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Most routine testing for plant viruses is currently carried
out using monoclonal and polyclonal antibodies. Traditional
methods of antibody production however can be time con-
suming and require the use of expensive cell culture facili-
ties. Recombinant antibody technology however is starting to
make an impact in this area, enabling the selection of antibody
fragments in a few weeks compared with the many months as-
sociated with traditional methods and requires only basic mi-
crobiological facilities. Single chain Fv antibody fragments
(scFv) have been selected from a synthetic phage-antibody
library by affinity selection with purified Potato virus Y, or-
dinary strain (PVYO). The scFv selected was specific for
PVY and detected 7 out of 9 isolates of PVYO whilst it did
not detect 15 isolates from the closely related necrotic strains
PVYN and PVYNTN. In ELISA the scFv could be used to
detect virus at concentrations of 50 ng/ml in plant sap and
was shown to have similar limits of detection as commer-
cially available PVY monoclonal antibodies. These results
highlight the potential of the technology for the selection of
strain specific antibodies with an affinity and assay sensitivity
similar to traditional monoclonal antibodies and their use in
viral diagnostics.

1. Introduction

PVY is the most economically important virus in-
fecting potato; in conjunction with Potato leaf roll virus
and Potato virus X it is responsible for crop losses in
potato amounting to £30–50 million per year [3]. The
most important method of control for PVY is the plant-
ing of healthy seed potatoes, which is monitored by
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visual inspection and testing for the presence or ab-
sence of PVY by ELISA, following the growing of tu-
bers [5]. The object of the work was to investigate the
use of phage displayed antibody technology to obtain
single chain Fv antibody fragments (scFv) which detect
PVYO but not PVYN.

2. Materials and methods

The library used was a single chain variable frag-
ment (scFv) phage library, obtained from the MRC,
Cambridge (The Griffin Library [1]). This library con-
tains a large synthetic repertoire of 1.2 × 109 clones
(Fig. 1). Single chain fragments were selected follow-
ing 3 rounds of selection against immobilised purified
virus, following protocols supplied by the MRC.

3. Results

Following screening, scFv were selected which were
specific for PVY and could be used in ELISA (using
readily available antibodies) to detect as little as 5 ng
of purified virus in plant sap (Fig. 2).

The scFv was shown to be specific for the coat protein
by western blotting (Fig. 3) and can detect 7 out of
9 isolates of PVYO whilst being unable to detect 15
isolates of PVYN by ELISA.

4. Discussion

Using phage display technology it should be possi-
ble to select antibody fragments that detect virtually
any antigen [4]. Indeed a number of such reagents
have been selected for the plant viral antigens CMV
and PLRV [2,6]. An important consideration in viral
diagnostics is not simply the detection of the virus, but
also its differentiation from closely related strains of the
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Fig. 1. The Griffin Library.
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Fig. 2. Graph showing the absorbance (405 nm) vs. the PVY concentration in sap (trapped with polyclonal), comparing an scFv and commercial
PVY monoclonal.

same virus; for example the separation of the common
and necrotic strains of PVY.

We have shown it is possible to select antibody frag-
ments, which show a similar limit of detection in ELISA
to that of monoclonal antibodies, directly from large
phage displayed libraries without the need for post-
selection modification. We have also shown that it is
possible to select for fragments that show strain differ-
entiation. Our scFvs detect 7 out of 9 PVYO isolates but
do not cross react with any of the isolates of PVYN or
PVYNTN tested. Such discrimination between PVYO

and PVYN/PVYNTN has not been possible with many
monoclonal antibodies.

This work has demonstrated that by using a library
with a large synthetic repertoire it is possible to select
for fragments which have similar assay sensitivity to
that of monoclonal antibodies, and also that it is possi-
ble to select for fragments exhibiting strain specificity,
an important consideration in viral diagnostics. The

fragments generated can be easily incorporated into
ELISA systems without any further cloning steps.
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Fig. 3. Western blot analysis of purified PVY using scFv, Lane 1 + 3 PVY-O, Lane 2 + 4 PVY-N. Lane 1 + 2, western blot, Lane 3 + 4 silver
stained PAGE gel.

[2] K. Harper, R.J. Kerschbaumer, A. Seigler, S.M. Macintosh,
G.H. Cowan, G. Himmler, M.A. Mayo and L. Torrance, A
scFv-alkaline phosphatase fusion protein which detects potato
leafroll luteovirus in plant extracts by ELISA, Journal of Viro-
logical Methods 63 (1997), 237–242.

[3] R. Hull, Rapid diagnosis of plant virus infections by spot hy-
bridisation, Trends in biotechnology 2 (1984), 2.

[4] A. Nissim, H.R. Hoogenboom, I.M. Tomlinson, G. Flynn, C.
Midgley, D. Lane and G. Winter, Antibody fragments from a

single pot phage display library as immunochemical reagents,
EMBO Journal 13 (1994), 692–698.

[5] H.J. Vetten, U. Ehlers and H.L. Paul, Detection of potato viruses
Y and A in tubers by enzyme linked immunosorbant assay after
natural and artificial break of dormancy, Phytopathologische
Zeitschrift 108 (1983), 41–53.

[6] A. Ziegler, L. Torrance, M. Macintosh, G.H. Cowan and M.A.
Mayo, Cucumber mosaic cucumovirus antibodies from a syn-
thetic phage display library, Virology 214 (1995), 235–238.


