
full-length construct (Fig. 3b, lanes 1 and 9), 



the 200-, 140-, 64-/62-, 55- and 38-kDa bands were
observed when the three antibodies were used
(indicated by arrows) . It was observed that the
140-kDa protein (as well as 200-kDa protein) was also
detected by these N - terminally-specif ic antibodies,
confirming that it was the full-length unglycosylated
form of S . For the Cterminally- 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-terminallytruncated mutants were used, confirming
that they were the N-terminal products of S .The
horse- a -SARS antibody was used to detect proteins in
the same cell lysates . This antibody can detect both
the N - and C-terminal products. All the Isl and
C-terminal proteins described above were detected
(Fig. 3b, lanes 9 to 15, lower panel), confirming that
all the described proteins were specifically
S-derived. The 110-kDa S l was not detected (or
detected a s a weak band with horse -SARS, see Fig.
Ib) in transfected cells under conditions used.
Instead, smaller N-terminal products were detected.
The results strongly suggested that the S l was
degraded rapidly in this expression system. This might
also happen in virus-infected cells, a s 64/62-kDa
proteins were also detected in infected cells (see,
Fig. 2a, lane 2 ) . Nevertheless, this expression and
processing system makes i t possible t o map the
cleavage site sequences for the SARS CoV S 



protein. 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 1 6 (encoding residues
1 t o 797), the cleaved product was 30-kDa in size.
The monoclonal antibody MAbCl recognized the residues
from 631 t o 650. Therefore, the putative cleavage
site o f S l and S 2 might b e located in the region
around amino acid residue 600. T o determine the
sequence involved in the cleavage o f S , several
internally-deleted mutants o f the S gene were
constructed. I f deleted sequence contains the
cleavage site, the 90-kDa would not b e produced.
First, three mutants were expressed, which carried
deletions from residues 601-800 (S 17) , 401-600 (S
18)and 201-400 (S 19) . The S specific proteins were
analyzed by Western blot using rabbit- -S 10. A s seen
in Fig. 4 , in cells transfected with S 17, a protein,
200- residues shorter than 90-kDa, was observed (lane
2), indicating that the cleavage site might be
upstream of residue 600. The deletion of residues
401-600 (S 18) indeed abolished the 90-kDa cleavage
product (lane 3). When residues 201-400 (S 18) were
deleted, the 90-kDa product was still produced as
expected (lane 4). In fact, a slightly larger product
than the 90-kDa S2 was detected in cells transfected
with S 18, providing further evidences that Sl was
probably cleaved in the middle of Sl by an
endoprotease. This was consistent with observations
that antibodies against the C-terminus detected a set
of intermediate cleavage products (see Fig. 3a,
indicated by arrows in lanes 8 to 15, upper panel) .
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,indicating that
the 55-kDa protein was the cleavage or degraded
product of Sl. The sequence of the 20 residues deleted
in S 33 was FGRDVSDFTDSVRDPKTSEI . A BLAST search
against amino acid sequences of the SARS CoV S showed
that the residues 551 to 570 were fully conserved
among different isolates published to date (data not
shown) . Unlike the S protein of other coronaviruses,
no RRARR or RRAHR (or even paired basic residues)
motif existed within this small region. The results
strongly suggested that the cleavage site of the SARS
CoV S protein was different from those of other
coronaviruses and that other cellular proteases rather
than the furin-like ones were involved. Further
Investigation of Glycosylation of the S Protein by
Endoglycosidase-H (Endo-H) and N-glycosidase F
(N-gly-F) Treatment- A s shown in Fig. 6 , the S
proteins in transfected cells were treated with
N-gly-F (lanes 1 to 4 ) and Endo-H (lanes 5 to 8) .
The results showed that the 200-kDa 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 before 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 beinteresting to examine if the 90-
and 55-kDa proteins were glycosylated forms or Endo-H
resistant forms. However, as the efficiency of
cleavage was much lower in transfected cells, they
were not detectable under the conditions used in this
study. Generation of rabbit antibodies against the
different regions on S protein. Previous studies using
mammalian-expressed native S constructs have found
that antibodies targeting 270-510, 548-567 and 607-627
of S in Sl region to be neutralizing (11, 30) , and
803-828 in the S2 region were also found to possess
neutralizing properties (13). However, the lack of
post-translational modification such as glycosylation
in a bacterial expression system might exhibit
different potential sites for eliciting neutralizing
antibodies. To study the neutralizing region on
bacterial-expressed SARS CoV S protein, we cloned 5
DNA constructs of S covering the entire ectodomain
(Fig 1) . We cloned 2 fragments covering the Sl region
(S 1 , S 3), 2 fragments covering the S2 region (S 9,
S 10) and 1 fragment covering a portion of both Sl and
S2 (S 2) . The constructs S 9 and S 10 contain the
heptad repeat 1 (HRl) and heptad repeat 



2 (HR2) regions respectively. Antigens for constructs
S l, S 2 , S 3, S 9 and S 10, were produced using a
bacterial-expression system. These 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
rabbitseach time after the 4th, 6th, 8th, 12th, 14th
and 16th injections. The polyclonal antibodies were
characterized with Western Blot analysis,
immunoprecipitation and immunofluorescence .
Specificity of rabbit antibodies to the SARS CoV S
protein in Western Blot. The specificity of the rabbit
antibodies for the full length S protein expressed in
mammalian cells are determined by Western Blot
analysis. As postulated, anti-S antibodies from the
serum of a patient (P6) who has recovered from
SARS-CoV infection (26), could detect 2 major bands of
full-length S protein, the 14OkDa unglycoslyated form
and 20OkDa glycoslyated form (Fig 2a) , in the lysates
of Cos7 cells transfected with pKT-S. These are
specific S bands as they were not detected in the
negative control. We observed similar results using
the antibodies 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 



imxnuoprecipitation. 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, pKTS 14, pKT-S 15 and pKT-S 16, were
immunoprecipitated with P6 serum and the 5 antibodies
raised against S 1, S 2 , S 3, S 9 and S 10. The SARS
CoV S protein and the C-terminal deletion recombinant
proteins can be detected by immunoprecipitation with
the P6 serum (Fig 3f). The core-glycosylated S protein
(20OkDa) and the fully glycosylated S protein (21OkDa)
were also clearly detected when we use antibodies
raised against the various recombinant S proteins (Fig
3a-e, Lane 1). Antibodies targeting the region S l, S
2 and S 3 respectively can detect the full-length S
and all the Cdeletion mutants (Fig 3a-c) . Antibodies
targeting the region S 9 can detect full-length S and
pKT-S 11 to pKTS 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 20OkDa S protein to the 21OkDa 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
timecourse experiment. Cos7 cells transfected with
pKT-S, labeled with 35S-met and immunoprecipitated
with rabbit anti-S 10 were harvested at % h , I h , 2
h , 4 h and 6 h . The results showed a gradual
increase in the 210 kDa band accompanied by a gradual
decrease in the 200 kDa band (Fig 4 , Lane 1-8) . An
EndoH experiment is done to find out whether the bands
were sensitive to EndoH treatment. Cos7 cells were
subjected to T7 vaccinia virus infection, transfected
with pKT-S and treated with EndoH enzyme whereas
control cells were not treated with EndoH. Results
showed that the 21OkDa band was EndoHresistant and the
20OkDa band was EndoH-sensitive (Fig 4 , Lane 9, 10) .
Hence, the results demonstrated the maturation of the
20OkDa band to the 21OkDa band. Detection of SARS CoV
S protein on surface of Cos7 cells. To provide further
evidence that the antibodies raised were able to
recognize the native form of S protein, we performed
immunofluorescence experiments. The Cos7 cells
utilised for the indirect immunofluorescence were
non-permeabilized. After infection with T7 vaccinia
virus and transfection with pKT-S as described above,
sufficient time (8 h posttransfection) 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 l, S 2 , S 3, S 9 and S 10, to
the Sprotein on the cell surface provide further
evidence that these antibodies are specific and
sensitive to the native conformation of SARS CoV S
protein. L region in S2 can elicit neutralizing
activity. All serum from rabbits injected with the
various S proteins were tested for neutralizing
activity after each bleed. Results for rabbits
injected with pGEX-S 1, S 2, S 3 and S 9 showed
negative response. Serum from rabbits injected with
pGEX-S 10 showed neutralizing activities after the 4th
injection. Initial tests using SARS-CoV at 200 TCID 50
showed high titers (1:364) of neutralizing antibodies
in all the rabbit anti-S 10 bleeds, beginning with
serum bled after the 8th injection (Table 3). The 16th
injection is the last booster injection and the rabbit
is sacrificed at this stage. To ascertain the results
above, serum samples after the 4th, 6th, 8th, 12th,
14th and 16th injection with pGEX -S 10 was sent for a
neutralizing test using SARS-CoV at 1000 TCID50 (Table
4). Neutralizing activities was found to be as high as
1:189.2 at 1000 TCID 50, and is comparable, if not,
higher than the titers detected in SARS patients.
Antibody response in SARS patients at 100 TCID 50
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.Table 3 .
Neutralizing test at 200 TCID 50 No. of injections
Neutralizing titers before bleeding (Average of 2
readings) 0 (Pre-immune 0 serum) 1:70 8 1:364 



12 1:208 14 1:256 16 Control (water) Table 4 .
Neutralizing test at 1000 TCID 50 No. of injections
Neutralizing titers before bleeding (Average of 2
readings) 0 (Pre-immune 0 serum) 1:30 4 1:66.8 6 1:112
8 1:67.2 12 1:98 14 1:189.2 16 Control (water) 0 SEQ
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1. A peptide or protein fragment of SEQ ID NO.l, said
fragment comprising a neutralizing domain. 2 . The
peptide or protein of claim 1 which comprises the
sequence of amino acid selected from the group SEQ ID
NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ
ID NO. 8, SEQ ID NO. 9 or SEQ ID NO. 10. 3 . The
peptide or protein of claim 1 having the HR2 heptad
region of the coronavirus S protein. 4 . The peptide
or protein of claim 1 selected from the group
consisting essentially of SEQ ID NO. 4, SEQ ID NO. 5,
SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9
or SEQ ID NO. 10. 5 . The peptide or protein of claim
1 wherein the fragment comprises SEQ ID NO .4 . 6 .
The peptide or protein of claim 1 wherein the fragment
comprises SEQ ID NO. 5 . 7 . A method of producing a
fragment of the S protein of coronavirus comprising
the steps of: a) transforming a cell with a nucleic
acid encoding a fragment of the S protein of
coronavirus the fragment comprising a neutralizing
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
.10. The antibody of claim 8 wherein the peptide or
protein comprises the HR2 heptad region of the
coronavirus S protein. 11. The antibody of claim 8
wherein the peptide or protein is selected from the
group consisting of SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID
NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9 or SEQ
ID NO. 10. 12 . A method of detecting a SARS
coronaviral infection in a patient comprising the step
of applying the antibody of claim 8 to at least part
of the cells collected from the patient. 13 . A kit
for the detection of SARS coronavirus containing the
antibody of claim 8. 14 . 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 of claim 1. 15. A
method to treat a patient with severe acquired
respiratory syndrome or prevent the onset thereof
comprising administering to the patient the antibody
of claim 8 . 16. A vaccine to treat a patient with
severe acquired respiratory syndrome or prevent the
onset thereof comprising an effective amount of the
peptide or protein of claim 1 . 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 .18. An antibody to an S protein fragment
selected from the group consisting of S 1, S 2 , S 3 ,
and S 9 . 19. A method of detecting a SARS coronaviral
infection in a patient comprising the step of applying
the antibody of claim 18 to at least part of the cells
collected from the patient. 20. A kit for the
detection of SARS coronavirus containing the antibody
of claim 18. 21. A mature, glycosylated spike protein
of a coronavirus . 22 . The mature glycosylated spike
protein of claim 21 wherein the mature glycosylated
spike protein contains a transmembrane domain (TMD) .
23. The mature glycosylated spike protein of claim 21
wherein the mature glycosylated spike protein is a
210KDa protein. 24 . The mature glycosylated spike
protein of claim 21 wherein the coronavirus is a SARS
coronavirus. 25. The mature glycosylated spike protein
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.27. The method of
claim 26 wherein the mature glycosylated spike protein
contains a transmembrane domain (TMD) . 



28. The method of claim 26 wherein the mature
glycosylated spike protein is a 210KDa protein. 29.
The method of claim 26 wherein the coronavirus is a
SARS coronavirus. 30. The method of claim 26 wherein
the coronavirus is a SARS coronavirus strain, 2774.
31. The method of claim 26 wherein the cell is
selected from the group consisting of human lung cell
and cos-7 cell . 32. A method of screening for a
mature, glycosylated spike protein of a coronavirus
comprising the steps of a ) isolating a spike protein;
b ) immunoprecipitating the isolated spike proteins
with Endo-H; and 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.38. The antibody of claim 37 wherein the
mature glycosylated spike protein contains an
antitransmembrane domain (TMD) . 39. The antibody of
claim 37 wherein the mature glycosylated spike protein
is a 210KDa protein. 



40. The antibody of claim 37 wherein the coronavirus
is a SARS coronavirus. 41. The 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 ofsevere 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
respiratory syndrome comprising the antibody of claim
38.Sequence Listing SEQ ID NO. 1 - The full-length
nucleotide sequence of the spike (S) gene of SARS CoV,
clone 12 of 2774 strain 



RNA linear ORGANISM: SARS coronavirus 2774 strain
Viruses; ssRNA positive - strand viruses, no DNA
stage; Nidovirales; Coronaviridae; Coronavirus. 1
atgtttattt tcttattatt tcttactctc actagtggta gtgaccttga
ccggtgcacc acttttgatg 70 71 atgttcaagc tcctaattac
actcaacata cttcatctat gaggggggtt tactatcctg atgaaatttt
140 141 tagatcagac actctttatt taactcagga tttatctctt
ccattttatt ctaatgttac agggtttcat 210 221 actattaatc
atacgtttgg caaccctgtc atacctttta aggatggtat ttattttgct
gccacagaga 280 281 aatcaaatgt tgtccgtggt tgggtttttg
gttctaccat gaacaacaag tcacagtcgg tgattattat 350 351
taacaattct actaatgttg ttatacgagc atgtaacttt gaattgtgtg
acaacccttt ctttgctgtt 420 421 tctaaaccca tgggtacaca
gacacatact atgatattcg ataatgcatt taattgcact ttcgagtaca
490 491 tatctgatgc cttttcgctt gatgtttcag aaaagtcagg
taattttaaa cacttacgag agtttgtgtt 560 561 taaaaataaa
gatgggtttc tctatgttta taagggctat caacctatag atgtagttcg
tgatctacct 630 631 tctggtttta acactttgaa acctattttt
aagttgcctc ttggtattaa cattacaaat tttagagcca 700 701
ttcttacagc cttttcacct gctcaagaca tttggggcac gtcagctgca
gcctattttg ttggcgattt 770 771 aaagccaact acatttatgc
tcaagtatga tgaaaatggt acaatcacag atgctgttga ttgttctcaa
840 841 aatccacttg ctgaactcaa atgctctgtt aagagctttg
agattgacaa aggaatttac cagacctcta 910 911 atttcagggt
tgttccctca ggagatgttg tgagattccc taatattaca aacttgtgtc
cttttggaga 980 981 ggtttttaat gctactaaat tcccttctgt
ctatgcatgg gagagaaaaa aaatttctaa ttgtgttgct 1050 1051
gattactctg tgctctacaa ctcaacagtt ttttcaacct ttaagtgcta
tggcgtttct gccactaagt 1120 1121 tgaatgatct ttgcttctcc
aatgtctatg cagattcttt tgtagtcaag ggagatgatg taagacaaat
1190 1191 agcgccagga caaactggtg ttattgctga ttataattat
aaattgccag atgatttcat gggttgtgtc 1260 1261 cttgcttgga
atactaggaa cattgatgct acttcaactg gtaattataa ttataaatat
aggtatctta 1330 1331 gacatggcaa gcttaggccc tttgagagag
acatatctaa tgtgcctttc tcccctgatg gcaaaccttg 1400 1401
caccccacct gctcttaatt gttattggcc attaaatgat tatggttttt
acaccactac tggcattggc 1470 1471 taccaacctt acagagttgt
agtactttct tttgaacttt taaatgcacc ggccacggtt tgtggaccaa
1540 1541 aattatccac tgaccttatt aagaaccagt gtgtcaattt
taattttaat ggactcactg gtactggtgt 1610 1611 gttaactcct
tcttcaaaga gatttcaacc atttcaacaa 



tttggccgtg atgtttctga tttcactgat 1680 1681 tccgttcgag
atcctaaaac atctgaaata ttagacattt caccttgctc ttttgggggt
gtaagtgtaa 1750 1751 ttacacctgg aacaaatgct tcatctgaag
ttgctgttct atatcaagat gttaactgca ctgatgtttc 1820 1821
tacagcaatt catgcagatc aactcacacc agcttggcgc atatattcta
ctggaaacaa tgtattccag 1890 1891 actcaagcag gctgtcttat
aggagctgag catgtcgaca cttcttatga gtgcgacatt cctattggag
1960 1961 ctggcatttg tgctagttac catacagttt ctttattacg
tagtactagc caaaaatcta ttgtggctta 2030 2031 tactatgtct
ttaggtgctg atagttcaat tgcttactct aataacacca ttgctatacc
tactaacttt 2100 2101 tcaattagca ttactacaga agtaatgcct
gtttctatgg ctaaaacctc cgtagattgt aatatgtaca 2170 2171
tctgcggaga ttctactgaa tgtgctaatt tgcttctcca atatggtagc
ttttgcacac aactaaatcg 2240 2241 tgcactctca ggtattgctg
ctgaacagga tcgcaacaca cgtgaagtgt tcgctcaagt taaacaaatg
2310 2311 tacaaaaccccaactttgaa atattttggt ggttttaatt
tttcacaaat attacctgac cctctaaagc 2380 2381 caactaagag
gtcttttatt gaggacttgc tctttaataa ggtgacactc gctgatgctg
gcttcatgaa 2450 2451 gcaatatggc gaatgcctag gtgatattaa
tgctagagat ctcatttgtg cgcagaagtt caatggactt 2520 2521
acagtgttgc cacctctgct cactgatgat atgattgctg cctacactgc
tgctctagtt agtggtactg 2590 2591 ccactgctgg atggacattt
ggtgctggcg ctgctcttca aatacccttt gctatgcaaa tggcatatag
2660 2 661 gttcaatggc attggagtta cccaaaatgt tctctatgag
aaccaaaaac aaatcgccaa ccaatttaac 2730 2731 aaggcgatta
gtcaaattca agaatcactt acaacaacat caactgcatt gggcaagctg
caagacgttg 2800 2801 ttaaccagaa tgctcaagca ttaaacacac
ttgttaaaca acttagctct aattttggtg caatttcaag 2870 2871
tgtgctaaat gatatccttt cgcgacttga taaagtcgag gcggaggtac
aaattgacag gttaattaca 2940 2941 ggcagacttc aaagccttca
aacctatgta acacaacaac taatcagggc tgctgaaatc agggcttctg
3010 3011 ctaatcttgc tgctactaaa atgtctgagt gtgttcttgg
acaatcaaaa agagttgact tttgtggaaa 3080 3081 gggctaccac
cttatgtcct tcccacaagc agccccgcat ggtgttgtct tcctacatgt
cacgtatgcg 3150 3151 ccatcccagg agaggaactt caccacagcg
ccagcaattt gtcatgaagg caaagcatac ttccctcgtg 3220 3221
aaggtgtttt tgtgtttaat ggcacttctt ggtttattac acagaggaac
ttcttttctc cacaaataat 3290 3291 tactacagac aatacatttg
tctcaggaaa ttgtgatgtc gttattggca tcattaacaa cacagtttat
3360 3361 gatcctctgc aacctgagct tgactcattc aaagaagagc
tggacaagta cttcaaaaat catacatcac 3430 3431 cagatgttga
tcttggcgac atttcaggca ttaacgcttc tgtcgtcaac attcaaaaag
aaattgaccg 3500 3501 cctcaatgag gtcgctaaaa atttaaatga
atcactcatt gaccttcaag aattgggaaa atatgagcaa 3570 3571
tatattaaat ggccttggta tgtttggctc ggcttcattg ctggactaat
tgccatcgtc atggttacaa 



3640 3641 tcttgctttg ttgcatgact agttgttgca gttgcctcaa
gggtgcatgc tcttgtggtt cttgctgcaa 3710 3711 gtttgatgag
gatgactctg agccagttct caagggtgtc aaattacatt acaca 3765
SEQ I D NO. 2 - The full - length amino acid sequence
o f the spike (S) gene o f SARS CoV, clone 12 o f 2774
strain Amino acid 1 MFIFLLFLTLTSGSDLDRCT TFDDVQAPNY
TQHTSSMRGV YYPDEIFRSD TLYLTQDLSL PFYSNVTGFH70 71
TINHTFGNPV IPFKDGIYFA ATEKSNWRGWVFGSTMNNK SQSVIIINNS
TNVVIRACNF ELCDNPFFAV140 141 SKPMGTQTHT MIFDNAFNCT
FEYISDAFSL DVSEKSGNFK HLREFVFKNK DGFLYVYKGY QPIDWRDLP
210 211 SGFNTLKPIF KLPLGINITN FRAILTAFSPAQDIWGTSAA
AYFVGDLKPTTFMLKYDENG TITDAVDCSQ280 281 NPLAELKCSV
KSFEIDKGIY QTSNFRWPS GDVVRFPNIT NLCPFGEVFN ATKFPSVYAW
ERKKISNCVA350 351 DYSVLYNSTVFSTFKCYGVS
ATKLNDLCFSNVYADSFWKGDDVRQIAPG QTGVIADYNY KLPDDFMGCV
420 421 LAWNTRNIDATSTGNYNYKY RYLRHGKLRP FERDISNVPF
SPDGKPCTPP ALNCYWPLND YGFYTTT4G9I0G 491 YQPYRWVLS
FELLNAPATVCGPKLSTDLI KNQCVNFNFN GLTGTGVLTPSSKRFQPFQQ
FGRDVSDFTD 560 561 SVRDPKTSEI LDISPCSFGG VSVITPGTNA
SSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGNNVFQ 630 631
TQAGCLIGAE HVDTSYECDI PIGAGICASY HTVSLLRSTS
QKSIVAYTMSLGADSSIAYSNNTIAIPTNF 700 701 SISITTEVMP
VSMAKTSVDC NMYICGDSTE CANLLLQYGS FCTQLNRALS GIAAEQDRNT
REVFAQVKQM 770 771 YKTPTLKYFG GFNFSQILPD PLKPTKRSFI
EDLLFNKVTL ADAGFMKQYGECLGDINARDLICAQKFNGL 840 841
TVLPPLLTDDMIAAYTAALVSGTATAGWTFGAGAALQIPF AMQMAYRFNG
IGVTQNVLYENQKQIANQFN 910 911 KAISQIQESL
TTTSTALGKLQDWNQNAQALNTLVKQLSS NFGAISSVLN DILSRLDKVE
AEVQIDRLIT 980 981 GRLQSLQTYV TQQLIRAAEI RASANLAATK
MSECVLGQSK RVDFCGKGYHLMSFPQAAPH GWFLHVTYA1050 1051
PSQERNFTTAPAICHEGKAY FPREGVFVFN GTSWFITQRN FFSPQIITTD
NTFVSGNCDV VIGIINNTVY 1120 1121 DPLQPELDSF KEELDKYFKN
HTSPDVDLGD ISGINASWN IQKEIDRLNE VAKNLNESLI DLQELGKYEQ
1190 1191 YIKWPWYVWL GFIAGLIAIV MVTILLCCMT SCCSCLKGAC
SCGSCCKFDE DDSEPVLKGV KLHYT 1255 SEQ I D NO. 3 - The
nucleotide sequence o f SD10 fragment o f the spike
(S) gene o f SARS CoV, clone 12 o f 2774 strain 



3087 taccacctta tgtccttccc acaagcagcc ccgcatggtg
ttgtcttcct acatgtcacg tatgcgccat 3157 3158 cccaggagag
gaacttcacc acagcgccag caatttgtca tgaaggcaaa gcatacttcc
ctcgtgaagg 3227 3228 tgtttttgtg tttaatggca cttcttggtt
tattacacag aggaacttct tttctccaca aataattact 3297 3298
acagacaata catttgtctc aggaaattgt gatgtcgtta ttggcatcat
taacaacaca gtttatgatc 3367 3368 ctctgcaacc tgagcttgac
tcattcaaag aagagctgga caagtacttc aaaaatcata catcaccaga
3437 3438 tgttgatctt ggcgacattt caggcattaa cgcttctgtc
gtcaacattc aaaaagaaat tgaccgcctc 3507 3508 aatgaggtcg
ctaaaaattt aaatgaatca ctcattgacc ttcaagaatt gggaaaatat
gagcaatata 3577 3578 tta 3581 SEQ I D NO. 4 - The
amino acid sequence o f SD1 0 fragment o f the spike
(S) gene o f SARS CoV, clone 12 o f 2774 strain 1029
YHLMSFPQAA PHGWFLHVT
YAPSQERNFTTAPAICHEGKAYFPREGVFVFNGTSWFITQ RNFFSPQIIT
1099 1100 TDNTFVSGNC DWIGIINNT VYDPLQPELD SFKEELDKYF
KNHTSPDVDL GDISGINASV VNIQKEIDRL 1169 1170
NEVAKNLNESLIDLQELGKY EQYI 1192 SEQ I D NO. 5 - The
amino acid sequence o f the neutralizing fragment o f
the spike (S) gene o f SARS CoV, clone 12 o f 2774
strain 1055 RNFT TAPAICHEGK AYFPREGVFV FNGTSWFITQ
RNFFSPQIIT TDNTFVSGNC DWIGIINNT VYDPLQ 1620 1621
PELDSFKEELDKYF KNHTSPDVDL GDISGINASV VNIQKEIDRL
NEVAKNLNES LIDLQELGKY EQYI 1192 SEQ I D NO. 6 - The
amino acid sequence o f SD1 1 fragment o f the spike
(S ) gene o f SARS CoV , clone 1 2 o f 277 4 strain 1
MFIFLLFLTL TSGSDLDRCT TFDDVQAPNY TQHTSSMRGV YYPDEIFRSD
TLYLTQDLSL PFYSNVTGFH 70 7 1 TINHTFGNPV IPFKDGIYFA
ATEKSNWRG WVFGSTMNNK SQSVIIINNS TNWIRACNF ELCDNPFFAV
140 141 SKPMGTQTHT MIFDNAFNCT FEYISDAFSL DVSEKSGNFK
HLREFVFKNK DGFLYVYKGY QPIDWRDLP 2 10211 SGFNTLKPIF
KLPLGINITN FRAILTAFSP AQDIWGTSAA AYFVGDLKPT TFMLKYDENG
TITDAVDCSQ 280 281 NPLAELKCSV KSFEIDKGIY QTSNFRWPS
GDWRFPNIT NLCPFGEVFN ATKFPSVYAW 



ERKKISNCVA 350 351 DYSVLYNSTV FSTFKCYGVS ATKLNDLCFS
NVYADSFWK GDDVRQIAPG QTGVIADYNY KLPDDFMGCV 420 421
LAWNTRNIDA TSTGNYNYKY RYLRHGKLRP FERDISNVPF SPDGKPCTPP
ALNCYWPLND YGFYTTTGIG 4 9 0 4 9 1 YQPYRWVLS FELLNAPATV
CGPKLSTDLI KNQCVNFNFN GLTGTGVLTP SSKRFQPFQQ FGRDVSDFTD
560 561 SVRDPKTSEI LDISPCSFGG VSVITPGTNA SSEVAVLYQD
VNCTDVSTAI HADQLTPAWR IYSTGNNVFQ 630 631 TQAGCLIGAE
HVDTSYECDI PIGAGICASY HTVSLLRSTS QKSIVAYTMS LGADSSIAYS
NNTIAIPTNF 700 701 SISITTEVMP VSMAKTSVDC NMYICGDSTE
CANLLLQYGS FCTQLNRALS GIAAEQDRNT REVFAQVKQM 770 771
YKTPTLKYFG GFNFSQILPD PLKPTKRSFI EDLLFNKVTL ADAGFMKQYG
ECLGDINARD LICAQKFNGL 840 841 TVLPPLLTDD MIAAYTAALV
SGTATAGWTF GAGAALQIPF AMQMAYRFNG IGVTQNVLYE NQKQIANQFN
910 911 KAISQIQESL TTTSTALGKL QDWNQNAQA LNTLVKQLSS
NFGAISSVLN DILSRLDKVE AEVQIDRLIT 980 981 GRLQSLQTYV
TQQLIRAAEI RASANLAATK MSECVLGQSK RVDFCGKGYH LMSFPQAAPH
GWFLHVTYA 1050 1051 PSQERNFTTA PAICHEGKAY FPREGVFVFN
GTSWFITQRN FFSPQIITTD NTFVSGNCDV VIGIINNTVY 1120 1121
DPLQPELDSF KE 1132 




