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In this work, major outer capsid protein (P10) encoded by genome segment S10 of Rice black-
streaked dwarf virus (RBSDV) was expressed in Escherichia coli. Genomic dsRNA was extracted from
RBSDV-miryang isolate infected rice plants. Based on the sequence of S10 (RBSDV-miryang, GenBank
JX994211), a pair of S10 specific primers were designed and used to amplify the fragment encoding
the N-part of P10. We amplified the partial gene (S10 1-834 nt) of RBSDV P10 (1-278 aa) by RT-PCR.
Amplified RBSDV S10 (1-834 nt) was cloned into the expression vector pET32a (+). Recombinant
RBSDV S10 (1-834 nt) was expressed in E. coli BL21(DE3) and purified by nickel-nitrilotriacetic acid (Ni-
NTA) affinity column. We successfully obtained P10 partial protein of RBSDV and the purified protein
was used to immunize rabbits. The resulting polyclonal antiserum specifically recognized RBSDV from
infected plant in both Western blotting and enzyme-linked immunosorbent assay. In this study, we
provide purified RBSDV P10 (1-278 aa), which would be good material for the serological study of
RBSDV-miryang isolates.
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RBSDV S10-N (1-834 nt) RT-PCR, 2&2'4d. RBSDV-
miryang ©| HF 2§ 7|35 dsRNAE FZ73}9] RT-PCRY] 5
g o 2 A8-351% tHUyeda 5, 1998). RT-PCRO]| AH-&-
= RBSDV—miryang S10 (GenBank JX994211) N-H 9] 1-834 nt
HBS Ao 2 3}¢] forward (5'-GCAATTCCATATGGCTGAC
ATAAGACTC-3’), reverse (5'-CCGCTCGAGATCCAAAACACTTAAT
TC-32 319 2.1 forward®]] Nde |, Reverse]| Xho | A|gt& A
Aol E7} 23 A AA ST 55 H DNAE A g
PET-21a (Novagen, Madison, W1, USA) 2] Nde |, Xho | AFo] E¢]
2243519t o] HE = vhd ol A 9] nickel-nitrilotriacetic
acid (Ni-NTA) affinity chromatography A1 & 9]3}o] N-Zth
o)l 671 9] histidine (His)- 7}2] 3 91t} RT-PCRO| &] &) ZZ-=
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RBSDV S10 N (1-834 nt) THHZ &hal o Hx|, =
ZJ ¥ RBSDV S10-N E 1-834 nt (RBSDV S10-N [1-278 aa)) &
Escherichia coli host BL21(DE3), BL21(DE3)pLysS, BL21(DE3)RIPL
350 A T E S A A8 THChen 5, 2012). TR X
712 isopropyl B-D thiogalactoside (IPTG) Z| &5 1 mM, lysis
buffer A= 20 mM Tris, 10 mM NaCl (pH 8.0), buffer B= 50 mM
NaH,PO,, 300 mM NaCl (pH 8.0)2 2= 20°C, 37°Col| A 4A] 7t
Hl 9F3}o optical density (OD)%k©] 0.5-06 A =7} &= =& o}
At vl F NS 12% polyacrylamide gelol| A 2 7] & &3}
S S glst o 3 o] 221E E coli (BL21(DE3)
RPLE 2F 5= 1 mMY IPTGE &d & F=3}3 37°Co| A
OD%ro] 05-06 A= = w7t kst & AA S A A3
o}, Tl A A A = lysis buffer (50 mM NaH,PO,, 300 mM Nadl,
8 M urea [pH 8.0]), washing buffer (10 mM NaH,PO,, 300 mM
NaCl, 20 mM imidazole, 8 M urea [pH 8.0]), elute buffer (50 mM
NaH,PO,, 300 mM NaCl, 100 mM imidazole, 8 M urea [pH 8.0])
£ A3} Ni-NTA affinity columnof| A A A] 8} ¢ T, Ni-NTA
column®] binding® F&&-& 12% polyacrylamide gel % 7]
902 oA T A S B,
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o 2ZES A E Western blot-Z A A] 511t} Ni-NTA
binding®ll AF-&3t buffer+= lysis buffer (50 mM NaH,PO,, 300
mM NaCl, 8 M urea [pH 8.0]), washing buffer (50 mM NaH,PO,,
300 mM NaCl, 20 mM imidazole, 8 M urea [pH 8.0]), elution
buffer (50 mM NaH,PO,, 300 mM NaCl, 250 mM imidazole, 8
M urea [pH 8.0])2 3} %1 t}. Western blot-2 5% skim milk 2
blockings} %2 Tris-buffered saline with Tween buffer2 10
E XA 33] washing & A HA| 392 1,0008] )43t anti-his
2 90E w8 A Fth 10,0008} 3] A 3t anti-mouse-horseradish
peroxidase®]] 2] 3] 1A]7F WE-2- A A] & detection solution &=

Hhe& Zelskeh

ELISA 7 ZA. RBSDV S10-N (1-287 aa) 2] ¥&H& ‘ﬂ"iﬂ,
A FYoz st W T2 E7)0 FAMst] &
2 A &5} thAbclon, Seoul, Korea). 3Y-& E 7] 9 -%—/\}o}
7] A || pre-immune serum& A Fste] SA YRR AL
stelth TS0l 3 FE AL o] &-5ho] ELSAR A7HE A%
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S H tHWang &, 2006). & &2 200 ng/well& AH-&-3H %
oo g5 o A A E 100-10,0008] 3] 451 HE-S-S Al A
3} 4 ). "2 & ELISA reader (PerkinElmer Victor X3, 450 nm;
ThermoFisher Scientific, Waltham, MA, USA) 2 =43} ¢ith &
A= TdHte s=AEEY LI Y S AU
(14-0051).
2ot ¥ o

RBSDV S10-N (1-834 nt) E2'd. RBSDV-miryang
isolate S10 (JX994211)2] N &t 1-864 nt (1-278 aa) (Fig. 1)=&t
A E 2l pET-21a0] S 293 F colony PCRE A AL ©]
53718 220 et F714 € &4 & 2 RBSDV S10-N (1-834
nt)= 2215ttt

kb

2.0

1.0

075 RBSDV S10-N (1-278)

(834 bp)

Fig. 1. RT-PCR of Rice black-streaked dwarf virus (RBSDV) S10-N
teminal. M is molecular size marker. Lane 1: expected size of 834
bp PCR fragment.

RBSDV S10 N (1-834 nt) THuiZE S5 I Hxy|, &
71 g B4 02 S10-N (1-834 nt) 9] 4t o] EIE S2S
AH&-3}oq E. coli (BL21[DE3], DL21[DE3]pLysS, BL21[DE3]RIPL)
of| A v QF-2 = 20°Ce}F 37°Co| A T A A S Fr =3 At
BL21(DE3)2} BL21(DE3)RIPLOY| A] vl ¥ = 37°C2] A, B buffer
Z7 0 A A el (2F 324 kDa) S| Tt A H WHET) S
%1 =] $AThFig. 2).

Ni-NTA binding test. &% Tl &8 native 279
A Ni-NTA binding testE g+ 2 1} A, B buffer 27 of| A A+ &
2 o] AL 8ol o] B3P 0 B2 native 27 oA 9]
A= Al A] & A2 2 Bk o] denatured 7 o A
AAE AASHHTE 1 23} eluted factionof| A T4 THel A
1] Q1 oF 324 kDaol| A g Al €l band 7} Q1 =] 31 thFig. 3).

Western blot, Ni-NTA binding testol| 4] &% ol
2 o] AA| o] HE Western blot2 2 2§13 A} 9] 9
HE 2004 4 el d o] 2l & }lth 2 native
condition binding test2] 7 -$- A, B buffer & 71 9] eluted fraction
ol A FAE o T F o] FRIE Yot o] mj AL
elute fraction®]| A T A} Tl & 9] 2] 2] 9] anti-hisZ detection
X ¢= v 5o H WiEE fEof FA =7}t Zo} native
condition®]| A &] A A= A g3} A] &k th(data not shown).
224 denatured condition 2] eluted fractionol| A= A A &
Folut A = H ol A native condition 2 t}F F A& 0] H
Z9kth o] Ao A2 B wj RBSDV S10-N (1-834 nt) 2] A}
chal 2o BL21(DE3)2} BL21(DE3)RIPLY) 37°C A ol A T}
2 = ¢l 3L, native & denature 271 of| A A Tl A o]
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Fig. 2. SDS-PAGE (12.5%) analysis of Rice black-streaked dwarf virus (RBSDV) S10-N (1-834 nt) expressed in Escherichia coli, stained with
coomassie brilliant blue. Expression of RBSDV S10-N (1-834 nt) with isopropyl B-D thiogalactoside induction for 4 hours. Molecular mass
markers (M) are indicated by the kDa values at the margin. (A) RBSDV S10-N (1-278) BL21(DE3). (B) RBSDV S10-N (1-278) BL21(DE3)pLysS.
(C) RBSDV S10-N (1-278) BL21(DE3)RIPL. Lane 1: uninduced cell lysate total; lane 2, 6:induced cell lysate total; lane 3, 7: induced cell lysate
supernatant; lane 4, 8: induced cell lysate total; lane 5, 9: induced cell lysate supernatant.
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Fig. 3. Nickel-nitrilotriacetic acid binding test of Rice black-
streaked dwarf virus S10-N (1-834 nt) expressed in Escherichia coli
at denatured condition. Molecular mass markers (M) are indicated
by the kDa values at the margin. Lane 1:induced cell urea total (10
ul/1 ml), lane 2: induced cell urea supernatant (10 ul/1 ml); lane
3: flow-through (10 pl/1 ml); lane 4-6: wash 1-3 (10 pl/1 ml); lane
7-9: elute 1-3 (10 ul /1 ml).
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Fig. 4. Western blot of Rice black-streaked dwarf virus S10-N (1-
834 nt) at denatured condition. Molecular mass markers (M) are
indicated by the kDa values at the margin. Lane 1, 5: induced cell
total (2 pl/300 pl); lane 2, 6: induced cell supernatant (2 pl/300 pl);
lane 3, 7: elute fraction 1 (2 ul/300 pl); lane 4, 8: elute fraction 1 (2
pI/300 pl); lane 9: urea elute 1 (2 pl/300 pl).

Elute
kba M 1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15 16 17 18
175 =
22 b | Fig. 5. Histidine Rice black-streaked dwarf
46 " virus S10 (1-278) purification with nickel-
» nitrilotriacetic acid affinity column at dena-
tured condition. Molecular mass markers
30 ' - 4 (M) are indicated by the kDa values at the
25 margin. Lane 1: urea cell lysate total; lane
2: urea cell lysate supernatant; lane 3: flow-
through; lane 4-8: wash 1-5; lane 9-13:
17 100 mM imidazole elute 1-5; lane 14-18:
prg— 250 mM imidazole elute 1-5.
FRIE Yo denature 27 A AR P&l B w2 A ELISA <7t % Zal &A%k RBSDV S10-N (1-287) T
213t 3 Th(Fig. 4). HAS FUC R ELSA HI2ES AASHA FEE 7]

His—RBSDV S10-N (1—-278) HA|. His-RBSDV S10-N (1-
278 aa)= Y9 2 A0 =2 118]%F & denatured condition ]| 4]
Ni-NTA affinity column % A & A A] 3+ A 3} washing buffer 2
100 mM imidazole elution bufferof| A A ¥ T2 o] &<l
=] g1k 250 mM imidazole elution buffero] A = A A= i =
7F Q1= 9l o1 o] 1] 100 mMol| A] 35 2] Tl A o] elution
5101 A S A o] 2 A U thFig. 5). FAE Tl o]
2915 wash fraction & 100 mM elute fraction-< poolingd}<]
A =3t 2 3} BL21(DE3)RIPLO A 0.65 mg/mll (total 12 mg) <]
a2 S AS 4= 91l thFig. 6). Yol Tl A S gPo
RBSDV S10-N (1-278)°]l th 3t &+ & = A| 2t %ot

(New Zealand white)ol] F=A3}7] A o]l pre-immune serum-<
AFH st SR AR 3192 ™ primary immunize=
< complete freund’s adjuvant (Sigma, St. Louis, MO, USA)2} &
gsto] 15k AL 45 & incomplete freund's adjuvant2}
SUBBUSR A HLFS AIALL 12914 23
miE 2 | 5to] ELISA testE A A8} 25 THA 0 2 HAH
RS A 2 A 17§ 2] Ao
AEstal 2 EF S ESH ELSAEI A E 2 E21513
T} ELISA H| A E Z 3} 97171 1:10,0002. 2 &2l = ¢ th(Fig. 7).
H A o] 432 RBSDV N-H 2] 1-834 nt 2] in vitro Ty
A o] Bl E 9o m of Tl A & ek vlokato] BA|aH
Z 3} 065 mg/ml (total 12 mg) 8] A S AS = Qe o

_"Il



36 Research in Plant Disease Vol.22 No. 1

kDa M 1 2 3 4
175 —

80 —
58 — —
46 —

%= -~ -

25 —

17 —

Fig. 6. Purified Rice black-streaked dwarf virus (RBSDV) S10-N (1-
834 nt) protein. Molecular mass markers (M) are indicated by the
kDa values at the margin. Lane 1: BSA 1 ug; lane 2: BSA 3 ug; lane
3: histidine-RBSDV (His-RBSDV) S10-N (1-278) 1 ug; lane 4: His-
RBSDV S10-N (1-278) 1 pg.

o] A Thil A& 3+ © & RBSDVO 3k 8 A Azt AE
sto] S5 FEA L o8 T Aol ]——‘3——6]-7-]] =9}
e FFo22RE ofE A7 v st &5 vt
EH(Rice stripe virus, RSV) ¥ o} 2} RBSDV 2] =4H2] ¢l BhA8

= St ol 2@ 4ol A o FEH ol §3tkof o}
T BEFE HY 5 ANNT BEFL PA 5] vpo]
222 vl )2 Ahehahel RBSDVE] T A 7)ol WAIE 4
P LR LG

O O
400 =

B Lo A= RBSDVY Q)7 el P10 ZEFHE S10
< E coliol A & A F t}. RBSDV-miryang isolate (GenBank
IX994211) 2R E] &3 Ali5 dsRNAS 3 2 2 5109] E0]
2|l primerE AH&-5to] P102] N-Zeh g %(1-834 nt, 1-278 aa)
= RT-PCRO|| &J 3] 55} At} 535 RBSDV S10-N (1-834 nt)
< E 9E pET32a(+) o S 243} E coli BL21(DE3) ol A
2HEA A1 3 Ni-NTA affinity column @ 2 2@ E 2 &
At A LS HS T2l FASt FEH S
A ZHst ok A2 38 32 Western blot & ELISA 4 ©.
& RBSDVEFE| 5o A& gelst it & Aol 4] RBSDV &t
= isolate®] FE o] AAEHoH 55 FHFA A9
FXARREEE S UAS AR 7|
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Fig. 7. Titers of the two Rice black-streaked dwarf virus (RBSDV)
S$10-N (1-287) polyclonal antibodies against RBSDV.
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