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Inhibitory Effect of Cotesia plutellae Bracovirus (CpBV) on Development of a
Non-natural Host, Spodoptera exigua

Yonggyun Kim* and Jiwon Kim
School of Bioresource Sciences, Andong National University, Andong 760-749, Republic of Korea

ABSTRACT : Polydnavirus is a symbiotic virus of some endoparasitic wasps and plays crucial roles
in inhibiting immune responses and retarding development of the parasitized hosts. Cotesia plutellae
bracovirus (CpBV) is a polydnavirus suggesting a major causative to change developmental phys-
iology of the parasitized host. Here, we investigated whether CpBV can interrupt development of non-
natural host. Beet armyworm, Spodoptera exigua, is used as a non-permissible host for parasitization
of C. plutellae. Extract from the calyx region of C. plutellae contained CpBV, which was confirmed by
immunoblotting with a polyclonal antibody raised against CpBV. One female equivalent of CpBV
extract was injected into hemocoel of late 4th instar larvae of S. exigua. The injected larvae showed
delayed larval period, decrease of body weight gain, and inability of pupal metamorphosis. These
inhibitory effect of the CpBV extract was rescued by injection along with CpBV antibody, though the
antibody itself did not give any effect on development of the larvae. This result clearly shows that
CpBYV can interrupt developmental physiology of a non-natural host for its symbiotic wasp.

KEY WORDS : Cotesia plutellae, Metamorphosis, Parasitization, Polydnavirus, Spodoptera exigua
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A o} DgA| Aol Fadt AT PP 2SI (Cotesia plutellae) £ B2t}
o[FXCpBV)E F|714 A 8¢ mAATIE Fo A2 Hgdhe Eelmijulels|ae] o
Folvh & A7 ©] CpBVZ} viAA7|FAE dEads 8T ¢ e A AR o8
3 =L TAEe] 23 ZAEHA] ke wI7)F Fhbi(Spodoptera exigua)E ©]-8-313t. o]
43 CpBVE =R vAM Fa il calyx) FEEA 2% o] FEE-L CpBV Aol disiA
=313 -3hked o2 CpBV B4} 2=tk XY 47 & vle] CpBV 3252 37) 4
e shbd F7v 2 F4A13 CpBY 43 shihvit £3-2 #35713%0] A=, A557t
7t dAEH, 5K os Helrt AAHS. o2 CpBVE] LA &I o] nlojaiie] 34
5 A T4 Foz H2FT 7N GA dRese shihil £33 B8l o} Jie
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F =vjrlo]2) 2t Polydnaviridaeol| <3}0, 9x
B R YRR B4 vhelElA2A Ichno-
virus¢} Bracovirus®] F 402 EFE0 o) ztz}
7% ) FE A det WA EH P 2
A8} 714 3ol 4] #29 upolel g K Webb
et al., 2000). Ichnovirus®] Y= T HZH 974)
X(nucleocapsid)7} F &9 @ FTx=z Esq e
o=, 85nm x 330 nme) B wA =7)7} A8 =7)9)
BRIy 72 A ascovirus$} fAlEE F2E B
tHFederici er al., 1991; Bigot et al., 1997). Wat& u}
oleizel ol AR AZ oA T, gete
uholei SlAbe] BaTHNA F1F AL oy 7]
¥ =KStoltz and Vinson, 1979). Bracovirus] ¢A}=
YE5¥ oz vax APt =718 71=1(34-40 nm x
8-150 nm), ulel2jie)l ojs) FAE FUol] oz
N8 /22X =S A9 baculovirus@} nudivirus
9} FARE E2E BATKStoltz et al., 1976).

E2|=rpulol g Ak o] 31143 DNA ulelg] Az A
Agel 27 ez 715 NAPE Aol EoAA =}
23tz e Z 2wl A(proviral) HE| S {254
i, ol s ¥AE W3 Al2e] B A P =
oA uk Aot (Webb, 1998). =, b haiTte)
7153493 S5 Abol A (calyx) F27}
vl shA et of HollA] w)3ue] nlelg| A 2x)s)
oAt AF2A o] UEHE 477 Hulsar
o 2 wlelel~ EBAZ} fr)Rtiy YA T glo
o, FAE vlolgar GAubI 25dn 7o
A gl 7% 30 Ags A A =
Z "7 = 7 51t Webb and Summers, 1992).
71480 28 F4% F=rvjulo)g Al A=,
A B whepst oA AlEz2 A)ste) B4 444k
2] Wo] o]PX= Aoz BuHT glekStoliz and
Vinson, 1979; Webb, 1998). Z12|v} o|27] A <lat n}
ol A ME el A BAl= o)A
kol utolH AL Alv) fA& 7Y E Z2ujolgla
Helz 7|43 A A2 ZA 2P ez o)Fa
©Stoltz, 1993).

7 A A Fr=vulelg) a0 fMA} dbee
7 YA A GA 9 g g ads B8 7|2
71 71738 =957 "ot Emvuelal A fAx}
W A3rt 2 AWR Campoletis sonorensis Ichno-
virus (CsIV)2] 79 t}efst cys-motif A A2 71#]
o, ol DA WA S FMxa JYsie A

43(3), September 2004

FNZA ATFAE QAAA 79 A4 A 7)=be
Wl SHeKCui et al., 1997). =& AR cys-motif G-A=}
HHEAEL H71A4A 54 A e AAE 97
oM WL JAAA, Fo ke IR} gn
e VB o g fEsHE 98-S K Shelby
and Webb, 1997; Kim and Webb, 2003). Bracovirus5-]
Al A E Crv1-$ Ichnovirus®) cys-motif §-AA}2} &
ABH EF 7154 JAA7e Aoz vaEm 9x
(Asgari et al., 1997), B3] o]&-& nloj3ix A=) §-4
22 7T Qo] HHEAAS AAE= 7% ngs)
glgl AR 2 9)oHGlatz ef al., 2003).

Sl A wiFE bk Plutella xylostella)el 71 sh=
278 TX)H(Cotesia plutellae)) X Bracovirus (CpBV)
7} #e]= % vKBae and Kim, 2004). 2xHe) 7)A) %
WEFPRe wolne Ma) Be A9 Y Ao B
2] Ae]x W3= Bglch(Bae and Kim, 2004; Lee and
Kim, 2004). 71&2] 758 Alvnd v]E vjoja]lx
7b B3R 1F:A9] AgAtdl EAldle AQA A=
Moz 7% 7|55 s FHA[ul, Q1913
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735 Fejmputele| 2ol 3 Q) me] o)A 4
L& o] YeHCui er al., 2000; Lovallo et al., 2002).
2 7% CpBV7} v]7|5<l shihduk(Spodoptera ex-
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of A& Wk &3 CpBVY 7154 Amdol =
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& A H(Bac and Kim, 2004)& o]-&stgt}. 318 o
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718 dub A% 2N oS Hck wFE
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FA|A wrelel vt Fejetsict HF Fel vlold
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% 2-33] 3 AYE B8 CpBVE FAkE: F4
=31, o}z CpBV &g vluhjul 429743
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oo} A A FE 715501, 43742 57
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CpBV £hijal £

CPBV Z290] a1 nloleine] 2] 478 £
7] 93] F&9E 10% SDS-PAGE (sodium dodec-
ylsulfate-polyacrylamide gel electrophoresis)oll A A
A7jAE5gt & ubzizAlelE S nitrocellulose
membrane © 2. 27 vHMoon and Kim, 2003). CpBV 3}
A (1,0008) 3)A)e} AZFAIZ F 23} A 9] alkaline
phosphatase Z A} 2.2 nitro blue tetrazolium /5-bromo-
4-chloro-3-indolyl phosphate (NBT/BCIP, Sigma, USA)

2w we A A

Az 24

sl 8717F 9 AS A} BAL SAS 2w
Z1¥4(SAS Institute, 1989)2] one-way ANOVA A&
Hago)a Aoz HF7 vlme sk &
g Ahre XA 98 A= =Als B4
= AABH T

2 =

CpBV &

e AP Ganbge] BAF v fxel 24
A7ES(Fig. 1A) o] R3o] CpBVE {31 9Le

Fig. 1. Female reproductive organ of Coteia plutellae. (A) Calyx region where CpBYV particles are located. (B) By rupturing the calyx, the
calyx lumen fluid is released to surrounding medium. Observation at 50 X magnification.
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7] 219 d7(Bae and Kim, 2004)ellA] & 4= Qloh
of #95 do] By F& /‘“7&94 2Ao] 2w 92

A4 gdoz wa Jor A #FF 4 AYH
(Flg IB). olelt 2 gelo) CpBW} -4-50) 9l
T AE dehy] ¢ CpBY A ol H ube
oz %46}314

q oJAFe] FxE A 9 A2k 2,0000te])
1 A2 Yl o3 wle|HAE FEEA I, 7
r—H/}},O_i A= FAstArk A A e
CpBV @A % 544 £ wl=(pd0} p3s)dl
Lol A RS X3
v oJ2] wialo] SDS-PAGE
5|9l tkFig. 2A). |5 % p40s} p3s7}

O

2 g pBY ] o)
8 544 G430 whe-e BickFig 28). o2l
2 = 28] CpBY

CpBV #22¢ »-ww% 4% W)l Foz &
MR EARE-E %EW}ZH %7138 A ZoHFig.
3). 0|83t 4= & &} CpBVel 7]QlE Y X
E 271 $18) FEEC CpBV A5 23HAIA +4
g A3, CpBV ©5asit #5717 94 &z}
FREA tase AL JEllch B8 A A

201 —*

120 —»
100 —> | t-——

55 —»

38 P i | — p40

L 3 <+«— p35

29 —» s

Fig. 2. Proteins of calyx fluid of Cotesia plutellae. (A) 10% SDS-
PAGE (B) Immunoblotting against CpBV polyclonal antibody
and color reaction of alkaline phosphatase with nitro blue
tetrazolium/5-bromo-4-chloro-3-indolyl phosphate.
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%5713 Wstel] olFd AT HofFA| £33

CpBV #2582 shhPy -5 ASWslel F3i8
oJ&F2 F9thFig. 4). CpBV A" spihjule o2
Al ATl vls] Y AlE RS B9vHF=201.67,
df=1, 32; P< 0.0001). ¥bd CpBVs} A2 &7 A
et FAE 7 = A °5 A ek fARE A
Zz712 HYokF=4.03;df=1, 32; P=0.0531).

CpBV 282 shiy 4318 AAAFH(Fig.

10

[o ]

Time (days) to pupation

Control

CpBV CpBV+AB  AB

Fig. 3. Effect of calyx fluid of Cotesia plutellae on larval period of
Spodoptera exigua. The fluid (a female equivalent) was injected
into 3 day-old 4th instar larvae of S. exigua. The larval period
represents the period until pupation after the treatment. Each value
consists of 10 measurements. Different letters above the standard
deviation bar indicate significant difference between means at
Type I error = 0.05 (LSD test). ‘AB’ represents a polyclonal
antibody raised against CpBV.

Control

026

024 —o— OBV
—+— CpBV+AB

022 AB

020
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008 I

Body weight (g)

04+ | , ,
1 2 3 4
Days after treatment

Fig. 4. Effect of calyx fluid of Cotesia plutellae on body weight of
Spodoptera exigua. The fluid (a female equivalent) was injected
into 3 day-old 4th instar larvae of S. exigua. Each value consists of
10 measurements. ‘AB’ represents a polyclonal antibody raised
against CpBV.
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Pupation (%)

Control

CpBV CpBV+AB  AB

Fig. 5. Effect of calyx fluid of Cotesia plutellae on pupation of
Spodoptera exigua. The fluid (a female equivalent) was injected
into 3 day-old 4th instar larvae of S. exigua. Each value consists
of 10 measurements. Different letters above bars indicate
significant difference between means at Type I error = 0.05 (X?
test). *‘AB’ represents a polyclonal antibody raised against CpBV.

5). g 7o B3l CpBV(LA 1nlg] o) M=
°F 80% §3}% ZAE Rlch wbde A9 3
Aeld 7 432 FeEdl FEEgen, A
AAE 43HE Aol ¢S FA G

Z2) =vputolel 2}
Y ol WAY RE WPParel wAHolst
(Microgastrinae)ol] <3 Oh ez al., 1997; Webb, 1998;
Bae and Kim, 2004). 2 wj3Z1iulo]] 7] A)3le], 2
A FA M= v F3 Bk (Hyphantria cunea)dl =
7143 & gd3tds 2oyt shihbgel] disiA
BE {3 A7E ARl ® 7ol HA v
AL ]l ol 718 g &5l o
714 7P 7148 A 5 WY A 5
3 #AHeo] olvh= Aol AAFHAUAKCui et al., 2000).
& 01,24 B 52 AEAE vl 23
AR, Hels o] W 7 Anke] 7
MR AgHes A W, Aol
2 AR A 7S ool Az o F
eabol WAl olfA 14Be] WA
28l ci(Carton and Nappi, 1991; Vass ez al., 1993). o]&]
3 WAL AAET] A ol WRIIA BT &5

RICEL) r1r e
k|

40_@%

ol A o Zejz=uulelg] s o] flo] iy
A (ovarian proteins: OP), -4 E-Z(venom) I 7|84 =
(teratocytes)S 7 ZEETHSchmidt et al., 2000). 5
AEA o} OP: 7|4 Z7]ol Fej=ijutole]znd 7]
YAz9) A Balel o]HA7) Al 27] W)
of] Toddl= # o = (Webb and Luckhart, 1994), <3
Eo]Ad o] AJHHCui et al., 2000).

CpBV?2] ulejejx 93] whifizle] BAEE} ¢4
vlolH Ax 7]&2] AHAEv|7A #AF(Bae and Kim,
2004)y& Bz dAaPAdA FE2E G T ) Fa
izl p359} pd0 o] 9ol of7] whiliAle] ZHEF T
T 78 AL OBV DA 9 UEE o
dpelelzs ) Zg WWazs 2FEe et o
oFgt &A%Y YA EL- OP: E&0|1, ulelax 9
5) S 9 U el vl Sjse 2
glelo] 2 thulde] x3EE 7PeAle] slvth v
A Fe|zupptelg A oF| whlA o] o7} ol %
FH CsIVY 79 oF 24719 oAl Wi=s AT
= lier, o|F 6-7719] F& A =g B53)
QAeKKrell ef al., 1982). B8 = wlole]ai nlo]e)x
42 HA Aol vt GV 7 32 wlelgs
I9E AT Y FhEA, 0 3z
231 F 7153 Aoz oo g st daghy
2 ey W, CpBVE v AEF wholz At
2o 22 Ay 23 ddwm A da
F 2 h A P (Webb, 1998). ulela| 2 o)) il
AL FAATL vl A Al ST, o] 7]
F a2 A 2o FAEFHT 2HH F
‘Class 1) o]=}(Webb, 1998). o]&j3t {2 =x}2]
2t
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%‘ 7]
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\Irlrr

B 8] 71FAAA CpBV A4 wdg =4
It Setste o w3o] 9 4 Ak

WRomRE 328 CpBVE shibYe &
Z S A A7 shihee 48] 1)
2 Hele] 23 53 27)(Kim er al., 2004) 27 2]
A7l ulel o] ARE Rl o)d We| #
A A R 9 JH A x4 o] s 58
717 B 4315 mEAF £ Qlvke 7S Al
#918 CpBVE 2574R) §3712 A% 27} 3
£-3o] FHI &HE HYgY B dF A==
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=ilulelg 2 7)9l%l 4 d\_i}ﬁi}_‘é‘f A k=%
A1 5}od tH(Nakamatsu ef al 2001). &% 717+ =719}
wel] A ZiatHed A, dubH o2 T F 7] A ¢l A
vehtbs WA 7)2te] A gz =E AW F
7} = Welsa R ka9 F hx| A zky Q)
tl= Ao A (Schmidt, 2000) 423 &2 4 9} Car-
diochiles nigriceps X E&| =uinlo|eiAE H7]4)
A AgAe 715E FYstee, AFAH s g
AFd = @vz=zg EHxHE 44 24
(Pennacchio er al., 1998). =38 = oh2 1xHe] A%
Toxoneuron nigriceps’= 7|4 %32 fefia® o
A el spe Fol 3 Ale) SotEE ¥
g ¥ $AAA 2 g fravz gad
(Li et al, 2003). o=iat $4} Fej=rpufoleizne) 2he
Fabe wlete e CpBVL ol%7) siiiiube) we) o
AT FEsds Ao da 7l 477k Bes,
o|Abe] Az w|AA7|Fel Fhihgule] o &4
CpBV? §34uhs oA &35 ¥t} o] A= F

AREAA SfelE 4 4 SIch $4 CpBVS] w5

Hel A &z A wiFEpE EEela sy
< S AR FRE Fo A dFe=A A
of gt A=A WA Y wspoz o] gH 4
k= Heloh o] w5 AAA7]7] Hs) 2 A7
Ao & CpBVEl AAlel ul-g shihvilst v 3Ft
whe) we) 94 &3 A7t AYHn A = s
o] g oo wiFFuhitel nlsf wlwH zpolr}
spihdule] A9 CpBV fdAte] wd 71571 2
4= lehs AHeloh e folAd F A3 Ao
7FsAd el ¥ Flgot shihpg A ezd AW
CpBY #4#} 715 A77} 7h&3hd Avgeldt

AL A}

2 A7 AR AqRFeeANR A
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