
Bunyaviridae RNA (negative-

strand RNA virus) 

(arthropods) Bunyaviridae

Orthobunyavirus Hantavirus

Nairovirus Phlebovirus Tospovirus (9)

Bunyamweravirus (Orthobunyavirus ) Bunyaviridae
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genetics system) (2)

(segmented genome) RNA (2)

RNA 
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RNA (negative-strand RNA virus) RNA L RNA

(anti-genomic sense) WSMoV L 

L WSMoV (RNA-dependent RNA polymerase, replicase) L 

(nucleocapsid protein, N protein) RNA (ribonucleoprotein

complex, RNP) bunyaviruses RNP 

(reverse genetics system) WSMoV L

(monoclonal antibody) L 

L C (L-c)

(ascites fluid)

WSMoV L tospoviruses 

(Tomato spotted wilt virus) (Impatiens necrotic spot virus)

(Groundnut ringspot virus) (Nicotiana

benthamiana) L A

(protein A-gold labeling) N L RNP

L WSMoV 

A 



(13)

(International Committee

on Taxonomy of Viruses) (http://www.ictvonline.org)

RNA Rhabdoviridae

Cytorhabdovirus Nucleorhabdovirus 

Bunyaviridae Tospovirus 

Ophioviridae Ophiovirus 

Tenuivirus 

1994 RNA Rabies virus

(Rhabdoviridae ) (25)

RNA 

RNA 

Rhabdoviridae (Sonchus

yellow net virus, SYNV) 

(mini-genome) (11, 12)

Tospovirus 

Bunyaviridae
(24) Tospovirus 

RNA 

Tospovirus

RNA 

(Watermelon silver mottle virus,

WSMoV) Tospovirus 
(14, 31) WSMoV 

RNA S RNA M RNA 

L RNA (9) S RNA 

S (nonstructural protein S,

NSs) (nucleocapsid protein, N) N

RNA (18,

19) NSs (gene-

silencing suppressor) (26) M RNA 

M

(nonstructural protein M, NSm) (glycoprotein

precursor, Gn/Gc protein) Gn/Gc 
(29)

NSm (15, 16) L

RNA 

WSMoV L (RNA-dependent RNA

polymerase, L protein) (replicase)
(4, 27) WSMoV 

bunyaviruses 

WSMoV

Okuda 

WSMoV (Tetragonia expansa)

S RNA (21)

WSMoV S RNA 

S RNA 

Adkins 

(Tobacco mosaic virus, TMV) 

(Tomato spotted wilt virus,

TSWV) NSm NSm (16)

NSm TMV 

NSm TSWV 

WSMoV

Tospovirus RNA 

Bunyaviridae

Bunyaviridae RNA 

L N (8, 10,

17) tospoviruses 

WSMoV WSMoV

L N 

WSMoV L 

(monoclonal antibody)

L WSMoV (Nicotiana

benthamiana Domain.) 

WSMoV
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(5)

1 10 

(inoculation buffer : 10 mM potassium

phosphate buffer contains 10 mM sodium sulfite) 

WSMoV 

5-8 

L

(reverse

transcriptase-polymerase chain reaction, RT-PCR) L

C ( )

WSMoV (GenBank accession No.: NC_003832) 

L 798 ( L RNA nt

252-1049) FJJ2004-62 (5'-

CCTTGCTAGCTTCTATGAATATAAAACAATC-3')-

FJJ2004-63 (5'-CAACTCGAGTTCTTGGTCTGAGGAA

GTAG-3') NheI XhoI 

( ) RT-PCR pGEM-T

(Promega Co., Madison, WI) 

L-c 

NheI XhoI pET28b (+)

(Novagen Co., Madison, WI) pET28bL-c

L-c 

(His-tag) anti-His 

Escherichia coli BL21(DE3) 

37

100 37 2 

1 mM IPTG (isopropyl- -D-

thiogalactoside) IPTG 

6 8 10 16 

SDS-PAGE (sodium

dodecyl sulfate polyacrylamide gel electrophoresis) 

(western blotting) 

SDS-PAGE L-c 

SDS-PAGE 

PBS (137 mM NaCl, 1.5 mM KH2PO4, 8 mM

Na2HPO4, 2.7 mM KCl, 0.02% NaN3, pH 7.4)

3 

10,000 xg 

SDS-PAGE 

L-c 50 g (0.1 g/ l) 

(Freund's complete adjuvant, DIFCO

Laboratories, Detroit, MI) (BALB/c) 

50 g (0.1 g/ l) L-c 

(Freund's incomplete adjuvant, DIFCO Laboratories) 

L-c

50 g (0.1 g/ l) (spleen cell)

(myeloma cell FOX-NY) 

50% PEG 4000 (polyethylene glycol 4000, Sigma

Chemical Inc., St. Louis, MO) 

(hybridoma cell) 96 HAT

[RPMI-1640 medium (Sigma), 1 mM

sodium pyruvate, 0.2% (w/v) sodium bicarbonate (Sigma),

0.1% gentamycine, 1 mM L-glutamic acid, 5.7% Nu-

serum (Collaborative Research, Inc., Bedford, MA),

CRSR-3 (Sigma), FBS (Hyclone Laboratory, Inc., Logen,

UT), 1X HAT (Sigma)] CO2 (6%) 

10 

L-c 

ELISA 

L-c ELISA 

(limiting dilution)

pristane (Sigma) 

(ascites fluids) 

10-15 

(Enzyme-Linked

Immunosorbent Assay, ELISA)

Yeh Gonsalves
(30) L-c 

(coating buffer) (15

mM Na2CO3, 35 mM NaHCO3, 0.02% NaN3, pH 9.6) 

(Greiner bio-one,

Frickenhausen, Germany) 

(conjugate

buffer) [PBST (137 mM NaCl, 1.5 mM KH2PO4, 8 mM

Na2HPO4, 0.05% Tween 20, 2.7 mM KCl, 0.02% NaN3, pH

7.4) 2% PVP-40, 0.2% ovalbumin] 1:1 

(100 l:100 l) 96 

5,000 

(goat anti-mouse IgG
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alkaline phosphatase conjugated, Jackson

ImmunoResearch Lab. Inc., PA. USA) 

ELISA pET28b (+) 

ELISA ELISA (ELISA reader,

multiskan Ex, Labsystems) 405 nm 

(western blotting)

(v/w) 

(sample buffer) [50mM Tris-HCl (pH 7.2), 2% SDS, 2% 2-

mercaptoethanol, 10% sucrose and 0.005% bromophenol

blue and 0.01 M EDTA] 3 9,300 g

5 6% (separating

gel) SDS-PAGE 150V 1.5 

PVDF (polyvinylidene

difluoride membrane) 

TSW [10 mM Tris-HCl (pH 7.4), 0.9% NaCl,

0.25% gelatin, 0.1% Triton X-100, and 0.2% SDS] 

30 TSW

8,000 30-40 

TSW 3 TSW 

5,000 30-40 

TSW 

(alkaline phosphatase buffer, AP buffer) [100 mM Tris-

HCl (pH 9.5), 100 mM NaCl, 5 mM MgCl2] 

NBT (para-nitro blue tetrazolium chloride)

BCIP (5-bromo-4-chloro-3-indoyl phosphate

paratoluidine salt) 3-10 

A 

tospoviruses (3)

(sucrose cushion) 

TBG [0.01 M Tris-HCl (pH 8.0), 0.01 M

glycine, 0.01 M Na2SO3, 0.1% cystein] 

WSMoV (partial purification)

(trapping)

5 

(0.1 M phosphate buffer, pH 7.2)

20 1% 

[BSA 20 mM (pH 7.2)] 10 

20 

500 

30 60 

30 20 A 

(protein-A gold, Aurion, Wageningen, Netherlands) 

30 60 

30 2% (uranium acetate) 15 

30 (lead citrate) 1.5

30 

(JEOL 200CX transmission electron microscope, JEOL

Ltd., Tokyo, Japan) N 

L 

L-c 

WSMoV L C 

L-c DNA 798 bp

( ) 33 kDa

pET28bL-c 37

IPTG (6 8 10 16

) 

pET28b (+) E. coli BL21 (DE3) 

pET28bL-c 

SDS-PAGE 33 kDa 

( A) anti-His 

( B)

L-c IPTG 8

10 6 16 

L-c 

( pellet) pET28bL-c 

37 8 IPTG 

L-c L-c 

WSMoV L 

ELISA 

L-c 

9F2A8 9F2D11 9F2G7

WSMoV 

L (data

not shown) 9F2A8 

WSMoV tospoviruses 
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Tospovirus

(Tomato spotted wilt virus,

TSWV) (Impatiens necrotic spot

virus, INSV) (Groundnut ringspot virus,

GRSV) WSMoV 

L WSMoV L 

TSWV INSV 

GRSV L ( )

WSMoV L 

4-11 

L 5

L L

7 

8 9 10 

11 ( )
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(Watermelon silver mottle virus) L-c pET-28b 
Fig. 1. The construction of the partial L sequence (L-c) of Watermelon silver mottle virus in the protein expression vector
pET-28b (+). The RT-PCR product corresponding to the 5' end of L complete reading frame (252-1049 nts) was cloned in
pET28b (+) with restriction endonucleases NheI and XhoI. The WSMoV L-c was expressed as a 33-kDa fusion protein
containing a His-tag.

SDA-PAGE L-c 
Fig. 2. Analysis of the L-c of Watermelon silver mottle virus (WSMoV) expressed in Escherichia coli strain BL21(DE3).
The IPTG-induced bacterial lysate of clone pET28bL-c, containing the WSMoV L-c sequence, expressed at 37 for 6 to
16 hr were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by staining with Coomassie
blue (A), and western blotting with the antibody against the His-tag (B). The position of the target protein, L-c, was
arrowed. The IPTG-induced bacterial lysate containing the expression vector without WSMoV L-c sequence insert at
37 for 10 hr is used as a negative control [10(-)]. 



A

WSMoV 

A 

N A 

( A)

N L
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L 
tospoviruses 

Fig. 3. Western blot analysis of four tospoviruses from
different serogroups using L-c monoclonal antibody
against the L protein of Watermelon silver mottle virus
(WSMoV). TSWV, Tomato spotted wilt virus; INSV,
Impatiens necrotic spot virus; GRSV, Groundnut ringspot
virus. The position of L protein is indicated by "L".

L
(Watermelon silver mottle virus) (Nicotiana
benthamiana) 
Fig. 4. Time course detection of Watermelon silver mottle
virus L protein expression in infected Nicotiana
benthamiana by western blot. N. benthamiana plants
diluted with sample buffer 1:10 were assayed by western
blot 4-11 days post-inoculation with WSMoV. The L
protein is observed at the position of 330 kDa.

(Watermelon silver mottle
virus) (nucleoprotein) 
(RNA-dependent RNA polymerase) 

A 
Fig. 5. Protein A-gold labeling electron microscopy for
partial purified Watermelon silver mottle virus (WSMoV)
with polyclonal antiserum against the nucleocapsid protein
(N) and/or monoclonal antibody against RNA-dependent
RNA polymerase (L). (A) Partial purified WSMoV
reacted with polyclonal antiserum against N , and then
with the protein A-gold (10 nm) labeled goat-anti-rabbit
antibody. (B) Partial purified WSMoV was first reacted
with the polyclonal antiserum against N and monoclonal
antibody against L, and then with the protein A-gold (10
nm) labeled goat-anti-rabbit antibody and protein A-gold
(25 nm) labeled goat-anti-mouse antibody. The positions
of N and L are marked by black and white arrows
respectively. The scale bar (100 nm) is indicated at the
lower right.
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10 nm 25 nm

( B)

RNA 

(positive-strand RNA virus) RNA

mRNA (7) RNA 

(translation) 
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RNA 

RNA mRNA 
(20, 22)
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RNA
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L van
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L L-c 
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L-c 

ELISA

WSMoV L

330 kDa L ELISA 

L 

L-c 

SDS-PAGE (denature

from) L 

ELISA L 

(nature from) L C 

L

ELISA 

TSWV L 

ELISA 

L 

L (28)

L 

L 

WSMoV L 

tospoviruses L 

WSMoV L C 

WSMoV L 

L tospoviruses L 

L 

RNA (6)

L

L C 

NCBI (http://www.ncbi.nlm.nih.gov/)

( GRSV L RNA ) 

L C WSMoV TSWV INSV
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28.1% 28.5% L-c 
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L 
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L 

RNA 

L 

L 

7 L RNA 
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(ribonucleoprotein
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L 9 10 

RNPs

9 L 

L 

5-7 

RNPs

WSMoV L A 

N 

N

L 

RNP 

bunyaviruses 

RNA L
(1, 23) N

RNA (18, 19) (pseudo-circular

structure) RNP 

RNA N L 

RNP 

N 

RNPs 

Triton X-100 RNP 

RNP 

tospoviruses 
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L

L 
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L 
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ABSTRACT

Chang, H.-H. 1, Tseng, H.-H. 1, Yeh, S.-D. 1, Ku, H.-M. 2,3, and Jan, F.-J. 1, 3 2009. Generation of

monoclonal antibody against the replicase of Watermelon silver mottle virus and its application on the

detection of L protein expression in planta. Plant Pathol. Bull. 18: 237-246. (1 Department of Plant

Pathology, National Chung Hsing University, Taichung, Taiwan; 2 Department of Agronomy, National

Chung Hsing University, Taichung, Taiwan;3 Corresponding author, E-mail: fjjan@nchu.edu.tw or

hmku@nchu.edu.tw, Fax: +886-4-2285-4145 or +886-4-2287-7054)

Watermelon silver mottle virus (WSMoV), belonging to the Tospovirus genus of the

Bunyaviridae, has a segmented-genome designed as S (small), M (medium) and L (large) RNA. L

RNA, a negative-sense RNA, encodes the largest protein (L protein) of WSMoV. The L protein is a

RNA-dependent RNA polymerase of WSMoV, and forms the ribonucleoprotein complex (RNP) with

the nucleocapsid protein and the genomic RNA. According to the studies of animal bunyaviruses,

identifying the components of RNP is the key step for developing a reverse genetics system. The

purpose of this study is to generate the monoclonal antibody against L protein, and utilize it for the

detection of L protein in virus-infected plants. The C terminus of WSMoV L protein (L-c) was

purified from a bacterial expression system and used to immunize BALB/c mice. Ascites fluid

containing the monoclonal antibody against the L protein was collected from the mice

intraperitoneally injected with hybridoma cells. This monoclonal antibody specifically reacts with the

L protein of WSMoV, but not with those of the other three serogroups of tospoviruses including

Tomato spotted wilt virus, Impatiens necrotic spot virus, or Groundnut ringspot virus. While detecting

WSMoV-infected Nicotiana benthamiana plants with the monoclonal antibody, a growth and decline

profile in the L protein expression level was observed. The RNPs were observed in electron

microscope with the monoclonal antibody and protein A-gold labeled 2nd antibody. The L protein

monoclonal antibody developed in this study has high specificity and sensitivity, and will be a

powerful tool for virus functional genomic study in reverse genetics system.

Key words: Watermelon silver mottle virus, ribonucleoprotein complex, bacterial expression system,

hybridoma, protein A-gold labeling electron microscopy


