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Abstract

An immune antibody phage-display library was constructed from B cells of SARS convalescent patients. More than 80 clones
were selected from the library by using the whole inactivated SARS-CoV virions as target. One human scFv, B1, was characterized
extensively. The B1 recognized SARS pseudovirus in vivo and competed with SARS sera for binding to SARS-CoV with high affin-
ity (equilibrium dissociation constant, K4y = 105 nM). The B1 also has potent neutralizing activities against infection by pseudovirus
expressing SARS-CoV S protein in vitro. Finally, we found that the B1 recognized an epitope on S2 protein, especially within amino
acids 1023-1189 of S2 protein. This study not only first made a human neutralizing antibody, which recognized an epitope on S2
protein like natural antibody in sera, but also may help us to better understand the immunological characteristics of SARS protein

and SARS vaccine design.
© 2005 Elsevier Inc. All rights reserved.
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The worldwide outbreak of severe acute respiratory
syndrome (SARS) as a newly emerging disease caused
by SARS-associated coronavirus (SARS-CoV) repre-
sents the most recent threat to human health [1-3].
The SARS-CoV is highly contagious and the clinical
course is severe with a high mortality. During the out-
break in 2003, there was no effective agent available
for SARS prophylaxis and therapy [4,5]. Although pas-
sive serotherapy using polyclonal immune sera from
convalescent SARS patients has been shown to be an
efficient treatment for SARS and potentially provides
immediate protection against infection [6-8], human
sera are very limited in sufficient amounts and have a
possible contamination with infectious agents. There-
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fore, a viable strategy for SARS prophylaxis and treat-
ment is to produce human antibody by engineering
technology.

Viral envelope proteins initiate entry of viruses into
host cells by binding to cell surface receptors followed
by conformational changes leading to membrane fusion.
It has been shown that spike (S) protein of SARS-CoV is
not only responsible for binding to its receptor angioten-
sin-converting enzyme 2 (ACE2) that initiates entry into
host cell [9-12], but has also been identified as a domi-
nant antigenic determinant eliciting neutralizing anti-
body during the infection of SARS-CoV [11-14].
Several data have demonstrated that the antibodies se-
lected by using S protein as antigen from naive [15],
semisynthetic antibody libraries [16], and memory reper-
toire [17] have potent neutralizing activity to SARS-
CoV infection.
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In the present study, we generated a SARS-CoV im-
mune antibody library, and isolated a single chain Fv
(scFv) with high specificity and affinity by selection
using whole SARS-CoV virions, rather than a single re-
combinant S protein, as antigen. Our results show that
the selected scFv with neutralizing activity recognizes
an epitope on S2 protein, especially within amino acids
1023-1189 of S2 protein. This study would aid in mak-
ing neutralizing antibody, which recognizes an epitope
on S2 protein like natural antibody in sera, better under-
standing the immunological characteristics of SARS
protein and the design of SARS vaccine.

Materials and methods

Cells, plasmids, and antibodies. Vero E6 was supplied by Institute of
Microbiology and Epidemiology (Beijing, China). pET28a (+) vector
was purchased from Novagen (Darmstadt, Germany). Phagemid
pDNAS5 [18] was provided by Dr. Andrew Bradbury from Los Alamos
National Laboratory. pCDMS8/S1-Fc vector [11] was provided by Dr.
Hyeryun Choe from Harvard Medical School. The antibodies used
were horseradish peroxidase (HRP)-conjugated anti-M13 from
Amersham Pharmacia (England), HRP-conjugated anti-human Fc and
FITC-conjugated anti-mouse IgG from Sigma (St. Louis, MO, USA).
HRP-conjugated anti-mouse IgG was from Pierce (Rockford, IL,
USA), while anti-His-Tag was from Novagen (Darmstadt, Germany).

Virion preparation. SARS-CoV BJ01 were inactivated in a biosafety
level 3 laboratory and purified by differential centrifugation as previ-
ously described [19].

Construction of scFv library. Total RNA was prepared from
peripheral blood lymphocytes of four convalescent SARS patients, fol-

Table 1
Primers for human Vg and Vi

lowed by cDNA synthesis. The Vi (heavy chain variable region) and Vi
genes (light chain variable region) were amplified using the primers listed
in Table 1 and then cloned into phage-display vector pDANS [18]. The
recombinant pDANS was transformed into Escherichia coli XL1-Blue
by electroporation. The transformants were plated on dishes with 2x YT,
containing 1% glucose, 100 pg/ml ampicillin, and 10 pg/ml tetracycline.
All the colonies were collected by scraping, rescued by helper phage
M13KO7 [20], and finally stored as a primary scFv library.

Diversity assessment of the scFv library. A number of individual
colonies from the primary library were randomly picked and their
phagemids with scFv were prepared as described previously [21]. After
amplifying with polymerase chain reaction (PCR), the individual scFv
gene was digested by BstNI, and the fingerprinting of each colony was
analyzed by agarose gels.

Selection of phage scFv to SARS-CoV. The immunotubes were
coated with purified SARS-CoV virions in 0.05 M Na,COs, pH 9.6,
blocked 2 h with 3% BSA in phosphate-buffered saline (PBS), and
incubated for 3 h at room temperature with 10'? phage scFv in 1 ml
PBS containing 1% bovine serum albumin (BSA) and 0.1% Triton X-
100. After intensive washes with PBST (0.1% Tween 20 in PBS), bound
phage antibodies were eluted with 0.1 M glycine/HCI, pH 2.2, and
immediately neutralized with 1.0 M Tris-Cl, pH 8.0. Eluted phage
scFv were subjected to the next round of infection, rescue, and selec-
tion. After five rounds of panning, the higher binders to SARS-CoV
were selected by enzyme-linked immunosorbent assay (ELISA).

ELISA. Ninety-six-well microtiter plates (Nunc, Rochester, NY)
were coated overnight at 4 °C with inactivated SARS-CoV particles in
0.05 M Na,COs, pH 9.6, blocked with 3% BSA in PBS, and incubated
with an individual phage scFv in PBS containing 1% BSA. After five
washes with PBST, the bound antibodies were detected by HRP-con-
jugated anti-M13 antibody followed by incubation with ortho-pheny-
lenediamine (OPD) as substrate. The color reaction was measured at
490 nm in a BioRad ELISA reader (Hercules, CA, USA).

Expression and purification of scFv. In order to obtain a large
amount of scFv, the genes of selected phage scFv were cloned into

Human Vy Back primers with X#hol
VHI Back Xhol
Vo Back Xhol
VH3 Back Xhol
Vua Back Xhol

Human Vy For primers with Nhel cite

TTATCCTCGAGCGGTACCSAGGTSCAGCTGGTRCAGTCTGG
TTATCCTCGAGCGGTACCCAGRTCACCTTGAAGGAGTCTG
TTATCCTCGAGCGGTACCSAGGTGCAGCTGKTGSAG
TTATCCTCGAGCGGTACCCAGSTRCAGCTRCAGSAGTS

Jy for Nhel

Human V. Back primers with BssHII
V.1 Back BssHII
V.o Back BssHII
V.3 Back BssHII
V.1 Back BssHII

Human V. For primers with Sal/l
JK] for Sall
J o for Sall

Human V; Back primers with BssHII
V)»l Back BssHIIL
V,» Back BssHII
V)L3 Back BssHII

Human V; For primers with Sa/l

GATTGGTTTGCCGCTAGCTGARGAGACRGTGACCRKKGT

AGCAAGCGGCGCGCATGCCGMCATCCRGDTGACCCAGTCTCC
AGCAAGCGGCGCGCATGCCGATATTGTGMTGACBCAGWCTCC
AGCAAGCGGCGCGCATGCCGAAATTGTGHTGACDCAGTCTCC
AGCAAGCGGCGCGCATGCCGAAACKACACTCACGCAGTCTC

GAAGTTATGGTCGACCCTCCGGAACGTTTGATHTCCASYTTGGTCC
GAAGTTATGGTCGACCCTCCGGAACGTTTAATCTCCAGTCGTGTCC

AGCAAGCGGCGCGCATGCCCAGYCWGYBYTGAYKCAGCC
AGCAAGCGGCGCGCATGCCTCCTMTGWGCTGABDCAGS
AGCAAGCGGCGCGCATGCCAATTTTATGCTGACTCAGCCCC

J;. for Sall GAAGTTATGGTCGACCCTCCGGAACCTAGGACGGTSASCTTGGTCCC

Note. A set of human antibody primers for amplification of the Viy and V. genes from B cells of SRAS patients was optimized based on previous

publications [20,21,27-29].

The italic indicates the flank sequence of the primers, the underline indicates the restriction enzyme site, and the bold indicates the primer sequence

for amplifying the genes of human Vi and V.
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pET28a (+) vector and expressed with His-6-Tag in E. coli BL21
(DE3). The scFv in inclusion bodies was denatured with 8 M urea and
purified by gel filtration on a column with Sephacryl S200 HR
(10 x 110 mm) as previously described [22].

SDS-PAGE and Western blot. The protein samples were separated
by electrophoresis in SDS-PAGE and then transferred onto mem-
brane. The membranes were blocked with 5% non-fat milk in PBS and
then incubated with a mouse anti-His-Tag antibody followed by a
HRP-conjugated anti-mouse IgG. The specific protein bands were
visualized by autoradiography on Kodak X-ray film.

Competitive inhibition assay. Sera from convalescent SARS patients
were 1000 times diluted in PBS and then incubated 1 h at 37 °C with a
serial twofold dilution of purified scFv BI, starting at a concentration
of 24 ug/ml. The above mixture of sera with diluted scFv Bl was
subjected to 96-well plate coated with SARS-CoV particles and incu-
bated for another 1 h at 37 °C. HRP-conjugated anti-human Fc was
added as secondary antibody. The following procedures were the same
as described in ELISA.

Antibody affinity assay. The binding kinetics of scFv Bl to SARS-
CoV was analyzed using a Variable Angle Spectroscopic Ellipsometer.
Berifly, SARS-CoV virions were covalently immobilized to a protein
chip and scFv Bl solution was added on the chip surface. Binding
kinetic parameters were evaluated with antibody real-time binding
curve [23-25].

Preparation of Luc/SARS S pseudovirus. The Luc/SARS S
pseudovirus system was prepared based on the method described in
[26]. Briefly, mammalian cell 293T was cotransfected by using three
vectors that are mammalian expression vector pMT 21-S coding
SARS-CoV S protein, pPCMVR 8.2 coding for MuLV Gag and Pol,
and pHR’-luc coding luciferase. After 48 h postinfection, Luc/SARS S
pseudoviruses were packaged as virions in the infected cell and were
collected from the culture supernatant.

In vitro neutralization assay. Luc/SARS S pseudovirus system was
used as an infection model to evaluate the neutralization activity of scFv
B1. First, the Luc/SARS S pseudoviruses were pre-incubated with a
serial twofold dilution of purified scFv B1, starting at a concentration of
17 pg/ml. Then, Vero E6 cells were infected by the Luc/SARS S
pseudovirus with or without scFv Bl. After 3 h incubation at 37 °C, the
culture medium was refreshed with DMEM containing 10% FBS and
continuously cultured for another 48 h. The infected Vero E6 cells were
lysed and assayed using a Luminometer DL Ready model TD2020
(Tartu, Estonia) for measuring the luciferase activity in the infected cells.

Immunofluorescence assay. Vero E6 cell monolayer infected with
Luc/SARS S pseudovirus was fixed with the mixture of acetone and
methanol. After blocking with goat sera, the slides were incubated with
purified scFv Bl, and then mouse anti-His-Tag, and finally FITC-la-
beled anti-mouse IgG. The scFv bound to SARS S pseudovirus in Vero
E6 cells were visualized under a fluorescence microscope.

A VH1VH2 VH3 VH4 Vk1 Vk2 Vi3 Vk4 VA1 VA2 VA3 0bp

B 1 2 3 4 5 6 7 8 9 10 11 12 13

SARS antigen protein preparation. SARS S protein expressed with
human Fc of IgG, in CHO cell. Briefly, ectodomain (12-1194 amino
acids) of S protein with human Fc of IgG, was cloned into pMT 21, and a
stably expressing cell line was selected after being transfected into CHO
cell. After 48 h cultures, culture mediums were recovered and incubated
with protein A-Sepharose beads for about 1 h at 4 °C. The beads were
washed three times with PBS. Bound proteins were eluted in SDS-PAGE
sample loading buffer at 100 °C for 5 min. Proteins were separated by 8%
SDS-PAGE, identified by Western blot using HRP-goat anti-human Fc
antibody, and visualized by autoradiography on X film.

The pCDMB8-S1-Fc vector encoded a fusion of S1 protein (residues
12-672) and a human Fc of 1gG,. The pCDM8-S1-Fc was transfected
into 293T cells. After 48 h, the S1-Fc protein was produced by trans-
fected 293T cells into culture supernatant and subjected to 8% SDS-
PAGE and Western blot for analysis.

The coding sequences for 680-1189, 680-1029, 680-879, and 1023—
1189 residues of S protein were PCR-amplified from the full-length S
gene (a stop codon also was inserted just after the protein sequence by
PCR) and cloned into expression vector pET28a (+) by restriction
enzyme sites Ncol and EcoRI. After identification by sequences, pro-
tein was expressed by inducing with IPTG in E. coli BL21 (DE3).
Protein samples were analyzed by using 15% SDS-PAGE and trans-
formed into nitrocellulose membrane, which was blotted by scFv BI.

Results
SARS-CoV immune human scFv library

In order to make a large diversity of scFv library with
a high affinity for SARS-CoV, we used pDNAS as a
phage-display vector and four SARS patient’s lympho-
cytes as a repertoire of antibody. All the patient’s sera
showed high titer binding to SARS-CoV. Using PCR
technique, four groups of Vg and seven groups of Vi
(four for V. and three for V,) were amplified (Fig.
1A) with a set of human antibody primers (Table 1)
which is optimized based on previous publications
[20,21,27-29]. The amplified Vi and Vy were, respec-
tively, inserted into the pDNAS vector and then electro-
porately transformed into E. coli to make a primary
scFv library.

To assess the diversity of the scFv library, 13 colonies
were randomly selected and their scFv genes were di-

D 2384
300bp o~
)
- I SARS-CoV
X 204 Cesa
pet
Sobp 3 154
£
= 104
2
S 54
o
04
2 3 4 5
Rounds

Fig. 1. Construction of SARS immune scFv library. (A) Four groups of Vi and seven groups of Vi (four for V, and three for V,) were amplified by
RT-PCR. Total RNA was prepared from peripheral blood lymphocytes of four convalescent SARS patients and followed by cDNA synthesis. The
Vy and V| genes were amplified using the primers listed in Table 1; (B) 13 scFv clones were randomly selected from the primary library and their
genes were amplified by PCR; (C) fingerprinting of the 13 scFv genes digested 2 h at 60 °C by BstNI and then analyzed in 4% agarose gel, showing a
diversity of the primary antibody library; (D) five panning rounds showing an enrichment of the scFv/phage to SARS-CoV. Purified SARS viral
particles as antigen, five rounds of selection were performed according to standard procedure [20]. There is no significant change to immobilized

control BSA during the last three round.
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gested with BstNI since a number of BszNI sites ran-
domly exist in the variable region of antibody. As shown
in Fig. 1B, all the 13 clones contained a similar size of
full-length scFv around 750 bp. However, each scFv
clone showed a unique BstNI-digested fingerprinting
pattern (Fig. 1C), indicating that individual clones in
the primary library are different. This library was calcu-
lated to have a diversity of 1.85 x 10° members.

Selection of phage antibody binding to SARS-CoV

Bio-panning was performed with stringent conditions
to enrich phage scFv for SARS-CoV. The phage scFv at
10'? pfu (input) was subjected to immunotubes coated
with SARS-CoV virions. After 3 h incubation, the
immunotubes were intensively washed to remove non-
specific binders, and the bound phages (output) were
calculated after each panning. The ratio of output/input
was gradually increasing after the third and fourth
rounds, and it was dramatically increasing after the fifth
round. However, the phage scFv to immobilized control
BSA did not show any significant changes (Fig. 1D).
These results indicate that the phage scFv to SARS-
CoV were specifically enriched after five round
pannings.

From the fifth panning round, 96 phage clones were
randomly selected for ELISA to evaluate their binding
activity to SARS-CoV. We identified 86 of the 96
clones specifically binding to SARS-CoV, one of them,
referred as B1, was a specific binder with consistently
highest affinity. The Bl was identified as Vy; family
and V,; family based on its deduced amino acid
sequence (Fig. 2).

Expression and purification of Bl antibody

The B1 clone was expressed in the inclusion body of
E. coli, and the refolding of scFv Bl was done during the
gel filtration on a column with Sephacryl S200HR. The
purity of Bl was analyzed as a single band of about

A B

29--._.—

Fig. 3. Expression and purification of Bl. (A) SDS-PAGE and (B)
Western blot analysis of the scFv Bl before (lane 1) and after
purification (lane 2). The scFv Bl was purified and refolded at the
same time by gel filtration through a column with Sephacryl S200HR.
The membrane with scFv Bl was blotted by using anti-His-6-Tag.

29 kDa by using SDS-PAGE (Fig. 3A). This single
band was specifically blotted by anti-His-Tag antibody
(Fig. 3B), indicating that it was scFv with His-Tag.

Specificity of Bl for SARS-CoV virions

To test whether soluble scFv Bl maintains the specific
binding activity to SARS-CoV, we performed a compe-
tition assay. It was clearly shown that B1 significantly
decreased the binding of SARS convalescent sera to
SARS-CoV and the inhibition was getting stronger with
increasing amounts of scFv BI, whereas the control
scFv D4 did not affect sera activity (Fig. 4). The data
suggest that B1 bears a similar antigen epitope as natu-
ral antibody in SARS convalescent sera. The binding
kinetics of scFv Bl to SARS-CoV was analyzed using
a Variable Angle Spectroscopic Ellipsometer. The equi-
librium dissociation constant of scFv Bl was evaluated
as Kq = 105 nM (Table 2) with antibody real-time bind-
ing curve [23-25].

Bl neutralizing Luc/ISARS S pseudovirus infection

Luc/SARS S pseudovirus had been proven as an effi-
cient in vitro model for the study of SARS-CoV infec-

B1VL: 1 DIVLTQTPGTLSLSPGERATLSC RASQSVRTYLA WYQQKPGQVPRLLIY GASSRAT GIPDRFSGS

< FWR1

> CerrsssCDReees> Sore

1Y/ SO vl - NP S—

66 GSGTDFTLTISRLEPEDFAVYYC QQYGSSLW TFGQGTRLEIKR 108
FWR3 > <er:CDR3-> <ervrerFWReerrs>

B1VH: 1 QVQLLESGAEVKKPGASAKVSCKASGCTFT SYGIS WVRQAPGQGLEWMG WISAYNGNTNYAQKLQG

< FWR1

><CDR1> < FWR2 >< CDR2. >

67 RVTMTTDTSTSTAYMELRSLRSDDTAVYYCAR GVAVAG---- TWDWFDPWGQG 15

< FWR3

> €eresCDR3w-> CrrroresFWRGerre>

Fig. 2. Amino acid sequence of Bl scFv deduced from DNA sequence. Framework regions 1-4 (FW1-4) and complementarity determining regions
1-3 (CDR1-3) for both the Vi and Vi are shown, which was determined with the Vbase sequence directory. Based on its sequence, the scFv Bl is

identified as Vyy; family and V,; family.
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Fig. 4. The specific binding of Bl to SARS-CoV. Competition ELISA
shows the ability of B1 to abrogate the binding of SARS sera to SARS-
CoV. Whereas the negative control (scFv D4) failed to bind to SARS-
CoV; each point represents the mean of quadruple determinations;
error bars, +SD.

Table 2

Kinetic rates and binding affinity of Bl

Kon M™'s7) Ko (s7") K, (M) Ky (M)
5.22%10° 55%x107* 9.5x% 10° 1.05x 1077

tion [30-32]. In this model, luciferase activity reflects the
infection and replication of pseudovirus in the host cells.
Using this Luc/SARS S pseudovirus system, we tested
the neutralizing activity of scFv Bl by using a lumino-
meter. The results are shown in Fig. 5, where B1 signif-
icantly inhibited the infection of SARS S pseudovirus
into Vero E6 cells and the inhibition was effected in a

04

Inhibition (%)
F‘*
F*
T* Il

F

Inhibitor (pg!ml)

Fig. 5. Neutralizing activity of scFv Bl was evaluated by a Lus/SARS
pseudotyped virus system. Luc/SARS S pseudovirus had been proved
as an efficient in vitro model for the study of SARS-CoV infection. In
this model, luciferase activity that reflects the infection and replication
of pseudovirus in the host cells was measured by a luminometer. Bl
significantly inhibited the infection of SARS S pseudovirus into Vero
E6 cells and the inhibition was effected in a dose-dependent manner,
whereas a control D4 did not cause any effect under the same
conditions. Each point represents the mean of triplicate determina-
tions; error bars, +£SD. *Statistically significant differences (p < 0.01).

dose-dependent manner, whereas a control scFv D4
did not cause any effect under the same conditions.

Bl recognizes S protein on SARS pseudovirus in vivo

We next determined whether the B1 recognizes S pro-
tein assembled on SARS pseudovirus in vivo. The Vero
E6 cells were first infected with Luc/SARS S pseudovi-
rus and then subjected to immunofluorescence assay.
As shown in Fig. 6, scFv B1, rather than scFv D4 as a
negative control, recognized SARS pseudovirus in the
infected Vero E6 cells (Figs. 6A and B), but not in
mock-infected cells (Fig. 6C). These results are consis-
tent with those of convalescent sera as positive control
(data not shown), indicating that scFv Bl could bind
to S protein assembled on viral particles in vivo.

B1 recognizes an epitope on S2 (1023-1189) protein

In order to identify the binding epitope, we tested the
binding activity of scFv Bl with S-Fc and S1-Fc pro-
teins using Western blot analysis. As shown in
Figs. 7A and B, the purified scFv Bl recognized the
whole S protein, but it did not bind to the S1 protein.
To further narrow the epitope of scFv Bl, we con-
structed and expressed the recombinant S2 protein and
its fragments. Using Western blot analysis, we found

mock-infected

Fig. 6. scFv BI staining SARS pseudovirus in infected Vero E6 cell.
(A) scFv BI1 but not (B) scFv D4 recognizes SARS pseudovirus in the
infected Vero E6 cells. (C) scFv Bl does not stain the mock-infected
Vero EG6 cells. (D) Pseudovirus-infected Vero E6 cells observed under a
phase contrast microscope. Lus/SARS-CoV S protein mammalian
expression vector pMT 21-S and pCMVR 8.2 coding for MuLV Gag
and Pol, and pHR'-luc coding luciferase cotransfected into 293T cells.
After 48 h culture, Vero E6 monolayer cells were fixed and blocked for
incubation with purified scFv, and then mouse anti-His-Tag antibody,
and finally FITC-labeled anti-mouse IgG. Binding to SARS S
pseudovirus in Vero E6 cells was visualized under a fluorescence
microscope.
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Fig. 7. Epitope mapping of scFv Bl by Western blot analysis. (A) scFv
B1 recognizes S (12-1194)-Fc protein but does not bind to S1 (12-672)-
Fc protein; (B) the proteins S (12-1194)-Fc and S1 (12-672)-Fc are
recognized by anti-human Fc antibody as control; (C) SDS-PAGE
analyzes the expression of S2 protein and its fragments; (D) Western
blot shows the binding of scFv Bl to S2 (680-1189) and S2 (1023—
1189), but does not recognize the S2(680-1029) and S2 (680-879).

that purified scFv Bl recognized S2 protein (680-1189),
but it did not bind to S2 (680-879) and S2 (680-1029)
(Fig. 7D). The results suggested that the epitope of scFv
B1 may be within amino acids 1029-1189 of the S2 pro-
tein. To confirm this, we made S2 (1023-1189) fragment
and found that the scFv Bl recognized this fragment
(Fig. 7D). Our data strongly demonstrated that the epi-
tope of scFv B1 was located in the S2 protein, especially
within amino acids 1023-1189 of the S2 protein.

Discussion

Antibodies have been used for a century for the pre-
vention and treatment of infectious diseases. In viral

disease, antibodies block viral entry into uninfected
cells, promote antibody-directed cell-mediated cytotox-
icity by natural killer cells, and neutralize virus alone
or with the participation of complement. It has been
shown that S protein is, as dimer and trimer, located
on the surface of SARS virion, which is important for
binding to receptor molecules that initiate entry into
host cells [9,19].

In order to obtain a neutralizing antibody, which
mimics natural antibody elicited by viral pathogen, we
constructed an immune scFv library, which was derived
from B cells of four SARS patients with high titer to
SARS virion. This B cell repertoire contains various
antibodies with high specificity and matured affinity
for SARS-CoV. Compared with naive or synthetic anti-
body library, the immune library is more likely to obtain
nature-like antibody with high specificity and affinity.
Another feature to obtain nature-like antibody is in
using complete SARS-CoV virions, rather than a single
recombinant protein, as antigen for selections. The rea-
son is that viral particle antigen bears natural and intact
conformational immunogenic determinant. Thus, it is
more feasible to select neutralizing antibody by panning
against the whole SARS-CoV virion rather than a single
recombinant S protein.

The selected scFv Bl with high affinity showed a
specific binding to SARS-CoV particles in vitro and
SARS pseudovirus in vivo. Moreover, the epitope rec-
ognized by scFv Bl is not on our suspected fragment
according to a previous work [16,17,33,34], but on the
S2 protein, especially within amino acids 1023-1189 of
the S2 protein, which is consistent with a recently
published work on rabbits [35]. The competition assay
showed that the Bl was able to abrogate the binding
of SARS immune sera to SARS-CoV, suggesting that
Bl bears a similar antigen epitope as native SARS
antibodies in the sera. The neutralizing ability of Bl
may be effected via its blocking the epitope on SARS
virions.

S1 protein and S2 protein have been verified as
important epitopes that elicit neutralization antibody
in a previous study on SARS-CoV and other coronavi-
ruses [36,37]. However, neutralizing human antibody
against S2 protein of SARS-CoV has not been reported,
which could be significant in developing a cocktail of
human SARS-CoV neutralizing monoclonal antibodies
for SARS prophylaxis and treatment.

In summary, we describe here an effective method to
obtain an antibody, which mimics natural antibody in
immune sera, by using SARS virions, rather than a sin-
gle recombinant protein, as antigen for selection from an
immune antibody library. This study would have signif-
icance not only for developing neutralizing antibody,
but also for a better understanding of the immunogenic
characteristics of SARS protein and the design of SARS
vaccine.
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