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Serological Studies and Polyclonal Antiserum Production
against the Nucleocapsid Protein of Mungbean Tospovirus
from New Delhi
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ABSTRACT

Natural infection of Tospovirus on mungbean was recorded in New Delhi, India.
Symptomatic mungbean samples reacted positively with Groundnut bud necrosis
virus (GBNV) and Watermelon silver mottle virus (WSMV) antisera in direct

antigen-coated enzyme-linked immunosorbent assay. The virus was maintained in
cowpea which served as a propagation host. The nucleocapsid (N) protein of the
virus was purified. The polyclonal antiserum against the N protein with homologous
titer 1:512 was produced. The antiserum could detect Tospovirus isolates from
cowpea, potato and tomato colleted from different locations.

Key words: mungbean, Tospovirus, DAC-ELISA, antiserum production

INTRODUCTION
Tospoviruses, ascribed to the family
‘Bunyaviridae’ (Francki et al., 1991; van

Regenmortel et al., 2000), are serious viral
pathogens  affecting many important
agricultural crops (Moyer, 1999). Annual
losses due to tospoviruses are estimated at
over US$ 1 billion (Prins and Goldbach,
1998). In Indian subcontinent, tospoviruses
are fast spreading and expected to become a
major constraint in realizing the full vyield
potential of various crops in this millennium.

At present, meagre information is
available on the naturally occurring
tospoviruses in India as they have received
sporadic attention. So far, three distinct
tospoviruses,  Groundnut bud necrosis
(GBNV) (Reddy et al., 1992) and Groundnut
yellow spot (GYSV) (Satyanarayana et al.,
1998) from groundnut, and Watermelon bud
necrosis (WBNV) (Jain et al.,, 1998) from
watermelon, have been identified. Besides
groundnut and watermelon, Tospovirus
infections have also been recorded from a
large number of vegetable crops (Prasada
Rao et al., 1980, 1985, 1987; Thakur et al.,
1998), but their exact identification is lacking.

Recently, Tospovirus infections on different
grain legume crops, e.g. urdbean, cowpea
and soybean from Delhi have been identified
by bio- and immuno-assays (Bhat et al,
2001). The precise aim of the present
investigation was thus to evaluate the
Tospovirus isolate from mungbean at
serological level and to produce polyclonal
antiserum against the viral nucleocapsid (N)
protein.

MATERIALS AND METHODS

Mungbean plants showing leaf
chlorosis/necrosis were collected (Figure 1).
Infected areas on the leaves were harvested,
weighed and macerated using sterilized and
chilled pestle and mortar adding 0.01 M
phosphate buffer (pH 7.2, 1:1, w/v) containing
0.1% B-mercaptoethanol. The extracted sap
was used as standard extract for inoculation.
Cowpea (Vigna unguiculata cv. Pusa Komal)
leaves (2-3 leaf stage) were dusted with celite
(diatomaceous earth), which served as an
abrasive. The standard extract was then
applied directly by rubbing gently onto the
leaves with the chilled mortar to exert uniform
pressure. The seedlings were briefly washed
with water and kept in an insect-proof
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glasshouse for observation. Local lesions
developed at 4-5 days post-inoculation were
used for further inoculation to establish pure
virus culture. The virus culture was then
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maintained in insect-proof glasshouse. The
virus isolate was also preserved at —80°C for
purification.

Figure 1: Chlorotic and necrotic lesions on mungbean (Vigna radiata) induced by mungbean

Tospovirus isolate.

Immunoassay

Standard direct antigen-coated
enzyme-linked immunosorbent assay (DAC-
ELISA) (Clark and Bar-Joseph, 1984) test was
performed to detect the association of
Tospovirus  with  mungbean  samples.

Table 1: Antisera used and their sources

Polyclonal antisera directed against
nucleocapsid (N) protein of different
Tospovirus species were used to check the
serological affinity of the mungbean
Tospovirus isolate. Antisera were collected
from different sources (Table 1).

Antisera

Source

Groundnut bud necrosis virus (GBNV)

Dr. D.V.R. Reddy, ICRISAT, Hyderabad, India

Groundnut chlorotic fan-spot virus (GCFV)

Dr. A.C. de Avila, EMBRAPA, Brazil

Groundnut ringspot virus (GRSV)

Impatiens necrotic spot virus (INSV)

Tomato chlorotic spot virus (TCSV)

Tomato spotted wilt virus (TSWV)

Watermelon silver mottle virus (WSMV)

Dr. S.D. Yeh, NCHU, Taichung, Taiwan

Polyclonal antiserum production

The N protein of the virus was purified
from symptomatic cowpea leaves by following
the protocol of Satyanarayana and his
associates (1996) (Box 1). Freshly purified N
protein preparation was used for the
production of polyclonal antibodies. The viral

N protein suspension emulsified with Freud’'s
incomplete adjuvant (1:1, v/v) was injected
intramuscularly into New Zealand white albino
rabbit. Four such injections were given at
weekly interval. The test bleed (approximately
1 ml) was taken one week after the last
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injection. The blood was allowed to coagulate  20°C in small aliquots (200 pl). The antiserum
at room temperature for 1 h and then kept at  titer was determined by DAC-ELISA test. The
4°C overnight. The clean antiserum was first bleed (approximately 10 ml) was taken at
decanted and clarified at 6,600 g for 5 min. 2 weeks after the last injection and antiserum
The antiserum (supernatant) was mixed with  titer was determined.

sterile glycerol (1:1 ratio, v/v) and stored at —

Box 1. Virus purification protocol of Satyanarayana and his associates
(1996) — Flow chart

Symptomatic cowpea leaf tissue
homogenized with 4 volumes (Ww/v) of 0.1 M potassium phosphate
buffer (pH 7.6) containing 0.01 M Na»SO; and 0.01 M Na-EDTA (pH
8.0)
Homogenate
* filtered through muslin cloth and centrifuged at 800 g for 10 min
Supernatant
centrifuged at 50,000 g for 40 min
Pellets
suspended in 50 ml 0.01 M potassium phosphate buffer (pH 7.6)
containing 0.01 M Na,SO; and 0.01 M Na-EDTA [PSE buffer] and
stirred for 30 min prior to centrifugation at 6,000 g for 10 min
Supernatant
layered onto 15 ml cushion of 30% sucrose dissolved in PSE buffer
and centrifuged at 100,000 g for 75 min
Pellets
re-suspended in 1 ml PSE buffer
Supernatant
layered onto 20-40% continuous sucrose gradient prepared in PSE
buffer and centrifuged at 140,000 g for 2.5 h
Three light scattering zones
diluted in PSE buffer and pelletized at 100,000 g for 2 h
Virus nucleocapsid protein pellet
+ dissolved in 500 ul 0.01 M potassium phosphate buffer (pH 7.0)
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RESULTS AND DISCUSSION

The virus was easily mechanically
transmitted from field-infected mungbean onto
cowpea (cv. Pusa Komal), a diagnostic host
for Tospovirus infection. Both localized as well
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as systemic infections on cowpea were
observed and thus reconfirming the
Tospovirus infection on mungbean plants
(Figure 2).

Figure 2: Different types of symptoms of tospovirus infection on cowpea (Vigna unguiculata) cv.
Pusa Komal induced by mungbean Tospovirus isolate.

Immunoassay

Serodiagnosis is currently the method
of choice for detection of tospoviruses in
plants and thrips (German et al., 1992;
Mumford et al, 1996). On the basis of
nucleocapsid (N) protein serology,
tospoviruses have been classified into TSWV
and WSMV serogroups and a group
containing serologically unrelated viruses
(Moyer, 1999). Of the seven polyclonal
antisera directed against nucleocapsid (N)
protein of different tospoviruses tested,
Groundnut bud necrosis virus (GBNV) and
Watermelon silver mottle virus (WSMV)
antisera showed positive reaction with
mungbean Tospovirus isolate in direct

antigen-coated enzyme-linked immunosorbent
assay (DAC ELISA) (Table 2), suggesting the
association of a Tospovirus antigenically
related to GBNV/WSMV and belonged to
WSMV serogroup. GBNV antiserum reacted
stronger than WSMV antiserum. No reaction
was observed with antisera of other five
tospoviruses tested.

Different plant parts from Tospovirus
affected mungbean plants were also checked
for the presence of virus by DAC-ELISA. Plant
parts such as leaf, stem, bud and pod reacted
positively with GBNV antiserum (Table 3). The
maximum  absorbance (0.98-1.01) was
observed with leaf samples.
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Table 2: Serological reaction of mungbean Tospovirus isolate with different Tospovirus antisera
in direct antigen-coated enzyme-linked immunosorbent assay

Antiserum against Absorption values at 405 nm*
Tomato spotted wilt virus serogroup
Groundnut ringspot virus (GRSV) 0.20 (0.15)
Tomato chlorotic spot virus (TCSV) 0.19 (0.13)
Tomato spotted wilt virus (TSWV) 0.16 (0.12)
Watermelon silver mottle virus serogroup
Groundnut bud necrosis virus (GBNV) 0.75 (0.26)
Watermelon silver mottle virus (WSMV) 0.40 (0.17)
Serologically unrelated
Groundnut chlorotic fan-spot virus (GCFV) 0.23 (0.21)
Impatiens necrotic spot virus (INSV) 0.14 (0.15)

* Average reading of two wells each after 1 h of substrate reaction. Values in parentheses are of

healthy control

Table 3: Serological reaction of symptomatic

mungbean plant parts with Groundnut bud

necrosis virus antiserum in direct antigen-coated enzyme-linked immunosorbent

assay
Symptom type Absorption values at 405 nm*
Leaf chlorosis 1.01
Leaf necrosis 0.98
Stem necrosis 0.71
Bud necrosis 0.72
Pod necrosis 0.69
Healthy control 0.32

* Average reading of two wells each after 1 h of substrate reaction

Nucleocapsid purification and polyclonal
antiserum production

The N protein of mungbean
Tospovirus was purified and the polyclonal
antiserum against it was raised. The
antiserum titer was 1:512 in DAC-ELISA
(Table 4). The antiserum not only reacted with
the homologous antigen, but also with
Tospovirus isolates from cowpea, potato and
tomato collected from different locations in
India. This suggests that mungbean, cowpea,
potato and tomato Tospovirus isolates are
antigenically related and it would be difficult to
segregate them by immuno-assays (Table 5).

Although  Tospovirus  identification
based on N protein serology and sequence
homology of N gene are consistent, yet

sequence homology is accepted as a
measure of overall relatedness (Moyer, 1999).
Isolates in the Tospovirus genus with greater
than 90% nucleocapsid sequence homology
are considered as strains of the same virus
(Goldbach and Kuo, 1996; Moyer, 1999). In
view of this, further attempts should be made
to clone and sequence the N gene of
mungbean Tospovirus in order to identify the
virus up to species level. Further, identification
of nucleocapsid gene would facilitate its use
as transgene for conferring resistance in
mungbean as nucleocapsid gene-mediated
transgenic resistance against Tospoviruses
has been well documented in different crops
(Pappu, 1997; Prins and Goldbach, 1998;
Herrero et al., 2000).
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Table 4: Homologous titer determination of polyclonal antiserum against nucleocapsid (N)
protein of mungbean Tospovirus isolate in direct antigen-coated enzyme-linked

immunosorbent assay.

Titer Absorption values at 405 nm*
1:256 1.370 (0.110)
1:512 1.020 (0.053)
1:1024 0.508 (0.006)

1:2048 0.323 (0.040)
1:4096 0.140 (0.010)
1:8192 0.076 (0.001)

* Average reading of two wells each after 1 h of substrate reaction. Values in parentheses are of healthy control

Table 5: Serological relationship of different Tospovirus isolates with mungbean Tospovirus

isolate
Tospovirus isolate Place of collection |Absorption values at 405 nm*
Mungbean (Vigna radiata) Delhi 0.700
Tomato (Lycopersicon esculentum) Kerala 0.320
Potato (Solanum tuberosum) Gujarat 0.740
Cowpea (Vigna unguiculata) Kerala 0.490
Healthy control (Cowpea) 0.070

Average reading of two wells each after 1 h of substrate reaction.
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SUMMARY IN VIETNAMESE

Nghién ctru huyét thanh hoc va san xuat khang thé da dong khang
nucleocapsid protein cua ching Tospovirus trén dau xanh tai New Delhi

Tospovirus dwoc ghi nhan xam nhiém trong tw nhién trén cay dau xanh tai
New Delhi, An Do. Bang k¥ thuat DAC-ELISA, cac mau bénh mang triéu chirng da
cho phan (rng dwong tinh v&i cac khang thé khang Groundnut bud necrosis virus
(GBNV) va Watermelon silver mottle virus (WSMV). Bau bd dwoc dung lam ky chi
nhan mat sd cla virus nay. Nucleocapsid (N) protein clia virus da dwoc tinh ché.
Khang thé da dong khang N protein cé dd pha lodng chuén Ia 1:512 da dwoc san
xuét. Khang thé da dong nay c6 thé dung dé& phat hién cac ching Tospovirus trén
dau bo, khoai tay va ca chua thu thap tir cac vang khac nhau.




