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Abstract

Thirteen hybridoma cell lines secreting monoclonal antibodies (MCAs) to- watermelon
mosaic virus 2 (WMYV-2) were produced by fusing spleen cells of immunized mice and mouse
myeloma cell line. The MCAs recognized at least three different epitopes on the particles
of WMV-2, WMYV-2 and zucchini yellow mosaic virus (ZYMYV) shared one epitope (cryp-
totope) because a group of MCAs (group 3) to WMV-2 reacted only with ZYMYV treated
using carbonate buffer, pH 9.6 in non-precoated indirect enzyme-linked immunosorbent
assay (I-ELISA) but not in precoated I-ELISA with rabbit antiserum to WMV-2. This
fact provided a basis for clarification of the serological relationship between the two viruses.
ELISA using MCA WMV-2 15 was found to be useful for WMYV-2 detection and/or diag-
nosis of field samples.

(Received April 16, 1990)
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INTRODUCTION

Watermelon mosaic virus 2 (WMV-2) is one of the most established potyviruses that has
been reported to be widely distributed and to be the most prevalent virus damaging cucurbit
crops in various areas of the world'?-19, The virus has formerly been known to be serologically
related to, but distinct from, zucchini yellow mosaic virus (ZYMV)10:15, More recently, how-
ever, several papers with contradictory results have been published on the extent of the rela-
tionship between these two viruses®*142®), Part of the contradiction may arise from the dif-
ferent method of assay and the heterogeneity of the antisera used in the different laboratories.

The objectives of the work were to produce and characterize the monoclonal antibodies
(MCAs) to WMV-2 and to use them in enzyme-linked immunosorbent assay (ELISA) for
differentiation of WMV-2 and ZYMYV, and for virus diagnosis. Preliminary reportsihave been
previously presented!®:2%),

MATERIALS AND METHODS

Viruses and polyclonal antibodies. WMV-2 (isolate M-18) was isolated from diseased
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pumpkin (Cucurbita maxima cv. Ebisu) collected from Miyazaki Prefecture. It was then puri-
fied using a method as described previously!”. Polyclonal antibody (PCA) against WMYV-2
was produced by injecting a total of 3.6 mg purified virus into a rabbit at monthly intervals.
The virus was mixed with an equal volume of Freund’s complete adjuvant at the first injection,
and with incomplete adjuvant for the following injections. Booster was done at one month after
the third injection. The antiserum was collected one week after booster and had a precipitin
ring titer of 1,024. ZYMYV and it’s rabbit antiserum were the same as in the previous study??.

Immunization of mice, cell fusion and cell culture. Two six-week-old BALB/c
mice were used for immunization. Each mouse successively received intraperitoneal injection
three times with three weeks between injections, using approximately 10 uxg, 30 pg and 60 ug
of purified virus, respectively. The virus was emulsified with Freund’s complete adjuvant
(1:1, v/v; Difco Laboratories, Detroit, Mich.) using two syringes at the first injection and with
Freund’s incomplete adjuvant at the following injections. The mouse received a final immuniza-
tion of virus (100 ug) by the intravenous route in phosphate-buffered saline (PBS) 4 days before
fusion.

Myeloma cell line, P3-X63-Ag8-Ul, was employed in this experiment. The myeloma
cells were grown using medium of Roswell Park Memorial Institute 1640 (RPMI 1640, Gibco)
supplemented with 109 fetal calf serum (FCS), 100 pg/ml penicillin, 2 mM L-glutamine, 20
ug/ml gentamicine sulfate, 0.2 uM hypoxanthine and 0.01 gM thymidine (HT medium) in
water-jacketed incubator (Forma Scientific).

The fusion of spleen cells with myeloma cells was done by the method described by Galfree®
using 45 % (w/v) polyethylene glycol 4,000 (Merck) as the fusing agent. Ten days after fusion,
supernatant fluid from growing culture was assayed for the presence of a specific antibody
using non-precoated and precoated procedures of indirect enzyme-linked immunosorbent assay
(I-ELISA) with the assay condition as used in the previous work??-2), This was done in micro-
titre plates (Immulon I, Nunc) with antigen of 1 ug/ml purified WMYV-2. The selected hybrid-
omas were cloned under condition of limiting dilution using rat peritoneal cells as the feeder.
Cloning was repeated three times. The hybridomas were stored in liquid nitrogen in FCS
containing 10 %, dimethyl sulfoxide.

Production and isotype determination of MCA. Ascitic fluids were produced
by intraperitoneal injection of hybridomas into mice which had been given the injection of 0.5
ml 2,6,10,14-tetramethyl pentadecane (pristane, Wako Pure Chem.) two weeks earlier.

A kit for identification of subclass specific antisera (Bio-Rad) containing rabbit anti-mouse
subclass antiserum specific to mouse IgA, 1gGl, 1gG2a, IgG2b, 1gG3, IgM, kappa light chain,
and light chain was used for isotyping the MCA.

Purification of MCA. Immunoglobulins from ascitic fluids were concentrated by
precipitating with 459 (v/v) saturated ammonium sulfate. The precipitates were dissolved
in 0.01 M phosphate buffer, pH 8.0, containing 0.14 M NaCl and dialyzed against :the same
buffer. Separation of mouse IgG was done using a Protein A-Sepharose CL-4B column (Phar-
macia) with the method as described by Schreier®.

ELISA. Unless otherwise stated, the ELISA condition was the same as that in the
earlier experiments®-?Y, except that the plates were Immulon II (Nunc). Three times of 3-
min washing were done between each step of the assay.

RESULTS

Characterization of MCAs to WMV-2

Of the 854 wells into which the fusion products were distributed, 763 contained hybridoma
colonies. The antibody-secreting activity of these hybridomas was analyzed by non-precoated
and precoated I-ELISA. Of the 763 wells growing colonies, 13 produced antibodies specific
to WMV-2. Some properties of 13 stable hybridomas after two cycles of cloning at limiting
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dilution are given in Table 1.

The MCAs could be divided into three groups on the basis of their reactivity with WMV-2
and ZYMYV in two I-ELISA procedures. The group 1 reacted specifically to WMYV-2 in non-
precoated I-ELISA but not in precoated I-ELISA, and group 2 reacted specifically to WMV-2
in the two I-ELISA procedures. Group 3 reacted with either WMV-2 and ZYMYV in non-pre-
coated I-ELISA but not in precoated I-ELISA (Table 2).

Epitope discrimination

Information on epitope discrimination was obtained by inhibition binding assay!®? with
slight modifications. Briefly, virus was diluted in buffer containing 100 ug/ml blocking MCA
to give a final concentration of 1 pg/ml. After a 120-min incubation at 37 C, 100 ul aliquots
were transferred to MCA-coated microtitre plates and the level of unblocked binding sites was
estimated by precoated I-ELISA using gamma-globulin (2 ug/ml) from rabbit antiserum as
the intermediate antibody. The data showed that the MCAs could be divided into three groups
which indicated the presence of at least three antigenic determinants (epitopes) in the particles
of WMYV-2 (Table 3).

Table 1. Some properties of selected monoclonal antibodies (MCAs) against watermelon mosaic
virus 2 (WMV-2)

Titre (—log)®>

MCA ~ Subclass
Culture medium Ascitic fluid
WMV-2 1 IgM 2-3 5-6
WMV-2 2 1gG2a 2-3 6-7
WMV-2 3 I1gG2a 2-3 6-7
WMYV-2 4 IgG2a 2-3 6-7
WMV-2 6 1gG2a 3-4 6-7
WMV-2 7 IgM 3-4 6-7
WMV-2 8 1gG2a 4-5 8-9
WMV-2 12 IgG2a 4-5 n.t.b
WMYV-2 14 IgG2a 3-4 7-9
WMV-2 15 IgG2a 4-5 : 8-9
WMV-2 16 IgG2a 2-3 6-7
WMV-2 17 I1gG2a 4-5 8-9
WMV-2 18 IgG2a 3-4 6-7

a) The titre was determined using non-precoated indirect enzyme-linked immunosorbent assay thh 1
pg/ml of purified watermelon mosaic virus 2 as the antigen.
b) n.t.=not tested.

Table 2. Reactivity of 13 monoclonal antibodies to watermelon mosaic virus 2 (WMV-2) with WMV-2
and zucchini yellow mosaic virus (ZYMYV) in two indirect-ELISA procedures

Hybfidoma Non-precoated I-ELISA 2> Precoated I-ELISA b>
Group Number WMYV-2 ZYMV WMV-2 ZYMV
1 1,7 + — - —
2’ 3’ 47 6’ 8!
12,15, 17 + — + -
3 14,16, 18 + + - -

a) Non-precoated indirect enzyme-linked immunosorbent ‘assay (I-ELISA) was done usmg 1 pg/ml of
purified WMV-2 or ZYMYV as the antigen.

b) Precoated I-ELISA was done using 2 ug/ml of gamma-globulin from rabbit antiserum to WMV-2 as
the coating antibody.
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Table 3. Inhibition binding assay with monoclonal antibodies (MCAs) to watermelon mosaic virus 2

(WMV-2)

Decreasing rate of ELISA absorbance when test MCAs were blocked using®?
Test MCA

None MCA 7 MCA 14 . MCA 15 MCA 17
MCA 1 0 +++ + 0 0
MCA 7 0 +++ + 0 0
MCA 2 0 0 0 +++ +++
MCA 3 0 0 0 +++ +++
MCA 4 0 0 0 ++4+ +++
MCA 6 0 0 0 +4++ +++
MCA 8 0 0 0 +++ +++
MCA 12 0 0 0 +++ +++
MCA 15 0 0 0 + 4+ +++
MCA 17 0 0 0 + 4+ +++
MCA 14 0 + +++ 0 0
MCA 16 0 + +++ 0 0
MCA 18 0 + +++ 0 0

a) The proportion by which ELISA absorbance values decreased when the test MCA was blocked using
the blocking MCA; 0: 0-15%;; +: 15-30%;; ++: 30-85%; +++: 85-1007%.

Cross-reactivity of WMV-2 and ZYMYV in I-ELISA using MCAs

In the tests using PCA, it was found that WMV-2 was separated from ZYMV by a sero-
logical differentiation index (SDI) of 3, which indicated that the two viruses were serologically
related (data not shown). However, differences in the cross-reactivity between WMV-2 and
ZYMV in different ELISA procedures using PCA?2? have created several interesting questions.
For example, it was not clear why the viruses did not cross-react each other in PCA-based DAS-
ELISA whereas they cross-reacted strongly in I-ELISA. This phenomenon was clarified by
the following experiments using common epitope-specific MCAs. :

Since MCA WMV-2 14 was found to have the highest titer among the common epitope-
specific MCAs (Table 1), it was used for further experiments. The first experiment was done
to know the effect of conjugation with alkaline phosphatase on the reactivity of the MCA. 1In
this experiment the partially purified MCA was further purified by using Protein A-Sepharose
CL-4B column and was conjugated with alkaline phosphatase. The conjugate was then reacted
with antigens which were immobilized on microtiter plates directly (two-step direct ELISA),
and which were trapped on the plates previously coated with the unconjugated MCA (DAS-
ELISA). The results showed that the conjugate reacted with WMV-2 and ZYMYV which were
immobilized directly on the plates, but not with which were immobilized on plates previously
coated with the MCA (Fig. 1). These data suggested that the reactivity of the common epitope-
specific MCA was not destroyed by conjugation with alkaline phosphatase.

Since in non-precoated I-ELISA and two-step direct ELISA, antigens were diluted in
carbonate buffer, pH 9.6, it was necessary to know the effect of this buffer on the antigenicity
of these viruses. In this test, viruses in crude extracts of leaves were diluted (1:10) in carbonate
buffer, pH 9.6 or PBS, pH 7.4, and were incubated for 2 hr at 37 C. They were then used
as antigen in I-ELISA on plates coated with gamma-globulin (2 ug/ml) from rabbit antiserum
and intermediate antibody of MCA WMYV-2 14. It was found that the MCA reacted with the
viruses previously treated using carbonate buffer, but not with those treated using PBS (Fig.
2). Thus, it was concluded that the common epitope became active under alkaline condition.

The use in indirect-ELIS A for virus detection

Although I-ELISA using PCA has provided a suitable method for rapid assay of several
viruses®?~9, the assay is not suitable for diagnosis of WMYV-2 because of the presence of cross-
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Fig. 1. Reactivity of alkaline phosphatase-labeled monoclonal antibody specific to watermelon
mosaic virus 2 (WMV-2) (MCA WMYV-2 14) and zucchini yellow mosaic virus (ZYMYV)
with antigens in crude extracts of pumpkin leaves in two enzyme-linked immunosorbent
assay (ELISA) procedures.

reaction between WMV-2 and ZYMV?D, 1In order to develop an I-ELISA that can be used for
diagnostic works, MCA WMYV-2 15 was selected, because it had high titer and reacted specifically
to WMV-2. It was found that the MCA could be successfully used in I-ELISA to detect
WMV-2 at minimum detectable concentration of 0.1-0.01 ug/ml. The assay was also suitable
to detect virus in crude extracts of pumpkin leaves at dilution end point of 10-°-10~7 times (Fig.
3).

The suitability of I-ELISA using MCA WMV-2 15 for detecting virus in naturally infected
plants in Saga Prefecture was also tested. It was found that of 60 field samples tested, 23 reacted
with the MCA in I-ELISA as well as with PCA in DAS-ELISA, but not with the MCA specific
for ZYMV (MCA ZYMYV 45)?2,

DISCUSSION

Thirteen MCAs to WMYV-2 have been produced which could be divided into three groups
based on their reactivities with WMV-2 and ZYMYV in two I-ELISA procedures (Table 2) as
well as on their reaction pattern in inhibition binding assay (Table 3). It indicated that WMV-2
had at least three antigenic determinants (epitopes). In the view of the type of epitopes, MCA
group 1 and 3 were specific for a hidden epitope or cryptotope, i.e. determinant that become
antigenically active only after breakage, depolimerization or denaturation of antigen?». This
group of MCA could easily react with antigen in non-precoated I-ELISA, because the use of
carbonate buffer, pH 9.6, and direct adsorption of virus particles to the microtitre plates lead
to considerable particle breakdown®%61%27),  Alternatively, the MCA could react with antigen
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Fig. 2. Effect of antigen buffer on the reactivity of watermelon mosaic virus 2 (WMV-2) and
zucchini yellow mosaic virus (ZYMYV) in crude extracts of pumpkin leaves with mono-
clonal antibody against WMV-2 14 (MCA WMYV-2 14) in precoated indirect enzyme-
linked immunosorbent assay using rabbit anti-WMV-2 gamma-globulin as coating
antibody. Each point is the mean of three experiments using three wells in each ex-
periment.

in precoated I-ELISA when the antigen was previously treated with carbonate buffer, pH 9.6
before tested (Fig. 2). MCA group 2 was specific for a metatope, i.e. spitope that present either
in degraded protein or in intact virion®®, thus they could be recognized by MCA in non-pre-
coated I-ELISA as well as in precoated I-ELISA.

The results obtained using either PCA or MCAs support the observation of Lisa®™ and
others®71%, who reported that WMV-2 and ZYMYV were serologically related, but contrast
with the results of Nameth'¥ and ChalaY, who reported the lack of cross reactivity between
the viruses. The results also contrast with the absence of serological relationship between Japa-
nese isolates of 80 and 8E of WMV reported by previous workers?®-® in leaf-dip serology and
immunodiffusion tests. The WMYV isolates of 80 and 8E were considered to be WMV-2 and
ZYMYV, respectively?®. The failure of several workers to detect cross-reaction of these viruses
was probably derived from the characteristics of antibodies, but also from the low sensitivity
of the methods used. Inability of precipitin test to recognize cross-reactivity between the viruses
that could be detected by I-ELISA, has been previously reported with other viruses®. In con-
nection with the characteristics of antibody, Purcifull’® reported that antiserum against WMV-2
collected 7-9 weeks after immunization did not cross-react with ZYMYV, while antiserum col-
lected 5-8 months later from the same rabbit did. However, it cannot be excluded that the
different reactions were also probably due to the different strains of virus tested.

The fact that WMV-2 and ZYMYV shared a common cryptotope provided a basis for clar-
ification on the serological relationship between WMYV-2 and ZYMYV, and this solved the long
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Fig. 3. Detection of watermelon mosaic virus 2 (WMV-2) and zucchini yellow mosaic virus
(ZYMV) in crude extracts of pumpkin by non-precoated indirect enzyme-linked im-
munosorbent assay using MCA WMV-2 15 as intermediate antibody. Each point
is the mean of the three experiments using three wells in each experiment.

unresolved phenomenon of the cross-reactivity between WMYV-2 and ZYMV in PCA-based
I-ELISA but in DAS-ELISA.

Results obtained so far in diagnosis of WMV-2 in field samples indicated that any samples
reacted with MCA in I-ELISA also gave a positive reaction with PCA in DAS-ELISA. How-
ever, since I-ELISA offered several advantages over DAS-ELISA for plant virus assay?®), the
availability of MCA specific to WMV-2 should facilitate improvement of diagnostic works in
the future.

Thank is due to the Hitachi Scholarship Foundation for providing a scholarship to the first author
for his study at Saga University.
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