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(57) ABSTRACT 

The present invention relates to the use of a matured, 
glycosylated Spike (S) protein of SARS Coronavirus, frag 
ments 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 treat patients Suf 
fering from SARS. 
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SARS CORONAVIRUSS PROTEINS AND USES 
THEREOF 

FIELD OF THE INVENTION 

0001. The invention relates to the use of a matured, 
glycosylated Spike (S) protein of SARS Coronavirus, frag 
ments 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 

0002. 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. 
0003) 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 29.6 kb 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 protein it is difficult to produce enough of the protein 
in a humanized form that would be suitable for the produc 
tion 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 

0004 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. 
0005 Another solution is to find fragments of the SARS 
CoV spike protein that are capable of inducing neutralizing 
antibodies. 

0006. 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 immunofluores 
cence 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 anti 
body, which was targeted to 1029-1192 amino acids of S 
SEQID NO 4, has strong neutralizing activities, suggesting 
that this region of S is very important for virus entry and/or 
replication containing a SARS COV neutralizing domain. 
0007 According to one aspect of the present invention 
there is provided a mature, glycosylated spike protein of a 
coronavirus. 
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0008 Another aspect of the invention provides a method 
of producing a mature, glycosylated spike protein of a 
coronavirus comprising the steps: 

0009 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. 

0010. A further aspect of the invention provides a method 
of screening for a mature, glycosylated spike protein of a 
coronavirus comprising the steps: 

0011 isolating a spike protein; immunoprecipitating 
the isolated spike proteins with Endo-H; and detecting 
the remaining spike proteins that are the mature gly 
cosylated spike protein. 

0012 Another aspect of the invention provides an anti 
body to a mature, glycosylated spike protein of a coronavi 
rus or part their of. 
0013 The following statements relate to the above 
aspects of the invention. 
0014. In one embodiment, preferably the coronavirus is a 
SARS coronavirus. Preferably the coronavirus is a SARS 
coronavirus strain, 2774. 
0015. In another embodiment, preferably the mature gly 
cosylated spike protein contains a transmembrane domain 
(TMD). 
0016. In another embodiment, preferably the mature gly 
cosylated spike protein is a 210 KDa protein. 
0017. In another embodiment, preferably the cell is a 
lung cell line A549. 
0018. In another embodiment, preferably the antibody is 
used for immunodectection of a SARS coronaviral infection. 

0019. In another embodiment, preferably the spike pro 
tein or the antibody is used in the production of a vaccine. 
0020. According to a further aspect of the invention, the 
present invention provides for a peptide or protein fragment 
of a Sprotein (SEQID 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 
(SEQID 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. 
0021. The present invention also provides for a method of 
producing a fragment of the S protein of coronavirus com 
prising the steps of 

0022 a) transfecting a cell with a nucleic acid encod 
ing a fragment of the S protein of coronavirus com 
prising 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 regulatory sequences capable of directing the 
expression thereof in the cell; 

0023 b) expressing the protein fragment in the cell; 
and 

0024 c) isolating the protein fragment. 
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0.025 The present invention additionally provides for an 
antibody to a peptide or protein fragment of SEQID NO. 2 
of the SARS coronavirus, said fragment comprising SEQID 
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 (SEQID NO. 6), S 17 (SEQID NO. 7), S 18 (SEQ 
ID NO. 8), S 19 (SEQID NO. 9), or S 20 (SEQID NO. 10). 
0026. 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. 
0027 Finally, the present invention provides for a 
method to treat a patient with severe acquired respiratory 
syndrome or prevent the onset thereof comprising adminis 
tering 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 

0028 FIG. 1 
0029 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. 
0030 FIG. 2 
0031 Specificity of antibodies determined by radiola 
beled immunoprecipitation. Lysates of Cos7 cells are trans 
fected 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 plasmid without insert as negative 
control (Lane 8). High-Range Rainbow Molecular Weight 
Markers (Amersham) is used as the marker on the left. 
0032) FIG. 3 
0033 Time-course of the glycosylation of S protein. 
Lysates of Cos7 cells transfected with PKT-S are harvested 
at Oh, 0.5 h, 1 h, 2 h, 4 h and 6 h respectively (Lane 1, 2, 
3, 4, 5, 6 and 7). Lysates of Cos7 cells transfected with 
plasmid without insert are harvested at 6 has negative 
control (Lane 8). Lysates of Cos7 cells are transfected with 
pKT-S and treated EndoH (6 h post-transfection). Lysates of 
Cos7 cells transfected with pKT-S and harvested at 6 h 
post-transfection as negative control. Rabbit anti-S 10 was 
used for the detection of S protein. 
0034 FIG. 4 
0035) 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. 
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0036 FIG. 5 
0037 Mapping of sequence harboring the cleavage site of 
S1/S2. The full-length S (lanes 1 and 6), internal-deletion 
mutants S32 (lanes 2 and 7), 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. West 
ern blot analysis was performed using rabbit-S 10 (left 
panel) and horse-SARS (right panel). Proteins were sepa 
rated 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. 

0.038 FIG. 6 

0.039 Treatment of the S-derived proteins with N-gly 
cosidase 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% PAGEgels 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 

0040. The S protein of coronavirus is an important deter 
minant 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). 

0041. The S protein of Sars coronavirus strain, 2774, 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), immunof 
luorescence (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 experi 
ment, a 200 kD, core-glycosylated form of S was processed 
into a 210 kD. fully glycosylated, endo-H resistant form. 
Furthermore, when a set of C-terminally-truncated and inter 
nal-deletion constructs were expressed, it was found that the 
Spolypeptides 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 (62 kD and 64 kD. 
respectively), in every cell lines tested, were co-immuno 
precipitated with S by antibodies raised in animals 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 pro 
teins are glycoproteins as they are sensitive to endo-H 
treatment and they interact with the S protein of Sars 
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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, 
fully-glycosylated 210 kD form, which co-migrates with the 
native form of the S protein in the supernatant of virus 
infected cells. 

0042. 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, cov 
ering the entire ectodomain (48 to 1192 amino acids). As 
these proteins were expressed in Escherichia coli, the anti 
bodies will not be able to recognize some post-translational 
modifications on S such as glycosylation sites. Our analysis 
is also likely 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 immuno 
precipitate native S proteins from cell lysates (FIGS. 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 immunofluores 
cence 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 trans 
ported to the Golgi apparatus before it undergoes matura 
tion, 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. 

0.043 Neutralization assays showed that antibodies raised 
against GSTS 10 were capable of neutralizing SARS-CoV 
replication in Vero E6 cells at a titre of up to 1:364 at 200 
TCIDs, which is comparable to the level obtained for 
convalescent patients. Analysis of Sera taken after accumu 
lative immunizations displayed a steady increase in neutral 
izing titer, indicating that the immunized rabbits were show 
ing a specific immune response to GST-S 10. None of the 
other antibodies appear to be capable of inducing neutral 
izing 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 gly 
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coslyated 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-mam 
malian 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. 

0044) The first step in coronavirus infection is the attach 
ment 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 the viral envelope with the host cell 
membrane occurs and this process is also mediated by the S 
protein (4). The coronavirus Sprotein is a class I virus fusion 
protein and contains two heptad repeat regions (HR1 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 HR1 is ~140 aa upstream of it (900-1005 
aa) (14). Interestingly, S10 (1029-1192 aa) encompasses the 
HR2 region. 

0045 Biochemical studies have shown that peptides cor 
responding to the HR1 and HR2 of SARS-CoVS protein can 
associate into an anti-parallel six-helix bundle with struc 
tural 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 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. 

0046. As bacterially expressed proteins would be easier 
and cost-effective to produce on a large scale, the S 10 
fragment (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 ani 
mal 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 GSTS 10 proteins and deter 
mining their binding and neutralizing properties. Lastly, 
recombinant S 10 protein and anti-S 10 antibodies can 
potentially be developed for anti-viral treatments. 

0047 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, 
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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 packag 
1ng. 

0.048. 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 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 feline 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. 
0049. 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 identified neutralizing epitopes in 
the S protein of SARS-CoV, to be used for the development 
of vaccines or therapeutic agents against SARS-CoV infec 
tion. 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, immunopre 
cipitation and immunofluorescence analyses as well as for 
their capacities to inhibit SARS-CoV replication in Vero E6 
culture. 

0050 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. 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 S1 and S2. If it is 
also cleaved, then the effect on the fusion and infectivity 
could be studied for this newly-emerged coronavirus. We 
found that the S protein of SARS CoV was cleaved into an 
N-terminal S1 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 
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 
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directly scanning the blots with a densitometer because the 
affinities of antibodies to S1 and S2 are different. These 
antibodies were raised with purified virions and E-coli 
expressed S fragments, respectively. 

0051. 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 immedi 
ately upstream of the cleavage site of the coronavirus S 
protein. Point mutation of some of the multiple basic resi 
dues 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 
FGRDVSDFTDSVRDPKTSEI. 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-ter 
minus 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 with observations 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 
Gln(Glu)-X-Arg (where X is Gly, 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 S1 and S2 would harbor 12 and 11 sites, respec 
tively. 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. 
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0.052 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 
infected with SARS Cov. These might be the cleaved/ 
degraded products of S1 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. 

0053. 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 S2 Recent report indicated that 
trypsin activation of pseudovirions HIV(S) with incorpo 
rated S protein of SARS CoV was required for cell-cell 
membrane, although it did not enhance infectivity (32). 

0054) Materials and Methods 

0055 Materials. The Cos7 and Vero E6 cells used in this 
study were purchased from American Type Culture Collec 
tion (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). 

0056. 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 coro 
navirus, IBV (ref. 54, Shen and Liu, 2003). 

0057 Cloning of DNA constructs. (a) For expression in 
E. coli. The Singapore isolate 2774 containing the full 
length 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 S1, S2, S3, S9 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 BamHI/XhoI-cut pCEX4T1 vector 
(Amersham Pharmacia Biotech, Uppsala, Sweden) to obtain 
plasmids pGEX-S 1, pGEX-S2, pGEX-S 3, pGEX-S9 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. 
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TABLE 1. 

Plasmids used in this study 

Amino Total 
Plasmids Nucleotide sequence acid position 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 SO4 1383 168-461 293 
pGex-S 9 2394 31.65 798. 1055 257 
pGex-S 10 3O87 3576 1029-1192 163 

0058 

TABLE 2 

Oligo-nucleotide Primers used in this study 

Primers Sequence Application 

SSO3-56 5'-ACGGATCCACCATGTTTATTTTCTTA Cloning 
TTA-3' full-length. S 

SSO3-57 3'-GTAGGCCTATGTGTAATGTAATTTGA Cloning 
C-5 full-length. S 

SS03-62 5'-AAGGATCCAGATCAGACACTCTTTAT Cloning S 1 
TT-3' 

SS03-63 3'-AAAATCTCGAGTTGTAGAGCACAGA Cloning S 1 
G-5 

SS03-60 5'-CAGGATCCTCAACCTTAAGTGCTAT Cloning S 2 
G-3' 

SSO3-61 3'-CTATCTCGAGTCAGGTAATATTTGTG Cloning S 2 
AAA-5 

SSO3-68 5'-CTGGATCCTTTTCGCTTGATGTTTC- Cloning S 3 
3 

SS03-69 3'-TATTACTCGAGGGAGAAAGGCACAT Cloning S 3 
T-5 

SS03-01 5'-CTGGATCCTCTTTTATTGAGGACTTG Cloning S 9 
C-3' 

SS03-02 3'-TGAACTCGAGCTCCTGGGATGGCACA Cloning S 9 
T-5 

SSO3-03 5'-AGGGATCCCACCTTATGTCCTTCC- Cloning S 10 
3 

SS03-04 3'-AAACCTCGAGAGGCCATTTAATATAT Cloning S 10 
TGC-5 

0059 Construction of Plasmids-Specific 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 pKT-S 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. 1a. Two-round PCR were performed 



US 2007/01 1671.6 A1 

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. 1a. 
0060 Analysis of the S Protein in Infected Vero E6 Cells. 
Confluent cells were infected with strain 2774 at a multi 
plicity 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 5x 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 virus purification, -propiolactone 
was added to infected cell culture to a final concentration of 
0.05% to inactivate infectivity. The inactivation was exam 
ined 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 manufacturers 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. 
0061 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 5 lug of plasmid using Effectene Reagents 
(QIAGEN) according to manufacturers instruction. Trans 
fected cells were incubated overnight at 37° C. and the cell 
lysate was prepared by resuspending cell pellet in 1x protein 
sample buffer for Western blot analysis. 
0062 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 amplicillin (100 g/ml). Five milliliters of the 
resulting cultures was inoculated into 2 liters of LB medium 
containing amplicillin (100 g/ml) and was incubated in a 
shaker at 37° C. until ODoo reached 0.6. Expression of 
proteins was induced using 1 mM IPTG. Cells were har 
vested 2 h after induction by centrifugation at 5,000 g for 10 
min at 4°C. The cell pellets obtained were resuspended in 
PBS-1 mM 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 (BIO 
RAD, Hercules, Calif., USA)). The resulting fusion proteins 
were detected in Western Blot using mouse anti-GST anti 
bodies (Santa Cruz, Biotechnology, Santa Cruz, Calif., USA) 
and their concentrations were estimated by comparison with 
BSA standards in Coomassie Brilliant Blue R-250-stained 
SDS-PAGE gel. 
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0063 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. 10 ml of blood were harvested from the rabbits 
each time after the 4", 6", 8", 12", 14 "t 16" injections. 
All procedures on the use of laboratory animal are done in 
accordance with the regulations and guidelines of Animal 
Research Ethics Committee (AREC). 
0064 Expression of recombinant S fragments in mam 
malian cells. Cos7 cells were used as the mammalian 
expression system for Western Blot analysis, immunopre 
cipitation and immunofluorescence. Monolayer of Cos7 
cells, grown in a 60 mm 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, Calif., USA) according to manu 
facturer's protocol. 
0065 For control experiments, cells were infected with 
T7 vaccinia virus and mock transfected with empty vector, 
pKT0. 
0066 Endoglycosidase H and N-glycosidase F Treat 
ments of the S Proteins—Cells were infected with recom 
binant 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 ul 
of the supernatant were mixed with 10 ul of buffers recom 
mended by manufacturer (Roche) with or without Endo-H 
(0.5 units/20 ul, Roche) and incubated for 2 to 3 hat 37° C. 
Lysis buffers used contain protease inhibitors Complete.R. 
cocktail tablets at concentration recommended by manufac 
turer (Roche) and 0.2 mM PMSF. 
0067 Western Blot Analysis. Cell lysates were prepared 
in 1xSDS 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 Sfusion proteins, at 4°C. overnight. The 
membranes were incubated with goat anti-rabbit horseradish 
peroxidase (HRP)-conjugated secondary antibodies at a 
dilution of 1:2000 for 1 h at room temperature and devel 
oped with enhanced chemiluminescence reagent (Pierce, 
Rockford, Ill., USA). 
0068 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 S-met for 1% hand chased 
for 2 h. For the time-course experiment, the chase period 
before harvesting the cells was Oh, / h, 1 h, 2 h, 4 hand 
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6 h respectively. Cells were lysed using lysis buffer con 
taining 50 mM Tris, 1 mM PMSF, 1% NP40 (pH 7.4), and 
centrifuged at 16,000 g for 10 min. 300 l of the supernatant 
are incubated for 4 h with 51 of rabbit anti-GST-S 1, 2, 3, 
9 or 10 followed by 1 h incubation with Protein-Asepharose 
beads (Roche Diagnostics). The beads were washed 3 times 
with lysis buffer. 20 1 of 1 xSDS loading buffer (containing 
0.2 MDTT) were added to the beads and boiled for 10 min 
at 100° C. Samples were treated with Endoglycosidase H 
(EndoH) enzyme (Roche Diagnostics) and incubated at 37° 
C. for 2 h in the EndoH experiment. Samples were separated 
in a 7.5% SDS-PAGE gel and developed with autoradiog 
raphy. 

0069 Indirect Immunofluorescence. Cos7 cells grown on 
Permanox slide (Nalge Nunc International, Naperville, Ill., 
USA.) were infected and transfected as described above. 
After 8 h post-transfection, 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 fluores 
cein 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). 

0070 Neutralization Assay. To determine neutralizing 
antibodies in the rabbits serum, we performed an assay with 
serial dilution of sera using a 96-well plate. 2x10" Vero E6 
cells were grown in 2001 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 TCIDs 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 cytopathic effect (CPE). Percentage of 
cells with CPE was determined by taking 10 1 of resus 
pended cells from each well and counted under a micro 
Scope. The formulae to calculate the neutralizing titer is 
Log(50% Neutralizing Titer of Tested Sera)=Log(Sera Dilu 
tion Higher than 50% of CPE '%)-Log(Coefficient of Dilu 
tion)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 

0071 Processing of S in A Vaccinia-T7 Expression Sys 
tem. To analyze expression and processing of S in trans 
fected 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 subse 
quently 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 likely due 
to the expression and processing of S as no such proteins 
were detected in negative control cells (lane 1). The 200- and 
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140-kDa proteins corresponded to the full-length S protein 
(glycosylated and unglycosylated), and other Smaller prod 
ucts were probably the cleaved proteins and/or premature 
translation products. The results suggested that 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. 

0072) Detection of the Cleavage Products in SARS-CoV 
Infected Cells To investigate if the S protein is also pro 
cessed 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 S1 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-Santibodies were used, which were raised 
against the N-terminal and the C-terminal regions, respec 
tively. 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. 1a). 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 
likely that these products may have undergone further modi 
fication after cleavage and before assembly into virion. 

0073. To confirm the above observations, purified virus 
particles were used in Western blot using the same antibod 
ies. As shown in FIG.2b, the S1 subunit was detected using 
rabbit-S 1 (lane 1) and the S2 subunit was detected using 
rabbit-S 10 (lane 2). Both the S1 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, S1 and S2 are the 
same as those mature forms detected in the media of infected 
cells. The results clearly showed that the cleavage products 
S1 and S2 as well as the full-length S were assembled into 
virions. 

0074. It was observed that 62/64-kDa proteins, also 
detected in transfected cells (see FIG.1b), 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 38 kDa 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. 

0075) 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 experimen 
tally the sequence harboring the alternative cleavage site 
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between S1 and S2 subunits. For this purpose, six C-termi 
nally-truncated S constructs (S 11 to S 16, see FIG. 1a) 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-S2, rabbit-S3 and rabbit-S 
9 recognized regions within residues 362-790 (S2), 168-461 
(S3) and 798-1055 (S9) (see FIG. 1a). Monoclonal anti 
bodies MAb12-6 and MAbC1 recognized domains contain 
ing residues 281-300 and 631-650 of S, respectively. 

0076 (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-S2, -S9, -S 10 and MAbC1 
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 
MAbC1 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 
recognized the products derived from larger truncated-mu 
tants as expected (FIG. 3a, lower panels) (also see FIG.1a). 
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. 

0.077 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-terminus-specific 
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 MAbC1 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). 

0078. It was noted that a 55-kDa protein (lanes 1 to 7, 
upper panel) was detected by rabbit-S2 instead of a large S1 
product. The 55-kDa protein was not detected by mono 
clonal antibody MAbC1 (lanes 9 to 15, upper panel). It was 
also noted that another set of progressively smaller, rela 
tively-faint products were detected when rabbit-S 2 and 
MAbC1 was used (lanes 1 to 7 and 9 to 15, upper panels, as 
indicated by arrows in lanes 9 to 15 in upper panel). They 
might be the intermediate products, suggesting that the S1 
might be degraded or cleaved in transfected cells under 
conditions used in this study. This explained why a 110-kDa 
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S1 was not detected with rabbit-S 2, which covers the 
residues from 362 to 790 and has the potential to recognize 
both S1 and S2. 

0079 (2) Detection of the N-terminal Products Rab 
bit-S 1, rabbit-S3 and monoclonal antibody MAb12-6 were 
used to detect the N-terminal products of S in cells trans 
fected with the same constructs described above. For the 
full-length construct (FIG. 3b, lanes 1 and 9), the 200-, 140 
64-f62-, 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-specific 
antibodies, confirming that it was the full-length unglyco 
sylated form of S. For the C-terminally-truncated S con 
structs 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-termi 
nally 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. 

0080. The horse-O-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 N- and C-ter 
minal proteins described above were detected (FIG. 3b, 
lanes 9 to 15, lower panel), confirming that all the described 
proteins were specifically S-derived. 

0081. The 110-kDa S1 was not detected (or detected as a 
weak band with horse-SARS, see FIG. 1b) in transfected 
cells under conditions used. Instead, smaller N-terminal 
products were detected. The results strongly suggested that 
the S1 was degraded rapidly in this expression system. This 
might also happen in virus-infected cells, as 64/62-kDa 
proteins were also detected in infected cells (see, FIG. 2a, 
lane 2). Nevertheless, this expression and processing system 
makes it possible to map the cleavage site sequences for the 
SARS CoV S protein. 
0082 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 S16 (encoding residues 1 to 797), the 
cleaved product was 30-kDa in size. The monoclonal anti 
body MAbC1 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 con 
structed. 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) and 201-400 (S. 19). The S specific 
proteins were analyzed by Western blot using rabbit-S10. As 
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 
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larger product than the 90-kDa S2 was detected in cells 
transfected with S 18, providing further evidences that S1 
was probably cleaved in the middle of S1 by an endopro 
tease. This was consistent with observations that antibodies 
against the C-terminus detected a set of intermediate cleav 
age products (see FIG. 3a, indicated by arrows in lanes 8 to 
15, upper panel). 
0083) To further define the sequence harboring the cleav 
age site, three more deletion mutants were expressed and 
analyzed. These constructs encoded the S proteins with 
deletions from residues 531-550 (S32), 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 abol 
ished (lane 3). The deletions of 531-550 (S32) 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 cleav 
age or degraded product of S1. The sequence of the 20 
residues deleted in S 33 was FGRDVSDFTDSVRDPKT 
SEI. A BLAST search against amino acid sequences of the 
SARS CoVS 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 sug 
gested that the cleavage site of the SARS CoVS protein was 
different from those of other coronaviruses and that other 
cellular proteases rather than the furin-like ones were 
involved. 

0084. Further Investigation of Glycosylation of the S 
Protein by Endoglycosidase-H (Endo-H) and N-glycosidase 
F (N-gly-F) Treatment. As 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 resis 
tant (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 be interesting to examine if 
the 90- and 55-kDa proteins were glycosylated forms or 
Endo-H resistant forms. However, as the efficiency of cleav 
age was much lower in transfected cells, they were not 
detectable under the conditions used in this study. 
0085 Generation of rabbit antibodies against the differ 
ent 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 S1 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 glycosy 
lation in a bacterial expression system might exhibit differ 
ent potential sites for eliciting neutralizing antibodies. To 
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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 S1 region (S 1, S3), 2 fragments covering the 
S2 region (S9, S10) 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 S1, S2, S3, 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 rab 
bits 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. 
10 ml of blood were harvested from the rabbits each time 
after the 4", 6", 8", 12", 14" and 16 injections. The 
polyclonal antibodies were characterized with Western Blot 
analysis, immunoprecipitation and immunofluorescence. 
0086) Specificity of rabbit antibodies to the SARS CoVS 
protein in Western Blot. The specificity of the rabbit anti 
bodies for the full length S protein expressed in mammalian 
cells are determined by Western Blot analysis. As postulated, 
anti-Santibodies 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 140 kDa ungly 
coslyated form and 200 kDa 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 denatur 
ing condition by targeting different regions of the linearized 
S protein. Therefore, these antibodies are specific to the 
denatured full-length SARS-CoV S protein. 
0087 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 immunoprecipita 
tion 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, pKT-S 14, pKT-S 15 and pKT-S 16, 
were immunoprecipitated with P6 serum and the 5 antibod 
ies raised against S1, S2, S3, S9 and S10. 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 (200 kDa) and the 
fully glycosylated S protein (210 kDa) were also clearly 
detected when we use antibodies raised against the various 
recombinant S proteins (FIG. 3a-e, Lane 1). Antibodies 
targeting the region S1, S2 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 
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that they possessed epitope(s) which can be recognized by 
all the 5 antibodies raised against the 5 recombinant pro 
teins. 

0088. Maturation of the 200 kDa Sprotein to the 210 kDa 
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 
course experiment. Cos7 cells transfected with pKT-S, 
labeled with S-met and immunoprecipitated with rabbit 
anti-S 10 were harvested at / h, 1 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, trans 
fected with pKT-S and treated with EndoH enzyme whereas 
control cells were not treated with EndoH. Results showed 
that the 210 kDa band was EndoH-resistant and the 200 kDa 
band was EndoH-sensitive (FIG. 4, Lane 9, 10). Hence, the 
results demonstrated the maturation of the 200 kDa band to 
the 210 kDa band. 

0089) 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 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 S1, S2, S 
3, S 9 and S 10, to the S protein on the cell surface provide 
further evidence that these antibodies are specific and sen 
sitive to the native conformation of SARS CoV S protein. 

0090. A 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, S2, S3 and S 9 showed 
negative response. Serum from rabbits injected with 
pGEX-S 10 showed neutralizing activities after the 4" 
injection. Initial tests using SARS-CoV at 200 TCIDso 
showed high titers (1:364) of neutralizing antibodies in all 
the rabbit anti-S 10 bleeds, beginning with serumbled after 
the 8" injection (Table 3). The 16" injection is the last 
booster injection and the rabbit is sacrificed at this stage. To 
ascertain the results above, serum samples after the 4", 6", 
8", 12", 14" and 16" injection with pCEX-S 10 was sent 
for a neutralizing test using SARS-CoV at 1000 TCIDso 
(Table 4). Neutralizing activities was found to be as high as 
1:189.2 at 1000 TCIDs, and is comparable, if not, higher 
than the titers detected in SARS patients. Antibody response 
in SARS patients at 100 TCIDs 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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TABLE 3 

Neutralizing test at 200 TCID50 

No. of injections 
before bleeding 

Neutralizing titers 
(Average of 2 readings) 

O (Pre-immune O 
serum) 

8 1:70 
12 1:364 
14 1:208 
16 1:256 

Control (water) O 

0091) 

TABLE 4 

Neutralizing test at 1000 TCIDso 

No. of injections 
before bleeding 

Neutralizing titers 
(Average of 2 readings) 

O (Pre-immune O 
serum) 

4 1:30 
6 1:66.8 
8 1:112 

12 1:67.2 
14 1:98 
16 1:189.2 

Control (water) O 

0092) SEQ ID NO. 1- The full-length nucleotide 
sequence of the spike (S) gene of SARS CoV, clone 12 of 
2774 stain. RNA linear from nucleic acid 1 to 3765. 

0093) ORGANISM: SARS coronavirus 2774 strain 
Viruses: ssRNA positive-strand viruses, no DNA stage; 
Nidovirales; Coronaviridae; Coronavirus. 

0094 SEQ ID NO. 2 The full-length amino acid 
sequence of the spike (S) gene of SARS CoV, clone 12 of 
2774 strain. Amino acid 1-1255. 

0.095 SEQID NO. 3 The nucleotide sequence of SA10 
fragment of the spike (S) gene of SARS CoV, clone 12 of 
2774 Strain. Nucleic acid 3087-3581. 

0.096 SEQID NO. 4 The amino acid sequence of SA10 
fragment of the spike (S) gene of SARS CoV, clone 12 of 
2774 Strain. Amino acid 1029-1192. 

0097 SEQ ID NO. 5. The amino acid sequence of the 
neutralizing fragment of the spike (S) gene of SARS CoV. 
clone 12 of 2774 Strain. Amino acid 1055-1192. 

0.098 SEQID NO. 6 The amino acid sequence of SA11 
fragment of the spike (S) gene of SARS CoV, clone 12 of 
2774 strain. Amino acid 1-1232. 

0099 SEQID NO. 7. The amino acid sequence of SA17 
fragment of the spike (S) gene of SARS Cov, clone 12 of 
2774 strain. Amino acid 1-1255 with a deletion from 601 to 
800. 

0100 SEQID NO. 8 The amino acid sequence of SA18 
fragment of the spike (S) gene of SARS CoV, clone 12 of 
2774 strain. Amino acid 1-1255 with a deletion from 401 to 
600. 
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0101 SEQID NO.9 The amino acid sequence of SA19 
fragment of the spike (S) gene of SARS CoV, clone 12 of 
2774 strain. Amino acid 1-1255 with a deletion from 201 to 
400. 

0102) SEQ ID NO. 10 The amino acid sequence of 
SA20 fragment of the spike (S) gene of SARS CoV, clone 12 
of 2774 strain. Amino acid 1-1255 with a deletion from 30 
to 200. 

0103 All references cited herein, including U.S. Provi 
sional Patent Application 60/528,596, filed Dec. 10, 2003, 
are incorporated by reference in their entirety. 
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<160> NUMBER OF SEQ ID NOS: 25 

<210 SEO ID NO 1 
&2 11s LENGTH 3765 
&212> TYPE DNA 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 1 

atgtttattt tottattatt tottacticto actagtggta gtgaccttga coggtgcacc 60 

actitttgatg atgttcaagc toctaattac acto aacata cittcatctat gaggggggitt 120 

tactatoctg atgaaattitt tag atcagac actotttatt taactcagga tittatctott 18O 

ccattittatt ctaatgttac agggitttcat actattaatc atacgtttgg caaccotgtc 240 

ataccttitta aggatggitat ttattittgct gccacagaga aatcaaatgt totcc.gtggit 3OO 

tgg gtttittg gttctaccat gaacaacaag to acagtcgg to attattat taacaattct 360 

actaatgttg ttatacgagic atgtaactitt gaattgttgttg acaaccottt ctittgctgtt 420 

totaaaccoa togg tacaca gacacatact atgatatto g ataatgcatt taattgcact 480 

titcgagtaca tatctgatgc cittitt.cgctt gatgtttcag aaaagttcagg taattittaaa 540 

cacttacgag agtttgttgtt taaaaataaa gatgggtttc. tctatottta taagggctat 600 

caacctatag atgtagttcg tdatctacct tctggittitta acactittgaa acctatttitt 660 

aagttgcctc ttgg tattaa cattacaaat tittagagcca ttcttacago cittittcacct 720 

gctcaagaca tttgggg cac gttcagotgca gcct attttgttgg.cgattit aaag.ccaact 78O 

acatttatgc to aagtatga toaaaatggt acaatcacag atgctgttga ttgttctoaa 840 

aatcc acttig citgaacticaa atgctctgtt aagagctittg agattgacaa agga atttac 9 OO 

cagaccticta atttcagggit tottcc.citca ggagatgttg tdag attcc c taat attaca 96.O 

aacttgttgtc. cittittggaga ggitttittaat gctactaaat toccittctgt citatgcatgg 1020 

gag agaaaaa aaatttctaa ttgttgttgct gattacitctg to citctacaa citcaiacagtt 1080 
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-continued 

ttittcaacct ttaagtgcta tagg.cgtttct gccactaagt tdaatgatct ttgcttctoc 14 O 

aatgtctato Cagattcttt totagtcaag g gagatgatg taalgacaaat agc.gc.cagga 200 

caaactggtg ttattgctga ttata attat aaattgc.cag atgattt cat gggttgttgtc. 260 

cittgcttgga atactaggaa cattgatgct acttcaacto gtaattataa ttataaatat 320 

aggitat citta gacatggcaa gottagg.ccc tittgaga gag acatatotaa totgc ctittc 38O 

toccct gatg goaaaccttg caccocacct gctcittaatt gttattggcc attaaatgat 4 40 

tatggitttitt acaccactac tag cattggc tacca acctt acagagttgt agtactittct 5 OO 

tittgaactitt taaatgcacc ggccacggitt totggaccala aattatccac to accittatt 560 

aagaac cagt gtgtcaattt taattittaat ggact cactg gtactggtgt gttaacticct 62O 

tottcaaaga gatttcaacc atttcaacaa tittggcc.gtg atgtttctga tittcactgat 680 

to cqttcgag atcctaaaac atctgaaata ttaga cattt caccittgctic titttgggggit 740 

gtaagtgtaa ttacaccitgg aacaaatgct tcatctgaag ttgctgttct attatcaagat 800 

gtta actoca citgatgtttc tacagdaatt catgcagatc aacto acacic agcttgg.cgc 860 

atatattota citggaaacaa totatto.cag acticaag cag gotgtc.ttat aggagct gag 920 

catgtcgaca cittctitatga gtgcgacatt cottattggag citggcatttg togctagttac 98O 

catacagttt ctittattacg tag tactago caaaaatcta ttgttggctta tactatgtct 20 40 

ttaggtgctg atagttcaat tactitactict aataacacca ttgctatacc tactaactitt 2100 

totaattagca ttactacaga agtaatgcct gtttctatog citaaaacctic cqtagattgt 216 O 

aatatgtaca totg.cggaga ttctactgaa totgctaatt togcttcticca atatggtagc 2220 

ttittgcacac alactaaatcg to cactcitca gg tattgctg. citgaacagga togcaa.caca 228O 

cgtgaagtgt togctdaagt taaacaaatg tacaaaacco caactittgaa atattittggit 234. O 

ggittittaatt tttcacaaat attacctgac cctotaaag.c caactaagag gitottittatt 24 OO 

gagg acttgc tictittaataa gotgacactc gct gatgctd gcttcatgaa goalatatggc 2460 

gaatgcctag gtgatattaa toctagagat citcatttgttg cqcagaagtt caatggacitt 252O 

acagtgttgc caccitctgct cactgatgat atgattgctd cottacactgc tigctotagitt 258O 

agtggtact g c cactgctgg atgga cattt gotgctdgcg citgct cittca aataccctitt 264 O 

gctatocaaa togg catatag gttcaatggc attggagitta cccaaaatgt totcitat gag 27 OO 

alaccaaaaac aaatc.gc.caa cca atttaac aaggc gatta gtcaaattca agaat cactt 276 O. 

acaacaa.cat caactgcatt go.gcaa.gctg caagacgttg ttalaccagaa to citcaa.gca 282O 

ttaaacacac ttgttaaaca acttagctct aattittggtg caatttcaag tatgctaaat 2880 

gatatoctitt cqc gacittga taaagttcgag goggagg tac aaattgacag gttaattaca 2.940 

ggcagacittcaaag.cctt.ca aaccitatgta acacaacaac taatcagggc tigctgaaatc 3OOO 

agggcttctg. citaatcttgc tigctactaaa atgtctgagt gtgttcttgg acaatcaaaa 3060 

agagttgact tttgttggaaa gogctaccac cittatgtcct tcc cacaagc agc.ccc.gcat 312 O 

ggtgttgtct tcc tacatgt cacgtatgcg ccatcc.cagg agaggaactt caccacagog 318O 

ccagdaattt gtcatgaagg caaag catac titcc.citcgtg aaggtgttitt totgtttaat 324 O 

gg cacttctt g gtttattac acagaggaac ttcttittcto cacaaataat tactacagac 33OO 

aatacatttgtcticaggaaa ttgttgatgtc gttattggca to attaacaa cacagttitat 3360 
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gatccitctgc aacctgagct to act cattcaaagaagagc tigg acaagta cittcaaaaat 342O 

catacatcac cagatgttga tottggcgac atttcaggca ttaacgcttic totcgtoaac 3480 

attcaaaaag aaattgaccg cct caatgag gtc.gctaaaa atttaaatga atc acto att 354. O 

gaccttcaag aattgggaaa atatgagcaa tat attaaat ggc cittggta totttggctic 3600 

ggcttcattg citggactaat tdccatcg to atggittacaa tottgctttgttgcatgact 3660 

agttgttgca gttgccitcaa gogtgcatgc ticttgttggitt cittgctgcaa gtttgatgag 372 O 

gatgacitctg agc.cagttct caagggtgtc. aaattacatt acaca 3765 

<210> SEQ ID NO 2 
&2 11s LENGTH 1255 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 2 

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thir Ser Gly Ser Asp Leu 
1 5 10 15 

Asp Arg Cys Thr Thr Phe Asp Asp Val Glin Ala Pro Asn Tyr Thr Glin 
2O 25 3O 

His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg 
35 40 45 

Ser Asp Thr Leu Tyr Leu Thr Glin Asp Leu Ser Leu Pro Phe Tyr Ser 
5 O 55 60 

Asn Val Thr Gly Phe His Thir Ile Asn His Thr Phe Gly Asn Pro Val 
65 70 75 8O 

Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn 
85 90 95 

Val Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Glin 
100 105 110 

Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys 
115 120 125 

Asn Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met 
130 135 1 4 0 

Gly Thr Glin Thr His Thr Met Ile Phe Asp Asn Ala Phe Asin Cys Thr 
145 15 O 155 160 

Phe Glu Tyr Ile Ser Asp Ala Phe Ser Lieu. Asp Wal Ser Glu Lys Ser 
1.65 170 175 

Gly Asn. Phe Lys His Leu Arg Glu Phe Val Phe Lys Asn Lys Asp Gly 
18O 185 19 O 

Phe Leu Tyr Val Tyr Lys Gly Tyr Glin Pro Ile Asp Val Val Arg Asp 
195 200 2O5 

Leu Pro Ser Gly Phe Asn Thr Leu Lys Pro Ile Phe Lys Leu Pro Leu 
210 215 220 

Gly Ile Asin Ile Thr Asn Phe Arg Ala Ile Leu Thr Ala Phe Ser Pro 
225 230 235 240 

Ala Glin Asp Ile Trp Gly Thr Ser Ala Ala Ala Tyr Phe Val Gly Asp 
245 250 255 

Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp Glu Asn Gly Thr Ile 
260 265 27 O 

Thr Asp Ala Val Asp Cys Ser Glin Asn Pro Leu Ala Glu Lieu Lys Cys 
275 280 285 
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-continued 

Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile Tyr Gln Thr Ser Asn 
29 O 295 3OO 

Phe Arg Val Val Pro Ser Gly Asp Val Val Arg Phe Pro Asn Ile Thr 
305 310 315 320 

Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Lys Phe Pro Ser 
325 330 335 

Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn. Cys Wall Ala Asp Tyr 
340 345 35 O 

Ser Val Leu Tyr Asn Ser Thr Val Phe Ser Thr Phe Lys Cys Tyr Gly 
355 360 365 

Val Ser Ala Thr Lys Lieu. Asn Asp Lieu. Cys Phe Ser Asn Val Tyr Ala 
370 375 38O 

Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg Glin Ile Ala Pro Gly 
385 390 395 400 

Glin Thr Gly Val Ile Ala Asp Tyr Asn Tyr Lys Lieu Pro Asp Asp Phe 
405 410 415 

Met Gly Cys Val Lieu Ala Trp Asn. Thir Arg Asn. Ile Asp Ala Thir Ser 
420 425 43 O 

Thr Gly Asn Tyr Asn Tyr Lys Tyr Arg Tyr Lieu Arg His Gly Lys Lieu 
435 4 40 4 45 

Arg Pro Phe Glu Arg Asp Ile Ser Asn Val Pro Phe Ser Pro Asp Gly 
450 455 460 

Lys Pro Cys Thr Pro Pro Ala Lieu. Asn. Cys Tyr Trp Pro Leu Asn Asp 
465 470 475 480 

Tyr Gly Phe Tyr Thr Thr Thr Gly Ile Gly Tyr Gln Pro Tyr Arg Val 
485 490 495 

Val Val Leu Ser Phe Glu Leu Leu Asn Ala Pro Ala Thr Val Cys Gly 
5 OO 505 51O. 

Pro Llys Lieu Ser Thr Asp Lieu. Ile Lys Asn Glin Cys Val Asn. Phe Asn 
515 52O 525 

Phe Asin Gly Leu Thr Gly. Thr Gly Val Leu Thr Pro Ser Ser Lys Arg 
530 535 540 

Phe Glin Pro Phe Glin Glin Phe Gly Arg Asp Val Ser Asp Phe Thr Asp 
545 550 555 560 

Ser Val Arg Asp Pro Lys Thr Ser Glu Ile Leu Asp Ile Ser Pro Cys 
565 570 575 

Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser 
58O 585 59 O 

Glu Val Ala Val Leu Tyr Glin Asp Val Asn Cys Thr Asp Val Ser Thr 
595 600 605 

Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr 
610 615 62O 

Gly Asn. Asn Val Phe Glin Thr Glin Ala Gly Cys Lieu. Ile Gly Ala Glu 
625 630 635 640 

His Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile 
645 650 655 

Cys Ala Ser Tyr His Thr Val Ser Leu Leu Arg Ser Thr Ser Glin Lys 
660 665 67 O 

Ser Ile Val Ala Tyr Thr Met Ser Leu Gly Ala Asp Ser Ser Ile Ala 
675 680 685 

Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn Phe Ser Ile Ser Ile 
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Thr 
705 

Asn 

Glin 

Ala 

Glin 

Ser 
785 

Glu 

Asp 

Thr 
865 

Ala 

Wall 

Ile 

Wall 
945 

Asp 

Arg 

Glin 

Thr 

Cys 
1025 

Gly 

Phe 

69 O. 

Thr 

Met 

Ala 

Met 
770 

Glin 

Asp 

Glin 

Ala 

Asp 
85 O 

Ala 

Met 

Telu 

Ser 

Telu 
930 

Ile 

Telu 

Telu 

Lys 
1010 

Gly 

Wall 

Thr 

Glu 

Gly 

Glu 
755 

Ile 

Telu 

Glin 
835 

Met 

Gly 

Glin 

Glin 
915 

Glin 

Glin 

Telu 

Ile 

Ile 
995 

Met 

Lys 

Wall 

Wal Met 

Ile Cys 
725 

Ser Phe 
740 

Glin Asp 

Lys Thr 

Leu Pro 

Leu Phe 
805 

Gly Glu 
820 

Lys Phe 

Ile Ala 

Trp Thr 

Met Ala 
885 

Glu Asn 
9 OO 

Ile Glin 

Asp Wall 

Teu Ser 

Ser Arg 
965 

Thr Gly 
98O 

Arg Ala 

Ser Glu 

Pro 
710 

Gly 

Arg 

Pro 

Asp 
790 

Asn 

Asn 

Ala 

Phe 
870 

Glin 

Glu 

Wall 

Ser 
950 

Teu 

Ala 

695 

Wall 

Thr 

Asn 

Thr 
775 

Pro 

Lys 

Teu 

Gly 

Tyr 
855 

Gly 

Lys 

Ser 

Asn 
935 

Asn 

Asp 

Teu 

Glu 

Ser 

Ser 

Glin 

Thr 
760 

Telu 

Telu 

Wall 

Gly 

Telu 
840 

Thr 

Ala 

Phe 

Glin 

Telu 
920 

Glin 

Phe 

Glin 

Ile 
1 OOO 

Cys Val Lieu 
10 15 

Gly Tyr His Leu Met 
1030 

Phe Leu. His Wall Thr 
1045 

Met 

Thr 

Telu 
745 

Arg 

Lys 

Lys 

Thr 

Asp 
825 

Thr 

Ala 

Gly 

Asn 

Ile 
905 

Thr 

Asn 

Gly 

Wall 

Ser 
985 

Arg 

Gly 

Ser 

Ala 

Glu 
730 

Asn 

Glu 

Pro 

Telu 
810 

Ile 

Wall 

Ala 

Ala 

Gly 
890 

Ala 

Thr 

Ala 

Ala 

Glu 
970 

Telu 

Ala 

Glin 

Phe 

Lys 
715 

Cys 

Arg 

Wall 

Phe 

Thr 
795 

Ala 

Asn 

Teu 

Teu 

Ala 
875 

Ile 

Asn 

Thr 

Glin 

Ile 
955 

Ala 

Glin 

Ser 

Ser 

Pro 
1035 

Tyr Ala Pro 
1050 

Thr Ala Pro Ala Ile Cys His Glu Gly 
1060 1065 

Arg Glu Gly Val Phe Val Phe Asin Gly Thr Ser 
1075 1080 

16 

-continued 

7 OO 

Thir Ser 

Ala Asn 

Ala Lieu 

Phe Ala 
765 

Gly Gly 
78O 

Asp Ala 

Ala Arg 

Pro Pro 
845 

Wal Ser 
860 

Leu Glin 

Gly Val 

Glin Phe 

Ser Thr 
925 

Ala Lieu 
940 

Ser Ser 

Glu Wall 

Thr Tyr 

Ala Asn 
1005 

Lys Arg 
1020 

Glin Ala 

Ser Glin 

Lys Ala 

Trp Phe 
1085 

Wall 

Telu 

Ser 
750 

Glin 

Phe 

Ser 

Gly 

Asp 

Telu 

Gly 

Ile 

Thr 

Asn 
910 

Ala 

Asn 

Wall 

Glin 

Wall 
99 O 

Telu 

Wall 

Ala 

Glu 

Tyr 
1. Of O 

Ile 

Arg Asin Phe Phe Ser Pro Glin Ile Ile Thr Thr Asp Asn Thr 
1090 1095 1100 

Asp 

Telu 
735 

Gly 

Wall 

Asn 

Phe 

Phe 
815 

Telu 

Telu 

Thr 

Pro 

Glin 
895 

Telu 

Thr 

Telu 

Ile 
975 

Thr 

Ala 

Asp 

Pro 

Arg 
1055 

Phe 

Thr 

Phe 

Cys 
720 

Telu 

Ile 

Phe 

Ile 

Met 

Ile 

Thr 

Ala 

Phe 

Asn 

Ala 

Gly 

Telu 

Asn 
96.O 

Asp 

Glin 

Ala 

Phe 

His 
1040 

Asn 

Pro 

Glin 

Wall 

May 24, 2007 
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Ser Gly Asn. Cys Asp Val Val Ile Gly Ile Ile 
1105 1110 1115 

Asp Pro Leu Glin Pro Glu Lieu. Asp Ser Phe Lys 
1125 1130 

Tyr Phe Lys Asn His Thr Ser Pro Asp Val Asp 
1140 1145 

Gly Ile Asn Ala Ser Val Val Asn. Ile Glin Lys 
1155 1160 

Asn Glu Val Ala Lys Asn Lieu. Asn. Glu Ser Lieu 
1170 1175 

Leu Gly Lys Tyr Glu Glin Tyr Ile Lys Trp Pro 
1185 11.90 11.95 

Gly Phe Ile Ala Gly Leu Ile Ala Ile Val Met 
1205 1210 

Cys Cys Met Thr Ser Cys Cys Ser Cys Lieu Lys 
1220 1225 

Gly Ser Cys Cys Lys Phe Asp Glu Asp Asp Ser 
1235 1240 

Gly Val Lys Leu. His Tyr Thr 
125 O 1255 

<210> SEQ ID NO 3 
&2 11s LENGTH 493 
&212> TYPE DNA 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 3 

taccaccitta totcct tccc acaag cagoc cc.gcatggtg 

tatgc.gc.cat cocaggagag gaactitcacc acagogc.cag 

gcatactitcc citcgtgaagg totttttgtg tittaatggca 

aggaacttct tittctocaca aataattact acagacaata 

gatgtcgitta ttggcatcat taacaacaca gtttatcatc 

to attcaaag aagagctgga caagtactitc aaaaatcata 

ggcgacattt caggcattaa C gottctgtc gtcaa.cattc 

aatgaggtog citaaaaattit aaatgaatca citcattgacc 

gag caatata tta 

<210> SEQ ID NO 4 
<211& LENGTH 164 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 4 

Tyr His Leu Met Ser Phe Pro Glin Ala Ala Pro 
1 5 10 

Leu. His Val Thr Tyr Ala Pro Ser Glin Glu Arg 
2O 25 

Pro Ala Ile Cys His Glu Gly Lys Ala Tyr Phe 
35 40 

Phe Val Phe Asin Gly Thr Ser Trp Phe Ile Thr 
5 O 55 

17 

-contin 

Asn Asn Thr 

Glu Glu Lieu 

Leu Gly Asp 
115 O 

Glu Ile Asp 
1165 

Ile Asp Lieu 
118O 

Trp Tyr Val 

Wall Thir Ile 

Gly Ala Cys 
1230 

Glu Pro Wall 
1245 

ttgtc.ttcct 

caatttgtca 

cittcttggitt 

catttgttcto 

citctgcaacc 

catcaccaga 

aaaaagaaat 

ttcaagaatt 

His Gly Val 

Asn Phe Thr 
3O 

Pro Arg Glu 
45 

Glin Arg Asn 
60 

ued 

Val Tyr 
1120 

Asp Lys 
1135 

Ile Ser 

Arg Lieu 

Glin Glu 

Trp Lieu 
1200 

Telu Telu 
1215 

Ser Cys 

Lieu Lys 

acatgtcacg 

tgaaggcaaa 

tattacacag 

aggaaattgt 

tgagcttgac 

tgttgatctt 

tgaccgc.ctic 

gggaaaatat 

Wall Phe 
15 

Thr Ala 

Gly Val 

Phe Phe 

60 

120 

18O 

240 

360 

420 

480 

493 

May 24, 2007 
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-continued 

Ser Pro Glin Ile Ile Thir Thr Asp Asn Thr Phe Val Ser Gly Asn Cys 
65 70 75 8O 

Asp Val Val Ile Gly Ile Ile Asin Asn Thr Val Tyr Asp Pro Leu Gln 
85 90 95 

Pro Glu Lieu. Asp Ser Phe Lys Glu Glu Lieu. Asp Lys Tyr Phe Lys Asn 
100 105 110 

His Thr Ser Pro Asp Wall Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala 
115 120 125 

Ser Val Val Asn. Ile Glin Lys Glu Ile Asp Arg Lieu. Asn. Glu Val Ala 
130 135 1 4 0 

Lys Asn Lieu. Asn. Glu Ser Lieu. Ile Asp Leu Glin Glu Lieu Gly Lys Tyr 
145 15 O 155 160 

Glu Glin Tyr Ile 

<210 SEQ ID NO 5 
&2 11s LENGTH 138 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 5 

Arg Asin Phe Thr Thr Ala Pro Ala Ile Cys His Glu Gly Lys Ala Tyr 
1 5 10 15 

Phe Pro Arg Glu Gly Val Phe Val Phe Asin Gly Thr Ser Trp Phe Ile 
2O 25 3O 

Thr Glin Arg Asin Phe Phe Ser Pro Glin Ile Ile Thr Thr Asp Asn Thr 
35 40 45 

Phe Val Ser Gly Asn Cys Asp Val Val Ile Gly Ile Ile Asin Asn Thr 
5 O 55 60 

Val Tyr Asp Pro Leu Gln Pro Glu Lieu. Asp Ser Phe Lys Glu Glu Lieu 
65 70 75 8O 

Asp Llys Tyr Phe Lys Asn His Thr Ser Pro Asp Wall Asp Leu Gly Asp 
85 90 95 

Ile Ser Gly Ile Asn Ala Ser Val Val Asn. Ile Glin Lys Glu Ile Asp 
100 105 110 

Arg Lieu. Asn. Glu Val Ala Lys Asn Lieu. Asn. Glu Ser Lieu. Ile Asp Lieu 
115 120 125 

Glin Glu Lieu Gly Lys Tyr Glu Glin Tyr Ile 
130 135 

<210> SEQ ID NO 6 
<211& LENGTH: 1132 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 6 

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thir Ser Gly Ser Asp Leu 
1 5 10 15 

Asp Arg Cys Thr Thr Phe Asp Asp Val Glin Ala Pro Asn Tyr Thr Glin 
2O 25 3O 

His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg 
35 40 45 

Ser Asp Thr Leu Tyr Leu Thr Glin Asp Leu Ser Leu Pro Phe Tyr Ser 
5 O 55 60 
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Asn Val Thr Gly Phe His Thir Ile Asn His Thr Phe Gly Asn Pro Val 
65 70 75 8O 

Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn 
85 90 95 

Val Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Glin 
100 105 110 

Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys 
115 120 125 

Asn Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met 
130 135 1 4 0 

Gly Thr Glin Thr His Thr Met Ile Phe Asp Asn Ala Phe Asin Cys Thr 
145 15 O 155 160 

Phe Glu Tyr Ile Ser Asp Ala Phe Ser Lieu. Asp Wal Ser Glu Lys Ser 
1.65 170 175 

Gly Asn. Phe Lys His Leu Arg Glu Phe Val Phe Lys Asn Lys Asp Gly 
18O 185 19 O 

Phe Leu Tyr Val Tyr Lys Gly Tyr Glin Pro Ile Asp Val Val Arg Asp 
195 200 2O5 

Leu Pro Ser Gly Phe Asn Thr Leu Lys Pro Ile Phe Lys Leu Pro Leu 
210 215 220 

Gly Ile Asin Ile Thr Asn Phe Arg Ala Ile Leu Thr Ala Phe Ser Pro 
225 230 235 240 

Ala Glin Asp Ile Trp Gly Thr Ser Ala Ala Ala Tyr Phe Val Gly Asp 
245 250 255 

Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp Glu Asn Gly Thr Ile 
260 265 27 O 

Thr Asp Ala Val Asp Cys Ser Glin Asn Pro Leu Ala Glu Lieu Lys Cys 
275 280 285 

Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile Tyr Gln Thr Ser Asn 
29 O 295 3OO 

Phe Arg Val Val Pro Ser Gly Asp Val Val Arg Phe Pro Asn Ile Thr 
305 310 315 320 

Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Lys Phe Pro Ser 
325 330 335 

Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn. Cys Wall Ala Asp Tyr 
340 345 35 O 

Ser Val Leu Tyr Asn Ser Thr Val Phe Ser Thr Phe Lys Cys Tyr Gly 
355 360 365 

Val Ser Ala Thr Lys Lieu. Asn Asp Lieu. Cys Phe Ser Asn Val Tyr Ala 
370 375 38O 

Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg Glin Ile Ala Pro Gly 
385 390 395 400 

Glin Thr Gly Val Ile Ala Asp Tyr Asn Tyr Lys Lieu Pro Asp Asp Phe 
405 410 415 

Met Gly Cys Val Lieu Ala Trp Asn. Thir Arg Asn. Ile Asp Ala Thir Ser 
420 425 43 O 

Thr Gly Asn Tyr Asn Tyr Lys Tyr Arg Tyr Lieu Arg His Gly Lys Lieu 
435 4 40 4 45 

Arg Pro Phe Glu Arg Asp Ile Ser Asn Val Pro Phe Ser Pro Asp Gly 
450 455 460 

Lys Pro Cys Thr Pro Pro Ala Lieu. Asn. Cys Tyr Trp Pro Leu Asn Asp 
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465 470 475 480 

Tyr Gly Phe Tyr Thr Thr Thr Gly Ile Gly Tyr Gln Pro Tyr Arg Val 
485 490 495 

Val Val Leu Ser Phe Glu Leu Leu Asn Ala Pro Ala Thr Val Cys Gly 
5 OO 505 51O. 

Pro Llys Lieu Ser Thr Asp Lieu. Ile Lys Asn Glin Cys Val Asn. Phe Asn 
515 52O 525 

Phe Asin Gly Leu Thr Gly. Thr Gly Val Leu Thr Pro Ser Ser Lys Arg 
530 535 540 

Phe Glin Pro Phe Glin Glin Phe Gly Arg Asp Val Ser Asp Phe Thr Asp 
545 550 555 560 

Ser Val Arg Asp Pro Lys Thr Ser Glu Ile Leu Asp Ile Ser Pro Cys 
565 570 575 

Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser 
58O 585 59 O 

Glu Val Ala Val Leu Tyr Glin Asp Val Asn Cys Thr Asp Val Ser Thr 
595 600 605 

Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr 
610 615 62O 

Gly Asn. Asn Val Phe Glin Thr Glin Ala Gly Cys Lieu. Ile Gly Ala Glu 
625 630 635 640 

His Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile 
645 650 655 

Cys Ala Ser Tyr His Thr Val Ser Leu Leu Arg Ser Thr Ser Glin Lys 
660 665 67 O 

Ser Ile Val Ala Tyr Thr Met Ser Leu Gly Ala Asp Ser Ser Ile Ala 
675 680 685 

Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn Phe Ser Ile Ser Ile 
69 O. 695 7 OO 

Thir Thr Glu Val Met Pro Val Ser Met Ala Lys Thr Ser Val Asp Cys 
705 710 715 720 

Asn Met Tyr Ile Cys Gly Asp Ser Thr Glu Cys Ala Asn Lieu Lleu Lieu 
725 730 735 

Glin Tyr Gly Ser Phe Cys Thr Glin Lieu. Asn Arg Ala Lieu Ser Gly Ile 
740 745 750 

Ala Ala Glu Glin Asp Arg Asn. Thir Arg Glu Val Phe Ala Glin Val Lys 
755 760 765 

Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe Gly Gly Phe Asin Phe 
770 775 78O 

Ser Glin Ile Leu Pro Asp Pro Leu Lys Pro Thr Lys Arg Ser Phe Ile 
785 790 795 8OO 

Glu Asp Lieu Lleu Phe Asn Lys Val Thr Lieu Ala Asp Ala Gly Phe Met 
805 810 815 

Lys Glin Tyr Gly Glu Cys Lieu Gly Asp Ile Asn Ala Arg Asp Lieu. Ile 
820 825 83O 

Cys Ala Gln Lys Phe Asn Gly Leu Thr Val Leu Pro Pro Leu Leu Thr 
835 840 845 

Asp Asp Met Ile Ala Ala Tyr Thr Ala Ala Lieu Val Ser Gly. Thir Ala 
85 O 855 860 

Thr Ala Gly Trp Thr Phe Gly Ala Gly Ala Ala Leu Glin Ile Pro Phe 
865 870 875 88O 
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Ala Met Gln Met Ala Tyr Arg Phe Asin Gly Ile Gly Val Thr Glin Asn 
885 890 895 

Wall Leu Tyr Glu Asn Gln Lys Glin Ile Ala Asn Glin Phe Asn Lys Ala 
9 OO 905 910 

Ile Ser Glin Ile Glin Glu Ser Leu Thir Thr Thr Ser Thr Ala Leu Gly 
915 920 925 

Lys Lieu Glin Asp Val Val Asn Glin Asn Ala Glin Ala Lieu. Asn. Thir Lieu 
930 935 940 

Wall Lys Glin Leu Ser Ser Asn. Phe Gly Ala Ile Ser Ser Val Lieu. Asn 
945 950 955 96.O 

Asp Ile Leu Ser Arg Lieu. Asp Llys Val Glu Ala Glu Val Glin Ile Asp 
965 970 975 

Arg Leu Ile Thr Gly Arg Leu Glin Ser Leu Gln Thr Tyr Val Thr Glin 
98O 985 99 O 

Glin Lieu. Ile Arg Ala Ala Glu Ile Arg Ala Ser Ala Asn Lieu Ala Ala 
995 1 OOO 1005 

Thr Lys Met Ser Glu Cys Wall Leu Gly Glin Ser Lys Arg Val Asp Phe 
1010 10 15 1020 

Cys Gly Lys Gly Tyr His Leu Met Ser Phe Pro Glin Ala Ala Pro His 
1025 1030 1035 1040 

Gly Val Val Phe Leu. His Val Thr Tyr Ala Pro Ser Glin Glu Arg Asn 
1045 1050 1055 

Phe Thr Thr Ala Pro Ala Ile Cys His Glu Gly Lys Ala Tyr Phe Pro 
1060 1065 1. Of O 

Arg Glu Gly Val Phe Val Phe Asin Gly Thr Ser Trp Phe Ile Thr Glin 
1075 1080 1085 

Arg Asin Phe Phe Ser Pro Glin Ile Ile Thr Thr Asp Asn Thr Phe Val 
1090 1095 1100 

Ser Gly Asn Cys Asp Val Val Ile Gly Ile Ile Asn Asn Thr Val Tyr 
1105 1110 1115 1120 

Asp Pro Leu Glin Pro Glu Lieu. Asp Ser Phe Lys Glu 
1125 1130 

<210 SEQ ID NO 7 
&2 11s LENGTH 1055 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 7 

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thir Ser Gly Ser Asp Leu 
1 5 10 15 

Asp Arg Cys Thr Thr Phe Asp Asp Val Glin Ala Pro Asn Tyr Thr Glin 
2O 25 3O 

His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg 
35 40 45 

Ser Asp Thr Leu Tyr Leu Thr Glin Asp Leu Ser Leu Pro Phe Tyr Ser 
5 O 55 60 

Asn Val Thr Gly Phe His Thir Ile Asn His Thr Phe Gly Asn Pro Val 
65 70 75 8O 

Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn 
85 90 95 

Val Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Glin 
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100 105 110 

Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys 
115 120 125 

Asn Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met 
130 135 1 4 0 

Gly Thr Glin Thr His Thr Met Ile Phe Asp Asn Ala Phe Asin Cys Thr 
145 15 O 155 160 

Phe Glu Tyr Ile Ser Asp Ala Phe Ser Lieu. Asp Wal Ser Glu Lys Ser 
1.65 170 175 

Gly Asn. Phe Lys His Leu Arg Glu Phe Val Phe Lys Asn Lys Asp Gly 
18O 185 19 O 

Phe Leu Tyr Val Tyr Lys Gly Tyr Glin Pro Ile Asp Val Val Arg Asp 
195 200 2O5 

Leu Pro Ser Gly Phe Asn Thr Leu Lys Pro Ile Phe Lys Leu Pro Leu 
210 215 220 

Gly Ile Asin Ile Thr Asn Phe Arg Ala Ile Leu Thr Ala Phe Ser Pro 
225 230 235 240 

Ala Glin Asp Ile Trp Gly Thr Ser Ala Ala Ala Tyr Phe Val Gly Asp 
245 250 255 

Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp Glu Asn Gly Thr Ile 
260 265 27 O 

Thr Asp Ala Val Asp Cys Ser Glin Asn Pro Leu Ala Glu Leu Lys Cys 
275 280 285 

Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile Tyr Gln Thr Ser Asn 
29 O 295 3OO 

Phe Arg Val Val Pro Ser Gly Asp Val Val Arg Phe Pro Asn Ile Thr 
305 310 315 320 

Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Lys Phe Pro Ser 
325 330 335 

Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn. Cys Wall Ala Asp Tyr 
340 345 35 O 

Ser Val Leu Tyr Asn Ser Thr Val Phe Ser Thr Phe Lys Cys Tyr Gly 
355 360 365 

Val Ser Ala Thr Lys Lieu. Asn Asp Lieu. Cys Phe Ser Asn Val Tyr Ala 
370 375 38O 

Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg Glin Ile Ala Pro Gly 
385 390 395 400 

Glin Thr Gly Val Ile Ala Asp Tyr Asn Tyr Lys Lieu Pro Asp Asp Phe 
405 410 415 

Met Gly Cys Val Lieu Ala Trp Asn. Thir Arg Asn. Ile Asp Ala Thir Ser 
420 425 43 O 

Thr Gly Asn Tyr Asn Tyr Lys Tyr Arg Tyr Lieu Arg His Gly Lys Lieu 
435 4 40 4 45 

Arg Pro Phe Glu Arg Asp Ile Ser Asn Val Pro Phe Ser Pro Asp Gly 
450 455 460 

Lys Pro Cys Thr Pro Pro Ala Lieu. Asn. Cys Tyr Trp Pro Leu Asn Asp 
465 470 475 480 

Tyr Gly Phe Tyr Thr Thr Thr Gly Ile Gly Tyr Gln Pro Tyr Arg Val 
485 490 495 

Val Val Leu Ser Phe Glu Leu Leu Asn Ala Pro Ala Thr Val Cys Gly 
5 OO 505 51O. 
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Pro Llys Lieu Ser Thr Asp Lieu. Ile Lys Asn Glin Cys Val Asn. Phe Asn 
515 52O 525 

Phe Asin Gly Leu Thr Gly. Thr Gly Val Leu Thr Pro Ser Ser Lys Arg 
530 535 540 

Phe Glin Pro Phe Glin Glin Phe Gly Arg Asp Val Ser Asp Phe Thr Asp 
545 550 555 560 

Ser Val Arg Asp Pro Lys Thr Ser Glu Ile Leu Asp Ile Ser Pro Cys 
565 570 575 

Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser 
58O 585 59 O 

Glu Val Ala Val Lieu. Tyr Glin Asp Glu Asp Leu Lleu Phe Asn Lys Wal 
595 600 605 

Thr Lieu Ala Asp Ala Gly Phe Met Lys Glin Tyr Gly Glu Cys Lieu Gly 
610 615 62O 

Asp Ile Asn Ala Arg Asp Lieu. Ile Cys Ala Glin Lys Phe Asn Gly Lieu 
625 630 635 640 

Thr Val Leu Pro Pro Leu Leu Thr Asp Asp Met Ile Ala Ala Tyr Thr 
645 650 655 

Ala Ala Leu Val Ser Gly Thr Ala Thr Ala Gly Trp Thr Phe Gly Ala 
660 665 67 O 

Gly Ala Ala Leu Glin Ile Pro Phe Ala Met Gln Met Ala Tyr Arg Phe 
675 680 685 

Asn Gly Ile Gly Val Thr Glin Asn. Wall Leu Tyr Glu Asn Glin Lys Glin 
69 O. 695 7 OO 

Ile Ala Asn Glin Phe Asn Lys Ala Ile Ser Glin Ile Glin Glu Ser Lieu 
705 710 715 720 

Thir Thr Thr Ser Thr Ala Leu Gly Lys Leu Gln Asp Val Val Asin Glin 
725 730 735 

Asn Ala Glin Ala Lieu. Asn. Thir Lieu Val Lys Glin Leu Ser Ser Asn. Phe 
740 745 750 

Gly Ala Ile Ser Ser Val Lieu. Asn Asp Ile Leu Ser Arg Lieu. Asp Lys 
755 760 765 

Val Glu Ala Glu Val Glin Ile Asp Arg Lieu. Ile Thr Gly Arg Lieu Glin 
770 775 78O 

Ser Leu Gln Thr Tyr Val Thr Glin Gln Leu Ile Arg Ala Ala Glu Ile 
785 790 795 8OO 

Arg Ala Ser Ala Asn Lieu Ala Ala Thr Lys Met Ser Glu Cys Val Lieu 
805 810 815 

Gly Glin Ser Lys Arg Val Asp Phe Cys Gly Lys Gly Tyr His Leu Met 
820 825 83O 

Ser Phe Pro Glin Ala Ala Pro His Gly Val Val Phe Leu. His Val Thr 
835 840 845 

Tyr Ala Pro Ser Glin Glu Arg Asin Phe Thr Thr Ala Pro Ala Ile Cys 
85 O 855 860 

His Glu Gly Lys Ala Tyr Phe Pro Arg Glu Gly Val Phe Val Phe Asn 
865 870 875 88O 

Gly Thr Ser Trp Phe Ile Thr Glin Arg Asin Phe Phe Ser Pro Glin Ile 
885 890 895 

Ile Thr Thr Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile 
9 OO 905 910 
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Gly Ile Ile Asn. Asn Thr Val Tyr Asp Pro Leu Glin Pro Glu Lieu. Asp 
915 920 925 

Ser Phe Lys Glu Glu Lieu. Asp Llys Tyr Phe Lys Asn His Thir Ser Pro 
930 935 940 

Asp Wall Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val Val Asn 
945 950 955 96.O 

Ile Glin Lys Glu Ile Asp Arg Lieu. Asn. Glu Val Ala Lys Asn Lieu. Asn 
965 970 975 

Glu Ser Lieu. Ile Asp Leu Glin Glu Lieu Gly Lys Tyr Glu Glin Tyr Ile 
98O 985 99 O 

Lys Trp Pro Trp Tyr Val Trp Leu Gly Phe Ile Ala Gly Leu Ile Ala 
995 1 OOO 1005 

Ile Val Met Val Thr Ile Leu Leu Cys Cys Met Thr Ser Cys Cys Ser 
1010 10 15 1020 

Cys Lieu Lys Gly Ala Cys Ser Cys Gly Ser Cys Cys Lys Phe Asp Glu 
1025 1030 1035 1040 

Asp Asp Ser Glu Pro Wall Leu Lys Gly Val Lys Lieu. His Tyr Thr 
1045 1050 1055 

<210 SEQ ID NO 8 
&2 11s LENGTH 1055 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 8 

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thir Ser Gly Ser Asp Leu 
1 5 10 15 

Asp Arg Cys Thr Thr Phe Asp Asp Val Glin Ala Pro Asn Tyr Thr Glin 
2O 25 3O 

His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg 
35 40 45 

Ser Asp Thr Leu Tyr Leu Thr Glin Asp Leu Ser Leu Pro Phe Tyr Ser 
5 O 55 60 

Asn Val Thr Gly Phe His Thir Ile Asn His Thr Phe Gly Asn Pro Val 
65 70 75 8O 

Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn 
85 90 95 

Val Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Glin 
100 105 110 

Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys 
115 120 125 

Asn Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met 
130 135 1 4 0 

Gly Thr Glin Thr His Thr Met Ile Phe Asp Asn Ala Phe Asin Cys Thr 
145 15 O 155 160 

Phe Glu Tyr Ile Ser Asp Ala Phe Ser Lieu. Asp Wal Ser Glu Lys Ser 
1.65 170 175 

Gly Asn. Phe Lys His Leu Arg Glu Phe Val Phe Lys Asn Lys Asp Gly 
18O 185 19 O 

Phe Leu Tyr Val Tyr Lys Gly Tyr Glin Pro Ile Asp Val Val Arg Asp 
195 200 2O5 

Leu Pro Ser Gly Phe Asn Thr Leu Lys Pro Ile Phe Lys Leu Pro Leu 
210 215 220 
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Gly Ile Asin Ile Thr Asn Phe Arg Ala Ile Leu Thr Ala Phe Ser Pro 
225 230 235 240 

Ala Glin Asp Ile Trp Gly Thr Ser Ala Ala Ala Tyr Phe Val Gly Asp 
245 250 255 

Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp Glu Asn Gly Thr Ile 
260 265 27 O 

Thr Asp Ala Val Asp Cys Ser Glin Asn Pro Leu Ala Glu Lieu Lys Cys 
275 280 285 

Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile Tyr Gln Thr Ser Asn 
29 O 295 3OO 

Phe Arg Val Val Pro Ser Gly Asp Val Val Arg Phe Pro Asn Ile Thr 
305 310 315 320 

Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala Thr Lys Phe Pro Ser 
325 330 335 

Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn. Cys Wall Ala Asp Tyr 
340 345 35 O 

Ser Val Leu Tyr Asn Ser Thr Val Phe Ser Thr Phe Lys Cys Tyr Gly 
355 360 365 

Val Ser Ala Thr Lys Lieu. Asn Asp Lieu. Cys Phe Ser Asn Val Tyr Ala 
370 375 38O 

Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg Glin Ile Ala Pro Gly 
385 390 395 400 

Val Asn Cys Thr Asp Val Ser Thr Ala Ile His Ala Asp Gln Leu Thr 
405 410 415 

Pro Ala Trp Arg Ile Tyr Ser Thr Gly Asn Asn Val Phe Glin Thr Glin 
420 425 43 O 

Ala Gly Cys Lieu. Ile Gly Ala Glu His Val Asp Thr Ser Tyr Glu Cys 
435 4 40 4 45 

Asp Ile Pro Ile Gly Ala Gly Ile Cys Ala Ser Tyr His Thr Val Ser 
450 455 460 

Leu Leu Arg Ser Thr Ser Gln Lys Ser Ile Val Ala Tyr Thr Met Ser 
465 470 475 480 

Leu Gly Ala Asp Ser Ser Ile Ala Tyr Ser Asn. Asn. Thir Ile Ala Ile 
485 490 495 

Pro Thr Asn. Phe Ser Ile Ser Ile Thir Thr Glu Wal Met Pro Wal Ser 
5 OO 505 51O. 

Met Ala Lys Thr Ser Val Asp Cys Asn Met Tyr Ile Cys Gly Asp Ser 
515 52O 525 

Thr Glu Cys Ala Asn Leu Lleu Leu Gln Tyr Gly Ser Phe Cys Thr Glin 
530 535 540 

Lieu. Asn Arg Ala Leu Ser Gly Ile Ala Ala Glu Glin Asp Arg Asn Thr 
545 550 555 560 

Arg Glu Val Phe Ala Glin Val Lys Gln Met Tyr Lys Thr Pro Thr Leu 
565 570 575 

Lys Tyr Phe Gly Gly Phe Asn Phe Ser Glin Ile Leu Pro Asp Pro Leu 
58O 585 59 O 

Lys Pro Thr Lys Arg Ser Phe Ile Glu Asp Leu Lleu Phe Asn Lys Wal 
595 600 605 

Thr Lieu Ala Asp Ala Gly Phe Met Lys Glin Tyr Gly Glu Cys Lieu Gly 
610 615 62O 



US 2007/01 1671.6 A1 May 24, 2007 
26 

-continued 

Asp Ile Asn Ala Arg Asp Lieu. Ile Cys Ala Glin Lys Phe Asn Gly Lieu 
625 630 635 640 

Thr Val Leu Pro Pro Leu Leu Thr Asp Asp Met Ile Ala Ala Tyr Thr 
645 650 655 

Ala Ala Leu Val Ser Gly Thr Ala Thr Ala Gly Trp Thr Phe Gly Ala 
660 665 67 O 

Gly Ala Ala Leu Glin Ile Pro Phe Ala Met Gln Met Ala Tyr Arg Phe 
675 680 685 

Asn Gly Ile Gly Val Thr Glin Asn. Wall Leu Tyr Glu Asn Glin Lys Glin 
69 O. 695 7 OO 

Ile Ala Asn Glin Phe Asn Lys Ala Ile Ser Glin Ile Glin Glu Ser Lieu 
705 710 715 720 

Thir Thr Thr Ser Thr Ala Leu Gly Lys Leu Gln Asp Val Val Asin Glin 
725 730 735 

Asn Ala Glin Ala Lieu. Asn. Thir Lieu Val Lys Glin Leu Ser Ser Asn. Phe 
740 745 750 

Gly Ala Ile Ser Ser Val Lieu. Asn Asp Ile Leu Ser Arg Lieu. Asp Lys 
755 760 765 

Val Glu Ala Glu Val Glin Ile Asp Arg Lieu. Ile Thr Gly Arg Lieu Glin 
770 775 78O 

Ser Leu Gln Thr Tyr Val Thr Glin Gln Leu Ile Arg Ala Ala Glu Ile 
785 790 795 8OO 

Arg Ala Ser Ala Asn Lieu Ala Ala Thr Lys Met Ser Glu Cys Val Lieu 
805 810 815 

Gly Glin Ser Lys Arg Val Asp Phe Cys Gly Lys Gly Tyr His Leu Met 
820 825 83O 

Ser Phe Pro Glin Ala Ala Pro His Gly Val Val Phe Leu. His Val Thr 
835 840 845 

Tyr Ala Pro Ser Glin Glu Arg Asin Phe Thr Thr Ala Pro Ala Ile Cys 
85 O 855 860 

His Glu Gly Lys Ala Tyr Phe Pro Arg Glu Gly Val Phe Val Phe Asn 
865 870 875 88O 

Gly Thr Ser Trp Phe Ile Thr Glin Arg Asin Phe Phe Ser Pro Glin Ile 
885 890 895 

Ile Thr Thr Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile 
9 OO 905 910 

Gly Ile Ile Asn. Asn Thr Val Tyr Asp Pro Leu Glin Pro Glu Lieu. Asp 
915 920 925 

Ser Phe Lys Glu Glu Lieu. Asp Llys Tyr Phe Lys Asn His Thir Ser Pro 
930 935 940 

Asp Wall Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val Val Asn 
945 950 955 96.O 

Ile Glin Lys Glu Ile Asp Arg Lieu. Asn. Glu Val Ala Lys Asn Lieu. Asn 
965 970 975 

Glu Ser Lieu. Ile Asp Leu Glin Glu Lieu Gly Lys Tyr Glu Glin Tyr Ile 
98O 985 99 O 

Lys Trp Pro Trp Tyr Val Trp Leu Gly Phe Ile Ala Gly Leu Ile Ala 
995 1 OOO 1005 

Ile Val Met Val Thr Ile Leu Leu Cys Cys Met Thr Ser Cys Cys Ser 
1010 10 15 1020 

Cys Lieu Lys Gly Ala Cys Ser Cys Gly Ser Cys Cys Lys Phe Asp Glu 
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Asp Asp Ser Glu Pro Wall Leu Lys Gly Val Lys Lieu. His Tyr Thr 

<400 

Met 
1 

Asp 

His 

Ser 

Asn 
65 

Ile 

Wall 

Ser 

Asn 

Gly 
145 

Phe 

Gly 

Phe 

Asn 

Thr 
225 

Arg 

Asn 

Asn 

Ile 

Asn 
305 

SEQUENCE: 

Phe Ile Phe 

Arg 

Thr 

Asp 
5 O 

Wall 

Pro 

Wall 

Wall 

Phe 
130 

Thr 

Glu 

Asn 

Telu 

Tyr 
210 

Arg 

Gly 
29 O 

Ala 

Asn 

Cys 

Ser 
35 

Thr 

Thr 

Phe 

Arg 

Ile 
115 

Glu 

Glin 

Phe 

Tyr 
195 

Asn 

Telu 

Pro 

Tyr 
275 

Tyr 

Pro 

Glin 

Thr 

Ser 

Telu 

Gly 

Lys 

Gly 
100 

Ile 

Telu 

Thr 

Ile 

Lys 
18O 

Wall 

Telu 

Ile 

Phe 
260 

Trp 

Glin 

Ala 

Cys 

1045 

SEQ ID NO 9 
LENGTH 
TYPE 
ORGANISM: SARS Coronavirus 

105.5 
PRT 

9 

Teu 
5 

Thr 

Met 

Tyr 

Phe 

Asp 
85 

Trp 

Ile 

Cys 

His 

Ser 
1.65 

His 

Tyr 

Pro 

His 
245 

Ser 

Pro 

Pro 

Thr 

Wall 
325 

Teu 

Phe 

Arg 

Teu 

His 
70 

Gly 

Wall 

Asn 

Thr 
15 O 

Asp 

Teu 

Lys 

Asp 

Ala 
230 

Gly 

Pro 

Teu 

Tyr 

Wall 
310 

Asn 

Phe 

Gly 

Thr 
55 

Thr 

Ile 

Phe 

Asn 

Asn 
135 

Met 

Ala 

Arg 

Gly 

Asp 
215 

Thr 

Lys 

Asp 

Asn 

Arg 
295 

Phe 

Telu 

Asp 

Wall 
40 

Glin 

Ile 

Gly 

Ser 
120 

Pro 

Ile 

Phe 

Glu 

Tyr 
200 

Phe 

Ser 

Telu 

Gly 

Asp 
280 

Wall 

Gly 

Asn 

Thr 

Wall 
25 

Tyr 

Asp 

Asn 

Phe 

Ser 
105 

Thr 

Phe 

Phe 

Ser 

Phe 
185 

Glin 

Met 

Thr 

Lys 
265 

Tyr 

Wall 

Pro 

Phe 

1050 

Telu 
10 

Glin 

Telu 

His 

Ala 
90 

Thr 

Asn 

Phe 

Asp 

Telu 
170 

Wall 

Thr 

Gly 

Gly 

Pro 
250 

Pro 

Gly 

Wall 

Lys 

Asn 
330 

Thr 

Ala 

Pro 

Ser 

Thr 
75 

Ala 

Met 

Wall 

Ala 

Asn 
155 

Asp 

Phe 

Gly 

Cys 

Asn 
235 

Phe 

Phe 

Teu 

Teu 
315 

Gly 

Ser 

Pro 

Asp 

Teu 
60 

Phe 

Thr 

Asn 

Wall 

Wall 
1 4 0 

Ala 

Wall 

Wall 

Wall 
220 

Glu 

Thr 

Ser 
3OO 

Ser 

Teu 

Gly 

Asn 

Glu 
45 

Pro 

Gly 

Glu 

Asn 

Ile 
125 

Ser 

Phe 

Ser 

Asn 

Ile 

Teu 

Asn 

Arg 

Pro 

Thr 
285 

Phe 

Thr 

Thr 

Ser 

Tyr 
3O 

Ile 

Phe 

Asn 

Lys 
110 

Arg 

Asn 

Glu 

Lys 
19 O 

Ala 

Ala 

Asp 

Pro 
27 O 

Thr 

Glu 

Asp 

Gly 

1055 

Asp 
15 

Thr 

Phe 

Pro 

Ser 
95 

Ser 

Ala 

Pro 

Lys 
175 

Asp 

Asp 

Trp 

Ile 
255 

Ala 

Thr 

Telu 

Telu 

Thr 
335 

1040 

Telu 

Glin 

Ser 

Wall 

Asn 

Glin 

Cys 

Met 

Thr 
160 

Ser 

Gly 

Tyr 

Asn 

Tyr 
240 

Ser 

Telu 

Gly 

Telu 

Ile 
320 

Gly 

May 24, 2007 



US 2007/01 1671.6 A1 May 24, 2007 
28 

-continued 

Val Leu Thr Pro Ser Ser Lys Arg Phe Glin Pro Phe Glin Glin Phe Gly 
340 345 35 O 

Arg Asp Wal Ser Asp Phe Thr Asp Ser Val Arg Asp Pro Llys Thir Ser 
355 360 365 

Glu Ile Leu Asp Ile Ser Pro Cys Ser Phe Gly Gly Val Ser Val Ile 
370 375 38O 

Thr Pro Gly Thr Asn Ala Ser Ser Glu Val Ala Val Leu Tyr Glin Asp 
385 390 395 400 

Val Asn Cys Thr Asp Val Ser Thr Ala Ile His Ala Asp Gln Leu Thr 
405 410 415 

Pro Ala Trp Arg Ile Tyr Ser Thr Gly Asn Asn Val Phe Glin Thr Glin 
420 425 43 O 

Ala Gly Cys Lieu. Ile Gly Ala Glu His Val Asp Thr Ser Tyr Glu Cys 
435 4 40 4 45 

Asp Ile Pro Ile Gly Ala Gly Ile Cys Ala Ser Tyr His Thr Val Ser 
450 455 460 

Leu Leu Arg Ser Thr Ser Gln Lys Ser Ile Val Ala Tyr Thr Met Ser 
465 470 475 480 

Leu Gly Ala Asp Ser Ser Ile Ala Tyr Ser Asn. Asn. Thir Ile Ala Ile 
485 490 495 

Pro Thr Asn. Phe Ser Ile Ser Ile Thir Thr Glu Wal Met Pro Wal Ser 
5 OO 505 51O. 

Met Ala Lys Thr Ser Val Asp Cys Asn Met Tyr Ile Cys Gly Asp Ser 
515 52O 525 

Thr Glu Cys Ala Asn Leu Lleu Leu Gln Tyr Gly Ser Phe Cys Thr Glin 
530 535 540 

Lieu. Asn Arg Ala Leu Ser Gly Ile Ala Ala Glu Glin Asp Arg Asn Thr 
545 550 555 560 

Arg Glu Val Phe Ala Glin Val Lys Gln Met Tyr Lys Thr Pro Thr Leu 
565 570 575 

Lys Tyr Phe Gly Gly Phe Asn Phe Ser Glin Ile Leu Pro Asp Pro Leu 
58O 585 59 O 

Lys Pro Thr Lys Arg Ser Phe Ile Glu Asp Leu Lleu Phe Asn Lys Wal 
595 600 605 

Thr Lieu Ala Asp Ala Gly Phe Met Lys Glin Tyr Gly Glu Cys Lieu Gly 
610 615 62O 

Asp Ile Asn Ala Arg Asp Lieu. Ile Cys Ala Glin Lys Phe Asn Gly Lieu 
625 630 635 640 

Thr Val Leu Pro Pro Leu Leu Thr Asp Asp Met Ile Ala Ala Tyr Thr 
645 650 655 

Ala Ala Leu Val Ser Gly Thr Ala Thr Ala Gly Trp Thr Phe Gly Ala 
660 665 67 O 

Gly Ala Ala Leu Glin Ile Pro Phe Ala Met Gln Met Ala Tyr Arg Phe 
675 680 685 

Asn Gly Ile Gly Val Thr Glin Asn. Wall Leu Tyr Glu Asn Glin Lys Glin 
69 O. 695 7 OO 

Ile Ala Asn Glin Phe Asn Lys Ala Ile Ser Glin Ile Glin Glu Ser Lieu 
705 710 715 720 

Thir Thr Thr Ser Thr Ala Leu Gly Lys Leu Gln Asp Val Val Asin Glin 
725 730 735 

Asn Ala Glin Ala Lieu. Asn. Thir Lieu Val Lys Glin Leu Ser Ser Asn. Phe 
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740 745 750 

Gly Ala Ile Ser Ser Val Lieu. Asn Asp Ile Leu Ser Arg Lieu. Asp Lys 
755 760 765 

Val Glu Ala Glu Val Glin Ile Asp Arg Lieu. Ile Thr Gly Arg Lieu Glin 
770 775 78O 

Ser Leu Gln Thr Tyr Val Thr Glin Gln Leu Ile Arg Ala Ala Glu Ile 
785 790 795 8OO 

Arg Ala Ser Ala Asn Lieu Ala Ala Thr Lys Met Ser Glu Cys Val Lieu 
805 810 815 

Gly Glin Ser Lys Arg Val Asp Phe Cys Gly Lys Gly Tyr His Leu Met 
820 825 83O 

Ser Phe Pro Glin Ala Ala Pro His Gly Val Val Phe Leu. His Val Thr 
835 840 845 

Tyr Ala Pro Ser Glin Glu Arg Asin Phe Thr Thr Ala Pro Ala Ile Cys 
85 O 855 860 

His Glu Gly Lys Ala Tyr Phe Pro Arg Glu Gly Val Phe Val Phe Asn 
865 870 875 88O 

Gly Thr Ser Trp Phe Ile Thr Glin Arg Asin Phe Phe Ser Pro Glin Ile 
885 890 895 

Ile Thr Thr Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile 
9 OO 905 910 

Gly Ile Ile Asn Asn Thr Val Tyr Asp Pro Leu Gln Pro Glu Leu Asp 
915 920 925 

Ser Phe Lys Glu Glu Lieu. Asp Llys Tyr Phe Lys Asn His Thir Ser Pro 
930 935 940 

Asp Wall Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val Val Asn 
945 950 955 96.O 

Ile Glin Lys Glu Ile Asp Arg Lieu. Asn. Glu Val Ala Lys Asn Lieu. Asn 
965 970 975 

Glu Ser Lieu. Ile Asp Leu Glin Glu Lieu Gly Lys Tyr Glu Glin Tyr Ile 
98O 985 99 O 

Lys Trp Pro Trp Tyr Val Trp Leu Gly Phe Ile Ala Gly Leu Ile Ala 
995 1 OOO 1005 

Ile Val Met Val Thr Ile Leu Leu Cys Cys Met Thr Ser Cys Cys Ser 
1010 10 15 1020 

Cys Lieu Lys Gly Ala Cys Ser Cys Gly Ser Cys Cys Lys Phe Asp Glu 
1025 1030 1035 1040 

Asp Asp Ser Glu Pro Wall Leu Lys Gly Val Lys Lieu. His Tyr Thr 
1045 1050 1055 

<210> SEQ ID NO 10 
&2 11s LENGTH 1084 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 10 

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thir Ser Gly Ser Asp Leu 
1 5 10 15 

Asp Arg Cys Thir Thr Phe Asp Asp Val Glin Ala Pro Asn Glin Pro Ile 
2O 25 3O 

Asp Val Val Arg Asp Lieu Pro Ser Gly Phe Asn. Thir Lieu Lys Pro Ile 
35 40 45 
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Phe Lys Lieu Pro Leu Gly Ile Asn. Ile Thr Asn. Phe Arg Ala Ile Leu 
5 O 55 60 

Thr Ala Phe Ser Pro Ala Glin Asp Ile Trp Gly Thr Ser Ala Ala Ala 
65 70 75 8O 

Tyr Phe Val Gly Asp Leu Lys Pro Thr Thr Phe Met Leu Lys Tyr Asp 
85 90 95 

Glu Asn Gly Thir Ile Thr Asp Ala Val Asp Cys Ser Glin Asn Pro Leu 
100 105 110 

Ala Glu Lieu Lys Cys Ser Val Lys Ser Phe Glu Ile Asp Lys Gly Ile 
115 120 125 

Tyr Glin Thr Ser Asn Phe Arg Val Val Pro Ser Gly Asp Val Val Arg 
130 135 1 4 0 

Phe Pro Asn Ile Thr Asn Leu Cys Pro Phe Gly Glu Val Phe Asn Ala 
145 15 O 155 160 

Thr Lys Phe Pro Ser Val Tyr Ala Trp Glu Arg Lys Lys Ile Ser Asn 
1.65 170 175 

Cys Val Ala Asp Tyr Ser Val Leu Tyr Asn Ser Thr Val Phe Ser Thr 
18O 185 19 O 

Phe Lys Cys Tyr Gly Val Ser Ala Thr Lys Lieu. Asn Asp Lieu. Cys Phe 
195 200 2O5 

Ser Asn Val Tyr Ala Asp Ser Phe Val Val Lys Gly Asp Asp Val Arg 
210 215 220 

Glin Ile Ala Pro Gly Glin Thr Gly Val Ile Ala Asp Tyr Asn Tyr Lys 
225 230 235 240 

Leu Pro Asp Asp Phe Met Gly Cys Val Lieu Ala Trp Asn. Thir Arg Asn 
245 250 255 

Ile Asp Ala Thir Ser Thr Gly Asn Tyr Asn Tyr Lys Tyr Arg Tyr Lieu 
260 265 27 O 

Arg His Gly Lys Lieu Arg Pro Phe Glu Arg Asp Ile Ser Asn Val Pro 
275 280 285 

Phe Ser Pro Asp Gly Lys Pro Cys Thr Pro Pro Ala Leu Asn Cys Tyr 
29 O 295 3OO 

Trp Pro Leu Asn Asp Tyr Gly Phe Tyr Thr Thr Thr Gly Ile Gly Tyr 
305 310 315 320 

Gln Pro Tyr Arg Val Val Val Leu Ser Phe Glu Leu Leu Asn Ala Pro 
325 330 335 

Ala Thr Val Cys Gly Pro Lys Lieu Ser Thr Asp Lieu. Ile Lys Asn Glin 
340 345 35 O 

Cys Val Asin Phe Asn Phe Asn Gly Leu Thr Gly Thr Gly Val Leu Thr 
355 360 365 

Pro Ser Ser Lys Arg Phe Gln Pro Phe Glin Glin Phe Gly Arg Asp Val 
370 375 38O 

Ser Asp Phe Thr Asp Ser Val Arg Asp Pro Llys Thr Ser Glu Ile Lieu 
385 390 395 400 

Asp Ile Ser Pro Cys Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly 
405 410 415 

Thr Asn Ala Ser Ser Glu Val Ala Wall Leu Tyr Glin Asp Wall Asn. Cys 
420 425 43 O 

Thr Asp Val Ser Thr Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp 
435 4 40 4 45 

Arg Ile Tyr Ser Thr Gly Asn Asn Val Phe Gln Thr Glin Ala Gly Cys 
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450 455 460 

Lieu. Ile Gly Ala Glu His Val Asp Thir Ser Tyr Glu Cys Asp Ile Pro 
465 470 475 480 

Ile Gly Ala Gly Ile Cys Ala Ser Tyr His Thr Val Ser Lieu Lieu Arg 
485 490 495 

Ser Thr Ser Gln Lys Ser Ile Val Ala Tyr Thr Met Ser Leu Gly Ala 
5 OO 505 51O. 

Asp Ser Ser Ile Ala Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn 
515 52O 525 

Phe Ser Ile Ser Ile Thr Thr Glu Val Met Pro Val Ser Met Ala Lys 
530 535 540 

Thr Ser Val Asp Cys Asn Met Tyr Ile Cys Gly Asp Ser Thr Glu Cys 
545 550 555 560 

Ala Asn Lieu Lleu Lleu Glin Tyr Gly Ser Phe Cys Thr Glin Lieu. Asn Arg 
565 570 575 

Ala Leu Ser Gly Ile Ala Ala Glu Glin Asp Arg Asn. Thir Arg Glu Val 
58O 585 59 O 

Phe Ala Glin Val Lys Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe 
595 600 605 

Gly Gly Phe Asin Phe Ser Glin Ile Leu Pro Asp Pro Leu Lys Pro Thr 
610 615 62O 

Lys Arg Ser Phe Ile Glu Asp Leu Leu Phe Asn Lys Val Thr Leu Ala 
625 630 635 640 

Asp Ala Gly Phe Met Lys Glin Tyr Gly Glu Cys Lieu Gly Asp Ile Asn 
645 650 655 

Ala Arg Asp Lieu. Ile Cys Ala Glin Lys Phe Asn Gly Lieu. Thr Val Lieu 
660 665 67 O 

Pro Pro Leu Lieu. Thr Asp Asp Met Ile Ala Ala Tyr Thr Ala Ala Lieu 
675 680 685 

Val Ser Gly. Thr Ala Thr Ala Gly Trp Thr Phe Gly Ala Gly Ala Ala 
69 O. 695 7 OO 

Leu Glin Ile Pro Phe Ala Met Gln Met Ala Tyr Arg Phe Asin Gly Ile 
705 710 715 720 

Gly Val Thr Glin Asn. Wall Leu Tyr Glu Asn Glin Lys Glin Ile Ala Asn 
725 730 735 

Gln Phe Asn Lys Ala Ile Ser Glin Ile Glin Glu Ser Leu Thir Thr Thr 
740 745 750 

Ser Thr Ala Leu Gly Lys Lieu Glin Asp Val Val Asn Glin Asn Ala Glin 
755 760 765 

Ala Lieu. Asn. Thir Lieu Val Lys Glin Leu Ser Ser Asn. Phe Gly Ala Ile 
770 775 78O 

Ser Ser Val Lieu. Asn Asp Ile Leu Ser Arg Lieu. Asp Llys Val Glu Ala 
785 790 795 8OO 

Glu Val Glin Ile Asp Arg Lieu. Ile Thr Gly Arg Lieu Glin Ser Lieu Glin 
805 810 815 

Thr Tyr Val Thr Glin Gln Leu Ile Arg Ala Ala Glu Ile Arg Ala Ser 
820 825 83O 

Ala Asn Lieu Ala Ala Thr Lys Met Ser Glu Cys Wall Leu Gly Glin Ser 
835 840 845 

Lys Arg Val Asp Phe Cys Gly Lys Gly Tyr His Leu Met Ser Phe Pro 
85 O 855 860 
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Glin Ala Ala Pro His Gly Val Val Phe Leu. His Val Thr Tyr Ala Pro 
865 870 875 88O 

Ser Glin Glu Arg Asn Phe Thr Thr Ala Pro Ala Ile Cys His Glu Gly 
885 890 895 

Lys Ala Tyr Phe Pro Arg Glu Gly Val Phe Val Phe Asn Gly Thr Ser 
9 OO 905 910 

Trp Phe Ile Thr Glin Arg Asn Phe Phe Ser Pro Glin Ile Ile Thr Thr 
915 920 925 

Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile Gly Ile Ile 
930 935 940 

Asn Asn Thr Val Tyr Asp Pro Leu Gln Pro Glu Lieu. Asp Ser Phe Lys 
945 950 955 96.O 

Glu Glu Lieu. Asp Lys Tyr Phe Lys Asn His Thr Ser Pro Asp Wall Asp 
965 970 975 

Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val Val Asn. Ile Glin Lys 
98O 985 99 O 

Glu Ile Asp Arg Lieu. Asn. Glu Val Ala Lys Asn Lieu. Asn. Glu Ser Lieu 
995 1 OOO 1005 

Ile Asp Leu Glin Glu Lieu Gly Lys Tyr Glu Glin Tyr Ile Lys Trp Pro 
1010 10 15 1020 

Trp Tyr Val Trp Leu Gly Phe Ile Ala Gly Leu Ile Ala Ile Val Met 
1025 1030 1035 1040 

Val Thr Ile Leu Leu Cys Cys Met Thr Ser Cys Cys Ser Cys Leu Lys 
1045 1050 1055 

Gly Ala Cys Ser Cys Gly Ser Cys Cys Lys Phe Asp Glu Asp Asp Ser 
1060 1065 1. Of O 

Glu Pro Val Leu Lys Gly Val Lys Leu. His Tyr Thr 
1075 1080 

<210> SEQ ID NO 11 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 11 

acggatccac catgtttatt ttcttatta 29 

<210> SEQ ID NO 12 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 12 

cagtttaatg taatgtgitat coggatg 27 

<210> SEQ ID NO 13 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
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primer 

<400 SEQUENCE: 13 

aaggat.ccag atcagacact ctittattt 28 

<210> SEQ ID NO 14 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 14 

gag acacgag atgttgagct citaaaa 26 

<210 SEQ ID NO 15 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 15 

caggatcc to aacctittaag togctato 27 

<210> SEQ ID NO 16 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 16 

aaagttgttta taatgg acto agctotatic 29 

<210 SEQ ID NO 17 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 17 

citggatccitt titc.gcttgat gtttc 25 

<210> SEQ ID NO 18 
&2 11s LENGTH 26 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 18 

ttacacggaa agagggagct cattat 26 

<210 SEQ ID NO 19 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 

May 24, 2007 
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&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 19 

citggatccitc ttittattgag gacittgc 27 

EQ ID NO 20 
ENGTH 27 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: Synthetic 
Lille 

EQUENCE: 20 

tacacggtag ggtoctogag citcaagt 27 

EQ ID NO 21 
ENGTH 24 
YPE DNA 

RGANISM: Artificial Sequence 
EATURE 

THER INFORMATION: Description of Artificial Sequence: Synthetic 
Lille 

<400 SEQUENCE: 21 

agg gatcc.ca cctitatgtcc titcc 24 

<210> SEQ ID NO 22 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 

primer 

<400 SEQUENCE: 22 

cgittatataa tttaccggag agctocaaa 29 

<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE PRT 
<213> ORGANISM: SARS Coronavirus 

<400 SEQUENCE: 23 

Phe Gly Arg Asp Val Ser Asp Phe Thr Asp Ser Val Arg Asp Pro Lys 
1 5 10 15 

Thir Ser Glu Ile 
2O 

<210> SEQ ID NO 24 
&2 11s LENGTH 5 
&212> TYPE PRT 

<213> ORGANISM: Unknown Organism 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Unknown Organism: Peptide motif 

<400 SEQUENCE: 24 

Arg Arg Ala Arg Arg 
1 5 

<210> SEQ ID NO 25 

May 24, 2007 
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-continued 

&2 11s LENGTH 5 
&212> TYPE PRT 
<213> ORGANISM: Unknown Organism 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Unknown Organism: Peptide motif 

<400 SEQUENCE: 25 

Arg Arg Ala His Arg 
1 5 

1. A peptide or protein fragment of SEQ ID NO.1, 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, SEQID NO. 5, SEQID NO. 6, SEQID 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 SEQID NO. 4, SEQID NO. 
5, SEQID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQID 
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 SEQID 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 SEQID 

NO.1, said fragment comprising SEQ ID NO. 5. 
9. The antibody of claim 8 wherein the fragment com 

prises SEQ ID 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 SEQID 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 contain 
ing the antibody of claim 8. 

14. A method to treat a patient with severe acquired 
respiratory syndrome or prevent the onset thereof compris 
ing 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 compris 
ing 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 compris 
ing 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 compris 
ing 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, S2, S3, and S9. 

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 contain 
ing 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 210 KDa 
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 glyco 
Sylated spike protein contains a transmembrane domain 
(TMD). 

28. The method of claim 26 wherein the mature glyco 
sylated spike protein is a 210 KDa 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. 
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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 glyco 

Sylated spike protein contains a transmembrane domain 
(TMD). 

34. The method of claim 32 wherein the mature glyco 
sylated spike protein is a 210 KDa 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 glyco 
Sylated spike protein contains an anti-transmembrane 
domain (TMD). 

39. The antibody of claim 37 wherein the mature glyco 
sylated spike protein is a 210 KDa 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. 

36 
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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 contain 
ing 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 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 
respiratory syndrome comprising the antibody of claim 38. 


