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PO I\EREENEE (Watermelon silver mottle virus, WSMoV) &1~ Bunyaviridae T} Tospovirus J&
HEY) E M RNA Jii7EE (negative-strand RNA virus) » B ZFELAHE RNA » H i KAYL RNA
LU #61¢ (anti-genomic sense) HYJJ [Flffag# WSMoV I KRR EEH » L EH ; HETCAI
L ZE /2 WSMoV Hy#E 5% (RNA-dependent RNA polymerase, replicase) » H L ZEH ~ Z#HE H
(nucleocapsid protein, N protein) B 7EEkE K8 RNA HEEA AL LS H#E &1 (ribonucleoprotein
complex, RNP) ; IRIEHEI) bunyaviruses AUTFSEFEHT » #i@ HIELT) RNP AUFRERERL R 7Y »
FE AN EE SR (reverse genetics system) AN AJECERAIFIME o AHFSE Y H RIS EL WSMoV L
EEREEPTEE (monoclonal antibody) » ilfi flEFH A stk b L 8 F 2B AoEill o FIFHHIE 26
BlUAMAH L EmH C dmalsr (L-c) » #OEE R RO ~ iRl & R EhERs & - ISR B
TRV Z R EREATNORR - E S E R R A A & SR BERPTIE ZIE K (ascites fluid) LB
PRETHZETS WSMoV 1) L S EAH % » AELH fth —{[ tospoviruses [V FF—a hiibEZE 0K =
(Tomato spotted wilt virus) ~ BUI{CESEBRERG R A: (Impatiens necrotic spot virus) ~ {CAE G BGR A
(Groundnut ringspot virus) 55 € » B o] LLTY 778 R8I 25 [EI3E 55 5L (Nicotiana
benthamiana) t L & FR)FRIEEERRE KERBAEMABE RIS « [SHERFTEASED A
[BEA55C (protein A-gold labeling) & RAMMSR il » w] LU S22 N & ~ L R HHY RNP
flkE o ANHFFCRRAEARRY L 8 FEAREIHE - ARAHEEC WSMoV 3 Ml (F AR HE N 15 vT #E 1 7 B8
AMFFFEER ©

BRG] - PUTERMEN ~ IREH E O MR RIURHT - MERAIIN - B8 A BEEEE T
e

A
Bunyaviridae FlEE M RNA K7 (negative-
strand RNA virus) FHRY—{EiEERl » K585 B ERREN)
(arthropods) FIr{8#% > Bunyaviridae ¥tz T 755 AEH

7% » 4 Al £ Orthobunyavirus ~
Nairovirus ~ Phlebovirus L} Tospovirus & @ °

Hantavirus ~

Bunyamweravirus (Orthobunyavirus J&) 5& Bunyaviridae
b0 75 55 — ] 45 223 37 EE 300 [ 3 BT 98 R AR (reverse
genetics system) HYJR & @ > [6] If th /2 2 15 5L (K #3
(segmented genome) Efi: RNA Ji#gHHY) 55— @ -
ST TS SR WA VT AR R B AR ARET > KRR 4
T¥} RNA JRARIIFFE2EH] > (1SRRG LI RE
AMEY BEAH A FE IR RS - BTN AR e M IR &
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IEEIFSRE 77 3EZ B € (International Committee
on Taxonomy of Viruses) #4H (http://www.ictvonline.org)
N HEY)ERYE RNA W& F2E5H Rhabdoviridae
W EE B Cytorhabdovirus F1 Nucleorhabdovirus 1
J& ~ Bunyaviridae 5% B Tospovirus R+ & ~
Ophioviridae R EFEW Ophiovirus 73 758 B i K% 758
AR BRI Tenuivirus W& B.LZW 7 0 RiME
1994 25— (HEH Y E R E RNA % 5 — Rabies virus
(Rhabdoviridae TP — W50 a3 BB AN LR » B
SATR A HEY) R 1 RNA 5 230 [ S A A
AT o HETfEMIY & ME RNA 5 &0 fsElk b - (55
Rhabdoviridae % 7 FHYT B 28 5 #4956 % (Sonchus
yellow net virus, SYNV) H #5828 B2 A R iR
2L (mini-genome) FIRFZEHGE "> » ST H At vz i
LN HERE 2L RN - ) HEFS R T2 R - (26 E
TEAE ST — {8 23 a3 ) SR R R AR K]
BTN -

Tospovirus JEIRRERS AT i F5RE B2 S LKA 75 =X
{HEE Z Y55 » IR & Bunyaviridae T ME— 1] YL
WY .2 IR EE B @ © Tospovirus B3RS EE Y Bt
RNA JR7E—K » IS RA U mE ERR 257 > 7£77
TAE YRR RO 58 H RTS8 AER 9153 ~ DUEEE (K]
REY) KRB 7 BB PR T Re DIRE B & £ 2o >
SR 38 2 T )7 2K AN REE 2 M35 YR 7k Yeliis L
AR B P 0 Se B DhRE - BRI B SR 28 s
SR 7 ORI 1T 7500 RETE S [RIRE TR (ot 5/ AH 1
fE 5 BB PGELE NEE - NEE Tospovirus JE&IR FEAIHE
CHEY ERETE RNA LD TV ERRER
ZeHY » JE TR FERY 0 ] SRR MO — (8 E S RIBITSE T
r.’qj o

78 IR B K 2: (Watermelon silver mottle virus,
WSMoV) £ Tospovirus JER7E » f& 18 TVETEY RS
FFE ERREIR 72— - WSMoV B {5 LK 8
RNA » 53 B4k A /N dr % 55 S RNA ~ M RNA &
LRNA" ;S RNA TEJil AR 5 il 7 I M b 25 imas— {1
FK > S RIEIERS M E S (nonstructural protein S,
NSs) FAZiEsE H (nucleocapsid protein, N) » NEEHEAH
il 45 & Thhe > B A BLIR S RNA gt i &
' NSs H #if 2N H K YUSHE H R I #] T (gene-
silencing suppressor) *” ; M RNA 15§52 I Rk B 26
e F&maE—EER > R BIEMEER M
(nonstructural protein M, NSm) K [if#5s [ (glycoprotein
precursor, Gn/Gc protein) » Gn/Ge & H iR FaA IR E
SLERR iR 2R o B B R PR SRR

NSm RIS = A 7 AR [EIRS BOIRERY AHRR 22 @19 s L
RNA TEJR 7 I b d — (R R LA » RBLES
WSMoV i KHJ L & H (RNA-dependent RNA
polymerase, L protein) * X1 %0 (replicase) * 9
FEITHE B MR 2 EE YT - WSMoV Ji LAl
AT GERE HH LR AEY) ~ RAR AT BT R 2 E5 H &
bunyaviruses FIRFFEACER » A —LLrHNAOHE &8 [ fig -
(B3 L Bl SR AT 22 WSMoV A4 sh Bl #4525 £ 50 L
VEF WA B A 20 3845 o Okuda 58 A LIEE Z7B R K
FEHAAN[E] WSMoV 7Bk TEE A (Tetragonia expansa)
ERGR S BRSNS S RNA |V SR 2
WSMoV AN 8 ER > MRESHE S RNA i
TTEamEizes » DIEPIREER 7% S RNA Ry
JEEEE RIBA T8 21388 s ) 72 22 5 Adkins AOTTF 72IEH
Bk LIRSk slimn 2 (Tobacco mosaic virus, TMV) {EEk
a2 B Bk BEZE K 5 (Tomato spotted wilt virus,
TSWV) NSm FEH#ET NSm & HRERTHE > ShT
IHAEIFZE R & RAEES] NSm % TMV 4 1 {a]fHE Bh)
BAEF » L EEE 7% NSm 7 LITE TSWV @y
IRERE A=l P E FH o GEAN LARME SRS B H0 A A KT 91
HITHREEEATIE TR 2 - M2 WSMoV ~ [AlEkth
& Tospovirus TR 7B EE CAEY)I SRR RNA R 2T
FEHESH o

R4 Bunyaviridae FL8) )95 79 05846 H -
Bunyaviridae FHREEEYL1LEENEE RNA 1 TH 5 5 5
R gk KRB TR 2A L BE RN BEEESEEHS"
75 BESR tospoviruses i 7R Yepk R T BRI 2L
F B B A R 77 AAH A R # i e AR 0 (U B YT
WSMoV Ryt B R - ZE S 2 REZR I WSMoV
AR EER - B L &0k N BEOEET S -
It - RESe (eI ps 7 B 1 SRERAY HUES RIES B 5E A~ m] BY
TRy TH 5 Beat o i EEPIREn A > vl LAY [
MR AR T o T FH AR N ET A A R 2R
1B » Al —C M H PSS - YT WesEHE S
FHIMRER A ATRERIAC OAEH -

AN gery H i BIERS FEAERES) (] WSMoV L &
HAJEEREST#E (monoclonal antibody) » M7 f$EL5aE A A E
Il L & HTESZ WSMoV &Y Z [BHE /A 5 (Nicotiana
benthamiana Domain.) FHIZIIEN

ZREVIVSEER

I 3 AR5 B B
AHFFSEFT {58 FHW SMoV 5 Fh LA B2 ) B AR S 4



$5 SR B = it B 2 RS 2507 BIERR S > RN
28 H DR e A 77 TR BES S% M1 B [ A | o
DAFEARIRTBLZ SRS REAS P B - 1 - 10 ERBIAASE
ffi 4% 8% (inoculation buffer :
phosphate buffer contains 10 mM sodium sulfite) fiff/i%
% o PEAE A ERAFRE B o WSMoV 515 fA[E] BE55 HikY
5-8 RAMIEFEIR o

10 mM potassium

YR 3 B FELJE PRI i588 5 B2 28 11 1 8 i
{8 S B Bk R G Wi B8R X ik (reverse

transcriptase-polymerase chain reaction, RT-PCR) £{7T L
HEH C b LK e Sy B RO e (8 —) » P 240
WSMoV 41| (GenBank accession No.: NC_003832) #}
$P L ELR T E 798 {lERZH e 41 (BIL RNAJR R Bnt
252-1049) 2% 2 B| F %f  FJJ2004-62 (5'-
CCTTGCTAGCTTCTATGAATATAAAACAATC-3")-
FJJ2004-63 (5-CAACTCGAGTTCTTGGTCTGAGGAA
GTAG-3") » 5|7 ¥ B & IREIEESR Nhel I Xhol Y]
AL (I FE YR IERT ) © RT-PCR #ZEY)LL pGEM-T
SEEHEE (Promega Co., Madison, WI) 17385 » #KG5E
FRE P AR TEAE A% - FRRER BAY L-c Fv Bt ARR I %
FNhel Jz Xhol ] it Hll R KB #L #E pET28b (+)
(Novagen Co., Madison, WI) I » @i pET28bL-c * 7E
2L L-c JrE& TIfFPR B RS b 2REURH M A5 v B
(His-tag) HYF41 » HEHTHE A AR V7 (1L anti-His HTH8{H
Wz s #3581 2 8 1 R BB 2 A KIS AR iR
Escherichia coli BL21(DE3) FHSEITE 2R o BT EH
2 37°C NEEENGE - DOE BB E Z E AT
S 100 (EFRVERACR » 12 37°C i TaEE & 2 /)
IR - o Af A2 5% 1| mMAYIPTG (isopropyl- 5-D-
thiogalactoside) A& & FH'EH R » 777> IPTG &
6 ~8 ~ 10 ~ 16 [/ NIF 212 O AGHIAE - FREHES 22
AR AT R B N T e e ot > LA SDS-PAGE (sodium
dodecyl sulfate polyacrylamide gel electrophoresis) 5z 74
J7HEEYE (western blotting) WIE HA/ NRE @ Bifk
LA SDS-PAGE $f#12Bify L-c & FIE1TIE 8 5) Btm]
W > IRIBHIE 2 EEE AV » % SDS-PAGE - AH¥ (71
HIBBREY] T > TET PR Hh SR 15 i A B [ E5 B A 55
Z PBS #&{#%& (137 mM NaCl, 1.5 mM KH,PO,, 8 mM
Na,HPO,, 2.7 mM KCl, 0.02% NaN,, pH 7.4) » ZE{fFHE
3 rEEARERR B R AT HE S - KRR ER R
FIE AR O LL 10,000 xg #E OIS BIFWR »

& FIEWGETT SDS-PAGE K 5 /7 BB A fifE 72 & 1
F7AE > MR HUR 1 e (R THTRE B -
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FOCHUN B b

FEHEALAY L-c EES0 g (0.1 g/ 1) IRAFHIE
252 2/ | (Freund's complete adjuvant, DIFCO
Laboratories, Detroit, MI) » #£{T7E % il (BALB/c) 5 —
RN IETE 5 35 8 e N - 2 R L K hET — Bt
50 pg (0.1 pg/ul) L-c B FIR &5 HEFE A 582 (7
(Freund's incomplete adjuvant, DIFCO Laboratories) P
R MR BT =K 2 — R FT AR PRI -c &
F150 g (0.1 pg/ pl)y o BUHE EARNEATIY (spleen cell)
E [ ERERE Al (myeloma cell FOX-NY) i kiR
& » LL 50% PEG 4000 (polyethylene glycol 4000, Sigma
Chemical Inc., St. Louis, MO) SE{THINERLE 5 Bl& A
Jitd (hybridoma cell) 7345f% 96 FLEMEESEE M LL HAT
SRR AL [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)] > CO, (6%) 552 FaH i #E5S
# o MR & 10 K% - &30y B EfLh A D Sl K
Hi o AR RS MRS — KPS » LIREE L-c EEH K
NG Y BT RS R ERE 2R E S B - ) ELISA J53K
AREMEFEXR TAPT L-c EEPIHE.Z 3 =R ELISA R
1E I Rt FE ik LURR B A% (limiting dilution)
AT BRRAL > BERR AL 1SS E 2RI BEAR PTHE OMERR PR
% > LABL SHRERRET E3F G158 pristane (Sigma) —3EZ &
Ba S NEIE S} » JEIK (ascites fluids) KA S HEAAH
10-15 KR BEIEEA R » LS 22 BRI
o

W RS S W Bt X 2 (Enzyme-Linked
Immunosorbent Assay, ELISA)

e eee 3 B S BT S FE22 %% Yeh 11 Gonsalves
T e 7RI E ™ o LAIFRBE L-¢ B P O R e T
FHAE O B PUIR > LI 4% K (coating buffer) (15
mM Na,CO,, 35 mM NaHCO,, 0.02% NaN,, pH 9.6) Zf#
B A B EE LM E R &= % (Greiner bio-one,
Frickenhausen, Germany) 1778 % 5 5 152K H il &8
AHREATR: B ER—RPUHE - LIS S AR % (conjugate
buffer) [PBST (137 mM NaCl, 1.5 mM KH,PO,, 8 mM
Na,HPO,, 0.05% Tween 20, 2.7 mM KCl, 0.02% NaN,, pH
7.4) &1 2% PVP-40, 0.2% ovalbumin] Ll 1:1 f5LE
(100 11:100 1 1) FifEELAIA 96 FLIKEAE -HHEITHURBT
HESE 5 MO LUK S #R 18 & AR 5,000 5 s ol
FIFR ZIFEPUR RIEERE T (goat anti-mouse 1gG
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alkaline phosphatase conjugated, Jackson
ImmunoResearch Lab. Inc., PA. USA) 1T — R¥THEN
Ji& - ELISA E5afyEtiasH I %A pET28b (+) 2%k
e~ ELESHH [F] 82 55 0% 235 18 2 Al I I 1 B 1 FHL 2K Y
Wi o ELISA {95552 21 B ELISA {itif% (ELISA reader,
multiskan Ex, Labsystems) il &{EiK &K 405 nm AR

fiF

75757 (western blotting)

AHTEFERT FHAY R LL= 588 A8 (viw) FRan AR 18 IR
(sample buffer) [SOmM Tris-HC1 (pH 7.2), 2% SDS, 2% 2-
mercaptoethanol, 10% sucrose and 0.005% bromophenol
blue and 0.01 M EDTA] E&HEEWE 3 7784 < LL 9,300 g
BE0 5 it I FIEWIGELL 6% 43S (separating
gel) SDS-PAGE 1F 150V NEEKEE 1.5 /NI 5 BBk
M EIEEOEEENZE PVDF & (polyvinylidene
difluoride membrane) I » £ 1GIEEN A & 18 AR LL
TSW #&{## [10 mM Tris-HCI (pH 7.4), 0.9% NaCl,
0.25% gelatin, 0.1% Triton X-100, and 0.2% SDS] iZif
30 gy - HUR H &SR ERA KSR — R > LLTSW
FRIEREILTE 8,000 % » GG EH 30-40 7y ##i% » LA
TSW #RFERRYE =KX 3 778 > ZRMALL TSW #&
ERRAFE 5,000 5 Z ILIFEPUBR —RYTHES FE 30-40 775
% > 88 TSW HE f7 w& b ok 12 LU 14 fofe 1k 1% 58 A% 187 iR
(alkaline phosphatase buffer, AP buffer) [100 mM Tris-
HCI (pH 9.5), 100 mM NaCl, 5 mM MgCl,] {&vE—XK »
5 A &H NBT (para-nitro blue tetrazolium chloride)
s BCIP (5-bromo-4-chloro-3-indoyl phosphate
paratoluidine salt) FY2 @A » 20K 3-10 ik LIk
e KA 1 S -

A A BB R 1 MMEE

IS tospoviruses FZHHER (AL 5@ - i
LB REE NS U A fF (sucrose cushion) fff/(%
LI TBG #E1#iifk [0.01 M Tris-HCI (pH 8.0), 0.01 M
glycine, 0.01 M Na,SO,, 0.1% cystein] [EVARTEE » 1T
WSMoV JRERIE 1L (partial purification) ° &3 7
{bi% & BT ZEHOR LIS HEHET T $2 (trapping) » 15
S EmE I N EERAEIOR o BT EE S o6
LBV A B f2 @& (0.1 M phosphate buffer, pH 7.2)
1B UE 20 fid » DAUEARIR 525 65 /K3 - B 1% A4 E &
F1 [BSAYSHS 20 mM BEEEARERR (pH 7.2)] K& 10 77
B o [FIE T DAV e FH BRI AR RIS 18 20 Ji i DAYEAT K
EZ BRI ¢ 1 500 5F5 R 2 T HSEPT G - &
30 itk o LUEGEABEEAR ERTE YR 60 iF » FFLIZKEH

KIEDGE 30 W 5 R E 20 SRR A BRPEEY)
(protein-A gold, Aurion, Wageningen, Netherlands) [ [
30 7y > LAE Ve Tl A @ s bt 60 W - FFLLIZKEK
1HYE 30 W 5 DL 2% BEfesl (uranium acetate) Hifh 15 43
B o ZRERKIEVE 30 1 > HHSIREN (lead citrate) Hetf1 1.5
Gy 8 o ZRERKIEVE 30 W s SRR 21 DURE T BEOL B
(JEOL 200CX transmission electron microscope, JEOL
Ltd., Tokyo, Japan) DIUNET DL SIS - N EEHT
I P A B B =2 B i 2 T -2 RPN » L SR PTagh]
T Atz BRMRETEE o

I S

L-c A HINE R B 2 08 S R A R31

LIRS C 1 WSMoV 31§14 L B[R C Ima%atay
5| S5 1 THIME G » L-c FrE¥ DNA E£ £ 798 bp
(& —) » THEAZRIHE AR 33 kDa © AR HE
Wik pET28bL-c W AIGRRE IS 37°C B5EAEHE
TG > 06 LLIPTG #E T AR R (6 ~8 ~10 ~ 16
/NRR) BB ERIGE - BRI BT A AN EER A
ER7eiifi® pET28b (+) fiY] E. coli BL21 (DE3) Eilk o 5
FEIRHE LGB o 9 pET28bL-c FEIR#R BEAYE MK AE &
BB IRRA L - 7 SDS-PAGE &k A#HY 33 kDa fif
A THEAR R B8 218 (B —A) » DL anti-His %
Prisa - BRAEE A HARE B3 (8 —B) 5 kit
ANE] F5EIRE RIS SEths H > L-c I TEIPTGEEE8 I
10 /NRFERBE FRILE SR 6 K 16 /N - HAE Y
L-c & RIEBLIAS nl v 7R A R 65 HA R T AL O AT
By (18— pellet) o KiEh5#M7H pET28bL-c FKI{#H
T RIS B - W LL 37°C ~ 8 /NI IPTG 8 A&
XKW L-c &H - LIS 7 K[ L-c &H > A
LIGETE S8 R R 5

Hoohiiez Wik WSMoV i - L KAz
e

HIREREL A 2 5G0E BELISA fig & (R s sk L -
P = (E ] 2RIT L-c FR 1 HRRPTRE & Al e
Pk OF2A8 ~ OF2D11 J¢ 9F2G7 » 43 Bl LA —{EHHpEA% %S
B S TR e B LA AR I K > (WA R 2E A
WIHE KA 7Y 7R L A #AEH] WSMoV gy
RHREIER T L EEEAHEE E MR ERYE (data
not shown) > H M1 9F2A8 ik AEAHINEK EEL % -
ke B 5m 22 LL AT Bik Pt ZE RS KEEAT o 55 T MLk BE PR
PLHEE > WSMoV LIS tospoviruses J& 5 H & 126 H
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252 1049 _
300
FJJZEI)04-63 o

—_—

-t
F1J2004-62

L-c (798 nt)

Xhol "+ " Nhel
A Lt

His-tag T7 promoter

pET28b(+)

E— ~ V5 IERBEREE (Watermelon silver mottle virus) 2 L-c H{JREE 5> pET-28b FRIFHEEE S HESE o

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 Nhel and Xhol. The WSMoV L-c was expressed as a 33-kDa fusion protein

containing a His-tag.

B. supernatant pellet
kba M 6 8 10 16 10(-) 6 8 10 16 10(-)

A. supernatant pellet

kba M 6 8 10 1610(-) 6 8 10 16 10(-)

40
334

45
+—L-c —L-c

30

& — ~ LLSDA-PAGE KP4 /7#8iEE T L-c EEH LR -

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 °C 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°C for 10 hr is used as a negative control [10(-)].

T > Bd53 BIEAL Tospovirus J&HH PUREAS [R5 FEAY
JREE  WREE T 29/ & (Tomato spotted wilt virus,
TSWYV) ~ BVl BHEBIEHR A (Impatiens necrotic spot
virus, INSV) ~ {t4 w255 (Groundnut ringspot virus,
GRSV) K WSMoV #1775 77HE BT > A S
It— L ZEHEETIEE S WSMoV 2 L EHEFH—
PE > SBEH A = FEAS [FIE B9 3 TSWV ~ INSV. Kz
GRSV Z L EHABEEHERIIGET) ([E=) - #E— P %

THRAE WSMoV & Z[BIFERA R | L BEEHRAIEE -
I3RS SRR 4-11 RARHY ARG AofE 8 - LA
JTHERE AT L SR RBUETE © FERER - BEERES 5
RAMUEREF B L &S iz - 350 sk L
| RRI EEH Mg - B 7 KA{EHE A2 &
REE i - 55 8 KR 9 RARBUEMK - (HXR5 10 K
55 11 KA R (&) -
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170 kDa -

&= ~ DAPG/jiEEE i LR B AR TR S AR IS
¥ 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".

330 kDa - e Dl = -

170 kDa -

VY~ LAVS J7 48 i 53 AL 3R E RS e 7Y ISR B 7
(Watermelon silver mottle virus) Z|BIZEFAEL (Nicotiana
benthamiana) FWIFRIEN -

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.

HAAB B HHGERGC RPE 76 1- RAb st

fEheflE WSMoV 1S BLfGEaR sl ik - 115 &
FIRER ARG TR E A 1B %0 % % T RE SR
%o HUBELIN BB - HLIEA A BEiE
BV - AT LAER FRAG B T IR I IR A2
IRERZ - BGIKEER ERTEA S BRRRLRE (B HA) 5 T
HEBEFE - FIRFIIA N EE R T2 RPTHE AL EH
S BERR U T SR W - FE LA R SR W 2R

6 7 8 9 10 11 dpi

[E 7 ~ EB5 A L Ve SRS 7 (Watermelon silver mottle
virus) DMEZHRHEE I (nucleoprotein) 26 MRPTINYE B #E 545
(RNA-dependent RNA polymerase) & [ BERRFTHS » 1T
EHH A BRI O 1R T -

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.



H A BE2YURESYEITIE - WS PIER T K
/INGTES 10 nm B2 25 nm > FlA] DIEREFRAMEE T #8152
FlR IR AR 252 b > BB B2 1) R AT
DR BRIF (811 B) » MAEIEHRIRFERERE Y 22 1
s - I R B R TR R T B R P A

ot i

SV S AR B ST BT e 2R R BE T RE R A
BT FZAEHELHIMIE o % RNA i{E
(positive-strand RNA virus) AR 7 FK#8 RNA » A5
BNEAmRNARIIIRE " » 7 2K 8 RNA (F/EEF 4
NEEEA > AT EEEE FHEF AT AOfEEE (translation) A#fE
RPN RO - o T B A Jeb &l > (RIS
)3 (E RN T I e B R LR 7 5L K RNA 3R
B aF i BN e Seak s EiiE RNA SR a5 R
#3 RNA AEEE {F mRNA (] » ERERIR BT
SRR A B & R L AIE(E T REEE) ™ > R Hy
A B (ERK I VAR S E A o [RENS Bunyaviridae
BB T 7E EA8FE H - bunyaviruses FEHE)R A
BIRBLAM > bR T 7204 2L KHE RNA » AR FH 2
WEEEL &N BIFES™"7 o MiREE DR PTE et
MG A8 > BR T FH A (EIIGE ZE8L 0 7 5 1 A 27 - 4
MR &2 SF8 E R BN i ~ {5 W E AT
1R ThRE MEE: R e e Ml = B 1 RLIE T 29% > 18
e ARiE 5 ~ A (EH E MR NE AR R 2R
BT - B 2ehR mESL HURSAEIRE > #RRE S0 1R KR FE
FHZEl8] B fEAE -

A serh pra%Et L S RN W R2 % van
Poelwijk & A ® frgEZk TSWV L B HAHUMIE Mm%
Al o HERERWIRETR L &H R ={# %% - L &H
N ¥ (L-n, 30 kDa) (data not shown) ~L & C Ui » KFl|
FHHR S AR L B EBUKE ~ PO PR R [Esk
(Lhphi, 16 kDa) (data not shown) ; ZREIfERIEH » FI
L L-n RELEEAK > T Lhphi R & o KHOESE
#i{t L-c f Lhphi & FEITEERERREES « g
HIAG S > v 5 Lhphi 85 5 &8s R 0920 MR P v % H
£ ELISA BXPY /THERE (B WSMoV 1£[E[HEfE #L
L B\mEAEE > K HA L-c EE#EETCERDT
Ry 2406 HEHIHE JRIA] » WIRESE Lhphi &&H 77 FEE
/N FEE B R 5 EE Sy BOR B TR B H
AESTRE AT LS i )M R L BB o

L-c & HRYTHE A » LA RIE H 8l
R ) Z 8 MR SR E R PR EETT ELISA
FiigE - BERRPUESAE A1 IME BIERAEY) WSMoV L
EE AR - 7E 757 EREE _EaT DOE 2 s E] s

P INERBE R 7 1 B B R TR 243

A2 330 kDa B L FEH o (HERELL ELISA /7 =04
SFE Y L SR BIAFAE o sSnkE (B A R TRy
JRIA - ATRESRIR RS L-c 2R B E Ml 22T 0 K
JEE T - HA#GHE SDS-PAGE #li{bAyss = (denature
from) » [KIH AT A AR PG 5 HEE I PRERAS SN L & -

{E{siF ELISA {8l L & (1 AR R 5e 2880 5 H
SRIZZ (nature from) » REEFZ X TR L BEEHE C i
AT RE RIHT AR (REE s> PIRIERE $r 48 AR Basg T AN
[E] » 3 A AT AT R 5 edh o A TRERZ IR BLER
FITE 75 77 15 B4 R EFE Thig 28 B UK > 75 9w i
rh A ERD o [RIM L DL ELISA #7514 S2g0th sl
FIHAFLE o 2R > AHESS TSWV 2 L AP 2 8l
WIFSE » HLAEA 2 TR LAPG /7 sE 158 ELISA A%
E R AR IE ] L BB A AFAE o (S ReTER A LAIs
7R LTS 7 EEE IR L B AIEAE Y o #ESRTE
BRI B 3E 2RI &8 L 8 SR R A LR
& - {BAE S AR L S TP » EE EIR
ERERE o UG TEEELL WSMoV 2 L BT
PUTEAN[E] [ME Y~ tospoviruses H: L & H 2 IMEZ: FHY
B o 55 REE A EERST B WSMoV 2 L & C AT
BUHE BERE PR R EHIZ WSMoV 2 L & TANE
BIHAR 2 L B 38 E & - 7F tospoviruses 1L &
Fe e SEEOPRERYE MR » L &0 FES
RNA & gz A G RE PEIESE © > 37 DUCOR B
WO EEATHURSAY Bl o I TR e 158 HAth A~ [F
1MV 10905 720 B I B Z DR o SR AE b #lfii 2 L
VISR E L B C kT KB 5 0% &8 AT A
A4 > FRPE NCBI E[KJE (http://www.ncbi.nlm.nih.gov/)
SRS (HRTGHE GRSV L RNA FEdl s ) it
fTEL# » £ L B H C imilsr WSMoV B TSWV ~ INSV
2 RHER 47.4% ~47.6% R A 15 K
28.1% ~28.5% WilkHIEAH R » IS L-c EETE
B PY A8 A B v B TS B e SR BRI - MRS %
& BRI Feh .2 L PiiSE wSMov a1
Bk o RGBS R AR gerhAr EA L EE 2
PRELEE - (AR B AT AUSERUSE ;e 81— 1 > TEREA 2
A2 R e B g A -

LG 5 1047 WSMoV  7ERHHEY) L B
PRI B L EORAEE RSB RS
T » 3E1E T EL i A 7027 AT P 2 R SR IS B oAty 75
B RBUIRLER FriR B - 08 B0 B EFF EN1818
B RTHENR > WEELT KB RNA 8> DI#EZ
R R L EA AR » TR ESRZ L &
H#HIEA » A2 L &0 BEE KRR o WibEEE
BT KIFF L BHERBUZER R : B RNA KEES
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LT R EH - B fRAE KSR - MLEH
FHE TS ER - B SRS RO A% - Rt ALES
BE MRS 7 KB GRERIIETR - SEREE
FEMITIIRE » IR &8 (ribonucleoprotein
complex, RNP) [ff S0 i Hif m K s A 7]
B o SMERBONEE R REUE A MBS R E A&
ML EEAER 9 ~10 KBEHENH EIT > EEETTH
[ R AZE IS ERER I R R R > B R R R G A Bl
T o GRS ECRGRAHT A A AR RS T Y
HARE SRR HERR > AHERR A — AT HEMERS » B RNPs
RIS FRTT B —F2 1% > TRk BEK St B AL IR
HIRAE » RRRTEERERE 9 KX » L B S E ikt
hi o AR R SRR R R R PR o 38 — A5 IR 1S
Hi o WUERE S T 2K BCRYR kA bt L EE
A% BREUE A TSR 5-7 FOSHGE & IR 5 TTE
TREBEAE R - QAT LU 25028 S oy i B4 ) 7 RNPs
SRR RERL ©

1% WSMoV L ZEHEMYTHE > #EEdE H A BeH
THE G VI TRIEE TRAERIERN - BB SN &
FS A B <AL T B8 R AR AR AR 52 04T » BR TN
EH 29 AR ERGIRAERERE R F RME S L S HIfE
1E > & BRAOHEN L — R IRAE SR SRS RNP fE S
Yy > BLHE BRI IS 18 AN [E] & bunyaviruses [HE
AREEIFFHAREL R RERIAN LIRS RNA L7 L
B ERG T TN 2R HIBR% 0 3658 B I /At (R AE
RNA "™ > BEQHE R —(E BR85S (pseudo-circular
structure) 3 $4) 353 » RNP {9 #H A W B8 2L 45 9% &
RNA ~N &Rk L EH » R —HEAE R KRBT R
H i/ IH AR 88 o AT 22Hh RNP fss 2 Fir DUE 42
PREE T = 2 QIR KA —#i L7 &0 FRSHE 58
i ae AL > TR N OG- K HEF A A
FROR T ELEERY RNPs & 6 o0 Bt 2K » T 20 i A vh
Triton X-100 HyEZHE - [F]RFth &8 se B S RNP 4t
[EHIREE R EE » Ed RNP #REE Tt (g2 -

{E tospoviruses HIAFZEHT » FIIFH A7) 5L K5 ) /7
= B MR EOEARDIRECH YL T
SR AEBR Z30 & (R ARRITETZ T () % E B
FREERE TIE ARG iF9E 5 7EB)P) bunyaviruses HY
WFgEHr > RS st a) S SRR AT - A SRR
I+ MR AAEH E BRAMTSE - HREEALEASE
D EE PO g e SELE T - HLDLE B —{EE DhRErE
FRAE SV PR TR B T AR SEAE R 7 A s — 1]
B s REREN L EE R EL o %
A LUAE S [ 38 A AT 2 T > o FHEAMEM L &R E
TEZT FAH M e i 2 R a5 T » DUR BER H sy +

EHMRIZ AR o AFgerh i L & A BRI
e AMELEH YN 2 B LR AT WSMoV ik il
HIRET] » 107 FA VIS sa b b A HOE ATERI Y
(EPIR

F
ARIF5E A FHT B B Bl & (NSC94-2313-B-
005-003; NSC98-2313-B-005-026-MY3) #&& i B » ¥
IEGE -
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ABSTRACT

Chang, H.-H. ', Tseng, H.-H.', Yeh, S.-D.', Ku, H.-M. **, and Jan, F.-J."* 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. (' Department of Plant
Pathology, National Chung Hsing University, Taichung, Taiwan; > Department of Agronomy, National
Chung Hsing University, Taichung, Taiwan;’ 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 2™ 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



