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Abstract
To develop early diagnostic reagents, eﬀective vaccines, and even drugs against SARS-associated coronavirus (SARS-CoV), the
human single fold single-chain antibody fragments, (scFv) libraries I + J (Tomlinson I + J) were used to identify novel scFvs, which
can speciﬁcally bind to SARS-CoV. Interestingly, two scFvs (B5 and B9) exhibited higher binding speciﬁcity to SARS-CoV with the
OD450 value 0.608 and 0.545, respectively, and their coding sequences shared the identical sequence composed of VH gene (351 bp)
and VL gene (327 bp), so the two scFvs were uniformly named as SA59B and chosen for further analysis. SA59B scFv was expressed
in soluble form in Escherichia coli HB2151 and puriﬁed by immobilized metal aﬃnity chromatography. The soluble 30 kDa SA59B
scFv-antibody was veriﬁed in SDS–PAGE and Western-blot. The puriﬁed SA59B scFv-antibody was labeled with HRP by the
glutaraldehyde method, and the concentration of HRP and SA59B scFv-antibody in the SA59B-HRP solution reached 2.4
and 2.28 mg/ml, respectively. Then, the binding ability of SA59B-HRP to SARS-CoV was evaluated by ELISA with S/N of
11.6, indicating higher binding speciﬁcity between them. Finally, both the SA59B sequence speciﬁcity and its application for
diagnosis, prophylaxis or therapy of SARS were discussed.
 2005 Elsevier Inc. All rights reserved.
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Severe acute respiratory syndrome (SARS) with a signiﬁcant morbidity and mortality, caused by SARS-CoV,
is responsible for the ﬁrst pandemic of the 21st century,
which had caused over 8000 probable cases worldwide
and more than 800 deaths [1,2]. However, there are currently no eﬀective vaccines and antiviral compounds to
prevent or cure the disease [3]. Furthermore, currently
there are no reliable diagnostic tests for diagnosing patients and monitoring its spread. Hence, single-chain
antibody fragments speciﬁc against SARS-CoV from
phage-displayed antibody library have potential for
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exploitation as diagnostic or even antiviral therapeutic
reagents.
Phage display is an in vivo selection technique in
which billions of peptides or proteins are fused to one
of the capsid proteins, expressed at the N-terminus of
the capsid proteins (pVIII or pIII) of ﬁlamentous bacteriophage such as Fd or M13, and then displayed on the
surface of a phage particle [4,5]. There are two most signiﬁcant points in this technique one provides the natural
linkage between the phenotype and genotype [6]; the
other lies in the fact that it allows speciﬁc screening based
on binding aﬃnity to a given target molecular by an in
vivo selection process called panning [7–9]. With the rapid development and maturation of this technique, it is
often an eﬀective way to screen proteins or peptides for

438

Z.-X. Liu et al. / Biochemical and Biophysical Research Communications 329 (2005) 437–444

important applications. For example, this technique can
be used in antibody engineering, peptide and protein
drugsÕ ﬁnding, vaccine manufacture, and so on [10].
Antibody engineering has made it possible to operate
genes encoding antibodies and to construct antibody
derivatives, which retain entire antigen binding function
[11]. These derivatives include single-chain antibody
fragments (scFvs) which consist of variable regions of
heavy and light chains with a ﬂexible linker for connecting [12]. Functional scFv-antibody is expressed from a
single cDNA sequence, enabling gene manipulation.
Thus, in this manner, this technique has great potential
in both basic and applied research work.
Up to now, there has not been any research group
utilizing this technique to ﬁnd new reagents directed
against SARS-CoV. In this report, we describe the use
of the synthetic phagemid library for the generation of
high-aﬃnity scFv antibodies directed against this new
coronavirus. Their aﬃnity was measured by plasmon
surface resonance, and the speciﬁcity was conﬁrmed by
ELISA. Two stronger positive scFvs designated as B5
and B9 were sequenced, uniformly designated as
SA59B because of their 100% homology, and further
chosen for expression, puriﬁcation, labeling, and detecting research. Furthermore, we discussed the possible
applications of SA59B scFv-antibody as diagnostic or
even antiviral therapeutic reagents.

Materials and methods
Library, bacteria, and reagents. The Human Single Fold scFv
libraries I + J (Tomlinson I + J), Escherichia coli TG1 and HB2151 were
kindly provided by MRC Geneservice. The ELISA plates coated with
puriﬁed SARS-CoV lysate, positive and negative sera were provided by
Military Medical Science Academic and HuaDa Gene Company
(Beijing, China). NBT/BCIP (Sigma), polyhistidine mouse antibody
(Sigma), AP-labeled anti-mouse antibody (SABC), and anti-M13
(Pharmacia) were all purchased from distributors. Other commonly
used reagents are all of analytic puriﬁcation grade and made in China.
Panning assay. The panning procedure was performed on a 96-well
ﬂexible assay plate coated with puriﬁed SARS-CoV lysate, which was
blocked directly with MPBS (PBS containing 4% skimmed milk
powder) at room temperature for 2 h. After removal of the blocking
solution, the plate was washed three times with PBS. Then 200 ll of the
primary library solution (1013 phages in 4% MPBS) was added into
each well of the plate. After standing at room temperature for 2 h, the
unspeciﬁc binding phages were washed away with PBS containing
0.1% Tween for 10 times (20 times in the second panning and 30 times
in the third panning). The remaining phages were eluted with 1 ml of
0.2 M glycine–HCl buﬀer (pH 2.2), and the elution fraction was subsequently neutralized with 0.5 ml of 1 M Tris–HCl (pH 9.5).
In parallel, 10 ml of E. coli TG1 cultured in 2· TY (OD600 = 0.4)
was infected with the eluted scFv-phages at 37 C for 30 min without
shaking. Then a small proportion of infected E. coli TG1 was titrated
in 4-fold dilutions, starting with 1:10, to determine the scFv-phage
titer. Each dilution was spotted 10 ll separately on TYE plates
(including 100 lg/ml ampicillin and 1% glucose), which were cultured
at 37 C overnight to titer the eluted scFv-phage by calculating clones
on TYE plates. Meanwhile, the rest of infected E. coli TG1 was all
spread on TYE plates. The next day, bacteria on the plates were

scrapped and added into 100 ml of 2· TY with 100 lg/ml ampicillin
and 1% glucose for ampliﬁcation. After this procedure, the phages
were rescued by helper phage M13K07 for the next round of selection.
Three rounds of selections were performed.
Preparation of scFv-phage. In the last selection round, individual
clones were randomly picked out from the TYE plate to diﬀerent wells
(100 ll of 2· TY with 100 lg/ml ampicillin and 1% glucose was added
in advance) of a ﬂexible ELISA plate. After culturing, a small inoculum (2 ll) from each well was transferred to a second ELISA plate
containing 200 ll of 2· TY with 100 lg/ml ampicillin and 1% glucose
per well. The original ELISA plate was stored at 4 C temporarily. The
transferred plate was shaken at 37 C for 2 h, and phages were rescued
in E. coli TG1 by adding 109 helper phages to each well, the plate was
shaken at 37 C for 1 h before spinning the plate at 1800g for 10 min.
The supernatant was thrown away and the pellet was suspended in
200 ll of 2· TY containing 100 lg/ml ampicillin and 50 lg/ml kanamycin, and cultured at 30 C, 250 rpm overnight. The overnight culture was spun at 1800g for 10 min and 50 ll of the supernatant
containing scFv-phage was used in monoclonal phage ELISA.
Monoclonal scFv-phage ELISA. A 72-well ﬂexible ELISA plate
coated with SARS-CoV lysate was blocked and washed as described
above. Then 50 ll scFv-phage supernatant was added into each well of
the plate. After incubation for 1 h at room temperature, the plate was
washed three times with PBS containing 0.1% Tween. Subsequently,
100 ll HRP-anti-M13 (1:5000 dilution in 4% MPBS) was added to
each well. After incubation for an additional 1 h at 37 C, the wells
were washed again, and 100 ll fresh substrate solution (100 lg/ml in
100 mM sodium acetate, pH 6.0, 30% hydrogen peroxide) was added
to each well. Enzyme reaction was terminated by adding 50 ll of 2 N
H2SO4. Absorbance was measured at 450 nm and evaluated by S/N
(sample/negative).
DNA sequencing. Two stronger positive clones (B5 and B9) in
monoclonal phage ELISA were sequenced by Shanghai Casarray and
Gene (Shanghai, China). Two sequencing primers were used: forward
primer 5 0 -CGA CCC GCC ACC GCC GCT G-3 0 and reverse primer
5 0 -CTA TGC GGC CCC ATT CA-3 0 .
Expression and Western-blot assay. The selected scFv-phage was
inoculated into E. coli HB2151 to express a soluble scFv antibody. In
brieﬂy, E. coli HB2151 was grown in 2· TY media at 37 C until
OD600 = 0.4. Fifty microliters of the culture was infected with 1 ll
scFv-phage from a single colony, incubated for 30 min at 37 C
without shaking,and plated on TYE agar with 100 lg/ml ampicillin, a
single colony was picked out from this plate, inoculated into 5 ml of 2·
TY with 1% glucose and 100 lg/ml ampicillin, and grown overnight at
37 C with shaking (250 rpm). The next day, 50 ll of the overnight
culture was transferred to another fresh 2· TY (0.1% glucose and
100 lg/ml ampicillin) and grown with shaking (250 rpm) at 37 C until
OD600 = 0.9. IPTG was added into the culture to 1 mM ﬁnal concentration, and shaking was continued (200 rpm) at 30 C. One milliliter of the culture was aspirated after 0, 2, 4, and 6 h of adding IPTG.
The obtained samples were disposed oﬀ by the traditional methods and
then subjected to electrophoresis in 12% SDS–PAGE. The whole
bacteria protein was electrophoretically transferred to nitrocellulose
membrane from the gel in 25 mM Tris base, 192 mM glycine, and 2%
methanol at 65 V for 4 h. The membrane was blocked with 5% MPBS
for 2 h before washing with PBS. Then, 5 ml of anti-His-tag mouse
antibody (1:1000 dilution in 5% MPBS) was incubated with the
membrane at room temperature for 2 h. Bound polyhistidine mouse
antibody was detected with anti-mouse IgG alkaline phosphatase
conjugate (1:1000). Bands were detected with the addition of BCIP/
NBT.
Production and puriﬁcation of SA59B scFv-antibody. In order to
acquire large quantities of puriﬁed SA59B scFv-antibody, overnight
activated E. coli HB2151 (infected by positive scFv-phage) culture was
transferred to 300 ml of 2· TY (0.1% glucose and 100 lg/ml ampicillin) in a 1:100 mass ratio, and grown at 37 C, 250 rpm to an A600 of
0.6. Expression of the scFv-antibody was induced by addition of IPTG
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at a 1 mM ﬁnal concentration. After induction at 30 C for 6 h, the
cultured cells were harvested by centrifugation at 4 C and 4000g for
10 min, and were washed with a suspension in 40 ml PBS, pH 7.4, and
centrifuged at 4 C and 10,000g for 10 min. The cells pelleted were
stored at 20 C for further use.
The cells were suspended in 40 ml PBS, pH 7.4, containing 5 mM
EDTA and 0.1% Triton X-100, sonicated, and centrifuged at 25,000g
for 20 min. The supernatant ﬂuid was applied to a column (1.0 by
10.0 cm) with His-bond Ni Aﬃnity Resin in the presence of 10 mM
sodium phosphate, pH 8.0, 0.3 mM sodium chloride, and 250 mM
imidazole. After extensive washing with about 100 ml of 50 mM sodium phosphate, pH 8.0, 0.3 mM sodium chloride, and 20 mM imidazole, bound protein was eluted with approximately 100 ml of 50 mM
sodium phosphate, pH 8.0, 0.3 mM sodium chloride, and 250 mM
imidazole followed by extensive dialysis against PBS, pH 7.4. Purity of
all proteins was evaluated by 12% SDS–PAGE. Protein bands were
visualized with Coomassie blue stain.
Labeling of SA59B scFv-antibody with HRP. The puriﬁed SA59B
scFv-antibody was labeled with HRP by the glutaraldehyde method.
Brieﬂy, 10 mg of HRP (Cat. No. BE1842; Wuhan, China) was dissolved in 0.1 ml of 0.2 M PBS, pH 6.8, and 0.1 ml of a freshly prepared
2.5% glutaraldehyde (Cat. No. 830119, Shanghai, China; dissolved in
Millipore-quality water) was added and kept at room temperature for
18 h; the reaction mixture was dialyzed twice against 1 L of 0.8% NaCl
in MilliQ water, pH 7.0, at 4 C for 24 h. The dialysate (0.3 ml) was
collected and adjusted to 1.0 ml with MilliQ water. Subsequently,
1.0 ml of SA59B scFv-antibody (5 mg/ml) was added and mixed;
0.1 ml of 1.0 M CBS, pH 9.5, was added, mixed, and reacted at 4 C
for 24 h; 0.1 ml of 0.2 M lysine was added, mixed, dialyzed against 1 L
of 0.15 M PBS, pH 7.2, for 24 h, and centrifuged at 4 C and 4000g for
20 min; the supernatant ﬂuid (2.0 ml) was brought to 2.0 ml of 100%
saturation of (NH4)2SO4, pH 7.2, stirred for 20 min, and centrifuged at
4000g for 20 min; the precipitate was washed twice with 4.0 ml of 50%
saturation of (NH4)2SO4, pH 7.2, and dissolved in 4.0 ml of 20 mM
Tris–HCl, pH 8.0, containing 1 mM EDTA followed by dialysis
against 1 L of 0.01 M PBS, pH 7.2, at 4 C for 24 h. Finally, the
dialysate (1.0 ml) was collected. After addition of BSA at a ﬁnal
concentration of 1%, it was ﬁltered with a 0.22-lm membrane. The
aliquots were made and stored at 20 C.
SA59B-HRP ELISA. ELISA was used to further measure HRPlabeled SA59B scFv-antibody (SA59B-HRP) response to SARS-CoV
lysate. SA59B-HRP solution was titrated in 4-fold dilutions, starting
with 1:10, to determine the antibody titer. A ﬂexible ELISA plate
coated with SARS-CoV lysate was prepared. As negative control, three
wells were coated with control lysate. After three washes with PBS, the
plates were blocked with 4% MPBS. The wells were emptied and
incubated for 1 h at 37 C with SA59B-HRP conjugates at various
concentrations. A commercially available SARS convalescent serumHRP conjugate was used as a control. The wells were washed three
times with PBS and incubated for 20 min at room temperature with
100 ll substrate solution (see Monoclonal scFv-phage ELISA). Fifty
microliters of 2 M sulfuric acid was added to stop the reaction.
Absorbance was measured at 450 nm.
Statistical assay. The Student t test was used for Statistical analysis.
All data are shown as means ± SD. Signiﬁcance was deﬁned as
P < 0.05.

Results
Selection of SARS-CoV-speciﬁc binding clones from
phage display library
The human synthetic scFv Griﬃn.1 library was used
for selection of SARS-CoV-speciﬁc scFvs. Three
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Fig. 1. Numbers of eluted and ampliﬁed scFv phages and their
speciﬁcity after each of three rounds of selection. The left columns
indicate the number of ampliﬁed scFv-phages after each panning
round, which was then used in another panning round. The right
columns show the number of eluted scFv-phages from each panning
round. The titer was determined as cfu/ml.

rounds of panning were done on a ﬂexible ELISA
plate coated with puriﬁed SARS-CoV lysate. After
each round of panning, the titer of the eluted scFvphage was measured to monitor the eﬃciency of the
selection process. Compared with the second round,
the number of scFv-phages eluted after the third round
did not increase, which indicated that the library was
already enriched in SARS-CoV-speciﬁc phages (Fig. 1).
From the third round of panning, 68 clones were randomly picked out and assessed for binding to SARSCoV in monoclonal scFv-phage ELISA. The results
(Fig. 2) suggested that A3, A5, A7, A8, B5, B9, E6,
and F9 were positive clones (S/N > 2.1). Also, B5
and B9 showed higher SARS-CoV-binding speciﬁcity
with the OD450 value 0.608 (S/N, 10.4) and 0.306 (S/
N, 6.0), respectively, and so were chosen for further
analysis.
Sequences analysis
The complete nucleotide sequences of the heavy and
light chain variable region from the two stronger positive clones B5 and B9 were determined. The results
indicated that the coding sequences of B5 and B9
share identical sequence (Fig. 3), which is composed
of VH gene (351 bp) and VL gene (327 bp), and the
two scFvs were uniformly designated as SA59B. The
closest germline sequences for SA59B scFv-antibody
gene could be identiﬁed by comparison with the database [13–15]. The VH gene use, the VH3 family-derived
germline V3-23, D3-9, D7-27, and JH4b genes, while
the VL gene uses the VL1 (V-kappa subgroup I, Vk1) family-derived germline 02 (012) and Jk1 genes
(Fig. 3). Also, a high degree of mutation appeared in
the VHCDR2 (CDR, complementarity-determining
region) with 70.6% (bases) and 58.8% (amino acids)
sequence homology to the closest germline match (Table 1). In addition, there was a replacement mutation
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Fig. 2. Reactivity of eight SARS-CoV-speciﬁc clones selected from the
third round of panning given as absorbance in monoclonal phage
ELISA. NC, negative control. PC, positive control. A3, A5, A7, A8,
B5, B9, E6, and F9 are monoclones which give positive signal. Optical
density was measured as OD450.

(position 282, T ﬁ G) that led to generation of a stop
codon TGA in the VHFWR3 (FWR, functional framework region), which could surprisingly be suppressed
when the scFv-phages were expressed in E. coli TG1
or HB2151. Any errors introduced during the ampliﬁcation of DNA can be excluded, because we sequenced
B5 and B9 scFvs repeatedly in two diﬀerent companies
(see Materials and methods) and obtained the same
results. The deduced amino acid sequence of heavy
and light chains of SA59B is shown in Fig. 3, and
the predicted molecular weight of the whole soluble
scFv was about 30 kDa.

Fig. 3. Complete nucleotide sequence of SA59B scFv-antibody gene and derived amino acid sequence of the protein. The deduced amino acid
sequence is listed starting with the initiation methionine and shown below the nucleotide sequence. All the annotations are displayed above the
nucleotide and amino acid sequence. The presumed ribosome binding site is labeled as RBS. Arrows above the DNA sequence represent VH and VL
regions. Lighter shaded areas depict complementary determinant regions (CDR) of VH and VL. The blank regions demarcate the region (FWR) of
VH and VL. The linker sequence is in italic. His-tag and Myc-tag are in Arial black. The locations of various restriction sites are underlined.
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Table 1
Analysis of nucleotide and amino acid sequences of VHCDR2 region of SA59B single-stranded antibody gene
Gene

lVHCDR2 region (5 0 ﬁ 3 0 or -NH2 ﬁ -COOH)

Homology (%)

VH3-23
70.6

SA59B
VH3-23

58.8

SA59B
‘‘B’’ and ‘‘AA’’ are the abbreviations of ‘‘base’’ and ‘‘amino acid,’’ respectively. The sign ‘‘*’’ expresses homology.

The expression of soluble SA59B scFv-antibody and its
identiﬁcation
SA59B was chosen for expression analysis. The samples aspirated according to induced time were subjected
to 12% SDS–PAGE gel. Western blot analysis (Fig. 4)
was performed according to the former described method. We concluded that the scFv-antibody was expressed
with MW of 30 kDa since its polyhistidine tail was conformed in Western-blot.
Puriﬁcation of soluble SA59B scFv-antibody
The puriﬁcation results of SA59B scFv-antibody are
shown in Fig. 5. The puriﬁed SA59B scFv-antibody migrated as a single protein band on SDS–PAGE (Fig.
5A). It had an estimated molecular mass of 30 kDa

and possessed a high degree of purity. As shown in
Fig. 5B, Western-blot analysis of the puriﬁed SA59B
scFv-antibody also veriﬁed the result of its SDS–PAGE.
The production yield of puriﬁed SA59B scFv-antibody
was around 1–1.5 mg/L of production culture valued
by absorbance at 280 nm of the purity solution.
Labeling of SA59B scFv-antibody with HRP
The puriﬁed SA59B scFv-antibody was labeled with
HRP by the glutaraldehyde method. After that, the concentration of HRP and SA59B scFv-antibody in the
SA59B-HRP solution was 2.4 and 2.28 g/L, respectively.
SDS/PAGE result of SA59B-HRP solution is shown in
Fig. 6. The SA59B-HRP migrated as a single protein
band on SDS–PAGE, and it had an estimated molecular
mass of about 66.2 kDa with evidence for the binding of
HRP to SA59B scFv (HRP, 44 kDa; SA59B scFv-antibody, 30 kDa).
The binding activity of SA59B-HRP to SARS-CoV

Fig. 4. SA59B scFv-antibody expression by Western-blot analysis.
Analysis of reactivity of the total cell lysates with polyhistidine
antibody. Total cell lysates from E. coli HB2151 cells after 0, 2, 4, and
6 h induced by IPTG, respectively. Induction after 2, 4, and 6 h gives a
positive signal.

Fig. 5. Puriﬁcation results of His6-tagged SA59B scFv from total cell
lysates. Commassie brilliant blue-stained 12.0% SDS–PAGE gel (A)
and Western blot (B). Std., molecular mass standards with masses of
(from top to bottom) 66.2, 45.0, 35.0, 25.0, 18.4, and 14.4 kDa, lane 1,
SA59B scFv.

To primarily examine the eﬀects of SA59B-HRP on
binding to SARS-CoV, we still used the ELISA plate
coated with puriﬁed SARS-CoV lysate. SA59B-HRP
solution was titrated in 4-fold dilutions, starting with
1:10, to determine the antibody titer (data not shown),
the optimal dilution degree of SA59B-HRP solution
was in a ratio of 1:100 and chosen for further ELISA.

Fig. 6. SDS–PAGE of SA59B scFv-antibody labeled with HRP. Std.,
molecular protein mass standards, lane 1, SA59B-HRP. The numbers
on the left refer to the molecular masses of the standards.
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Table 2
Results of SA59B-HRP ELISA (X ± SD)
List of tests
SA59B-HRP (1:100)
Positive control
Negative control
Blank control

n
3
3
3
3

X ± SD

Absorbance OD450
0.791
0.538
0.066
0.052

0.776
0.535
0.069
0.052

0.783
0.541
0.070
0.050

S/N
**

0.783 ± 0.006
0.535 ± 0.004**
0.068 ± 0.002
0.051 ± 0.001

11.6
7.9

‘‘n’’ expresses test number. ‘‘S/N’’ is an absorbance OD450 ratio of sample to negative control. The sign‘‘**’’ indicates the deviation from the
absorbance OD450 between experimental groups and negative controls was dramatically signiﬁcant (P < 0.01). The ELISA positive was deﬁned as
S/N > 2.1.

As seen in Table 2, comparison with the positive controls (SARS convalescent serum-HRP conjugate), the
absorbance OD450 (A450, X ± SD) of SA59B-HRP
(1:100) tests reached 0.783 ± 0.006 increasing by
46.4%. However, there was a remarkable signiﬁcant
diﬀerence in A450 levels observed between either
SA59B-HRP (1:100) tests or positive controls and the
negative controls with S/N of 11.6 and 7.9, respectively
(P < 0.01). These results indicated that SA59B-HRP
also bore high speciﬁcity against SARS-CoV.

Discussion
After three rounds of aﬃnity selection, we obtained
eight positive scFvs speciﬁc against SARS-CoV. Interestingly, two scFvs of them designated as B5 and B9
exhibited higher binding speciﬁcity to SARS-CoV with
the OD450 value 0.608 and 0.545, respectively. Their
coding sequences shared the identical sequence composed of VH gene (351 bp) and VL gene (327 bp). Moreover, comparison with the closest Ig germline V genes
showed that the VH gene was derived from VH3 family,
and a high degree of mutation appeared in the VHCDR2
with 70.6% (bases) and 58.8% (amino acids) sequence
homology to the closest germline match, which indicated that the VHCDR2 of SA59B scFv-antibody gene
may be a critical region of speciﬁc binding of SA59B
scFv to SARS-CoV.
Although the precise mechanism of this action was
unknown, our study suggested that SA59B scFv-antibody or SA59B-HRP had a high binding speciﬁcity to
SARS-CoV in ELISA. Since it reacted well with
SARS-CoV, it is also conceivable that it might restore
its binding properties in the form of fusion proteins after
expression as soluble scFvs in E. coli HB2151 or labeling
as scFv-horseradish peroxidase, which was described by
others [16–18]. Notably, the SDS–PAGE results of
SA59B-HRP solution may also provide evidence for this
point. The SA59B-HRP migrated as a single protein
band on SDS–PAGE, and it had an estimated molecular
mass of 66.2 kDa, which was obviously less than
74 kDa, the total molecular weight of SA59B scFv-antibody (30 kDa) and HRP (44 kDa). Furthermore, the

creation of scFvs fused to other protein is believed to
lead to the formation of dimers [16], which should have
greater avidity and stability than original monovalent
scFvs, and can be used, for example, for detection purposes. At present, the laboratory tests that can be applied for routine diagnosis of SARS mainly include
detecting viral genome by PCR involving in RT-PCR
[19–22] and RT-LAMP [23], and detecting serum antibodies using SARS-CoV from Vero cell culture by ELISA [24–26], IFA [27–29], and NT [2]. However, there is
little progress in detection of SARS-CoV using scFv-antibodies. So, we anticipate that SA59B scFv-antibody or
SA59B-HRP described here will be useful in detection of
SARS-CoV.
In addition, the direction of SARS research has now
moved from identifying the virus and sequencing its genome to analyzing the viral proteins and their roles in virus
replication and pathogenesis with the aim to develop new
drugs and vaccines against SARS [30]. Fortunately, progresses are being made in the development of new drugs
and vaccines against SARS although no antiviral treatments are currently available against SARS-CoV. For
example, complete inhibition of cytopathic eﬀects of
SARS-CoV in culture was observed for interferon subtypes, b-1b, a-n1, a-n3, and human leukocyte interferon
a [31]; the in vitro eﬃcacy of a recombinant human type I
interferon IFN-b 1a (Serono International, Geneva,
Switzerland) against three diﬀerent isolates of SARSCoV (Tor2, Tor7, and Urbani) using yield reduction assays was evaluated [32]; a three-dimensional model of the
SARS-CoV-encoded 3 CL proteinase has been constructed to direct the design of protease inhibitors that
may block coronavirus replication [32], and so on. Our
scFv-antibodies obtained by us directed against puriﬁed
SARS-CoV lysate may also be ideal vaccine candidates
or eﬀective molecule guiders for prophylaxis or therapy.
In summary, our study demonstrated that SA59B
scFv-antibody or SA59B-HRP had a high binding speciﬁcity to SARS-CoV in ELISA and the potential applications for detection reagents, vaccines, and drugs
against SARS-CoV were further discussed. Currently,
eﬀorts are underway to improve the sensitivity of
SA59B-HRP ELISA assay and to further conﬁrm its
acting target(s) to develop their clinical applications.
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