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Abstract

A single chain fragment variable (scFv) antibody gene was isolated from hybridoma cell line secreting monoclonal
antibody (MAb) 20E9 that recognises bluetongue virus (BTV) VP7. DNA fragments encoding variable regions of
heavy and light chains were amplified by RT-PCR and library of scFv was constructed in phage vector. Two scFv
clones that were selected showed specific reactivity with conformational epitope VP7. The N-terminal 22 amino acid
residues of 20E9 light chain were identical to that deduced from scFv DNA sequence. An in-frame TAG stop codon
was found in the coding sequence and its potential role in regulating the expression and stability of scFv in phage is
discussed. © 2001 Elsevier Science B.V. All rights reserved.
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Antibody engineering technology is a new area
in the field of molecular immunology for produc-
tion of large quantities of recombinant antibodies
in bacteria and plants. They would be useful
reagents for human and veterinary medicine, as

well as agricultural industries for diagnosis, treat-
ment and prevention of viral diseases.

Single chain fragment variable (scFv) antibod-
ies are composed of variable heavy (VH) and
variable light (VL) chains of antibody molecules
connected by genetically encoded peptide linker
(Bird et al., 1988; Huston et al., 1988). They are
presented as fusion proteins at the tip of the
minor coat protein of filamentous phages. These
are the smallest units of soluble antibody pro-
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duced in Escherichia coli and yet retain their
function (McCafferty et al., 1990; Burton and
Barbas, 1994; Winter et al., 1994). In the last 5
years, scFv have been made against animal, hu-
man and plant viruses for diagnosis and therapy.
They include influenza viruses (Patterson et al.,
1999), coronaviruses (Lamarre et al., 1997), hep-
atitis viruses (Chan et al., 1996; Yamamoto et al.,
1999), HIV (Lilley et al., 1994), rabies virus
(Muller et al., 1997) and also plant viruses
(Tavladoraki et al., 1993; Franconi et al., 1999).

The orbivirus genus in the family Reoviridae
contains three important viruses that cause animal
diseases, bluetongue in sheep, African horse sick-
ness and epizootic haemorrhagic disease in deer
(Foster et al., 1980). They have ten double-
stranded RNA segments encapsidated by two lay-
ers of proteins. The inner core consists of two
major proteins, VP3 and VP7, and three minor
proteins, VP1, VP4 and VP6. The VP7 is group-
reactive antigen, hence it is used for BTV anti-
body detection (Huismans and Erasmus, 1981). A
number of VP7-specific MAbs have been pro-
duced which recognise both linear and conforma-
tional epitopes. The MAb 20E9, which recognises
conformational epitope (present on the virus sur-
face) is used for BTV diagnosis (Lunt et al., 1988;
Eaton et al., 1991). This study describes cloning,
selection and characterisation of scFv fragments.

The PCR amplified coding regions of VH and
VL chains from MAb20E9 were linked together
by a flexible linker and cloned into vector
pCANTAB5 at Sfi I and Not I sites. The ligation
product was electroporated into TG1 cells (E. coli
TG1 strain (supEhsdD5thiD(lac-proAB) F%
[traD36proAB+ lacIqlacZDM15], which neither
modifies nor restricts transfected DNA (Maniatis
et al., 1982) and grown overnight on LB plates
with 50 mg/ml ampicillin and 2% glucose. Rescued
recombinant phages were selected on antigens (ei-
ther CLP or recombinant VP7) (Martyn et al.,
1990; Zheng et al., 1999). After the third round of
selection, 24 phages were tested in an ELISA and
all the 24 clones reacted with anti-M13 antibody
with mean OD450 2.78 (SD90.02). However, only
2 of the 24 clones (4 and 5) reacted with BTV
CLP and none reacted with BSA which served as
a negative control.

The scFv DNA inserts were sequenced using
the primers fd-SEQ1 (5%-GAATTTTCTGTAT-
GAGG-3%) and Rev (5%-CAGGAAACAGC-
TATGAC-3%). The nucleotide sequences of VH
and VL fragments have been deposited in the
genBank (accession numbers, U89324 for VH and
U89325 for VL). Nucleotide sequence results re-
vealed that clones 4 and 5 have the same inserts.
The nucleotide and deduced amino acid sequences
of VH and VL regions are shown in Fig. 1. Both
regions show homology with published sequences
of mouse antibody genes and contain complemen-
tarity-determining regions (CDR). Nucleotide se-
quences revealed TAG stop codon in the VH
coding sequence. From amino acid sequence de-
termination, the N-terminal amino acid sequence
of the light chain protein was found to be similar
to deduced amino acid sequence from VL chain
DNA fragment (Fig. 1). The N-terminus of heavy
chain appeared to be blocked and no sequence
was obtained.

In addition to CLP and BTV1 antigens, a
group of non-related proteins were tested to vali-
date the specificity of scFv. As shown in Table 1,
scFv reacted with CLP as expected. However, the
reactivity was low with untreated BTV1 virus
(OD450 in the range of 0.18–0.13) but this was
significantly enhanced when the virus was treated
with 1% SDS (OD450 increased to 0.88). There
was no significant reactivity with any of the unre-
lated proteins. The specificity of the scFv was
confirmed by competition ELISA. The scFv anti-
body binding was significantly inhibited (59%) by
MAb 20E9 and there was no inhibition in the
absence of MAb 20E9.

Genetically engineered antibodies have advan-
tages over conventional antibodies. They could be
produced in large quantities in bacteria with good
quality control. They can also be engineered by
affinity maturation and linked genetically to other
protein molecules such as reporter enzymes or
toxins for their use in diagnosis and treatment.

The scFv antibody showed similar binding spe-
cificity to its parental antibody when tested
against VP7 and the binding was inhibited by
MAb 20E9 indicating that the scFv still recognise
the conformational epitope. It is also interesting
to note that the reactivity of phage antibody was
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much stronger with SDS-treated BTV1 virus than
the untreated virus. This is most likely due to
‘‘unmasking’’ of the 20E9 epitope by SDS treat-
ment. Although it is known that the MAb 20E9
can access epitope in native virus (Eaton et al.,
1991), exposure of the binding site is limited
because VP7 is located beneath the outer capsid.

After SDS treatment, the outer capsid may be
partially damaged thus exposing the epitope bind-
ing site to scFv.

Nucleotide sequencing of both VH and VL
revealed typical sequence features of mouse anti-
body molecules. Comparison of deduced scFv
amino acid sequences with the corresponding N-

Fig. 1. The nucleotide and deduced amino acid sequences of the variable regions of heavy (A) and light chains (B) of scFv (from
recombinant phage clone 4). For the light chain, primer-coded amino acid residues at the N-terminus were boxed, and the amino
acid sequence determined by direct protein sequencing is given in boldface. The two residues given below the primer-coded sequence
represent the primer-introduced difference between the original MAb 20E9 protein sequence and the deduced amino acid sequence
of the cloned scFv. Residues corresponding to the complementarity-determining (CDR) regions are shaded and the in-frame TAG
stop codon in the VH coding region is underlined. The 20E9 antibody gene fragments were assembled from about 106 hybridoma
cells following manufacturer’s instructions (Pharmacia, Uppsala).
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Table 1
Binding of phage antibody to different proteinsa

OD450Antigen

BSA 0.08
Lysozyme 0.07

0.07VLP
CLP 1.43

0.18BTV1
0.88BTV1(1%SDS treated)

Sf9 lysate 0.06

a Numbers indicate average OD450 readings of phage anti-
body binding to antigens in ELISA.
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