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Grapevine virus A and grapevine virus D are serologically distantly related
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Summary: Grapevine trichovirus A (GVA), B (GVB), and D (GVD) are not serologically related as ascertained by ELISA
and IEM tests using polyclonal antisera. A study to investigate in detail their serological relationships was carried out with a larger
number of reagents, including monoclonal antibodies (MAbs), and serological techniques (ELISA, IEM, tissue blot, Western blot).
The results show that (i) polyclonal antisera to GVA, GVB and GVD cross-reacted in Western blot with all antigens; (ii) one out of
4 MAbs to GVA (MADb PA3.B9) reacted in ELISA, Western blot and tissue blot with the homologous virus and GVD but not with
GVB. It is concluded that GVA, GVB and GVD are serologically distantly related and that the single antigenic determinant common

to GVA and GVD is likely to be a cryptotope.
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Introduction

Grapevine virus D (GVD), a recently described new
member of the trichovirus genus, closely resembles grape-
vine trichovirus A (GVA, ConrI et al. 1980) in biological
behaviour, particle size and morphology, cytopathology,
dsRNA pattern, size of RNA, and organization of the 3' ter-
minal genomic region (ABou-GHANEM et al. 1997). The coat
protein of GVD has a M; of 20.5 kDa, estimated by
polyacrylamide gel electrophoresis, or 17.6 kDa, deduced
from the amino acid sequence of the coat protein gene
(ABOU-GHANEM et al. 1997), values consistently lower than
those reported for GVA, i.e., 22.5 and 21.5 kDa, respec-
tively (Boccarpo and D’ AquiLio 1981; CasTrovILLI and
GALLITELLI 1985; MINAFRA ef al. 1994). The coat proteins
of GVA and GVD have a very high sequence homology
(75 % of identical residues). However, the two viruses are
not serologically related as ascertained by ELISA and im-
mune electron microscopy (IEM) tests, using homologous
and heterologous polyclonal antisera (ABoU-GHANEM et al.
1997).

In the course of further studies, one of the monoclonal
antibodies (MAb) of a panel of 4 raised to GVA (Boscia
et al. 1992) gave a clear-cut response when tested in ELISA
with sap extracted from GVD-infected Nicotiana
occidentalis. This unexpected finding prompted additional
investigations to establish whether, and to what extent, GVA
and GVD are serologically related to each other, and to
grapevine trichovirus B (GVB), MAbs to which are also
available (BoNavia et al. 1996).

Material and methods
The present studies were based on comparative

immunoenzymatic (DAS and TAS-ELISA) (CLark and
Apams 1977) and IEM (MIiLNE and Luisont 1977) assays,

tissue blots (Hsu and Lawson 1991) and Western blots (Hu
et al. 1990), for which the following reagents were used:
(1) polyclonal antisera to GVA (MARTELLI et al. 1994), GVB
(Boscia et al. 1993), and GVD (ABoU-GHANEM et al. 1997);
(ii) a panel of 4 MAbs to GVA denoted PA3.F5, PA3.C6,
PA3.D11, and PA3.B9 (Boscia et al. 1992); (iii) a panel
of 8 MAbs to GVB, named GB1E2G, GB5GI11B,
GB3H10C, GB6G11D, GB2HID, GB6ESE, GB7C6E, and
GB9C2E (BoNavia et al. 1996).

Antigens were viruses multiplied in N. occidentalis
(GVB, GVD) or N. benthamiana (GVA) grown in a tem-
perature-controlled glasshouse at 24-26 °C. In the trials,
11 GVA, 2 GVB and 1 GVD isolate were used.

ELISA: In ELISA tests, carried out as described by
Boscia et al. (1992), each virus isolate was tested sepa-
rately with each of the polyclonal antisera and MAbs. The
latter were used as supernatant culture fluids diluted 1/50
in phosphate buffered saline (PBS), pH 7.4. Plate coating
was with polyclonal antisera, and MAbs were the reveal-
ing antibodies. Alkaline phosphatase-conjugated goat anti-
mouse 1gG was used at a dilution of 1:2000.

Tissue blots: Tissue blot assays (Hsu and
LawsoN 1991) were made using as reagents MAb PA3.B9
alone or in a cocktail with the other 3 anti-GVA MAbs
(PA3.F5, PA3.C6, and PA3.D11). Symptomatic leaves of
Nicotiana infected by GVA or GVD were rolled and trans-
versely cut with a razor blade, then gently pressed on ni-
trocellulose membranes. Longitudinally or transversely
sectioned petioles were prepared in the same way. The
membranes were immersed in a blocking solution (PBS
containing 1 % BSA) for 60 min at room temperature, then
incubated at room temperature for 2 h with MAbs (pri-
mary antibodies) diluted in PBS with 0.5 % bovine serum
albumin (BSA). After three washings of 10 min each in
PBS-Tween 0.05 %, the membranes were exposed for 2 h
at room temperature to alkaline phosphatase-labelled spe-
cies specific secondary antibodies (anti-mouse IgGs), and
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stained by soaking in a solution of 14 mg nitroblue
tetrazolium (NBT) and 7 mg S-bromo-4-chloro-3-indolyl
phosphate (BCIP) in 40 ml of substrate buffer (0.1M Tiis,
0.1M NaCl and SmM MgCl,, pH 9.5).

Immunoelectron microscopy:
Decoration tests were done as described by MILNE and
Luisont (1977) by exposing virions extracted from infected
Nicotiana sap to polyclonal antisera and MAbs, all undi-
luted.

Western blots: Dissociated GVA, GVB and
GVD capsid proteins (CP) were electrophoresed in SDS-
PAGE discontinuous system (LaemMmL1 1970) and trans-
ferred to PVDF membranes with a semi-dry Trans-blot cell
apparatus (Bio-rad Laboratories, Hercules CA) as described
by Hu et al. (1990). After overnight blocking in 5 % non-
fat milk powder, 1 % BSA and 0.05 % Tween-20 in TBS
buffer (0.02M Tris, 0.5M NaCl) at 4 °C, the membranes
were incubated for 2 h at 37 °C with polyclonal antisera to
GVA, GVB and GVD, and monoclonal antibodies to GVA
(PA3.B9; PA3.C6, PA3.F5 and PA3.D11) and GVB
(GB6G11D) diluted 1:300 in the same buffer. The mem-
branes were then washed in TBS buffer containing 0.5 %
Tween-20 and incubated for 1 h at 37 °C in alkaline
phosphatase-conjugated anti-rabbit and anti-mouse IgGs
diluted 1:2000 in the blocking solution. After further wash-
ing, the membranes were stained by soaking in a solution
of 14 mg nitroblue tetrazolium (NBT) and 7 mg 5-bromo-
4-chloro-3-indolyl phosphate (BCIP) in 40 ml of substrate
buffer (0.1M Tris, 0.1M NaCl and SmM MgCl, pH 9.5)
(Hsu and Lawson 1991).

Results

ELIS A: In the trials, all polyclonal antisera recog-
nized only the homologous antigens. Similarly, MAbs to
GVA and GVB reacted specifically with the homologous
viruses, regardless of the isolate, except for GVA MAb
PA3.B9 which recognized also the single GVD isolate
tested. The reaction of MAb PA3.B9 with GVD was posi-
tive regardless of whether polyclonal antisera to GVA or
GVD were used for plate coating. However, the intensity
(i.e., A4ps readings) of the heterologous reaction (GVAMAD
PA3.B9/GVD) was consistently lower than that of the ho-
mologous reaction (GVA MAb PA.3B9/GVA) (Table).

Tissue blots: Very strong positive reactions
were obtained with blots from GVA-infected tissues ex-
posed either to the GVA MAD cocktail (Fig. 1 A2, B3) or
to MAb PA3.B9 alone. Much milder but still positive re-
actions were also obtained with blots from GVD-infected
plants treated with MAb PA3.B9 (Fig. 1 B2), thus con-
firming the ELISA results.

Immunoelectron microscopy: In
accordance with previous results (Boscia et al. 1993, 1994;
Bonavia et al. 1996; ABou-GHANEM et al. 1997), polyclonal
antisera decorated only homologous viruses (not shown).
Similarly, MAb PA3.F5, but none of the others, decorated
GVA particles (Boscia et al. 1992), whereas of the 8 MAbs
to GVB, only 6 decorated homologous particles (BoNAviA
et al. 1996). No heterologous decorations by any of the

Table

Results of ELISA tests with 4 monoclonal antibodies to GVA
and homologous (isolate GVA-PA3) and heterologous (GVD)
antigens in infected sap of Nicotiana @

Monoclonal antibodies to GVA

PA3.B9 PA3.C6 PA3DI11 PA3F5

Coating with the polyclonal antiserum to GVA
Antigens

GVD 0703 0.058 0.062 0.049

GVA-PA3 1.871 1.859 1896 1.071

Control® 0.061 0.068 0054 0.032
Coating with the polyclonal antiserum to GVD
Antigens

GVD 0.546 0.043 0.037 0.032

GVA-PA3 1.611  1.104 1925 0451

Control® 0.062 0.059 0.068 0.043

@ Figures are mean A4gs values of seven replicates.
Positive reactions are in bold.
®  Controls were extracts from healthy Nicotiana.

Fig. 1: Tissue blots of cross-sectioned rolled-up leaves and trans-
versally- and longitudinally-sectioned petioles of symptomatic
and healthy (control) Nicotiana leaves. Panel A: 1, control; 2,
blots from GVA-infected plants exposed to a cocktail of 4 mono-
clonal antibodies to GVA. Panel B: 1, control; 2, blots from GVD-
infected plants exposed to GVAMAD PA3.B9; 3, blots from GVA-
infected plants exposed to GVA MAb PA3.B9. Note that the ho-
mologous reaction is much stronger than the heterologous.

MAbs were detected. GVD particles were not decorated
by any of the heterologous polyclonal antisera nor by any
of the MAbs to GVB or GVA, including MAb PA3.B9 (not
shown).

Western blots: Polyclonal antisera to GVA,
GVB and GVD clearly recognized in Western blots disso-
ciated CPs of homologous and heterologous viruses
(Fig. 2 A, B, C). By contrast, virus specific reactions were
given by most of the MAbs: anti GVA MAb PA3.C6
(Fig. 2, D) and MAbs PA3.D11 and PA3.F5 (not shown)
recognized only GVA CP, whereas anti GVB MAb
GB6GI11D reacted only with GVB CP (Fig. 2, E). Anti
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