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Cellular Immune Response of the Legume Pod Borer, Maruca vitrata,
and its Suppression by BtPlus to Enhance Bacillus thuringiensis
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Abstract This study evaluated control efficacies of insecticides against the legume pod borer, Maruca
vitrata, infesting and causing serious economic damage on the Adzuki bean, Vigna angularis. Preliminary
screening was performed with 9 commercial insecticides of 4 different neurotoxic chemicals, 3 different
insect growth regulator (IGR), and 2 different Bacillus thuringiensis (Bt) biopesticides. At recommended
doses, the chemical insecticides were superior to IGR or biopesticides in control efficacies, while IGR and Bt
insecticides exhibited similar control efficacies against M. vitrata. With larval development, the control
efficacies decreased in all insecticides. To improve Bt control efficacy, bacterial metabolite of Xenorhabdus
nematophila was effective to Bt spores. The resulting bacterial mixture was called “BtPlus”. BtPlus significantly
increased Bt toxicity against M. vitrata compared to Bt alone. The increased toxicity was reasoned by the
immunosuppressive activity of the X. nematophila-cultured medium. Larvae of M. vitrata exhibited cellular
immune response induced by eicosanoids. The X. nematophila-cultured medium possessed inhibitors against
eicosanoid biosynthesis. This study suggests a technique to enhance Bt toxicity with addition of an
immunosuppressive agent against M. vitrata.
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Emden, 1979; Margam et al., 2011). 3] Al3}2} AFRF G-
otz g7} XA M= wid T (Vigna unguiculata) %
o] 20~80%°] ¥ellE F= AW ssoz FEHIIL it
(Sharma, 1998).

N EZEZ0} cox [ -F37F 24 Sfal FuiellA i3 €
T ke FEoprlof Aol WA sk FHvhE
@3 AR 2P 22 02 HAEHHKim
al., 2016). =UlolA 445E 11Y7A] AFE0] ARE &
= 715 (Bae, 2011)°] lont, o] siFe] AF L= =
gt el A @k AT SEAGAAM = EF
7hs/dol e Ao 2 FA AL A3 (Jung et al., 2016), 2
& olF A AZI7L ErsAl o FA oy H7e
=3 AR {5 a7t AFEE 8~9Y A7EA] Z o
T 2-3 709 717k EF FHvhe] MAH et 7159 FRIY
geslA] etk ofxzel7t AHe Ae 55 vl 3
rgipe] Az717F =W tiA71FE o] Fste] TlslaH)
tH(Bottenberg et al., 1997). I 7|F= AulF 2
OBES Eolete] Fel £33 50F oS Edet Utk
3 LA UH(Tayler, 1978). Pterocarpus santalinoides2}
Centrosema pubescens’t o8¢t ZAz7)0) Atk 715 &
9] Ho|Z2 o]&HH, 7] WAZ|FE= Lonchocarpus
sericeus®}t L. cyanescens, Tephrosia platycarpa’}t ©|-8-€th
(Arodokoun et al., 2003). wWeb oM = Frpdo] ¢
E olF tE T AuEE e ol T =S UiAl
7152 o] 83l 7~89 Aol AFo] BOE o]Fdlo 7}
a1E 71s7de] Stk vreF FHvble] Sy 45 sl
o mid S 2 o]Fste] o= [ HEY A&H o=
T F8 TR FollE Fo| §7F L5 A
AFE 7 2 A= oS0

FEEE WAlel] Sl shet AFAE AR o
Sk Al ebo] NdE o] gtk shekA Al FHo R f7]
A9} tholotuto| = AlFo] AFA7E Tl thsiA
e ofe] AF RIS YEPATHGrigolli et al., 2015). =
WollM = A= Qe A5A1E SAHCE I WA
A7 AFEATHKIm et al,, 2016). ©] Az FEvpde]
WA AREE 7 SHAIES] 2 WAl 3t BT
e FHWPE 5] Yol 7keli7h 23 AR Yol
OJFA| AL Hgk MAA] FRol| ZEHS FAste] dxE A
A AR =25 I UL, F713 Aol g oA
A o] wet sshiA|e] mEo] el Stk
(Ekesi, 1999). H|s}ets whgo g Frfipiol] #3dg H
ol &% A=l AMAH #F71&(Oghiakhe et al., 1995)
oA FHFE7ES o83t HIE|(Bacillus thuringiensis)
Al el 54T CrylAbE A7 A3 557
©] 8<% (Srinivasan, 2008)°] A==t} & T} E 1|3}
WA 7leEA FHEvlel] Sold 25HANE T WE
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Eujo]y a7t g E o] AE2] WA 7lek e Atk Lee
et al,, 2007). FWoIA] Ap=EE Bo] T2 7474 Be
SRR ARGH 710l sPehEokS BoF HAIE THA Fol
AEFFE THOE PSS S 2

2 d7e 2 AES 7Rtk 3EwEs e
g AFAY] dolgte 54 HXE
o2 MAEHE Y T U= HEHEHE A9 o
AT} HE|Ee 29 JHES HE Aol g 2
71202 WY wo] AAE A|ste] HlE|e] W
ol | N A2kS 73 Urk(Seo and Kim,
o] Moyl gFor Zg I B HAHAAAHY

FITHKim, 2008). ©]2{g 25 e v 9|
AAE QA ehe @AM o] & AR FH Ee =
o] T2 FH2 Ay A E Adshs 37 v 18la &
=SH02 GFMEY APAE FASE HAAE AEA
2 AAAg Ho g7 AR TKGillespie et al., 1997). ©] 7t
+H " FHEFAEA ofo|FAbeo|Ee FAA TS
Seka7 BTk Stanley, 2000). OFo] FAREO] i B 20
Mol TR AR Z2 el (pros-
taglandin: PG), 7 E ]l (leukotrien: LT) 12| of| ZA]o}
o] FA[=0] = (epoxyeicosatrienoic  acid: EET)E X8H5HA|
. o] 7k PGS} LTe| 25 H9ol & Ael3 7e
o] 8} % th(Shrestha and Kim, 2009). EET¢] A-$& 2
B7)RM AxE 3FF9 EET/F 54EHAeH, o]E9
ARk} AAEY e AL A2 A s (Xu et
al,, 2016) LSFE ©|5 3779 ofo|ZAlmo| =7t EA) st
3, HY7|5S 93slal e A= 7HH A Qi) o)F
ofo] AR o] B A ol ERehe Q1A Hol| EA sk &
A 2009 tREESAEARL olgl|=H4RS phos-
pholipase A, (PLA,) &4 Fuff 2802 frejste] dd
o] Astgase] JpEA ZgoR AP HA FrkBurke
and Dennis, 2009). W&} PLA, 84 AL dAled 2
Z WY AskE fridst7]ol o]F o]&ate] AT 2FH A
2 APAle] Wege w3 sk Eth(Kim et al., 2005).

2 ATEe HIAYAEAZHM Xenorhabdus nematophila
AT wFhE ARSI olelg olfie X
nematophila®] WFHoll= 258 ofo]FAR=o| = Ao
HAsh= PLAE GAIANZ F e E4o] XgEo] ]
] Zo]th(Seo et al., 2012). WA X, nematophila®] W%
N2 i} 2259 H7|sS Holre] vy Altg B35t

Fv ZHE Y7o Al A58 soFe a9
71 5= Aot AAZ HE] AR} X nematophila ¥ S
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Table 1. Insecticides used in this study

g - Efel2 AR - gl

Recom-mended

Classification Common name Trade name  Form-ulation Active gradient dilution Company
Imz?;]?;;‘rb oluf| o] E WP 10% 2,000 Kyung Nong
Cyan(téa\r(lxl)p role 3 g2 ol EC 5% 1,000 Kyung Nong
Neurotoxic Soi d
Izlél]g)ls)a B = WG 10% 1,000 Dong Bang
Dusban . o
(DUS) o 2~k WP 25% 1,000 Han Nong
Ty mY) WP 8% 1,000 Kyung Nong
Insect growth  Pyriproxyfen+Spinetoram ) 11%
regulator (PYR) = EW (7+4) 1,000 Dong Bang
Maha’j[yge{;"nde 74 sC 21% 1,000 Han Nong
Bt s“b(ﬁg”s’ak" s=myedo] WP 16BIU/Kg 1,000  Han Eol Science
Biopesticide Bt sub . .
rsu (SBp'tKI)Z“W“l ~2He WG 35000DBMU/mg 1,000  Han Eol Science
qE ¥ gy M e
X. nematophila @55 NBTA M)A (peptone 5 g, beef
AMslax extract 3 g, NaCl 5 g, bromothymol blue 0.025 g, triphenyl-
TS 20043 U] F AN A E o A 2,3,5-tetrazolium chloride 0.040 g, agar powder 15 g, ©°]
oAl oF 1347t LEH Al~nr1’4 AES olgslitt. 52 25FF 1Lel Aldd =Ts T 4847 B2k 28°CollA]

SAIETE WY Eo] bl QIFALE
9} 7re 249 O]—’—/\}%(Heo et al, 2009)2 o|-&3to] A}
S, A 10% AEES ATt AU A8 §
7 BZ7 16:847F (L:D), A= 60 +

Jung et al. (2007)¢] ¢

[=]
#3902 ol HARoR o ALl 2
# Jo o A HelA] Qo A
slod 9 o] AL (Table 1) o #40] o] &5t} o3
42 2t 48 A FASEE J1Fow AN,
[e] 1A

=
Ol FALE. ZZH1.5x 1.5 x 1.5 cm)yS ZAE oA gl

i—qﬂ]m a1z

157 AX AT A7 9eme] 93 8714 A& %bﬁ
op A2 Holg Le¥L, WY A7 Fot &

2 2000 421 AR, o) A2 ol A <ol
2 Agak 79 B Y AP AASE A 2
Aol 1008 3oz AAsITh ol AR f5
& 9% A=) el AnA $59do] g AAZ 74

3tk R ARSI (median lethal concentration: LCsy)2t
Al7H(median lethal time: LTs)x> Z 25l £ (Raymond,
1985y o8-t Ar=a3ith,

HjeFstel slgdlow PAaE @ #5S Mdsidith o
o45S 2mLe| TSB (MBcell, Seoul, Korea)ll X 24A17} &
QF wHE B F(28°C, 250 rpm)g ¥, ©] 7F2u| 1 mLe] w%F
& ZHEE 1 L] TSB iAol HFate] 48417F &<t 919}
Y 2 0= wjgsiditt. o] Al g Algel o]&
g wj7bA] 4°Col] Bt
HIE #5= ehstieha 2322k g|ded seAlE A3
REOZ WHE U= B thuringiensis ssp. aizawai (BtA)
o} B. thuringiensis ssp. kurstaki (BtK)S TSB HZHajx]o|
Mg L9 § 24747k 57F 28°Col A v dated @ <
S Atk 74 #E 9 752 2mLe TSB HIAIE
o] &3le] 919} FUF vjFRAAA 250 rpm&i wakshe
HEHLeE v, o] 7hed 1mLe| viYFd & Zut
2 1Le] TSB #iA| oA HF-slo] 48417F 53t %a
o= wiFatdrt. o] ¥ HIE #79 T IS
-‘?‘lﬁﬁ 7 HIE] WA S 37°ColA 5AIZE B B34 AEE
T, 4°ClA 72A7F EF A2 Asiith. TAEA S
-A*Px} 38} v| 7 (BX-PHD, Olympus, Tokyo, Japan)S ©]
85tod 1,0008] &M E18k, 4000 rpmol| A 304
7+ QAR E e mjd o] EAEEE 1008 R 55
Faom, A3 o]&2 wj7tA] 4°C ‘@%}loﬂ BA3IAT
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HE|E2A M=

Al S79 vHEEH2IT AZEJT. X nematophila W
FAE oA Tlesh RAZF WY o R o] FRTE
1,0004) 3143 &AL Xnolet Hrggith. 223 HE A
o2 10" spores/mLe] ¥4} T2 #3Fol g} ‘BtA E=
‘BtK’zh B gith HE @59 9= 1mlLé BKK &=
BtA°] 99 mLé] FRTE St HIEEHES A ©
= HEE xFele A5 % lmL«] BtK TE= BtAoﬂ
99 mLe| Xn& &) F
H]E]“EV\-J = 7—.

Fﬁ

P

vl s38F9 7o X nematophila Ml

S FY3th A & 25°ColA 8AITke] Ao E T
HYEE FEslo] 7ol EAlsks PLA, 245 4513
t}. PLA, 484 =4 A% I-hexadecanoyl -2-(1-
pyrenedecanoyl)-sn-glycerol-3-phosphatidylcholine Molecular
Probes (Eugene, OR, USA) 2|3 bovine serum albumin
(BSA) Sigma-Aldrich Korea (Seoul, Korea)ollA -vlj3}
o] AME3ISTE PLA, S4849] $42 F3=Z pyrene
o] Fad QIAAE 7IHARE AREote] FHEAHoR 24
3} tHRadvanyi et al., 1989). PLA, E4v s 53
34 YATZRE 2EA9, DA, & 1) A
Wik dREZERY 835 &3, 400 uLe] QV4HHE
8-9(50 mM phosphate buffer sallne, 0.7% NaCl, pH 7.4:
PBS)o. 2 #EtlS whEQIT) o] % 23 3HE3) 7] (Sonopuls
GM2070, Bendelin Inc., Berlin, Germany)Z @28 5=
sttt 59 A Bradford (1976)2] WHo 2 A
shalitt. 714E 99.5% olghe-S o]-8-ste] 10 mME ZA]
S13Ath. BSAE PBS £ o]8-dto] 10%= ZAsHIT
Tris $H5-&(pH 7.0y SFTE ©l-&3to] 50 mM=E A
Stk AsiEES FRTE 1 MS ZAEIT w8
Q2mLy2 50 mM9] Tris &89 1,900 pl, 50 pLe] &4
FZ9, 12 uL9 FskdE, 20 ule] BSA, 28]3L 10 g
AR P E AT o] EFNS 25°CAIA 5ETF WEEA]
Ak ol 20uL 71EE F7ketal 287 whAIZ e
excitation 345 nm®} emission 398 nm ZZANA &FEFF
ZA(FA 257, Spectronic Instruments, Madison, WI, USA)
£ o83t a4 vhe-S S5l

Tt 58 srkE 70% olE-gel 102 B¢ AA
ol 53 A WA bl det 2 Yow -9k 300
uL)yE 700 uLe] 331 8- (98 mM NaOH, 186 mM
NaCl, 17 mM Na,EDTA, 41 mM citric acid, pH 4.5)°] <

AsHALE o5 YAIEE (1,000 x g, 3%)e
of thAl 1 mLe] &3 HFEHoR tpA] FgA S vl

T Igol 407 WESAIATE o] % thA] AAERIE A
S 400 pLE AlASt] ZSAZEFAQ] TC1002 W+
A 300 uLE A ¥ek o] Al s 40 ulel X
nematophzla Mol Xng A= =710, 2, 10, 20%
7} HE=E 7} 96 well plateo] F78IATE AL (25°C)0l A
40:27F o % ol do] g FRAA (IX70, Oly-
mpus, Tokyo, Japan)2.2 4008]9] v &oA] ZALSIGATE &
e MR el T2 AP 7Y PRI TEA 9
Z(pseusopodia) === =7 (filopodia)e] A3FoZ FH319
o} 7} AEle 3RO R AAJE Tk 7 -2 919]] 100
e AR 7hed EaFE 4 vl SR Al

o *""
et
-
i)
20
o o

Mz

= g Ado] B
= A} 7413](70"(3, 205—& APEE X nematophzla +F
£ 5x10%] AEFRE 7} {5 3 FYadnh Al F
A T AT Foll T T2 ol 97 ARE §
sk, A 2e]al 73 ] FHo| JAE S AlFs
Ak ZH A= snkee] £ Y .
A A2 dexamethasone (Dex)— ol g3l on, o] A=
dimethylsulfoxide (DMSO)Z £31A1A 100 pg/Le] &
FHSAE E oE HAAAAZA Xn WEAS SHT
2 109(10X) == 10001 (100X)2 3415te] ZH]aisit).
ol dAAl= BT 0.5uLe] Y FIZ 0.5 ule] Ald-&
N3} Eotate] 22 ol T thRF2A AR
= Ee At @5 A7 AAEAS 7 Ags sk
o] F5o = WHEH Q]

H

A
A
A g digk AR Ades BEE AFEEA
arsine H3F & SAS PROC GLM (SAS Institute, 1989)
o] 23] ANOVA 54 2 7] Ha7h uws 2A)s9Th

M

SA

=]
=
L=y
2=

24 J-"I'

STl A RE AL s Al 7He A7 58S Ad 3t
Aot 2588 EA 2 Aeweks e R FHY
WA 23S HlaEkith(Fig. 1), AgE A5 s
© 7} AlFY] F4 IHFEE VIR Asislth. HA
Ao g AAERE A ASATE L3 2EA 4 AE
kol wlal ek WAE S el =3 4830l Wt
of 28Zol disiA WAl g3t st 2588 xE
Aot Aesof Atolol] AA TSl WA 23} 2jol& e
WA gsktk
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Fig. 1. Toxicity screening of 9 commercial insecticides against
M. vitrata larvae at second (‘L2’) and fourth (‘L4”) instar. All
insecticides and their acronyms are described in Table 1. These
insecticides are classified into neurotoxic chemical (‘Neurotoxin’),
insect growth regulator (‘IGR’), and biopesticide (‘Bio’).
Except IND (2,000 fold dilution), all insecticides were diluted
at 1,000 folds. Dipping and feeding method was used for this
bioassay. Each treatment was replicated three times. Each
replication used randomly chosen 10 larvae. Mortality was
measured at 7 days after treatment (DAT). Different letters
above standard deviation indicate significant difference among
means at Type I error = 0.05 (LSD test).
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Fig. 2. Enhanced toxicity of BtPlus compared to single Bacillus
thuringiensis (‘Bt’) treatments against M. vitrata larvae at
second (‘L2’) and fourth (‘L4’) instar. Two Bt strains were
used: B. thuringiensis aizawai (‘BtA’) and kurstaki (‘BtK’).
‘Xn’ represents 1,000 folds-diluted cultured broth of X
nematophila. BtPlus includes ‘BtK+Xn’, ‘BtA+Xn’, ‘BtK+
BtA+Xn’. Dipping and feeding method was used for this
bioassay. Each treatment was replicated three times. Each
replication used randomly chosen 10 larvae. Mortality was
measured at 7 days after treatment (DAT). Different letters
above standard deviation indicate significant difference among
means at Type I error = 0.05 (LSD test).

FTEBKS BtAyS o|&ato] 7ol 5gAor dFs
2T A S YA EF o] 59 Al AP S s
stk ol % HF AXE F%=7F 10® spore/mLe] HJE] EZA}
Tt HEE 2tz ofgke 24E. 97190 X nemato-
phila A+ ¥ (Xn)o] 1,0008] 34E zA0= v oF
Aol A7kste] HEZ8 2 S Alxsksint. o] 21
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Table 2. Toxicities (median lethal concentration (LCs,) and time (LTs)) of IGR and biopesticides against M. vitrata larvae

Insecticides Stage N LCs, (95% CI), ppm Slope = SD
Pyriproxyfen L2 180 382.8 (215.0~579.0) 1.27+£0.22
L4 180 932.0 (625.5~1,372.2) 1.37+0.23

Methoxyfenozide L2 180 307.9 (147.0~495.3) 1.12+£0.21
L4 180 777.0 (541.1~1,075.6) 1.63 £0.25

Bt kurstaki L2 180 489.4 (275.3~754.9) 1.16 £0.21
L4 180 1,117.5 (821.7~1,735.2) 1.52+£0.25

Bt aizawai L2 180 672.3 (437.5~974.1) 1.38+£0.22
L4 180 1,422.1 (944.1~2,354.4) 1.23+£0.23

Insecticides Stage N LTs0(95% CI), h Slope £ SD
Pyriproxyfen L2 180 89.8 (81.9~97.4) 6.65+0.82
L4 180 103.0 (97.7~117.7) 5.52+0.75

Methoxyfenozide L2 180 83.4 (75.8~90.5) 6.85+0.84
L4 180 99.8 (90.6~109.1) 5.00+0.72

Bt kurstaki L2 180 91.6 (83.6~99.4) 6.55+0.81
L4 180 115.8 (105.4~128.1) 5.27+0.76

Bt aizawai L2 180 95.8 (87.8~103.5) 6.90+0.87
L4 180 131.3 (118.3~150.1) 457+0.72

For LC;s, assessment, mortality was assessed at 7 days after treatment. For LTs, assessment, mortality was assessed at 4,000 ppm dose. Each
insecticide was analyzed with 6 different doses. In each dose, 30 larvae were assessed in the leaf-dipping bioassay. Two developmental stages
of second (L2) and fourth (L4) instar were analyzed. Two insect growth regulators (IGRs) and two Bacillus thuringiensis (Bt) strains as

biopesticides were assessed.

90 —
?80; a
S o
270 ab
T F
o 60— I—
% E bec
é50__ T
§4OE
- c
g 0L !
T 30
20 &
| I | ]
0 2 10 20

Xn (%) in hemocyte suspension

Fig. 3. Hemocyte-spreading assay of M. vitrata larvae at fifth
instar. Each treatment was replicated three times. Each
measurement used randomly chosen 100 cells and was cal-
culated into percent of number of spread hemocytes. ‘Xn’
represents 1,000 folds-diluted cultured broth of X. nematophila.
Mortality was measured at 7 days after treatment (DAT).
Different letters above standard deviation indicate significant
difference among means at Type I error = 0.05 (LSD test).

478 FolM oF 35%°] dFES veplith 22y vl
F 29 A= vHe] w7t vy wEa FYsA T X
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< °F
o B

ol

Buffer Xn

Fig. 4. Suppression of hemocyte PLA, activity of M. vitrata
larvae at fifth instar by X nematophila metabolites. ‘Xn’
represents 1,000 folds-diluted cultured broth of X. nematophila.
‘Buffer’ represents PBS for control. Different letters above
standard deviation indicate significant difference among means
at Type I error = 0.05 (LSD test).
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Fig. 5. Hemocyte nodule formation of M. vitrata in response to
bacterial infection. Each fifth instar larva was injected with 0.5
L of heat-killed X. nematophila (5 x 10* cells/L) and kept in
25°C. (A) Nodules near to fat body (‘FB’) or trachea (‘Tr’).
Arrow heads indicate nodules. (B) Time course of nodule
formation after bacterial injection. Each measurement repre-
sented 5 individuals. Different letters above standard deviation
indicate significant difference among means at Type I error =
0.05 (LSD test).
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VR tHFig. 5B). 8yt Fvble] 9 A3 7ls
& ofo|FAo|E ABFAHAAIAQ] dexamethasone (Dex)
Zz2ldl] gJal A FASIATHFig. 6). FASHA X nematophila
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Fig. 6. Inhibitory activity of the bacterial cultured broth of X.
nematophila (‘Xn’) on hemocyte nodule formation of M.
vitrata. Xn cultured broth was filtered through 0.22 um
membrane and diluted into 10 (‘10X”) or 100 (‘100X”) folds
with phosphate buffered saline (‘PBS’). Dexamethasone (‘Dex’)
was dissolved in DMSO to be 100 pg/uL. Each fifth instar was
injected with mixture of 0.5 puL of heat-killed X. nematophila
(5 x 10* cells/uL) and 0.5 pl of PBS, Xn or Dex. The treated
larvae were kept in 25°C for 8 h. Each measurement repre-
sented 5 individuals. Different letters above standard deviation
indicate significant difference among means at Type I error =
0.05 (LSD test).
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ﬂii -'40 flo o of



HIE|S2{ AL

0148 WEOE of 71&S TPl Ve 43

o S8t NYH $EL BEZ AT BE

>

A

)
fll

ook
o=

o
N

b

o o=

M oox

& HJE] a7} 108 spore/mL Z#]|3L X, nematophila A
HjoFell-2 1,0000) 345t (0]& Xn’) AZ3ISAT. o HIE
Sae HIY w5 Bla)] 2% 47 R4 A2 - oul
TWHE WA 3 aAE velo] A7 =S sheks ek
AR A 835 vERlT Ak HE S E A7t s
Wb vl F=E U (Plutella xylostella)?ll A= A<l 100%
o] 717k WA 235 FHSeo and Kim, 2011; Eom et
al,, 2014). o]t zfol= FH Lol st a4 viE +
Fo] Ato] Ha gk A0 2 AFHh HEH e Wity
Q1 Cry @i do] th} 230l met 254 45a3dE F3
At & Sof, st wiFEpEe] A5 CrylAcot
CrylCa®] Sawhlde X154 WA 835 F7 =< ),
ol Cry @i do] oA Afsh= HlE 784 7h2t
ahtel =3 (cadherinyell thel 254 Aggor Mr
o] FtH(Park and Kim, 2013). Zvh 28 Zol ti st opo
St Cry 54T (CrylAa, CrylAb, CrylAc, CrylCa,
Cry2Aa)®] AZEo] AAHUL, o] 7+ CrylAbZt 7H3
Eo A28S AUty B V& th(Srinivasan, 2008). ©]
£ Hl23 CrylAcE tEFoz wdAl7]E BtKe CrylCa
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F 2 Atol|A] HlE] Aol tisiA g4 &3 2 &3
F W37t HAE I o) H|E|Q] A5Y Hslel HHA
o] glth= 7S w3 7]l (Kwon and Kim, 2008) ¥ 1
TFor e 3 T e AdEAdol SAEUT
THUe] A4 S5 X nematophila Al FH ]
1,000} 3] & Xn AHzlol| we} AA =AY, F FE

ol Xn2| 108 2 1008} 8ol o3t oA gah=
ettt &, HlE s FHE AxE AR 24X 55
7F Xno| 3L o]& FAol| Aglate] Aol F72 A5 1094
T 100819 W2 wEd o]F & Wl & AT A=
2| HEEH2rt FHY Az S5 AT
T dths 21 AASL Atk Xno AW Frel ek 2
AR A3 AT, BIEISE X nematophila Ald-S E3F A
g5k vlEle] SAAE 3ol Wt X nematophila] 8
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o]z Zufjo] w2 Wepdwh o2 T - Jojele o
stplo] dojudtt. o] AAS F3l FEXl Ml XAAPL
dojupA €t Xn tAFEES TR e o] 1Yy
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SREAlE & A7 AT FFA R FA 6] sttt 1
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t}. Seo et al. (2012)2 Xn vkl 82 PLA, SA| thA}
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AL e W MEEHE Fasktk(Shrestha and
Kim, 2008). o] AE=AE e3E T3 Fo= WA
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prophenoloxidase-activating peptidase®] Zujul-3-0 2 24
slEItH(Kanost and Jiang, 2015). 43} HESAHo]=
= ofist Elo|ZA1S 7Nte 2 i FHE|Fol (cate-
cholamine)2| =35 1|34 Eth(Zhao et al., 2007).
olF B3l doXl Av=Fe USRS Fulste &I
= VA gt} meEbA Xnd] PLA, A S ofolFAR:
ol S Alete] ¥l ol wAlel Bost=
ofo]Ab=o| 28] FI HFE AAsA ot ol& Fal
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P4 sYs @A Eot

ool A= & AFollA s HiEEH A 7Y 9
2 Agsled F3 ok =, X nematophila2] W] FH ol
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of gk W o] HE7} Aitsle AT AR] Cry7t &
AAEES gste] ST BHEH Lshd i
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2 o A=l B(Vigna angularis) T3NE T FHWE(Maruca vitrata)d] e WA HAIE F71sISTH Al
e 055 A 7o AASAS 717 3l oA 4%, 25428 A (insect growth regulator: IGR) 3% 2
YE](Bacillus thuringiensis) &5 255 TR 758 tYo= I 23380t 71 oA A 4%
LollA 3leled oFAl= IGRI HIE] oFAlol] Hlsl A ollA $-F38lgith. IGRH HIE] oHAll= B5F fARE WAl &
FE UERT o] E2 B IRV £35Sl whet oFart Fasiint. o] 7hev] HlE o] A S =0l
7] 913 Xenorhabdus nematophila A<t W& A71sk vIE| 2|28 A|Z3I3T. o] H]E]&Fe]&E HIE T H]
3 FA3A =2 AFES UEh AFE e F7t o= X nematophila Al Wgd o] T38IAL A= WA
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