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Abstract

Twelve monoclonal antibodies (MAbs) were obtained by immunizing mice with a French isolate (F1) of wheat
yellow mosaic virus (WYMV). Three of these (3D12, 2C1, 6C3) belong to the IgM class and the nine others to the
IgG class (3D8, 3H1, 2BS, 1F2, 3C10, 4F12, 3H9, 1G5, 54). In antigen-coated plate (ACP) ELISA and indirect
double antibody sandwich (IDAS) ELISA, all MAbs recognize the WYMYV (F1) both in the form of purified
particles and in wheat leaf extract. The analysis of numerous French isolates of WYMYV shows a variable reactivity
with MAbs 3D8, 3H1, 2B8, 3C10, 3H9 and 1G5 in IDAS — and ACP-ELISA. The Japanese isolate of WYMYV and
United States isolates of wheat spindle streak mosaic virus (WSSMV) were detected in IDAS- and ACP-ELISA
by ten of the MAbs tested showing that the wheat bymoviruses originating from the three locations share a high
epitopic homology. French isolates of barley yellow mosaic virus (BaYMYV; pathotypes 1 and 2) were only detected
in ACP-ELISA with MAbs 6C3, 3D8, 3H1 and 2B8 whereas the two Japanese strains (I-1, II-1) of MaYMV were
recognized with these and also with that of 3C10. In IDAS-ELISA, the two Japanese strains were clearly detected
by MAbs, 6C3, 3D8§, 3H1, 1F2, 3C10 and 1G5 and the British and Belgian (pathotype 2) isolates only by that of
6C3. Only the Japanese strain of BaYMYV, 1-1 could be detected with MAb 3H9 in this ELISA system.

Introduction

Wheat bymoviruses have been described, in Japan as
wheat yellow mosaic virus (WYMYV) [Inouye, 1969]
and in Canada as wheat spindle streak mosaic virus
(WSSMV) [Slykhuis and Polak, 1969]. The particles
of these two viruses have common properties [Usugi
and Saito, 1979; Usugi ef al., 1989] and produce simi-
lar modifications of the cells of infected plants [Ruan et
al., 1991]. However, slight differences in symptoma-
tology and serological relationships led Usugi and
Saito [1979] to propose that WSSMYV is a strain of
WYMV. In Europe, wheat bymoviruses have either
been called WSSMYV [Signoret et al., 1979; Proeseler
and Stanarius, 1983; Rubies-Autonell and Vallega,
19871 or WYMV [Lapierre ef al., 1985].

Using polyclonal antibodies, it has been demon-
strated in Asia [Usugi ef al., 1989], in Europe [Chen
and Adams, 1991; Huth, 1988] and in America [Carroll
et al., 1993; Carroll et al., 1995] that wheat bymo-
viruses were strongly related to barley yellow mosaic
virus (BaYMV), the type member of the bymovirus
genus although these viruses have different hosts.

To study the antigenic variability of WYMYV, we
prepared MADs against a French WYMYV isolate from
the ‘Centre’ region of France. In this paper, we describe
the reactivity of these MAbs with isolates of WYMYV,
WSSMV and BaYMYV from different origins.
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Materials and methods

Purification of the French WYMYV isolate (F1)

Virus was purified using wheat leaves (cv Pemel)
collected at Saunay (Loir et Cher) at the early stages of
mosaic virus expression. Batches of 200 g were ground
in O1. M citrate buffer, pH 7.2, containing 0.5 M urea,
0.005 M EDTA and 0.5% 2-mercaptoethanol, filtered
through cotton wool, lightly clarified (5000 g, 15 min)
then stirred in the presence of 1/3 volume of chloro-
form at 4 °C for 45 min. After centrifugation (5000 g,
15 min), the supernatant was ultracentrifuged through
asucrose cushion (20%, 5 ml) in 35 ml tubes at 180,000
g for 100 min. The pellet was resuspended in 0.1 M
citrate buffer, pH 7.2, and kept at 0 °C overnight. The
suspension was then placed over a solution of caesium
chloride of an initial density of 1.32 in 4.5 ml tubes.
The tubes were ultracentrifuged in a VTI 55 rotor at
50,000 rpm for 5 h at 4 °C. The virus-containing frac-
tions were collected and centrifuged at 45,000 rpm for
5 hin a R70 rotor. The purified virus was resuspended
in 1 m] of distilled water.

Production of hybridomas and ascites
Two 20-week old female BALB/c mice were immu-
nised using the technique described by Mirza et al.
[1987]. Twenty ug of solubilized virus in 0.1 M phos-
phate buffer, pH 7.2, was emulsified in the same
volume of Freund’s adjuvant and injected intramus-
cularly. On day 12, a booster injection containing
the same quantity of virus and Freund’s adjuvant was
administrated. On day 15, samples of popliteal and
inguinal lymph nodes were collected. The lymph cells
were fused with Sp 2/0 myeloma cells in the pres-
ence of polyethylene glycol (PEG) 4000. Hybrid ceils
were selected according to their rate of development
on the selective medium (RPM1/1640) supplemented
with 10% foetal calf serum (FCS) and HAT (hypoxan-
thine/aminopterine/thymidine) inactivated by heat.
Ten days after fusion, the capacity of the hybridoma
culture supematant to recognize the antigen was tested
in IDAS- and ACP-ELISA and the hybridomas cho-
sen were cloned and multiplied. The cells of each of
the selected subclones were injected into two pristane-
primed mice. The ascites were recovered ten days after
injection following the method of Galfre and Milstein
[1981].

Determination of isotypes and titration of MAbs

The isotypes of the MAbs were determined by the
culture supernatant test using the method described by
Thomas et al. [1986].

The ascite immunoglobulins were partially purified
by precipitation with saturated ammonium sulphate
(1v/9v). The titre of these antibodies was deter-
mined by ACP-ELISA with a leaf extract of WYMV
(FD(1w/10v)(Table 2).

Origin and purification of the IgG polyclonal sera
The anti-WYMV and anti-BaYMV polyclonal sera
produced in rabbits were kindly provided by Drs W.
Huth and M. J. Adams, respectively. The anti-WYMV
serum was prepared using a French isolate from the
‘Centre’ region [Huth, 1988] and the anti-BaYMV
from Wiltshire (GB) [Adams, 1991]. IgGs were puri-
fied following the protocol described by Clark and
Adams [1977].

Virus isolates: sources and preparation (Table 1)
Samples were ground (1w/10v for fresh leaves and
1w/100v for desiccated leaves) in 0.1 M citrate buffer,
pH 7.2, containing 0.5 M urea, then filtered through
cotton wool and lightly clarified (5000 g, 15 min)
before testing.

Immunoenzymatic detection of WYMV and

BaYMV

Double antibody sandwich (DAS) ELISA. The tech-
nique used was essentially that described by Clark and
Adams [1977]. Microtitre plates (Greiner 96 wells)
were coated with polyclonal antibody, at 1 pg/ ml in
coating buffer (2.93 g NaHCOs3, 1.59 g Na,COs/litre)
pH 9.6. After incubation for 2 h at 37 °C, the plates
were blocked using 1% bovine serum albumin (BSA)
in phosphate buffered saline (PBS: 8 g NaCl, 0.2 g
KH,POy, 2.9 g Na,HPO4.12 H,0, 0.2 g KCI, 0.2 g
NaN5/ litre) containing 0.05% Tween 20 (PBS-T) for
1 h at 37 °C. Leaf tissue was extracted in 0.1 M cit-
rate buffer, 0.5M Urea pH 7.2 (1w/10v or 1w/100V),
added to the wells and left overnight at 4 °C. Rab-
bit IgG anti-WYMYV or anti-BaYMYV coupled to alka-
line phosphatase was diluted 1/1000 with PBS-T and
added to the wells for 3 h at 37 °C. After addition of
p-Nitrophenyl phosphate (p-NP) at 1 mg/ml in 10%
diethanolamine, pH 9.8, the plates were left at room
temperature, and absorbance values at 405 nm were
measured several times. All reactants were used at 100
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ul per well. The plates were washed with PBS-T after
each stage.

Antigen-coated plate (ACP) ELISA The technique used
was similar to that described by Voller et al. [1979].
Microtitre plates was coated with the purified parti-
cles of WYMV (F1)(1 pg/ ml) or leaf extract diluted
in coating buffer and maintained overnight at 4 °C.
After rinsing, the wells were saturated with 1% BSA
and incubated at 37 °C for 1 h. The plates were rinsed
and coated with MAbs (1ug/ml of PBST buffer) and
incubated at 37 °C for 1 h. After rinsing, the plates
were coated with rabbit anti-mouse IgG coupled to
alkaline phosphatase (1xg/ml), incubated at 37 °C for
3 h, rinsed and finally p-NP substrate was added as in
DAS-ELISA.

Indirect double antibody sandwich (IDAS) ELISA.
IDAS-ELISA was followed by D’Arcy et al. [1989]
with some modifications. The microtitre plates were
coated with polyclonal antibodies (1 zg/ml in the coat-
ing buffer). After incubation for 2 h at 37 °C, the plates
were blocked with BSA for 1 h at 37 °C. The antigen,
prepared as for DAS-ELISA, was added to the wells
and incubated overnight at 4 °C. The second antibod-
ies were anti-WYMYV Mabs (1 g/ml of PBS-T buffer,
2 h at 37 °C), and the third antibodies were rabbit anti-
mouse IgG (1pg/ml) coupled to alkaline phosphatase.
After incubation for 3 h at 37 °C, p-NP was added as
in DAS-ELISA.

Results

Production of hybridomas

Twenty hybridomas specifically detected WYMV (F1)
in leaf extracts in ACP-ELISA. Among these, 12
hyrbidomas selected for the quality of their secreting
cells were subcloned. Analysis of 160 subclones made
it possible to select a secreting cell line for each of
the 12 MAbs. Three of these MAbs were of the IgM
type (3D12, 2C1, 6C3) and the others were of the IgG
type. Only antibody purified by affinity chromatog-
raphy from ascites fluid was used in subsequent assays
(Table 2).

Reactivity of MAbs with WYMV (F1)

The 12 MAbs that detected WYMV (F1) in leaf
extracts, also detected purified WYMYV (F1) in IDAS-
and ACP-ELISA. In both ELISA systems, MAbs, 3H9,
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1G5 and 5F4 did not recognize the virus as readily as
the other MAbs (Table 2).

Reactivity of MAbs with French WYMV isolates
WYMYV from 20 origins were tested with 7 WYMV
Mabs in ELISA. Only 4 representative isolates are
shown (Table 3). In IDAS-ELISA, isolates 1 and 2
were detected with all Mabs, isolate 3 with Mabs 6C3,
3D8, 3H1, 2B8 and 3C10 and isolate 4 only with MAb
6C3. In ACP-ELISA isolate 1 was detected with all
Mabs and isolates 2, 3 and 4 only by MAbs 6C3 and
2B8.

Reactivity of MAbs with American WSSMV and
Japanese WYMV isolates

The ten MAbs (6C3,3D8,3H1,2B8,3C10, 4F12, 1F2,
3H9, 1G5, 5F4) detected a Japanese isolate of WYMV,
and U. 8. isolates of WSSMYV inoculated mechanically
or through the soil (Table 4), but some relative differ-
ences occurred. For example, MAbs 6C3 and 3D8
recognized WYMYV (J) more readily than WYMYV (F1),
while WSSMV was poorly recognized by the poly-
clonal antibody and most of the MAbs whereas MAb
1G5 reacted more strongly with it than with either of
the WYMYV isolates. The distinct responses of these
MAbs to these isolates indicated that virus concentra-
tions alone could not explain this behaviour.

Reactivity of the MAbs with the different BaYMV
isolates

None of the 12 MAbs reacted in IDAS-ELISA with
the BaYMV 1(F1) whereas in ACP-ELISA the MAbs
3D12, 2C1, 6C3, 3D8, 3H1 and 2B8 readily detected
this virus (Table 5). Nine of the Mabs were used to
compare different isolates of BaYMV from Europe
and Japan in IDAS-and ACP-ELISA. As a control
these isolates were tested with WYMV and BaYMV
polyclonals antibodies in DAS-and ACP-ELISA. All
the isolates reacted strongly with the polyclonal anti-
bodies (Table 6). In IDAS-ELISA, the British isolate
and especially Belgian BaYMV 2 and the two Japanese
isolates of this virus were recognized by the MAb 6C3.
The MAbs 3D8, 3H1, 1F2,3C10 and 1GS5 also recog-
nized the two Japanese strains whereas MAb 3H9 only
recognized the strain BaYMV I-1. In ACP-ELISA, all
the isolates of BaYMV were detected strongly by 6C3
and weakly by 3D8 and 3H1. The isolates of British
and Belgian BaYMV 2 were not recognized by Mab
2BS.
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Table 3. Detection of WYMYV (F) isolates with MAbs and PAb in IDAS-DAS and ACP-ELISA

Isolates”
ELISA 1* 3 4 Healthy contro}
IDAS 6C3 0,789 £0.065° 1.047£0065 0.824+0.078 05680062 0.059+0.045
D8 1.023+£0.077 07890078 0.412£0.069 0.101x0.045 0.047£0.034
MAbs 3HI L112£0082 08020089 0.437£0.042 0.15220.074  0.069+0.035
288 0.982£0.186 0.605+0.075 02910025 007620048 0.045£0.015
3Clo 1.145£ 0076  0.895x0.048 03010039 0.099%0.065 0.122+0.048
3H9 0.351+£0.071 07000073 007120075 0.124£0078 0.073£0.068
1G5 0.364 0038 0.48720.040 0.154+£0057 0.159+£0090 0.097+0.058
DAS PAb WYMV . L187%0051 1.235+0.048 0879+0081 0,785+0.075 0.198+0.047
ACP 6C3 21470078  2.152+0095 2.215£0092 251220085 0.075+0.036
D8 2.887 20.115 0.111£0052 0.141£0052 007120009 0.111£0.073
3H1 28010065 0.155+£0.058 01120079 0.150+0.038  0.175+0.045
MAbs 2B8 2,114 0.125 1.421£0.046 10850079 0.408:0.047 0.087£0.063
3C10 2.625+0.106  0.078+0.049 0078 £0.080 0.0994£0.079 0.122+£0.034
3H9 0.405+0.112  0.087£0.062 0.105£0.101 0.089%0.111  0.112%0.085
1G5 0.354 +0.078 02650047 01800099 0.189+£0.089 0.180+0.065
PAb WYMV 2.1240.049  2.047£0.089 225840058 2.154%0.068 0.153+0.053

a - Refer to table 1 for a description of isolates. Leaf extract (1w/ 10v in citrate buffer).
b - Absorbance at 405 nm values after 1 hour substrate - enzyme - incubated period for ACP-ELISA
and 2 hours for IDAS-and DAS-ELISA ( standard deviation for 2 repetitions and 2 replications).

Absorbance at 405 nm values equal or above two times the healthy control absorbance at 405 nm value is considered as positive.

Discussion

Twelve MAbs directed against WYMV (F1) reacted
with this isolate in IDAS- and ACP-ELISA. However,
using different WYMYV isolates the reactivity of these
antibodies varied depending on the system of detection
and the isolates of this virus. In IDAS-ELISA, MADb
6C3 was the antibody which recognized all the French
isolates. In this system of detection, Mabs 3D8, 3H1
2B8, 3C10, 3H9 and 1G5 showed variable behaviour
compared to MAb 6C3. In ACP-ELISA the MAbs
6C3 and 2B8 recognized all the isolates. These results
show that if the same epitopic motifs existed in the
different French isolates of WYMYV, they were not as
well exposed in each of them and/or they had different
affinities with some of these antibodies.

Both American isolates of WSSMV and Japanese
isolate of WYMYV reacted with the 10 MAbs tested.
However, different reactivities of these MAbs were
observed with these isolates compared to the French
isolate F1. These differences could also be explained
either by the different environment of these epitopes
or possibly distinct amino acid sequences of their cap-
sid proteins. The similar susceptibility of some wheat
cultivars in the USA to WSSMV [Lommet et al.,
1986] and in France to WYMYV (Lapierre, unpublished
results) and the strong serological relationship between
them suggests that they are different strains of the same
virus.

Two categories of monoclonal antibodies could be
defined based on their reactivity to the French isolates
of BaYMV. In ACP-ELISA the MAbs 6C3, 3D8 and
3H1 were the only ones to recognize all these iso-
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Table 4. Detection of WYMYV (J) and WSSMV (USA1, USA2) with MAbs in IDAS-and DAS-ELISA

Isolates®
ELISA WYMVH? FI)  WYMV® () WSSMV*3(USAL) WSSMV*(USA2) Healthy control
IDAS 6C3 0.744 £0.035°  1.053+0.058 0.776 = 0.030 0.868 + 0.067 0.087 £0.014
D8 1,145 = 0.047 1.704 £0.093 0.409 £ 0.024 0.509 +0.052 0.069 £ 0.012
3H1 1.126 = 0.020 1.230 = 0.077 1.114 £ 0.058 1.222 £0.057 0.089 + 0.032
2B8 1.212£0.123 0.776 + 0.088 0.772£0.075 0.690 + 0.030 0.074 £0.022
310 1.009 +0.082 0.518 £ 0.065 1.089 % 0.056 1.234 £ 0.080 0,078 £0.082
MAbs 4F12 1.350 +0.089 0.750 + 0.065 0.521 +£0.010 0.218 + 0.090 0.090 % 0.018
1F2 1.125 0.052 0.782 0,092 0.952 +0.052 0.795 + 0.002 0,08 +0.052
3H9 0.286 + 0.078 0.320 +0.067 0.204 +0.101 0.299 £ 0.067 0.087 £ 0.007
5F4 0.197 £0.058 0.275 = 0.066 0.204 £ 0.030 0.212 +0.020 0.078 £ 0.010
1G5 0.323 £ 0.086 0.319 = 0.055 1.150 £ 0.075 0,749 £ 0.071 0.078 £ 0.041
DAS PAb® 1.245 £ 0.093 0.696 0,078 0.301 £ 0.070 0.255 £ 0.047 0.069 £ 0.032

a - Refer to table 1 for a description of isolates (al= 1w/ 10v, a2= 1w/100v of citrate buffer).

b - Polyclonal antibodies of WYMV

¢ - Absorbance at 405 nm values afier 1 hour ( standard deviation for 2 repetitions and 2 replications).

Absorbance at 405 nm values equal or above two times the healthy control absorbance at 405 nm value is considered as positive.

lates. The fact that this recognition only occurred in
ACP-ELISA with french BaYMV isolates although
it also occured in IDAS-ELISA with WYMV (F1)
indicates that the same epitopes are exposed differ-
ently on the particles of the two viruses. The positive
response of the polyclonal antibodies to BaYMV in
DAS-ELISA, despite the substantially reduced reactiv-
ity because of their coupling to alkaline phosphatase,
could be explained by a cooperation among the mono-
clonal antibodies represented in the WYMYV polyclonal
antiserum.

The motifs recognized by 6C3 exposed in native
particles of WYMV (IDAS-ELISA) were also exposed
in native particles of British and Belgian isolates of
pathotype 2 and the two Japanese strains of BaYMV.
The two Japanese isolates of BaYMV were recognized
moreover by Mabs 3D8, 3H1, 1F2, 3C10 and 1G5
whereas BaYMV I-1 was also recognized by MAb
3H9. The reactivity of MAbs 1F2 and 3C10 with the
two Japanese isolates of BaYMV and of 3H9 with one
of them was unexpected. These two isolates are also
distinguished with a monoclonal antibody to BaYMV
(Hariri unpublished results). These MAbs interacted
with the epitopes situated on the native particles of
these 2 Japanese isolates.

Although the French isolates of BaYMV made
it possible to distinguish 2 groups of MAbs, the

behaviour of the foreign isolates of this virus increased
the number of antibody groups to 4. The analysis of
a larger range of European and Asian isolates having
undergone a purification cycle and treated in the form
of intact particles and capsid protein subunits would
make it possible to determine their potential in charac-
terizing different serotypes of this virus.

The amino acid sequences of the capsid protein of
WSSMYV from the south of France [Sohn et al., 1994]
and 3 isolates of BaYMV [Kashiwazaki et al., 1990;
Peerenboom et al., 1992; Benediek et al., 1993] share
a high homology. The variable zones between these 2
viruses are situated all along this protein but especially
on the first (N-terminal) third. Furthermore, the capsid
protein of two isolates of BaYMV [(G and JII] only
bave nine different amino acids situated in the first
70 of the N terminal zone. The relationship between
the sequences data and the interactions described here
among the MAbs of WYMYV and the different isolates
of BaYMYV were not elucidated. Neither the positionof
the epitopes on the N terminal zone nor the amino acid
sequences of most of the isolates of BaYMYV studied, in
particular BaYMV (J) I-1, are known. If all the variable
sequences of the capsid protein of the BaYMYV isolates
are situated in the N terminal zone, a sequence of this
zone is recognized by 3H9 in WYMV (F1) and in
BaYMV I-1.
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