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Abstract Cotesia plutellae bracovirus (CpBV) is a polydnavirus symbiotic to C. plutellae parasitizing
young larvae of the diamondback moth, Plutella xylostella. Several CpBV genes play important roles in
suppressing immune responses of the parasitized larvae. This study tested a hypothesis that the CpBV genes
inducing host immunosuppression could be applied to develop a potent recombinant baculovirus. Based on a
previous study, a recombinant baculovirus expressing CpBV-ELP1 (AcMNPV-ELP1) was selected and
multiplied using larvae of the beet armyworm, Spodoptera exigua. The recombinant viruses were produced in
a yield of 5x 10" polyhedral inclusion body (PIB)/larva. The cultured AcMNPV-ELP1 exhibited a much
higher pathogenicity against S. exigua larvae. However, its insecticidal activity was varied among larval

instars of S. exigua,

in which first and late instars were high susceptible. Spray of the recombinant

baculovirus (5 x 10° PIB/mL) exhibited higher control efficacy (~ 88%) against S. exigua larvae infesting
cabbage than a chemical insecticide, tebufenozide, at 7 days after treatment. These results indicate that
AcMNPV-ELP1 mass-cultured using host insect system is highly pathogenic and can be applied to develop a

novel microbial control agent.
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SFE g, o]5 59 Wy AT =g-s Wol 7
7I8A vhlE % AWE JYsiAl Erk(Webb and
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Fe V1Mo E fHE AR HAAL 9o, Ve 735
= obd 24E vpolgx 719E FA] X3l Sith(Bezier
et al., 2009; Volkoff et al., 2010).

PDVE] AlEE &5 259 GAA| Aol EAlsts =24}
ojgfzolt), mEA &G 2% A EE Aol o] niol
2 Al EASIY, vtelgls YAE sk A
G AT 7)o AR A AR dojuA] Fk
(Wyler and Lanzrein, 2003). §4J% wvlole]x A= 4ket
& Wl AL 718 % 37 UElE fF 715 7]
A o 7|8 L3 A 715 @R SAAA drt. o]
o 7153 @73l $A4% PDV YA 715 Aol HYs)
, 715 A B AJARRE o] &sto] mpolE A 2Rl

ASS @EA7)A Ect PDV R ohFst fa A

7158 WS AAlstaL, S AANA S5 714
18-S =23 Eok(Kim et al,, 2007).

2R T X (Cotesia plutellaeye> A1) 34 PDVSl
CpBV (C. plutellae bracovirusys 7R3 7|51 wiFE}
YW (Plutella xylostella) +5-5 7137 Eth(Bae and Kim,
2004). 718E wiFEbl {52 HYRRgo] A=Al
Fo] AA=H, o] HH FoA &5 ZRAIAY L4 F
st 3 % 9SS Agste] IAE k5§70l 7159 =
w0 2w el 231814 Brh(Kim and Son, 2009; Kwon
and Kim, 2010). o]wj 27|84 wjFF1pt-2 AAsiA &
3, 3k ZREIAE LS o 7155 2 "k

EAE CpBV Hlolgi frtol| EAlste F4A7F B
HA=HJAL HA 157 o] FAAE FHEATHChen et
al, 2011). o] FHAES] A4 7|5 2As7] Sl
SERI (segment expression and RNA interference) 7]&©]
7NkE] $Atk(Barandoc and Kim, 2009). &, 24| € uvlo]a X
Felo] CpBV AlES 12| RUde] DNA 27102 FA 5 o]
Aom, o]& Z}7e] AAES o] JHe] vpolg X {4
A2 Z+a ATHChoi et al., 2005). ©|5 ZEAlES 77t
E72Yst] mjFE i f5l st gAEES ol
T 54 2] RNA 7H3(RNA interference: RNAiyS
doA o] A 75 F8sk= #Aol SERI 7]&o
t} o] 71&g Fdl CpBV H44=9] 7158 F4¢ A%
gt 71 WS JAlsks 7es EAth o] ke
CPBV-ELPIE Cotesia %9 3 BV vlo]g} 2 So] FE7]
O & 7HAAL l= EPl F37e} =& A58E 7HIH, Al
IS AYe AoE FAEJHKwon and Kim, 2008).
55 7708 CpBV-ELP 3217} Bai% oW, CpBV-ELP2
£ A&t e719] AR 271 8A] i FEF el A
Hom, o] 712 CpBV-ELP1S T v)7|A44] @&
A7) z28]al A =4 s e frdAtelthKwon and
Kim, 2008).
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= SP 25 AEFE o]&ste] A HUoY, 8w
3% WAl AR fleiM e 715 2FllA tiEF 20l
oA, olF T P& upoleiid AFHE A
87F ATk &gk o] AjxgutolE 2ol gk TRkt &
% G714 A EAo] Hasldt olF s sl
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sto] Zo}g 3zt ozl (polyhedrin inclusion body: PIB).S.
2 ZHsith $4E vlelE A 3,000 x go] A4
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Fig. 1. Toxicity of different recombinant ACMNPV (‘rAcMNPV”) against two different lepidopteran insects. Oral toxicity against
fourth instar larvae of P. xylostella (A) and fifth instar larvae of S. exigua (B). Each larva was fed 10° polyhedral inclusion bodies
(PIB) on diet cabbage. (C) Hemocoelic injection of the rAcMNPVs to fifth instar larvae of S. exigua. Mortality was measured 9 days
after treatment (‘DAT’). Each treatment used 10 larvae and replicated three times. Different letters above standard deviation bars
indicate significant difference among means at Type I error = 0.05 (LSD test).
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Fig. 2. Leaf-dipping assay of ACMNPV-ELP1 toxicity against
fifth instar larvae of S. exigua. ACMNPV-EGFP was used as a
control viral treatment. Treated leaves were fed for first three
days and then replaced with fresh cabbage. Mortality was
measured 9 days after treatment (‘DAT’). Each treatment used
10 larvae and replicated three times. Different letters above
standard deviation bars indicate significant difference among
means at Type I error = 0.05 (LSD test).
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A3 AR FRYT SokF HERRolY MR
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Fig. 3. Variation in control efficacy of ACMNPV-ELP1 against
different larval instar of S. exigua. Leaf-dipping method was
used to test insecticidal activity. As a control recombinant
baculovirus, AcCMNPV-EGFP, was used. All viral treatments
used a dose of 5 x 10°PIB/mL. Each instar used 10 larvae and
was replicated three times. Mortality was measured 7 days
after treatment (DAT). Different letters above standard
deviation bars indicate significant difference among means at
Type I error = 0.05 (LSD test).
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Fig. 4. Pot assay to test the control efficacy of ACMNPV-ELP1
against S. exigua infesting Chinese cabbage. As a control
recombinant baculovirus, AcCMNPV-EGFP, was used. Both
viral sprays used a concentration of 5 x 10° PIB/mL. As a
chemical insecticide, tebufenozide (8% active ingredient) was
sprayed at 1,000 ppm. Initial population was over 20 larvae in
each replication. Each treatment was replicated with three pots.
Live larvae were counted at 3 and 7 days after treatment
(‘DAT’). Mean control efficacies are depicted. Different letters
above standard deviation bars indicate significant difference
among means at Type [ error =0.05 (LSD test).
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Aol M = eRF(Moar et al., 1995) thA] <kl 2] 7jdt
o] Alggh Aol £ A shpo] wWE=ntolg X
o tiaiA] HlwA FpAolgte Bare] wigs 7L o] uf
ojg| 9] AFH S F7MTIE A 7|zt Az ¥
FZvfo]y 2 ] 9HE Tk olF 3 bl
AA 7} vfolg] 2ol tigt W HS oA sto] WlEZ nlo]z] X
o] AFHES T/ AZE AT 259 WYHs
AR IS 7Hed PDVE 7HE & ¥EiA 9lom, o]
© o] wpolgze] AL tiFE YHIE {50 Alxd
2 AGE HYE dAlste ZeR LR wielt
(Strand, 2010). & ALoXE ) sk Z2E 2
AN e CpBV F2AE Bl 4 CpBV-ELP1 #4
A5 Az wERbto]y 2 Al o]g3ste] s WAl
S&31 Al=ESI ol 71E9] AFellA CpBV-ELP13}
AzFE wE=utelgj~7t & CpBV f&f FAE9]
Az WEZupo]H 25 BT} £ AFES AY7] g
o (Kim et al., 2008) A= AT 21}, ZAgol|A] o] A=
3 WERhlo|y 2 Axste] sk WHA|E] S8
= 718 SO AEFE o] 83l o] Hlo|y 2 Alsle
AlZE O 2= ThEFo 2 ARE||of she fﬂe‘oﬂ o] Tt
ol& s dstr| fal o] AEF HieldEE 71T FA A
5/\1}\]74 r,Hak__i }j],o] 1 % /lg}\]—"].___ H}-/\LQ_ ZJ&@}Oﬂq_
2 A7es st 58 5% A 9 5« 107 SIS
P8k ZoZ yepllt. ols shihdel ojs] fras
WA E 98] w3 3 ¥71% AcMNPV-ELPIS 5 x 10°
PIB/mL F%2 ¢F 50 mLE AXsl7] wfiol] spihuy o
piglolA] AAabss A2 wEZutola e oF 200227]<]
Hj ol ek shih s Med & ok 59 ALt
HOR oF 1,000 9] FA o A== v oF 19 278
Az, o37]19f 2.5 x 107l PIB7} Fod=[ojof &7]ef] <
50utE]e] shhdox] kR wlolef s go R FHE
Arkal FgH).

ZLZoIA SA1E A3 WEZblolg e B ghhy
o A4F8S Btk CpBV F4A} Azdd RE WER
Hlo|Z e YT vlolg| o] Hlg)] & AEES Yeh)
Al olE FHAE HdE Ao ¥ FATL ATt
CpBV-H42| 73 o] frdzte] #2271 XS AYgA| o] 8]5E
H4 T A3} v §APIo] Fof 7|59 fHah wE e ¥
A QAR dHA JaL g o]d 7S Bl 2

Fo AEA A9S AN ZHHepat and Kim, 2011;
Hepat et al., 2013). CpBV1502} CpBVISE EF 15kDa
TldS G e FHAAEA o5 ThAS S
St spihpge] S xS 5s dAEke 2R
s AtH(Lee and Kim, 2008). CpBV-ELP1-S &4 o]
ek AESHS Heplo] HY S ‘?izﬂél: Aoz Al
THKwon and Kim, 2008). wehr o]& §HAE0] BF &
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Aol Eobxl AR H|F Axo] e HAE S 7|
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£ uERalolgze] B A58 & F Uthe Aol
71& dAFolA BIHJATHKIm et al., 2004). £ Ao A
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EAd 71918 Ao FHHEY. ol 71E9 Aol w
7 CpBV-ELP19] =& A|E=Ad] 7128t (Kwon and
Kim, 2008). ¥ 17+ A3k= 53] 18 5] ol#g Al
=0 v o] B A0 s Er)

Al ACMNPV-ELP1S AXHo 2 A3l HiFE
7Flste shihbl 2ol Mgk Az thzT vhole] 2o
Hls| Aol Fglo] Eolx|= AU A4 AHE AERIA
A FA T%o] o] AxF wERHlelgie H|E 3UA}
M= shekEerl HFFeAto| = HlE] W AFES
HYov A2l 7do] At kst Hs] 453
& AEES vERiTh sl WAl A8-0RA1QL E )
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Ao EE 25 E¥ RS dtjolke] FEA|RA X
5] BYE s FIMA A5E S B35 L5
4z A) 318t *sFo|th(Wing et al., 1988). ©] 5ol o
3 shihpke] AghA WS W sk TH(Jia et al., 2008).
2 Aolx e HFelieAlol = FEE Aol shihd
o] B3} 71.5%°] BAZHE UERlTh o= £ Aol A
S8 shihpdo] HEs=Atol=o) theljA] A AskE
BTk st o]y g oA A3 sl tisiA
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stehsors A e 5 e AR e F sive A
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< ulstal vk 2y A WEwEuto]H A0 vl
=9 kg Ag ¥ CpBV-ELP19] & 2 QA 7k} o] ¢
W AHEC] AR 28 7|7HS SJm|ekal )l

# 9= CpBV-ELP1S A|xg WERulo|y2e] 235
7155 o] 4g Ul Aite] A Bl & Wt H
2] gkohtis AL uilnh mdt slshsokol] Aol A st
H sphple] Zpolw o] Azt WERulol2 L] e
Ak

WA 88 "ol spihvbdel tisiA CpBV-
ELP1o2 AxsrE wWEZulo|{2rt A HAAZ &
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