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Construction of Single-Chain Variable Fragment (scFv) Specific
to Cucumber Mosaic Virus by Phage Display Technology

Maneerat Koohapitagtam!, Suang Rungpragayphan? and Ratchanee Hongprayoon*

ABSTRACT

Cucumber mosaic virus (CMV) causes serious problems in economically important crops,
especially members of the Solanaceae and Cucurbitaceae families. Serological detection of this virus by
specific antibodies is required as a control measure as well as for quarantine investigation to ensure any
components used for agricultural propagation, especially commercial seeds, are disease free. However,
the selection of recombinant antibodies by phage display nowadays presents a real challenge to provide
the antibodies that are urgently needed. In this research, an anti-CMV single-chain variable fragment
(scFv) was constructed using a phage display system. Both heavy (Vy) and kappa light chain variable
(V) genes were amplified by RT-PCR from the hybridoma cell line CM2, secreting a monoclonal
antibody (MADb) specific to both serogroup I and II of CMV. The Vy and V, amplified products,
approximately 400 bp in length, were joined by a PCR overlapping extension method to generate the
scFv gene. A recombinant phagemid pCANTABSE harboring the scFv gene was constructed and
transformed into Escherichia coli TG1. The bacterial transformants were rescued by helper phage M13
to produce phage-displayd scFv and the screening for CMV-specific scFv was carried out by ELISA.
Three positive, recombinant clones (2C1, 6A1 and 1D4) which gave high signal-to-noise in ELISA
were utilized in order to produce soluble antibodies. Western blotting and DNA sequencing were
performed to characterize the scFv products. The result showed that all clones were identical and able to
bind CMV of both subgroups. DNA comparisons showed that all the Vi belonged to the J558.32 subgroup
and JH2, while V, belonged to V| genes and JK2.
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INTRODUCTION

Cucumber mosaic virus is a member of
the genus Cucumovirus (Gioria et al., 2002). It
has a very broad host range, which more than 885
known hosts have been reported worldwide
(Bashir et al., 2006). The virus causes severe

diseases leading to economic losses in vegetables,
fruits, cereals and ornamentals (Hsu et al., 2000;
Gioria et al., 2002). The serological techniques
using polyclonal (PAb) and monoclonal (MAb)
antibodies (Hsu et al., 2000) have been applied
successfully to detect and diagnose the virus.
However, PAb tends to cross-react with healthy
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plant sap, which can be a major problem in any
detection assay. To overcome this problem, anti-
CMV MADbs have been produced by the
hybridoma technique (Koohapitagtam et al.,
2004). The hybridoma clone, CM2, secretes anti-
CMV MAD with high specificity to both serogroup
I and II of CMV, with the sensitivity of detection
at 1 ng/ml being obtained in a triple antibody
sandwich, enzyme-linked, immunosorbent assay
(TAS-ELISA).

Maintaining hybridoma cell lines in vitro
can be achieved by freezing below -80°C or by
using liquid nitrogen. However, hybridoma cells
are usually unstable in long-term storage.
Moreover, the medium for culturing hybridoma
cell in vitro is costly. In recent years, the
technology for displaying an antibody on a phage
particle (the so-called phage display), has provided
a powerful tool for the selection of antibodies in
different formats such as scFv or antigen-binding
fragment (Fab) (Hoogenboom et al., 1998) which
has increased the opportunity to optimize the
antibodies and their application. The phage-
displayed format can be constructed by fusing the
antibody genes to the coat protein gene of
bacteriophage. After expression, the fusion
proteins will be incorporated into the coat of the
phages during phage particle formation. The
antibody fragment displayed on the phage surface
is physically accessible, thus enabling the selection
of an antibody against the target antigens. In
addition, the bacterial culture containing the
antibody genes can be maintained as frozen culture
and so is easy to handle. Moreover, the scFv gene
can be modified to fuse with the alkaline
phosphatase gene for direct ELISA (Wang et al.,
2006) or antibody engineering for control
measures (Sanz et al., 2005).

This study aimed to generate an anti-
CMV scFv from a hybridoma cell line, CM2, by
using the phage display system. The
complementarity determining regions (CDRs) on
Vy and V. of the scFv were also examined.

MATERIALS AND METHODS

Bacterial culture and reagents

The synthetic primers for anti-CMV
MAb were synthesized at the DNA Technology
Laboratory (Kasetsart University, Thailand). The
mRNA extraction from the hybridoma cell line was
carried out using Purescript® RNA Isolation Kits
(Gentra Systems Inc. 2000, Minneapolis, USA).
The Superscript™ III reverse transcriptase was
purchased from Invitrogen (California, USA). The
Hot Star Tag DNA polymerase, restriction
endonucleases, T4 DNA ligase and isopropyl f-
D-thiogalactopyranoside (IPTG) were purchased
from Promega (Madison, USA), New England
Biolab (Beverly, USA), Invitrogen (California,
USA) and Fermentous (Hanover, USA),
respectively. DNA extraction from gel was done
using a QIAquick Gel Extraction Kit (QIAGEN,
Hilden, Germany). Escherichia coli strains TG1
and HB2151 (Amersham Biosciences, Uppsala,
Sweden) were used as hosts for phagemid
manipulation and expression, respectively. The
pCANTAB-5E
Biosciences, Uppsala, Sweden) was used as a

phagemid  (Amersham
vector for cloning the PCR products of the scFv
(Vi and Vy) gene. The SOBAG medium,
containing 2% tryptone, 0.05% NaCl, 0.5% yeast
extract, 2% glucose and 100 ug ml-!' of amplicillin
(plus 1.5% agar in plates), was used for the
selection of transformants. Anti-M13 monoclonal
antibody (MADb) conjugated with horseradish
peroxidase for phage library selection and anti-E-
Tag MAD for scFv fragment detection were
purchased from Amersham Bioscience. The anti-
mouse antibody conjugated with alkaline
phosphatase for anti-E-Tag detection was
purchased from Sigma-Aldrich (St. Louis, USA).
The substrates were 3, 3', 5, 5'-
tetramethylbenzidine (TMB) (KPL, Maryland,
USA) for peroxidase detection, with nitro blue
tetrazolium (NBT) and 5-bromo-4-chloro-3-
indolyl phosphate (BCIP) (Zymed, California,
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USA) for alkaline phosphatase assay. Other
reagents used in this study were at least of
analytical grade.

Primer design

Two sets of degenerated primers were
designed and synthesized for the amplification of
the variable genes (V gene) from the hybridoma
cells CM-2 (murine IgGy,,.), as reported previously
(Koohapitagtam et al., 2004), including a
framework region (FR1) to joining region (J). The
sequences were as follows:

the Vi forward primer 5" CCT TTC TAT
GCG GCC CAG CCG GCC GAG CTC SAG
GTG AAA CTG CAG GAG TCT 3';

the Jreverse primer 5' ACC AGA GCC
GCC GCCGCCGCTACCACCACCACCASG
TTTBAKYTC CARYYTK 3';

the V, forward primer 5 GGC GGC
GGC GGCTCT GGT GGT GGTGGATCC GAY
ATT GTG MTR ACM CAR KMT CAA 3'; and

the J,. 5" CAT CGG CAC CGG CGC
ACC TGC GGC CGC GMR GAR ACR GTG
ACCRKR GTCCCTK 3".
where S, B, K, Y and M represents G/C, C/G/T,
G/T, C/T, A/G and A/C, respectively. The heavy
chain 5’ and the light chain 3’ primers were
modified to include a Sfil site (underlined) and a
Notl site (underlined), respectively. In addition,
(Gly,Ser); linkers were also added to the light
chain 5’ primer and to the heavy chain 3’ primer
for the assembly of Vg and V. polypeptides into
scFv format (Okamoto et al., 2004)

cDNA synthesis, PCR amplification and
construction of CMV-scFv gene

The mRNA of 107 hybridoma cells (Lai
et al.,2002) was isolated using a Purescript® RNA
Purification System. Subsequenly, cDNA was
generated using oligo (dT) primers and
Superscript™ III reverse transcriptase which was
the first strand cDNA synthesis system for reverse
transcription (RT). From each cDNA, heavy-and

light-chain genes were amplified separately and
recombined by third subsequent PCRs. In the first-
step PCR, the Vi and V. genes were amplified by
PCR containing 500 pg cDNA and 70 pmole of
each primer, using the Hot Star Tag DNA
polymerase. The samples were cycled 35 times at
95°C for 15 min, 94°C for 45 s, 55°C for 45 s and
72°C for 1 min on a programmable heating block
(M1J Research, USA). The samples were purified
from the 2% agarose gel using a QIAquick Gel
Extraction Kit. In the second-step PCR, Vi and
V.. DNA were assembled using equal volumes of
the products without primer. Each 50 ul of this
PCR step contained 2.5 ul 10 mM dNTPs, 5 ml
10XPCR buffer, 250 ng of each Vy and V. and
5U Hot Star 7aqg DNA polymerase. The reaction
mixture was preheated at 95°C for 15 min and 30
cycles of the amplification were carried out at 94°C
for 1 min, 50°C for 1 min, 72°C for 1 min, and a
final extension at 72°C for 10 min. The scFv DNA
was analyzed in 2% agarose gel and purified by a
QIAquick Gel Extraction Kit.

Cloning and expression of the recombinant
phage

The PCR-amplified scFv DNA and
pCANTABSE phagemid vector were digested with
Sfil and Notl. The resulting scFv fragments were
inserted into pPCANTABSE to generate scFv-gene
III fusion, using T4 ligase. The reaction was
incubated at room temperature for 2 h. Ligated
DNA populations were introduced into E. coli TG1
by electroporation at 2.5 kV for 4.5 msec. The
transformants were grown by culturing in 2YT
supplemented with amplicillin (100 ug ml-!) and
2% glucose (w/v) at 37°C. The scFv expressing
phages were rescued by following the
manufacturer’s instructions for the Recombinant
Phage Antibody System (Amersham Biosciences,
Uppsala, Sweden). The phages were then purified
and concentrated using 2% polyethylene glycol
(PEG) and sodium chloride. The phage pellet was
diluted in 50 ul of 2% skim milk in PBS per 1.5
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ml original volume and used in the following
panning step.

Selection of anti-CMYV scFv

Three rounds of panning assay were
carried out for the selection of anti-CMV scFv
according to Saldarelli et al. (2005). Purified
CMV-coat protein (CP) was used as an antigen.

Screening for antigen-specific scFv-displayed
phage by ELISA

After the panning process, individual
TGI colonies were picked, grown at 37°C in a
96-well tissue culture plate (Corning, New York,
USA) for 3 h and rescued with M13KO7 helper
phage. The amplified phages were diluted with 4%
skim milk in PBS with a 1:1 (v/v) ratio and
incubated at room temperature for 1 h to block
any non-specific protein-protein interactions that
might have occurred between recombinant
antibodies and surrounding proteins. A
concentration of 5 ug ml-! of expressed CMV-CP
or purified CMV was coated into the microtiter
plate (Corning, New York, USA) and incubated at
37°C for 1.30 h. Subsequently, the plate was
washed three times with 200 ul of PBST and 150
ul of 2% skim milk was added to block non-
specific binding. A 50 ul quantity of each of the
amplified phages was then added to the plate and
incubated for 2 h at 37°C. Plates were washed six
times with PBST and 50 ul of mouse anti-M13
phage-conjugated with HRP (1:5000) was added
into each well. The plate was washed three times
and 50 ul of the TMB substrate was added and
incubated at 37°C for 30 min. To stop the reaction,
an equal volume of 1 N HCI was added and the
absorbance at 450 nm was recorded by an ELISA
reader (MultiscanEX, Labsystems, Finland).

Production of soluble scFv in E. coli. HB2151
cells

Soluble, anti-CMV scFv, three positive,
recombinant phage clones, which were all very

different in their ELISA selection, were used to
infect log-phase E. coli HB2151 (Amersham
Pharmacia Biotech, Sweden). Expression of
soluble scFv was induced by adding IPTG to a
final concentration of 1 mmol 1-! and the cultures
were grown overnight at 30°C. The induced culture
was centrifuged at 1,500 rpm for 20 min. Cell
pellets were resuspended in 2% of culture volume
of ice-cold 1xTES. Subsequently, 3% of culture
volume of ice-cold 0.2xTES was added and the
mixture was incubated on ice for 30 min to induce
a mild osmotic shock. The contents were
centrifuged at 10,000 rpm for 10 min at 4°C. The
supernatant, containing the soluble antibodies from
the periplasm, was transferred to clean tubes and
stored at -20°C.

Detection of antigen-binding affinity of the
soluble CMYV scFv

Each of the soluble scFv clones was
characterized for binding to CMV particles by
using indirect ELISA. Briefly, 96-well microtitre
plates were coated with 5 ug ml! (50 ul) of
purified CMV in a carbonate coating buffer and
incubated at 37°C for 1.30 h. Subsequently, the
plate was washed three times with 200 ul of PBST.
Then 150 wl of 2% skim milk was added to block
non-specific binding and 50 ul of each scFv
periplasmic preparation was added to the plate and
incubated for 1.30 h at 37°C. The plate was washed
three times with PBST. After 50 ul of a 8 ug ml-!
concentration of mouse anti-E tag was added into
each well, they were incubated for 1.30 h at 37°C.
Each plate was washed three times with PBST
and 50 ul of 1: 5,000 dilution of rabbit anti-mouse
conjugated with alkaline phosphatase was added.
The plate was incubated for 1.30 h at 37°C. The
plate was then washed with PBST three times, after
which the p-nitrophenyl phosphate substrate was
added and incubated at 37°C for 30-60 min. The
reaction was read at an absorbance of 405 nm by
an ELISA reader.
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Automated DNA sequencing

Three CMV-specific clones, from
infected E. coli HB2151, were analyzed by
sequencing. Two sequencing primers were used:
pCANTABS-S1 (5'-CAA CGT GAA AAA ATT
ATT ATT CGC-3') as the forward primer; and
pCANTABS-S6 (5'-GTA ATT GAA TTT TCT
GTA TGA GG-3') as the reverse primer. Nucleic
acid sequencing was carried out on the ABI
PRISM 377 DNA sequencer (AME Bioscience,
Bedfordshire, UK) by the method of
dideoxynucleotide sequencing.

RESULTS AND DISCUSSION

Construction of anti-CMYV scFv gene

To construct an anti-CMV scFv encoding
gene, the Vi and V. genes were amplified from
the mRNA of a hybridoma cell, CM2, which
secreted anti-CMV MAD specific to both subgroup
I and II, by RT-PCR method. As shown in Figure
1, the DNA bands of Vi and V, at approximately
400 bp, were clearly observed after gel
electrophoresis. Five-hundred picograms each of
Vg and V. were then joined to form the scFv gene
by a PCR overlapping extension method without
primer. The scFv encoding gene, 800 bp, was
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generated successfully as shown in Figure 1. The
resulting DNA fragment encoding the scFv was
purified, digested with Sfil and Norl, and ligated
into the phagemid vector pPCANTABSE.

Recombinant phage expressing CMV-specific
scFv on the surface

Recombinant DNA was electroporated
into E. coli TG1, which produced an amber
suppressor tRNA to allow read through
(suppression) of the amber stop codon located
between the cloned scFv and gene III sequences
of pPCANTABSE. The bacterial transformants were
co-infected with helper phage to rescue phage
particles displaying scFv on their tips.
Subsequently, phages displaying scFv were
panned against purified CMV coated on an
immunotube. After three rounds of selective
panning, 176 clones of recombinant phages were
randomly picked and analyzed by plate-trapped
antigen enzyme-linked immunosorbent assay
(PTA-ELISA). Of the analyzed clones, 154
showed positive interactions, which gave
absorbances (A4so,m) between 0.4-0.9 with a
background absorbance of 0.1. These results
showed the efficiency of panning, which
eliminated clones with a non-specific interaction.

el e anti-CMY selFv gene

4 Vi and V, penes

Figure 1 RT-PCR amplification. M=GeneRuler™ 100 bp DNA ladders plus, lane 1-3=Vy, V, and

anti-CMYV scFv genes, respectively.
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However, the difference in absorbance among the
tested clones, which were supposed to be identical,
was due to the variation in cell growth and the
production of recombinant phages (Anamaria et
al., 2000).

Characterization of CMV-specific scFv
antibody

To produce soluble, anti-CMV scFv,
three positive, recombinant, phage clones 2C1,
6A1, and 1D4, which gave a high signal to noise
ratio in ELISA, were chosen to infect E. coli,
HB2151. After induction for 8 h (Chua et al, 2003),
each anti-CMV scFv was extracted from the
bacterial periplasm by osmotic shock (Ming-Yan
et al., 2004). The molecular weight of each anti-
CMV scFv was approximately 26.3 kDa as
determined by 12% SDS-PAGE (Laemmli, 1970)
(Figure 2). Periplasmic extracts of all three clones
were tested by PTA-ELISA and the results showed
strong positive signals, while they did not interact
with the healthy plant sap. In addition, the ability
of the soluble scFv from the periplasmic extraction
to detect CP-CMV using purified CMV, healthy
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and diseased plant sap was also investigated by
Western blotting (Towbin et al., 1979). The results
not only demonstrated strong interactions with
both the monomer and dimer forms of coat protein
(Figure 3) but also clearly showed that the
periplasmic expression yielded functional scFv
(Padiolleau-Lefevre et al., 2007). Therefore, this
study successfully obtained soluble anti-CMV
scFv from the periplasmic extract, which was
amenable for large scale production and
purification (Padiolleau-Lefevre et al., 2007).

DNA sequencing and molecular modeling of
anti-CMYV scFv antibody

Three CMV-specific clones (2C1, 6A1
and 1D4) from E. coli HB2151 were chosen for
DNA sequence analysis. After the sequences were
aligned by ClustalW Multiple Sequence Alignment
Programs, Version 1.83 (European Bioinformatics
Institute, EBI), the result not only demonstrated
that all three clones were identical (data not
shown), but also clearly showed no evidence of
error from synthesis by Tag polymerase during
PCR. When the Vi and V. of the anti-CMV gene

Mo 2 3 4
66.2kDa 4 - '
45.0kDa + - '
350 kDo + e [ ]
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&
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154 ka2 el
14.4 kDa <= 8
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Figure 2 Coomassie brilliant blue-stained of 12% SDS-PAGE showing the anti-CMV scFv were
extracted from E.coli HB2151 by osmotic shocked extraction. M=prestained protein marker
ladders; lane 1=total proteins of the wild type E.coli HB2151; lanes 2-4=anti-CMV scFv
from clones 2C1, 6A1 and 1D4, respectively. The arrow indicates the 26.3 kDa scFv band.
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were compared with the murine Ig germline using  regions (CDRs) of Vi and V. were indicated as
IgBlast program, the result showed that the  shown in Figure 4.

amplified Vi belonged to the J558.32 subgroup For 3D structure modeling, the
and JH2, while V. belonged to the nucleotide sequence of 6A1 was translated to an
immunoglobulin V. genes and JK2. In addition,  amino acid sequence using the Translate Program
the distribution of complementarity determining  (Expert Protein Analysis System, Expasy).

Mo : 3 % 3
o == '

1160 KD g
66,2 kDa - o E
$5.0kDa g — = * e Dimer
350 kDo e

— — *
250 KD 9 27 kDa

ol CP-UMY

15,4 KD =

144 kDo i

il i)

Figure 3 Analysis of molecular weight of CMV-coat protein by (a) 12% SDS-PAGE and (b)
determination of binding specificity of scFv molecule by Western blotting. M=prestained
protein marker ladders, lane 1=healthy plant, lane 2=diseased plant and lane 3= purified
CMV. Arrows indicate the scFv band at 27 kDa (monomer form) and 54 kDa (dimer form) of
CMYV major coat protein.

V4 amino acid sequence

FR1 CDR1 FR2 CDR2
QVKLQQSGTEVVKPGASVKLSCKASCYIFTSYDIDWVRQTPEQGLEWIGWIFPGEGSTEY 60

FR3 CDR3 FR4
NEKFKGRATLSVDKSSSTAY MELTRLTSESAVYFCARGDYYRRYFDLWGQGTTVTVSS 119
V, amino acid sequence

FR1 CDR1 FR2 CDR2
DIELTQSPAIMSASPGRV TMTCSASSSIRY IYWYQQKPGSSPRLLIYDTSNVAPGVPFRF 60

FR3 CDR3 FR4
SGSFGWGPSYFLTINRMEAEDAAT YYCOQEWSGYPYTFGGGTKLELKR 107

Figure 4 Deduced amino acid sequences of the anti-CMV scFv gene (GenBank Acc. No. EU589245).
A total of six CDRs are identified using the IgBlast Program and are shown in boldface and
underlined.
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Suitable templates for homology modeling were
searched for in the PDB database using the
MATRAS program (Kawabata, 2003). The 6A1
showed 82 % similarity to anti-carcinoembryonic
scFv in the the PDB, accession number 1qok
(Boehm et al., 2000). The 3D structure model of
the anti-CMV scFv could be visualized with the
Jmol viewer as shown in Figure 5.

ACKNOWLEDGEMENTS

The authors thank the Center for
Agricultural Biotechnology, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom and
the Graduate School, Kasetsart University for their
financial support.

LITERATURE CITED

Anamaria, G.Z., T. Lancaster, J.D. Groopman, P.T.
Strickl and S. Chandrasegaran. 2000. Phage
display of peptides recognizing the thymidine
(6-4) thymidine photoproduct. Nucl. Acids
Res. 28: 1-7.

Bashir, N.S., M.R. Kalhor and S.N. Zarghani.
2006. Detection,
phylogenetic analysis of Cucumber mosaic

differentiation and

virus isolates from Cucurbits in the northwest
region of Iran. Virus Genes 32: 277-288.

Boehm, M.K., A.L. Corper, T. Wan, M.K. Sohi,
B.J. Sutton, J.D. Thornton, P.K. Keep, K. A.
Chester, R.H. Begent and S.J. Perkins. 2000.
Crystal  structure of the anti-
(carcinoembryonic antigen) single-chain Fv
antibody MFE-23 and a model for antigen
binding based on intermolecular contacts.
Biochem. J. 346: 519-528.

Chua, K.H., C.S. Tan, N. Khalid, J.A. Harikrishna
and R.Y. Othman. 2003. Synthesis of a soluble
flag-tagged single chain variable fragment
(scFv) antibody targeting Cucumber mosaic
virus (CMV) coat protein. Asia Pac. J. Mol.

Biol. Biotechnol. 11: 93-100.

‘j:;;";*'

- s

i
4 4
A

'\

-+ v,

Figure 5 Three-dimensional structure of the anti-
CMV scFv; Vy is left and V is right.

Gioria, R., L.M. Espinha, J.A.M. Rezende, J.O.
Gaspar and E.W. Kitajima. 2002. Limited
movement of Cucumber mosaic virus (CMV)
in yellow passion flower in Brazil. Plant
Pathol. 51: 127-133.

Hoogenboom, H.R., A.P.de. Bruine, S.E. Hufton,
R.M. Hoet, J.W. Arends and R.C. Roovers.
1998. Antibody phage display and Its
applications. Immunotechnology 4: 1-20.

Hsu, H.T., L. Barzuna, Y.H. Hsu, W. Bliss and K.L.
Perry. 2000. Identification and subgrouping
of Cucumber mosaic virus with mouse
monoclonal antibody. Phytopathology 90:
615-620.

Kawabata, T. 2003. MATRAS: a program for
protein 3D structure comparison. Nucl. Acids
Res. 31: 3767-3769.

Koohapitagtam, M., R. Hongprayoon, P.
Chiemsombat and P. Chanprame. 2004.
Monoclonal Antibodies Raised Against
Cucumber Mosaic Virus lIsolates in
Thailand. The Fifth Princess Congress
International Science Congress: Evolving
Genetics and Its Global Impact. August 16-
20, 2004. Bangkok, Thailand.

Laemmli, U.K. 1970. Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature 227: 680-685.

Lai, Y.S., J.A.C. John, L. Guo, S. Chen, K. Fang



Kasetsart J. (Nat. Sci.) 43(2)

and C. Chang. 2002. In vitro efficiency of
intra-and extracellular immunization with
mouse anti-YGNNYV antibody against Yellow

grouper nervous necrosis virus. Vaccine 20:
3221-3229.

Ming-Yan, X., X. Xiao-Hu, Y. Xiao-Jun and C.

Mei-Zhen. 2004. Production of a human
single-chain variable fragment antibody
against esophageal carcinoma. World J.
Gastroenterol. 10: 2619-2623.

Okamoto, T., Y. Mukai, Y. Yoshioka, H. Shibata,

M. Kawamura, Y. Yamamoto, S. Nakagawa,
H. Kamada, T. Hayakawa, T. Mayumi and Y.
Tsutsumi. 2004. Optimal construction of non-
immune scFv phage display libraries from
mouse bone marrow and spleen established
to select specific scFvs efficiently binding to
antigen. Biochem. Biophys. Res. Commun.
323: 583-591.

Padiolleau-Lefevre, S., C. Alexandrenne, F.

Dkhissi, G. Clement, S. Essono, C. Blache,
J.Y. Couraud, A. Wijkhuisen and D. Boquet.
2007. Expression and detection strategies for
an scFv fragment retaining the same high
affinity than Fab and whole antibody:
Implications for therapeutic use in prion
diseases. Mol. Immunol. 44: 1888-1896.

Saldarelli, P., H. Keller, M. Dell-Orco, A. Schots

and A. Minafra. 2005. Isolation of
recombinant antibodies (scFvs) fo Grapevine
virus B. J. Virol. Meth. 124: 191-195.

Sanz, L., A.M. !Servicio de Inmunologia, Hospital

Universitario Puerta de Hierro, Madrid,
SpainCuesta, M. Servicio de Inmunologia,
Hospital Universitario Puerta de Hierro,
Madrid, SpainCompte and L. Alvarez-Vallina.
2005. Antibody engineering: facing new
challenges in cancer therapy. Acta
Pharmacol. Sin. 26: 641-648.

Towbin, H., T. Stachelin and J. Gordon. 1979.

Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc. Natl.
Acad. Sci. USA. 76: 4350-4354.

Wang, S.H., J.B. Zhang, Z.P. Zhang, Y.E. Zhou,

R.E Yang,J. Chen, Y.C. Guo, F. Youand X.E.
Zhang. 2006. Construction of single chain
variable fragment (scFv) and BiscFv-alkaline
phosphatase fusion protein for detection of
Bacillus anthracis. Analy. Chem. 78: 997-
1004.



