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Purpose &
Contents

chemical pesticide
Two entomopathogenic bacterial groups of]

Eco—friendly pest controls are necessary for reducing

contamination in agroecosystems.
Xenorhabdus and Photorhabdus secrete secondary metabolites suppressing insect
immunity. This study aimed to develop three different crop protectants

controlling insect pests using these bacterial metabolites.

Results

Development of new used a of BtPlus that

immunosuppression enhances Bt insecticidal activity. Thus, core technologies of

crop protectants concept
this study include identification of immunosuppressive agents and their mode of
actions with respect to insect immunity. Using immunosuppressants, tailor—-made
fashion was used to specifically control target insect pests by selecting specific
Bt strain. By mixing immunosuppressants and specific Bt strain, novel crop
protectants have been developed.

Immunosuppressants were derived from two entomopathogenic bacteria,
Xenorhabdus and Photorhabdus. These included 8 different compounds, which
were sequentially synthesized and secreted during bacterial growth. Molecular
targets of these bacterial metabolites are in eicosanoid biosynthesis. This study
chemically identified 4 different protaglandins (PGs) in Spodoptera exigua using
LC-MS/MS. An effort to analyze PG biosynthetic pathway in S. exigua identified
two kinds of biosynthetic enzymes of PLA2 and COX genes. RNA interference of
these genes significantly reduced production of eicosanoid precursors and
suppressed immune responses. These studies showed that PLAZ is the molecular
target of these bacterial metabolites that possessed immunosuppressive activity in
S. exigua.

Rational approach resulted in three different biopesticides by mixing Bt and
immunosuppressants. "Dual Lepkill” was developed against lepidopteran insect
pests by mixing two Bts (Bt aizawai and Bt kurstaki) and Xenorhabdus
nematophila—cultured broth. "Col-Kill” was developed against coleopteran insect
pests by mixing Bt tenebrionis and Photorhabdus temperta temperata-cultured
broth. "Dip-Kill” was developed against dipteran insect pests by mixing Bt
israelensis and Xenorhabdus nematophila—cultured broth.

Expected
Contribution

Academic outcomes of this study include 16 SCI journal papers and 11 domestic
journal papers. Industrial outcomes are 7 patent application, 2 patent issues, 1
technology transfer, and 3 commercial registrations of products. These 3 products
are now industrialized by YA Korea Inc. and commercialized for farmers.

Keywords

Insect Insecticide [ mmune BtPlus Eicosanoid
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Algdd dH7lsMd

A1 AEZ ARAAENEE 4 A0 I E vE 25H 7 523

B E](Bacillus thuringiensis)= EYoA AT = J1FFAAFOZ A5 AAHA S99 (Crystal
toxin protein: Cry)< A4t AAA Fa sz HAAAoIHRoh et al, 2007). Cry @& Aol
zb= Egtav| B hsEo] Qla, olE9 T/ wet g d4F ~HEHo] A AU (Bravo et al,
2012). ¢F 700 279 Cry @& {2427} 938 H 2 (Crickmore et al., 2014), ©]E¢] FA olm| x4l A
g9l 40% FAE 7|2l et Fox 70 T/ A= & Cry F/(Cryl, Cry2... Cry70)& U 1,
Al 70% fFAE 71282 AIF-F(CrylA, CrylB $)& W al, gAl 70-95%2] FAHE 71El whet Al
A BF(CrylAa, CrylAb )& YHA FHCrickmore et al, 1998). Cry SAthl AL IA F okAto
2 9F 130 kDa 27] thd @A 65-70 kDa 2719 43 @Wadz FAHE 94 Saghids 3
A, 25 3 9 d Blaae] o8] N 2e(Aye] A9) e N C 2(ge] A9 7t
2ol Whgo 2 oF 60 kDa 2719 AEEA S Ad &4 49N A=R 71FHH(de Maagd et al., 2001).

g4 =4GR ERE T vge A4F7Ee A F8ACd AF o =2RE AZET. CrylAbe
AS A=dds 22 22 ZFHKA = 1 nM)S zhs Axe gdildo) A" Crys o @z
domain I¢] A WA o FF FHo] AAFHUA Cry &8 FAFo] dojuA Hr}. o]F o5 & =
gz Batgle Adg#E(Kd)o] oF 0.6 nM BEY alkaline phosphatase =+ aminopeptidase Nol| 2
st Ao 7S EA4 Ha old wet ME ke AREAFA o5 FRAE AAbSHA @
tHBravo et al, 2011). & & FAHo =7 g o AFH Cry S4aEHAL o] =842 53 A=x
WY AsdgdRAHowm MEXAE oA & 4 At (Zhang et al, 2006). A ZX| AL whe} H]E
Aol @o = st HEFE FEdstd T34 o= IE5S AASHA & F o ZoauaAT
SEE ZFE AAMANZ F Adue FAE HEHIE #E@FY Aol @A A& F fIth(Bravo et
al., 2005). ©] BHoe FH o) A2stes o8 gdst uAEEC] BlE SAT9d o <sidE A
ZHE F1 Ao FYste HEFES doH S AL R A EH(Broderick et al, 2006). olw ++Z

Pz A9 ZE2 ol HAE YUY W VeE B & AtH(Grizanova et al, 2014). w4
o] i =3 W ZAE A= HIEHY AF5ES FUHAZE F de AYd 98-S 99 + o
(Rahman et al., 2004; Kwon and Kim, 2007; Broderick et al., 2010).

+FHge dAANTIE PdE 2 EgEe] R Utk o] Jhedl FFHAALAFAA FHE
Xenorhabdus nematophila (Xn) Aldo] Z¥HATH(Park and Kim, 2000). Xn AT 1824 A
Z9] Aol A5t low, 7F AZFo] thd 259 EH0E HYPstA, AF Aol &
o2 wAyet theFst 2FHAZEE EF A Fth(Akhurst, 1980; Kaya and Gaugler, 1993). 53]
Xne 7 z271q o 239 M=EAY Z AGH HYS 25 AdASA "Ath(Park and Kim, 2003;
Hwang et al, 2013). ©]2]3d Xno &% WYdA 7Ze F2 229 WY Z/EHQ olo]IA ol
ARARE AdAStAA YEFYA FHKim et al,, 2005).

olo]FA Ol EE BAST 20719 trtEES A AR AslEEolt ol 242 FE AAEE 7]
A2 AdAFRNEALSY U=E< phospholipase As; (PLA»Y Zujztgoz HFgd olgky| =Yk
(5,8,11,14-eicosatetraenoic acid)®] cyclooxygenase =+ lipoxygenased] 2802 F&5dH ZTZ X ~elad
a7 2 FIEHAFI EFAA4 YeEldTH(Stanley and Kim, 2014). @ehA PLAE ofo] A o= A
A FAH A WSS Sujsles E4AZA Xn9 9A tide] FtH(Shrestha and Kim, 2009). Xng] Al
Tl Fdo PLA, A Edo] =Yoo, o] 2L F7]8uE F25Ah(Park et al., 2004a,b). ¥
o] B3 £ WHS o83l o] M wddo] EAst= PLA, IA EHE EEstd F 87 3
FE B 725 A} ANR(Seo et al., 2012).
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AAAENEa0 dFQ PLA; (EC 31.14)E o=HE 7N ELZA AXA] sn2 $A o 2}
g3t Zaks FE A7, blolgl ) Alet, AE B FE olEV|7HA EE WA AT
(Burke and Dennis, 2009). ©]2]8F thoF3t PLAE ZHox 15 /MY IFo 2 BEFEHL) dutrlog A=
A 8z 9)E3F cPLA, (cellular PLAy), MEA % Z¢ ZHZA iPLA, (calcium-independent PLA,)
2 EHA sPLA; (secretory PLA)ZE Y& 4 U TH(Schaloske and Dennis, 2006). ]2 &##} 5’.7] 2o
]%Lﬁ‘r & ol oA ZolE Holw A 7|e ZolE YEa e dH, 583 cPLAJ ZA
Ao ghgo] dFQ SRS UHSA #HAS Holx JQtHUozumi et al, 1997). LFolA= &
W 5o HAEHe AROZA SPLAE AYsta WY g #d Zloze AARAEZAAE
(Tribolium castaneum)N A 4 F9] sPLAS H%E R 138HtH(Shrestha et al,, 2010). 28y HY #
go AFF cPLA W FRE ZFA ¢z v fidh

2 AT vE Z&FAY 4FE F7HA717] A8 Xn fd A9 gAE2
MHBT Xn 29 HY JAE A3 HZ FrI(Spodoptera exigua) A F2YH cPLA;
THAA Q2 AxFaHd s o] &3t Xn Fol EELE9 cPLA; 9A &34& £43 =
o] cPLA; SA&Fe} vy 459 F71Y ARAAE E48= o F3S

ERETET

994 3 AujA A AR AW A AFAE(Goh et al, 1990)F Foif AR
ST ARS HYr]e] 2L &5 25+1TC, FF7] 168 h (LD)olH 4FL 10% HAEES HolZ I+
ol A SRl FF5S PSS A AshA @ Aol
A AR AL A oA =& A AT fFL &% 25£1T, 374"‘71 16:8 h (L'D), i
F5 40760%2] mlFrIA ASFIUT 5 WFE Hol2 ASIYP e AFS 10% AEES Holz
sttt 2 A AERA AMEE w5 A= iy wFsu 25 3838 o] &35k th

g
iz
A
oZ
Jo
ofy
filo

H g #F Wi

HE] #F= L Hlo] & (Hwasung, Korea)Z2H-EH A4S ™ B, thuringiensis var. kurstaki
serotype b (BtK) :LF/]J_ B. thuringiensis ssp. aizawai NT423 (BtA)S A3t F £5F9 vlg +
FE HeT 1 mLe st dgA S e § FEZE 0] 8319 tryptic soy broth (TSB) ¥ ]|
of Mle& EEsta 30TColA 24 Az v sttt BaufA oA wikd AldolA G FEYE 41
ol BT E 3435t TSB dAAE o] &3t 28ColA 48 AIZF &<t 200 rpmoll Al mHkujeF &
ThAl 48 AR &< 4T A aro] Baste] Alite] 22 &S F7/HANAHT. 22 AL 94 38
w7 (BX-PHD, Olympus, Tokyo, Japan)< ©]&3}a] 1,000 #] #j-&olA &2lssot.

—

AL E3ES ZA)

Xn 3 E2Z<2 benzylideneacetone (BZA, (E)-4-phenylbut-3-en-2-one, Sigma-Aldrich Korea, Seoul,
Korea), proline-tyrosine (PY, 3-(4-hydroxybenzyl)-hexahydropyrrolo[1,2-alpyrazine-1,4-dione, Peptron,
Daejon, Korea), acetylated phenylalanine-glycine-valine (Ac-FGV, 2-(2-(2-benzyl-3-oxobutanamido)
acetamido)-3-methyl butanoic acid, Peptron), p-hydroxyphenyl propionic acid (PHPP, Sigma-Aldrich
Korea), 4-hydroxyphenylacetic acid (HPA, Sigma-Aldrich Korea) Z#3 cyclic PY (cPY,
3-(4-hydroxyphenyl)-2-(pyrrolidine-2-carboxamido)propanoic  acid)= dimethyl sulfoxide (DMSO,
Sigma-Aldrich Korea)E ©]&3t 1000 ppme =2 ZAFYSH indole (2,3-benzopyrrole,

_13_



Sigma-Aldrich Korea)® oxindole (2,3-dihydro-1H-indol-2-one, Sigma-Aldrich Korea)2 Z/FFE ©]
£3F4] 1,000 ppme F==2 A5 T

PLA; 43} Xn tAFEE S #A

PLA;, 84349 =48 3453 pyrene [1-hexadecanoyl-2-(1- pyrenedecanoyl)-sn—glycerol-3-phosphatidyl
choline] (Invitrogen, Carlsbad, CA, USA)°] F2& QXS 7F=Z Agste] FFEAIHOZ ZAHsH o
(Radvanyi et al.,, 1989). 7] &-& 99.5% o&-&E |83l 10 mMZE ZA3H . Bovine serum albumin
(BSA)2 A4HkZ 89S o] &3t 10%E ZAsATH Tris &¢F€A(pH 7.0 SHTE o83t 50
mME zAsAT. 32 ES SHFTFE 1 M2 24U Xn tiAEdS 2719 Az BHe ot 1
Mo T=2 ZASHTH THEEA150 w)S 50 mM] Tris 45E&H 1435 ul, 1 M9 CaCl, 1 W,
10%9 BSA 15 ut, 1 wo] JAA H 2 we] E4HEH0=" FAHAHJT AR & =9 JAAE
cPLA, E489o] M7l & 5 &3F 25T oA WA AT, ol F 147 e 71d &S Hrlska 2 23
S A AY. SpectraMax M2 (Molecular Devices, Sunnyvala, CA, USA)E A}83F] excitation 345 nm<}

emission 398 nm ZNA EA WSS A3 AT

WAERS) BE5EY YEAT

o gRAYo ANSAT 87H AEAL 0945 E 100 ppm 744 BE W Az F
B2F AAAZ MF AGx3 cm) e dBA7E 2§71 Fob 10 B3k ARAH w1 A7
AN MFELRE 33F9 sy 3832 HY Y10 vhely 3 wBoR Asiinh 4
sl 24 A7 FAIE 7 A B Y AT F RS Azl 2ASHALh

WElsh AR HE A HEHA

MEE BCAM 48 AT B MR g Ao, mee] WHEA SAE BKE 36 x
10°/mL, BAE 23 x 10mLE 1S3tk vEle] 8 /b4 dAHEAL 22 EF3e @ 2 AR
4o A% /b0 7 100 ppmel HEE HHF F wlFELY 3330 Shby 383 A sk
7 Aele 3 wEstgon, 2 wEe 10 vhee] FAFOE TAHAG YES FAL 24 AT F7)2

79 B WY T F @ A 2As,

SecPLA, 224 ¥ #3344

g AR FHS A I g7 A52] cDNAE Hwang et al. (2013)2] WO E FH]
39t o] 4 cDNAE tdozZ Aty cPLA (SecPLA) GenBank BankIT number 11723770)9]
open reading frame (ORF) Y99S AWIFGE-ATGATGCAACATCAGTACTG-3) H g3k
(5-GGCTGCATGGCTTTGGTTGG-3) Zgho|HELS o] 83le] 94°Coll A 45%, 52°CollA 45z, 72°Cel
A 90% ZZoA 40 3 FE3HT. o] SEFES 6x 3| 2EHF V5 tag’Z} A= pBAD-TOPO #HdH|
E] (Invitrogen, Carlsbad, CA, USA)ell Az&3Rq 1, o|S E coli Top 10 TFo HIAA AT, FAAS
B oiFZAFE 37°CAA wiFste] Ald 2600 nm F55)7F 08-09 Aol 2 wf 71X FAAZ &
L-arabinose (Sigma-Aldrich Korea)ZS 0.02%7} HEE F7}3l4TH ©]& 30TCoA 4 A1zt S kg
A ZT A" A2 double detergent buffer (50 mM Tris, pH 7.0, 30 mM NaCl, 0.1% SDS, 0.02%
NaNs, 0.01% Igepal, 0.005% PMSF, 0.05% protein inhibitor cocktai)® HEYS TtE & 2 S uli 47
(Bandelin Sonopuls, Berlin, Germany)olAl 95%<¢] 7=, 30 = @2 15 HS AP o ol %
10,000 rpme] £E2 ARt TS AAT o] F5HES Ni-NTA ZAF(Qiagen Korea, Seoul,
Korea)& ©] &3] SecPLA, ¥ E3IFTES A, o]Z thA] Sephadex® G-100 (Sigma-Aldrich
Korea)& °] &% AZulEIYIAE T3] SecPLAE EE3ATE SecPLA, ©@¥de] A7|d95L 10%

_14_



SDS-PAGEE o| &3l Egstgen V5 A (Life Technologies Korea, Seoul, Korea)E A}-&3}o]
Western blotting2 A A3} o}

A f A" 2

b 58 39 AWA As% thE 20 WY n-hexaneS 71t 20 B3+ %3 A 2] (Branson,
USA)3FAA 2 3] FE3F9 Y. Whatman No. 2 9X 2 g & kAL tall Folch et al. (1957)] %
Mo #F3le] Z#F9] chloroform : methanol (2:1, v/v)E 23] F&3dct. XA, @24 L <1x 49
E8E 93] chloroform : methanol F&=Z°| W3 silica gel column (55x40 mm) chromatography &
A A 514 2.1 (Christie, 2003), &A1 8A1 7] silica gel (707230 mesh, Merck)2 X3 & & ZAjo o}
2} chloroform, acetone, methanol-< ’\i]-ﬂ o2 §&3ly 7 AL, FXE 2 JAXES AHE B
oAt FF oA W A7 EYE5L 40T olstolA HdsHstdr daE duste AWk £4
2 G4AE AFA7AA -20T ol ‘_'3}%1‘:}.

AA A F5Eo| T SecPLA; Ev) W3 B4

2 BEFE 100% ethanolZ &3|AIFHTH o] % 100 w0 VA, 100 xee] 10% BSA, 60 xe] 1
M CaCly, 100 xe] PLA,, 9,640 pe] Tris-HCI buffer (pH 7.0)0& 413 28°CollA 2 AlZF &< HEE-A|
Atk olF frel AWae obeje Wow BAST

AA

fel A B4

Hexane % % silica gel column chromatography® %3] 5% A &S Metcalfe and Schmitz
(1961)9] Wyl F3ste] A W4kS methylation A1F T ©] A1=(05 - 1.8 mg)Z capped test tube®l

#3l4 05 N NaOH methanol €% 15 mLE Y31 No2 FI3 & IOOCoﬂ/ﬂ 5 #3t FE3Io vlF3
HE3-S AAISEYE T o] % Eold Aatel WYy E H7ishr] Y8 14% BF3;-methanol €9 2 mLS ¥
AALE FZ8tY 100CANA 30 3 wWgst A7l th isooctane 1 mLe E£3} NaCl € 5 mLE
7Feta 2 3] FESH Y. Isooctane FS HASIY F4 Na,SOL2 &3ty AIHPTFE 02 m
Hydrophilic, Advantec MFS, Inc., Tokyo, Japan) %] GC/MS (HP 6890 GC system/ HP 5973 Mass
selective detector, Hewlett Packard, San Diego, USA) EXAIE2Z 3dth airxg A59 A9,
n-hexane FZ3Fe] HFEHES §lo] A7|9f FUd WHOE WS AT GC/MS B4S 9% 29
2 SP-2560 (100 m x 0.25 mm id. 0.2 m film thickness, Supelco Inc., Bellefonte, Pennsylvania
USA)S A3t on, 2y 2B £5+= 100CoNA 4 ¥ 54 7R3 3 240C7HA £ 3CTH F718h

tzl

o 15 ¥ ¢ FASAH. ol Jtae EFS=E 08 mL/mm injector 225C, ion source 200C,
separator 240 C2 2AA3HTh 2o AEE 1 tLEs FYUstY £33, split ratiox= 20:12] H]E-9]
Aot #8¥ 39 3E Supelcort EFAY4E methyl ester?] ™ E ANzt vlmete] Eelstgon, =3
HAN 2 sl 24 NESES FEAT =3 GCOl o EElE 939 mass spectrume GC/MS

data system®l MS Chemstation (Hewlett Packard)oll A X]® NIST %@ Wiley library2te] A4 - vlu &
F3 AAS FHIAT

SAAE

RE 233 AN Adds BES AFZA arsine W3 ¥ SASY PROC GLM (SAS Institute,
1989)& o] &3l ANOVA EAS AAEHT
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74 jl_l.

Xn fr& AlgdA=de 4359

Xn Aol Bulsts 8 BRo] tAEde] 4Eee AT 1). oS 2459 falwe} Ax
54% meASe 100 pom ol3Hel S dAAMOE HT B s fEel del 4
2T olm BE 8 7K B T mFel tElA 4%8e Ut lFE U F = 550 df -

7, 80; P < 0.0001, Ftuuk F = 957, df = 7, 80; P < 0.0001). 2449 8 71K &4 7124 BZA%
oxindole®] T 3ol tis] 40% o]A9o A=&2 JeE

(A) (B)
100
100 G —e— Ac-FGV
.| <
- ©
° —v— cPY S gol cPY
- 80 [ > —v— HPA
‘g —v— HPA ] .
. —&— oxindole
= —=— oxindole L indol
= —0— indole ; o Incole
“ 60l
o 60~ —e— PHPP - —e— PHPP
s —o— PY °
9 g 40
[ 40 ‘?
z 2
© €
t 20+ o 20|
o =
=
0 oL
T T T T ! T T T T 1
0 1 5 10 100 0 1 5 10 100
Xn metabolites (ppm) Xn metabolites (ppm)

Fig. 1. Toxicities of eight different bacterial metabolites of Xenorhabdus nematophila (Xn) against
third instar larvae of Plutella xyiostella and Spodoptera exigua. Lead-dipping method was used to
assess the toxicities. Each replication used 10 larvae and was replicated three times. Mortality was

measured at 7 days after treatment. Error bars indicate standard deviation.

Xn & A#AERS HE 4358 Jsad

v FE by st shehubdel o vlEle] AFES 60% oS YERNA ¢kth(Eom et al, 2014). ¥
AT Az HE G5 AHYges oF 50%9 A4FEHE YEPdT. o)gA B2 vlE A45¥E Eol7] 93
Xn HAMEA S #H7lste] HlEe] A4FE *o%sfiﬂri AP H(Fig. 2). A7 A AEAS] s&7}
Z7hgel wet vl AFEE SATFSUE F o= 4056, df = 3, 64, P < 0.0001, Iy Fo=
110.44; df = 3, 64; P < 0.0001).

r-1u:
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(A) (B)

100 100
S ]
% 80 - 3 80
K 3
Q.. 60 — 2 60
“6 o
s
;\? 40 - —e— Ac-FGV E— 40 - —e— Ac-FGV
g —O— BZA .E" —o— BZA
_-E‘ -V :IT’TA = —w— cPY
s i oxindole Tt —— HP.A
t 20 ) o 20+ —=— oxindole
o —O— indole — —{ indole
= —o— PHPP —e— PHPP
= PY —— PY
[ ol
I T T 1 I T T 1
0 1 5 10 0 1 5 10
Xn metabolies (ppm) + BtK (1,000 ppm) Xn metabolies (ppm) + BtA (1,000 ppm)

Fig. 2. Synergistic effect of eight different bacterial metabolites of Xenorhabdus nematophila (Xn)
on 1,00 ppm treatment of Bacillus thuringiensis kurstaki (BtK) or aizawai (BtA) against third instar
larvae of Plutella xylostella and Spodoptera exigua. Lead-dipping method was used to assess the
toxicities. Each replication used 10 larvae and was replicated three times. Mortality was measured at

7 days after treatment. Error bars indicate standard deviation.

A 23 SecPLA9 QIAHE 7t5E3 &4

Xn HAFER S PLA, 494 71%5& ZH=tH(Seo et al, 2012). =F5FA G280 J3¢FS FE= PLA,
7h&d Al Z ol +xﬁo}— cPLAY} HAFEEoNA BE WY #H olo]IAol= Ao F83 d%
£ @98 AoE FAHAY(Stanley and Kim, 2014). Fuptel] £A)3}= SecPLA; F+3A7}F 24 5
A3, o5 AN HFAAAA AxFAHAS AUHFig. 3A). 4 A7l 9W¥d &5 A7
(47,096.79 Da), 6x 3|=EY tag =Z71(1421.64 Da) 1831 V5 tag =7](822.85 Da)E X33}
49,341.28 Dal.® TI9olA B A 7)o dwldo] ZHHTt. o] @MAs AA JAAdE F=
3 v AZl A FA ol vls) <o 25 8 B2 Abs FElAHTD(Fig. 3B). ol fFE A4
24 AYNE A dxTdd & ortEESAEE s A gsgdsh 240l EUthFig.
30). 28y 71 ol =YLt HEHA EAUT FE2H TYUT AAE AEE NaOHol A HlF3}
e A7l A3 Aozl {FE A4S BASEAT, E AT A A GC/MS AlaElo =z oy &

ik A5 A Fdh

_—

(A) (B)
12
kDa M SecPLA, ks M SecPLA,
170 [ ' o or
125 . =
X
93 . i 72 g 8
Bl - :
— > =
- 42 ks
42 - a1 8 4t
ra
31 |- 2L
24
X% - 0

Control SecPLA2
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50

mmmmm Control
SecPLA,

Relative fatty acid amount (%)

Palmitic Stearic Oleic Linoleic Linolenic

Fig. 3. Purification of SecPLA, expressed in hemocytes of Spodoptera exigua. (A) 10% SDS-PAGE
(left panel) and Western analysis using anti-V5 (right panel). Arrows indicate SecPLA,. (B) Total
amount of free fatty acids released after SecPLA, treatment against phospholipid extracted from the
fat body of S exigua larvae. Control used a heat-treated SecPLA; for 40 min at 70TC. (C)
Composition of free fatty acids released after SecPLA; treatment. Error bars indicate standard
deviation of three measurements.

Xn #2 AlZNAFEZ S SecPLA; 84 oA &3

SecPLA; Aol thdt 8 71A Xn HAFER ] JA&37F v uE A HFig. 4). ol & ©ZF 667
ppml.Z A TstH S ] cPYS} HPAE A 9stal SecPLAE A HTHFig. 4A). ©] 7FH BZASH
PYZ7} 7 &2 dAEHE Bt o F =2 oxindoles ZE3 Al = st w=4
SecPLA; A EZHE £43tAHFig. 4B). A&l F=7F 743l whel SecPLA, 24 9AI7F S718kd
(BZA: F = 2440; df = 5, 12, P < 0.0001, PY: F = 2512; df = 5, 12; P < 0.0001, oxindole: F =
6.45, df = 5, 12; P = 0.0039). o] & MTUHAEZE Alo]lol = SecPLA; A EFHANA 2ol & YEFAT
(FF =557, df =2, 36, P = 0.0078).

(A) (B)
70 -
—~ 60| 1
e £
£ E 5l
2 g )
g S a4}
> 2
s 2 30r
B 3]
@ e 20 - _—e— BzA
N <
i i —o— PY
o 0 40 —v— Oxindole
[ \ \ \ \ |
0 10* 10° 10?2 10" 1

CON AcFGV BZA CcPY HPA Indole Oxindole PHPP  PY .
¢ ¢ role Oxindole Xn metabolites (6.67 x ppm)
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Fig. 4. Inhibitory effects of eight different bacterial metabolites of Xenorhabdus nematophila (Xn)
against purified SecPLA,. (A) Comparative analysis of the eight metabolites in the inhibition at the
same dose of 6.67 ppm. Each treatment was replication three times. Different letters above standard
deviation bars indicate significant difference among means at Type I error = 0.05 (LSD test). 'CON’
represents a solvent DMSO control used for dissolving the metabolites. (B) Dose-response of three
selected metabolites in inhibition of SecPLA, catalytic activity. Error bars indicate standard deviation

of three measurements.

JASHE @A Aldw =

kil < JAIFgo =z A HE Y A

AR ELL vE e AFadE F7IAZT vlE
ul Z]

KO

Kol
=
a3

of o

A
L

=
=

b 250 woir|ae A Uldel EA3 d Eofl 40 HF (Oppert et al, 1994), &2 44
ME &5 F7HMartinez-Ramrez et al, 1999), T&A =229 HlE $+8A W3 (Gahan et al, 2001;

Darboux et al, 2002; Park and Kim, 2013) =3 FdWdol A3t o& mAEH#S] A (Garbutt
et al, 2011)< EF3Th o7lo] i £F WY &Fo] 2o Pz dgd ¥ FAHS
e == FAAE HAahd W-8-Z7HRahman et al, 2004), HZ2RE 31 #d dAHH o
el FAYA EHE Cry S4&9HE E&A3(Ma et al, 2005), AlEA W8 Z7HKwon and
Kim, 2007; Dubovskiy et al., 2008; Richards and Dani, 2010; Shrestha et al., 2010) o] ¢#Hc}t

o Grizanova et al. (2014)2 AFE=Z HHO ZAHTH, dH=3A ]2 2 go]liAgd Ao =olA
v AAG A9 ¥k FUHE BT S HEH ES AzA 2 AdY 99 g 2R FTHAYE
2o 2 Ueyth weba Xn fF#l EEo] ofo]IAolE AFA AAIE T AlxAd LAY Wy
2HegS BT qAFo R vge A4S FTHFHTE AL Yudnt & HlE Y 2528 SlojA o
d EFol AFHoE ALl AYukgS Fa wWol &S Wi At AL B A7+ AAEL UTh

AG2ES AAlste] HE Y dFaARE FUIANTIEE AFo] dhe ATolA M=o gkth. Jung

and Kim (2006)2 Xn¥ HIE|E &3 Agste] gihpie] 45835 34 Foli AFa3E WEH
APA7I= AAE Btk 74 4% B3 vligo] o3 F-AEE 39 A-o] Qo] FHAME
Hol 9= Al £ 48 AXHFEE A oA FElHE Xn Ao SAERE FAHEHJT. Xne o}ol
FAolE AFHA A o] o AZ=tkwlE S HE 5] ol (ffrench-Constant et al., 2005) ©] A7} A<
AAE T8l PIEHY &4 7R A& WErlds F27E A olF Xn vkl PLA, oA &37}
A= AAE EUZ(Park et al, 2004ab), ol W FAe d A2t A2ER ofye} Al AAE o
HAE o] &ot =l FARtS HE e 3 AHYstRe w =3 BIHY A58 E FsAe AAE
UEHTHSeo and Kim, 2010). &, ©] el PLA, oA Edo] gHA= AL guda, olE
E4dE 4% Ay B AFA B4E 8 7HA 249 FAHSAY. olE E4o| T castaneum 3 H
AG3HA sPLAO gk dAl&axr s AS 83t (Shrestha and Kim, 2009). Z8jy sy &
HY - PLAO] thd o] E49 FF 48 olFAA FUTh

2 dAqs b e cPLAYE oS ol &35ty HAEAAZ & &5

et o] @A F
SdH B85 4t} o] @E e PLA2 84S AU Joer B A B4 A AxH9
sn-2 YA BL pyrene FFEZAS 60 pmol/mine £E5E Zujsts FAHS AWk %3 o] AxFgd
NS JAAE FEEF A A Asks fFaAzoH, 583 gEa it 2 gsd Y4ty
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O7FExs A Aitbel Aelde BAt 28y 7|gE ofgtr| =94t frEl= A &dtt o)y s A= <l
2Hs FEA7IE WHOEA NaOHE © FEHE MM B Al

Wikl M= ofgt7| EY4kS AEHA Xtk o]ld g olfre # ATl B GC/MS HZE A o}
9] oigt7|E=Y4to] F WA fEEHATE AL vt gutFH o F2FE T HFEC HE e
Yaks g3 e AeE EHA T Jo(Stanley and Kim, 2014). &FolA #Hx<9

ol 7= Y4t AEL Y] fFA4 vEHJT) Stanley-Samuelson and Dadd (1981)2 o}&}7] =4 Ako]
LoHE Hol2 Y] fF5S ASEFen, ARE 2] A5 23 AFE FEE kel dAZANA ofE)
Syzte]l AZEHALH, olgd otgr|EY4Ate] EA7F 30 F ol tE ZFAAE FIHAT
(Stanley-Samuelson and Dadd, 1983). th&<2 =& FAA olglzl=Y4ke] A3 7 tigh d&o]
AR HIE 7] FE52 ol rtEXIAUES Agdog T v AFAdo] oHe] |
o] oA o&E3HA "o FHFASE o ZFFAM lzElgate]l & it Al? desaturase?
=07 AFAAN(Cripps et al, 1990; Blomquist et al., 1991). ©] Z&# it A WHAF AbE AR 2
desaturase®] =0 = olgly|=Yto R AFAFHE= U, AHHOZ o|AuF (Periplaneta americana)
&} A F(Teleogryllus commodus)®t 2L IF 2% ol =EY4HE de novo AFAEES 3}
= Aoz Bt (Jurenka et al, 1987, 1988). shvhde] A A A4t FEE0A oF 0.02%7F
olg}7| =9 4to] x}A 3, methylarachidonyl fluorophosphate (cPLA; 012 A|=b)e)] Wz PLA,
FEE 93 fEldEeE AeE YElWtH(Park and Kim, 2005). ©] FEE&E0] & dAFoA F2Y3A
g

%
rok
=)
R
N
-

bl

2’ cPLAF TZHEAES A2 FHEH

ool Ayt= Xnol AFAst] EHlsts HAEZE L cPLAS AIsH iy &5 Ad9S A3t
A7IH, olFA AstdE WY oA HIEe] AFHo] FUMHATE AL Ynlsta dn. 5HET
cPLA, AI¢t HIE &45¥ F7le] &9 ZddAs &FF vlE 58S AnArle e 185 A

= M BFe AL o
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Hel vAE FAd =EHT oS WSt 8 25
s 5l 2-o]t}(Beckage, 2008).
= gy A SR AYa ot o] AP WYnkgS Az Heyt

rH rlo

Z 2], X3 = 2l 2l 2l
S AHAH HIREg o= :rLl‘i—%E} Az WYuhge AFAE AP 2 PR 2
Mo 93] A (Gillespie et al., 1997). A QA HAREZS 4 E A HESA g o=y AT
Aol o3 TP = W& ﬂﬂ’ JC’ o]tH(Park and Lee, 2012). Z12jv} H¥EE ZAA7F B oA

AAH oz 2 AriHgoez yebd ¢ 7ol dA4% 24712 sl tH(Adamo,

i
b
5
B
t

2008).

Y €] (Bacillus thuringiensis) A d& IHIAFOE ZTAS FAT 4+ gon oju AAHF (Crystal:
Cry) Sav99Wde AHAIHRoh et al., 2007). Cry @ A& Zg v o g3 Fo Qi olE9 FH
o] wet vEY HgMFEL7E 2D H(Bravo et al, 2012). °F 700 F72] Cry @3 FAx71 83
F L (Crickmore et al., 2014), | €2 F4 opv|4t XM E9f 40% -;‘%—/\}E 71Zd et Aolx 70 EF9
AZ & Cry £F(Cryl, Cry2.... Cry70)E UHIZ, TA 70% FAIE 71222 AEF(CrylA, CrylB
FE YR, G 70-95%% FAE 71l wEl AAEF(CrylAa, CrylAb S)E YUiA Ao
(Crickmore et al., 1998). Cry H4&9HdL 34 F o= o 130 kDa Z7] did G9Hd3} 65-70
kDa =719 4% 9¥Md=E FA4HE A S4AUHEARE JAHY, 25 S did Efated o)
N Zh(AF ] A9) v NG C B Ao 7hial] vh&o 2 oF 60 kDa 27|19 AJe|&A4
= Ad 4 s4AdNd=R JFFEA T (de Maagd et al., 2001).

F45E Sagvde] 43714 FAue] FgAdl AFozRH AT CrvlAbe A% A=
e} 2 B ARLKd = 1 i) zHe Aot o] AFE Cryi o Bue] domain 9]
z 9ol AAHDA Cry £ 4o YojuhAl Ak ol F o|F Lex Havud 2

= A3 (Kd)ol &F 06 nM BE9 alkaline phosphatase ¥+ aminopeptidase Nol| ZAgtstz 3+
ol TS FA Hal olol wEk ME e AREStFAC Y8l FAEAE X ASHA AH(Bravo et
al, 2011). = & HFHJo 2 HNEs e Add Cry S4THEL o] £E&A5 T AxY Asdgs
Ao g AZAAE oA & 4 UtHZhang et al., 2006). Z"“ﬂ A Abell whet vlE Aol &

T2 sty TFHOE IFS AAEHA & F oy ZauHAToEs o
= A= vlE7E #d8FY dlojgart &A X]E 4 gl (Bravo et al., 2005). ©]
© A8 OYe v EEo] Y SaAdwW e o5 ofejd FAAAEHEES £ ¥
H=2 JdoznS AR A HA I Broderick et al, 2006). oju] T3 dH=Zo HA

=
e
=9
o=

o
o
£
£
]

Z_:]_
7ol A5
%l'
o]

E FAE HY Horie s ¥ & A (Grizanova et al, 2014). webA o] tid =359
28 odAE HlEe AFES IVHAZE 7 Jde dFAFeR o] & H Atk (Rahman et al, 2004;
Kwon and Kim, 2007; Broderick et al., 2010).
Hla A QlFo] bk s|FHA| JAAZR AAR = vlE] AFA7F FAHAFAEAE AQsta A4x g
kAl WHoA FRIEAA Bt dE o|&FHA &L olfe= F HEs
EFHoz A7IEH(Eom et al, 2014). ¥ A= o] F FAE FHs] 98l Cry —Sﬂiwﬂzﬁ_ﬂ =%
Hlgantolgls B A9 ELAR 89 AR & AFSS Asith Cry S48 de] 45
S7HIA7IE e =€ = OE HEHY %Tﬁi/‘év‘i‘—‘ﬂ vegetative insecticidal protein (VIP)& &35}
AEFH AT Cry S4ATNHY] SN 2o o)} VIP @i dS st Alxg a9
Zb 2ATiEe] vE 4FY ke F oSATdWEY £ 459 Hd & 25 depllt
(Dong et al, 2012). W&tA Cry H4adH o] 23 M2 & 3 84 28-S 53 4585 2

o & m{o -Vi
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4 EE ASHES HAY 7 Je AR JHASAT. =3 vluFd ZEHo] gE WFZvlo] e
232 vEHe AHLATHY 2 AF5EHe FUHE Y F s EHE JUE & Y EoE WY
AAEZDS] H7b= 534 vl AAFEQ S ) 295 UdEFe "9y E8S JAS=
592 AFEs =Y F s 7HES A
M= L
=35 A

B AFoAds ul T/ alsol AREFEAT. s (Spodoptera exigua)e 19949 3 Allium

fistulosum) A¥AANA ARG ARl AFAE(Goh et al, 19)Z Fo AL 3T AFLS
10% AEEL Holz2 FF3AT. HlFFW(Plutella xylostella) S FFAl S5 AAS w1k
FrEe ARt kAl At @i AujelA Fol ARSFE A AW ofAl =F AP ARESE
L HFE HolZ Fom HFL 10% HAEES Ho|2 g on uFE Zopx tHE mFE
S FE3AY. AAR=SAAY(Tribolium castaneum)= B7}F, yeast extract (Scharlau,
Barcelona, Spain), trypton (BD, NJ, USA) (100:50:50, g/g)< HolZ ALS3tH om, HFY97)(78)9 +
ZAA 6-7 mm)E Ao o] &3 Ay =FZ2IE (Drosophila melanogastern) = QA2~E1E Z3g]H] A
(FEH A, AE, T5)E ol &3t ARE AT BE &% AASS 2% 25£1T, #F7] 168 h (LD),
JUl 5= 40760%2] F70]d

A
.
=

\

LSHAAN T 25 g
& W YA (Xenorhabdus nematophila. Xn)< 71F AZoA E8d & FZ2RIAFA A& o] &3}

AH(Jung and Kim, 2006). ©1E T3+ tryptic soy broth (TSB, MBcell, Seoul, Korea) R & o] &3}
of 28TCelA 12 AIRE &<+ vigsted & #3FS AHSIAS AR GY #FS TSB A WA E o]
&35t 28TolA 16 AZE &t v ke 3, M S0l 30%7F HEs H7bsto l'it]'% A #F5 75
ATH o] B¥ #FE WEEHE Al dgFe] AAERE o]&FHo At mE Al Wo] JteAE
=t

HE #3E5 U 279 vgEE o839t B. thuringiensis subsp. kurstaki (BtK)E Frg]Ato]=®
(Bloldll FAFALo|AG FA AL, AL, ) B thuringiensis subsp. aizawai (BtA)E AMEFE]® (A4
o FABAY, A, ), B, thuringiensis subsp. israelensis (Bthe WEA® (HQIAF F213] A} A
€ S=1), B. thuringiensis subsp. tenebrionis (BtT)= ®|= ZA|o}lthstnw Mike Adang g A4
Al RS T ZA7be] FFe Hig 1 mLE E£Fete] A S WE & FEZE o] &3t TSB HH
iAo AldtS Z=stal 30Tl 24 Az vt ot Fadm Aol A wigd Aol dd FEUE
i olF W E At TSB A WA E o] &3t 28TelA 48 AlZE F<F 200 rpmol| Al nLRka) &
, THAl 48 AIZE &F 4T A2are] Baste] Ao =2 F4E&E SV 22 AL f3A
s3std n) 4 (BX-PHD, Olympus, Tokyo, Japan)< ©]-83Fa] 1,000 8] vi&olA &3y,

ol Hoh 2

Cry S4addzd £

22 d Bt 779 @Y #FS 2 mLe Luria-Bertani (LB) medium®l HE3g & 28C 2] njFr]of A
200 rpmO-Z 48 Azt et wHF vkt o]E 2 mLo AlFHiYA-S 1 L peptone glucose salt
medium (Brownbridge and Margalit, 1986)° HE3td FLs U2 72 AZHEt 2AF A Al
a7 g wizhA] wiefetdth vl $ 4,000 rpmol A EASE Cry AW E S £ £ 0.2%
9] lysozyme (Sigma, MO, USA) °] Z3E 10 mL9 lysis buffer (0.1 M NaCl, 2% Triton X-100, 20
mM Bis-Tris, pH 6.5)°] @& & 28T #jF7]oA 200 rpmo 2 1 A HEx &3] S 28
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o
o 38

TG

st H#AIZEE Cry Satidel B & &olatA sttt 28d Cry 540
ZHE 4ToA 10 #3F 12,000 rpm 2 AR & F5AEs AASL it 3AF/RTE Al
T 5 mLY ¥+ 3RFFTFAA LA dEAHT. FLEHE AFEALS bovine serum
albumin (Sigma, MO, USA)S EFWMAZ 10% SDS-PAGESA AAAS ¥d& T dluw 35
o}.

T = v
i

y

o

Xn Al BiYER F5
Xn AletE& TSB wWiAIE o]&38te] 48 AlZF viFstitt. £8Z2u7]ol 1 Lo] Alet wigFe) ¥ar 330
mLe d4ks B3 upE e o3 303 £50] FUTh o
23&F €9 7t=E wEdH o] AX o) separate funnel
He 3|gatal, ohA] 330 mLe 4HES HUbsta e UH
7betal FLdE W or FE3. 39 A4FS FFIIUEFS 500
2 LY AgZgtra 7 AHAE AA s}
AAANFHS. o] F2ES 7
w7t Azl Eebaa BYe] £5F tAEE S

ot w

Az GF2uolg x

CrylAc®} CrylCa a9 Aol A2/ E Autographa californica multiple nucleopolyhedrosis virus
(AcMNPV)E Aedigtnl AAdE wgd AFANA EFEAUT CrylCas}t CrylAcel ol {FHA =
gto]H(CrylCa: 5-GCC AGT TGG TCA ACT AAG GGA AG-3¢ 5-CCG TAC CTC TTC CTC
GAT ACG TAA A-3, CrylAc: 5-GAT ATC GTT GCT CTG TTC CCG AA-3¢ 5-CAC GTT
GTT ATT CTG TGG CGG T-3)& ©]&3] 98TolA 30%, 55CelA 30%, 72ColA 303+ PCR W
2 303 Y3 & FFH WMEE T Cry FLGHAY Aol & st At

Cry 54993 yEHA

BEAARL Cry S99 H4& T8 o FoAit wixFuds sgihpde A4S 45 e

5T 04 pgo Cry H4T9WMAS wiF A0x1 cm)oll AAth =F238= Arg E0.5x05
cm)ol AR AABESAA Y Holdl AdE vk AEsr] A 4 A T AdETES
AAA 1AL o] F A HHolE EF He Ze A} F FAHH HelE: Ttk AZTE 10
npE]d 3 RO dAAEon, AE &L 24 A FVIE T dA 7HA W s8R T 22 AR

ZASF A,

HEZ2utolg A NEAR

dRFYe WF2uo]# 29 budded virus FENEA 0-10° pfu ¥ =2 7o FAsAT. A+ A
g wFde] AT TEo ¥WFZhloldaE At i FFolA HAAA AFE&ES BAEA
o Sf9 AEFoA F4" g4AE vlolz} (7 x 107 PIB/mD) 10 pZ 5 x 5 el w5 o 7o A
ZAth o5 4 3 e 9 &7)ol AAXE 21 SHEUT HYH wFd FHoE 10 vigle
38 #5S &4 T3 AHHE do] BF HAHEE 5 A BAEAT 59 AErE 3 wEFHA.
o] % 3-4 wigly yro] wFEUe wlF U JAFAISEE ARSE AT M $ 24 Az vkt
AALE NAE ZASEA T oWl XA frE2 YR AFo] tiEiA FFF REE 2ol e AR

FA A

ot
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AZA Hurge] dstow At Ao @WE Y AYFEAH wves W FRS L%—"ﬂ o 3l A
A8 WA(E. coli Topl0)S LB HiAIGA Z2A17121 5x10" Al AZFES iy %9 d7o=
FAaAT. @4 FALe fE BARS o8t xugEErr AbE mA 2= AR (SYS-microcontroller,
World Precision Instruments, Sarasota, FL, USA)E o]&3l] FUsTh

puller (PN-30, Narishige, Tokyo, Japan)Z ©]-&3}¢] 3lHT AHY Xn FEELS M FYSH] AR

Az
Aol 240 B2 FUdT Adol FUW F3e 23 24

I
b

? BA#FL micropipette

A= 25¢1C, #F7] 168 h (LD),
s 40~60(7)°ﬂ/‘1 8 AZE HIGAZT. o] F ATE £ F &34 WS AT olF 7 Az
Tee sinste] FAE ade SiFARE S0 wigelA REAY. FHE Ads WA skt T 8
718 | EAYR d= FUH=

FAAE
2E A3y AP Adgs MRS A3 2A arsine W3 & SASS PROC GLM (SAS Institute,
1989)< o] &3t ANOVA £4 F A H+#3t vlag HAASAH.

24 jl_l.

HE] Cry S49dd R 4Fa7 So|y

Cry Sad@zoe] v FRH HE #F2FE 27 BEHATHFg 1A).0ls EaHdES
SDS-PAGEE o] &3} £43 ZA3} BtK, BtA, Btl= oF 130 kDa 123 BtTE ¢F 70 kDaolA &
Gl d MEE Yeidt I8y 2E Y ARdA F ol Wi o oE duldo] mgor &
At ol @l B B Ao AR &gk

2 Cry 54299 ds59] A2 o Fd dd 4F38S vustdthFig. 1B). A didl U
TR 2F "8l ol v TFY Cry S0 de T3 459 Yetdt. a8y 2t Cry 54
dulze AE g2 2350 fﬂslw Aoldk A2 S JEldt BtKE #lFEud tdisiA e &%
HE & 4F8S Uelth fFASH BtAv v, BtTE AR ESA A8 181 Bile =%

L

¢
4

d
il

shejol WA 27t diiHo we 43Ee vehdth ey = Fxseel B Buel 43He A
S5t REE 50%0) MAA e v 4FEE wgth

(A)

M Btk BtA Btl BtT

kDa
130 — s P s P —p
———
T "
53_'“.!-!
48_‘..&']‘
3 — i

2 —
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(B)
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60 -

——

=
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h— Cry toxins Cry toxins

£
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g T. castneum 108 D. melanogaster
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Cry toxins Cry toxins

Fig. 1. Specific toxicity of different Cry toxins. (A) Purification of Cry toxins from four different
Bacillus thuringiensis: B. thuringiensis kurstaki ('BtK'), B. thuringiensis aizawai ('BtA’), B.
thuringiensis tenebrionis ('BtT’), and B. thuringiensis israelensis ('Btl’). The purified Cry toxins
were separated on 10% SDS-PAGE. Each lane contained 10 pg of Cry toxin proteins. Arrow heads
indicate main Cry toxin proteins. (B) Insecticidal activities of different Cry toxins against
lepidopteran, coleopteran, and dipteran insects. Third instar larvae of Plutella xylostella, Spodoptera
exigua, and Drosophila melanogaster were used for bioassay, while seven instar larvae of 7ribolium
castaneum were used. Each larva was fed in a dose of 0.4 ug Cry toxin. Each replication consisted
of 10 larvae. Each treatment was replicated three times. Mortality was assessed for 7 days after
treatment at 25°C. Different letters above standard deviation bars indicate significant difference
among means at Type I error = 0.05 (LSD test).

Cry S4v94 T3 2831349 ¥

AR FE Gy SAGNIE SRl AGATU WAE LAAGTR. 2. F 5
WAL FAY A3 EFH Cry B49MA TR geh 4807 AYEHE
24). 9% Sol, BIKS} BA frel Cry 549 EFsha, suhbds) wjE sl

Bl we) wE A EAE A 2A% A TR Oy FLAAYE TYT AAE 299 Oy
Aol 7ol we AgslFel Welst WEHUTFg 2B). dE Sol, BK, BtA, BtK
@AYE TUY Aok Al FRLU pol Sowadel weae wgasd g
S LD EiT. BUA 4 SR Gy T WAL L5 EFY Ak $AAN L2 A
A%, WA 4 A4 A A B > 500 AEEE e
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Fig. 2. Effect of Cry toxin mixture on target insect spectrum. (A) Two Cry toxin mixture (B) Three
Cry toxin mixture (C) Four Cry toxin mixture. Cry toxins from four different Bacillus thuringiensis
(Bt): B. thuringiensis kurstaki ('K'), B. thuringiensis aizawai ('A’), B. thuringiensis tenebrionis
("T’"), and B. thuringiensis israelensis ('I'). Third instar larvae of Plutella xylostella ('Px’),
Spodoptera exigua ('Se’), and Drosophila melanogaster ('Dm’) were used for bioassay, while seven
instar larvae of 7ribolium castaneum (''Tc’) were used. Each larva was fed in a dose of 04 ug Cry
toxin mixture. Each replication consisted of 10 larvae. Each treatment was replicated three times.
Mortality was assessed for 7 days after treatment at 25°C. Different letters above standard deviation

bars indicate significant difference among means at Type I error = 0.05 (LSD test).

W FZ2ulo] Y 2E o] &3 Cry Sa9dd &3y A

Cry SadwWdel HEfFHAE Yol d #WE=2nlolgixe AAE E43314, CrylAcst
CrylCa ZadWd FRAAE 242 Q23 AcMNPV Hfol E%E o] &3} A tHFig. 3). tI=TEA 3
Gl A ('EGFP)S 2dEstE AZT AcMNPVE ARSI 94 Az F=ulo]lg 2o CrylAcst
Crlea FH2Y] EAE Savld 5olF zglolmE Ol%okﬂ PCRE &3t th(Fig. 3A). Hiol&
22 @50 ¥lE Cry S49NAS ddste AEF dF2uo|g vt F dF EFolA w2 4FES
YERAtHFig. 3B). 28y Cry H4THAS #d3ts Az F2ulo|g 2ollA = Cry HATH A
wet g slEol PAE AFEHe] Aoldlth &, BtKelA fElE Cry S&90d e FAEQ CrylAc
o} AZFHE AcMNPVE HiFEUde tisiA 2 459ES B BHA BtA9 F8 Cry S40HA<
CrylCa® Tdst= AcMNPVE dihvpdo] disiA £ 459S Uedlth
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Fig. 3. Effect of baculovirus expressing Cry toxins. (A) Confirmation of baculoviruses expression
CrylCa (lane 1) and CrylAc (lane 2). (B) Insecticial effects of Cry-expression bacluviruses against
two different lepidopteran insects of Plutella xylostella and Spodoptera exigua by injection (left
panels) or feeding (right panels) bioassay. For injection assay, each larva was fed in different doses
(pfu) of virus. For feeding assays, each larva was injected with 10° PIB of virus. Each replication
consisted of 10 larvae. Each treatment was replicated three times. Mortality was assessed for 7

days after treatment at 25C.
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Fig. 4. Immunosuppression and enhancement of Cry toxin toxicity. (A) Nodulation assay to assess
the immunosuppressive activity of Xenorhabdus nematophila ('Xn') culture broth extract. Xn extract
was prepared by organic solvent extracts. Each treatment was replicated five times. (B)
Enhancement of Cry toxicity by addition of Xn extract. Cry toxins from four different Bacillus
thuringiensis- B. thuringiensis kurstaki ('BtK'), B. thuringiensis aizawai ('BtA’), B. thuringiensis
tenebrionis ('BtT’), and B. thuringiensis israelensis ('Btl’). 'BtM’ indicates a mixture of four
different species. Third instar larvae of Plutella xylostella, Spodoptera exigua, and Drosophila
melanogaster were used for bioassay, while seven instar larvae of 7Tribolium castaneum were used.
Each larva was fed in a dose of 04 pug Cry toxin. Each replication consisted of 10 larvae. Each
treatment was replicated three times. Mortality was assessed for 7 days after treatment at 25C.
Different letters above standard deviation bars indicate significant difference among means at Type I
error = 0.05 (LSD test).

L

=

d

Ay 78 dEEA Fe AYY IdE FE5E =F7] HsiAe vlH 549 5 =
gkl a o] HQ3oh(Park et al, 2005). ol dZste] 71& M€l B. sphaericus Trﬂ19] Bin =
2Ty BtA 219 CytlA 9 S B3A7 A3} o]|5e] Asavte wat & A &35 4

el 3 BlE ol et yetue 259 A9AIFAES AAsE Aol BIHY &8 Eole

&3 (Kwon and Kim, 2007). ¥ A= 3k HE dF4 E8d Cry 54993 S B85t
o]E9 T3 wet A4FE FVF 2 HAEAFTHAE HWEH AZRHAG =S HFZuto]Y ~E o] &3}
o Cry Sa9Wde Eojds Foli HE3FTHAE Wdle AEsATE v Ho 2 WA =4S

WAl Folshs Xn AT AGAS ol gatel vElS HEEN Z7h % AW FUE Bk

|

{o

L g

Cry Sagdde] E3dA = HEfTHAE S/MAAT 24 Cry S4&89dL o) 235d dg &
old % AIAE YT oldd olf= Cry ©¥ldE ZA&H T4 F&A9 FolAdA 7|d=
Ao Z AHAY. &, Cry S4a9Wde E3Ae st vy F8&Ao 2dd + e Cry S48
A& AFd AL FE0|a, o5 Cry S42THA Atold Fs & 7|lE Fsads olid 48
He el 7]Q1E Ao g fAET. FAS AFEA Cry SAaTHE d4F8S 778 e =82
T T2 vgY AEH=4XEQ vegetative insecticidal protein (VIP)S &3l Al|=HATh Cry 4
g GHELAIN 2 o)k VIP @i dS E3tete] Axd PN 7 AU g
4FY e 7 5400 EY £F A4FHo Ha) 52 Z3E e Dong et al, 2012). °l+ €%
SATHAE S Cry FatAde] gzl oA %’3]1 &5 w9 Fof Ut A2AE fHHAT. FA
3t SATEEY] 53 ASAEHRE B sphaecricus7t YEHA 7)ol AsbstE 2] SATHAR Cry H4
G Ao Aol s S H AT (Wirth et al, 2007)

Hggutole} 20 T3t W& Cry S40HA] A& S7F 3= B dAFoAxe #FHA
ZAuTh HlE T AEAAL £ wet 72 iy 2o i AFES IUHEHNoU &S S
UEbA] ettt gutdor wERuiolg 2 BUHd LS S T HAY olF T Eo U= 1H
AMER Holso] 2o HuEe= JAos IR QlE‘r(Washburn et al,, 1995, 2001; Kirkpatrick

et al, 1998). Z, AL/} MBFZupolHz AY FYe] Fo WEo| Hol, olF ML Frtolys
e ool U@ WUHL HF F Utk A7A Cry Baw ﬂ@A 4goE 45 4EAES /0
AAW, MAETF B o WA Fold £8Ae BEoz WFzuolgse] PUYE /A
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717 Z3 Ao s siqdn. & HEzutolyze] AR £27F FjHoer g7 W] Cry F4aE
Aol BEolde sidst A4 XIe A= AldEn.

doejAdlEdo] x¢E Xn FEE % Cry mavmde] 458S A 7MY Xn Alde 19
AT oR AFe Aol M4sta glom, 7|5 AdFo] i 259 dFor JYstH, s ZEH

A TZo] ¥rpo 7 waA el thoksk -E% U712 23514 D (Akhurst, 1980; Kaya and Gaugler,
1993). E83] Xn2 AE z7]d thd =F9 AEA 9 AP HYS 25 JA5A FH(Park and
Kim, 2003; Hwang et al, 2013). ©]2]§ Xn®| &% HHAA| 712 F= 59 A S/HEEA of
ojFAolE AFAS JASHEA HEFUHA BTHKIm et al, 2005). oFo]ZAM=O|E= BASF 20709
Q7tEES A A] A EEoT ol EHL FE O AAAEES JEE AAARMNELRY dF
phospholipase A, (PLA»® Zmjztgo =z HFod olgb7| =Y 4H(5,811,14-eicosatetraenoic  acid)©]
cyclooxygenase =X lipoxygenased] #8802 fEdH T2 AZddd 2 FIEHAFIF LFA4
UEldtH(Stanley and Kim, 2014). @ebA PLAE olo]lIZAlxol= ARG Ao A whee =
424 Xno JA thido] HTH(Shrestha and Kim, 2009). Xno] AlwFujekde] PLA, A EZo] =%
FgERer, o] 282 frI8WME FEH A (Park et al, 2004ab). 48 £ & HHES

o o] Alit wgHel| &A= PLA, A =25 st F 8/ 3= £4d FxE
(Seo et al, 2012). & AFoA Xn FEE2 YUFe 20| FJgF & ggd g 714
UEtdth olgjd W gA g wet Cry SAaT9ide] 458 S7F 80 Cry sauide] 4
3 o]% dojube AU Al R IYPES td 25l ERFHOE WoetA Xl HlwF %013}71]
g Fo] e AR sMAT. FARE AFEA AL FH VY (Ephestia kuehniella)©l o g+

E] AZFgo] Xn¥ &3 A o F7FE At (BenFarhat et al, 2013). 53] Cry S4aTH3 %*121—
of wet ol g FFaHATt Aoldtdel, FH olfre Cry SawWdo] T4 F&A i3 s}

o

°] E&FE Xno HFEHRE= iOl'ﬁ‘:]'(BenFarhat et al, 2013). &, Cry Saw9dd o3 49 A
ZTEIE Xno 7 3odF 7oz YT 7|3 E AEste o] F MY AsEdE HAWHI Jung and
Kim (20068 A3E sUEHsta Ao =3 "HAJAES 3 HlgY 458 F7te] 0E =24

Cry3Bas AARE=EAAZ A AHZH Z-$ apolipophorin III (ApoLplll) ®&HL2 2.1 8] ZF7FAIH oW,
o] FAAe] THS RNA interference® AAAIZ] 735 o] HIE ZAawAd gk o]l A4 3H
Z7}5 9 (Contreras et al., 2013). 3#, Fuhdto] Xng A 8ld 29 Apolpllle] T3-S AAAH
(Hwang et al, 2013). WetA & AFolA Xno|l ARAREEAA s BT freff Cry 54T Ae
AFEe 7ML AL Xn, HAMEEC] ApoLplll HdE At WIHs}E F=3ta oo uw
BtT & Cry S4a@Wde] S48 &1 202 sMdn. & AT o8 Cry 5488 d gk
Xn AHEA S ASsadE Cry S4GHEY iy 259 FHAMES 3¢ oo we} Xno] zte
& "Rl wet 54 WIS 539 FUIE M dTh

HIEl Y ka7t 9@ A3 ZAE ajdstr] el b& A=k &5t EF A7t o5 Argel
A Zol B 4 Atk o] JF2dl neem Y9 FAER azadirachtin® EFEATF it
(Helicoverpa armigera)®l W34 EXAFA0 FHs F5EAE JEFATH(Singh et al, 2007). = O-&
dAE FHEA HE FAAS AFEF WEI7AAEH 23] ARHATH(Vojtech et al., 2005). &
3] HEl= &80l Fshs ool A3 wiFSvbdtel] WA ZFE XM (Cotesia plutellae)S T
3 MALE zpo] glo] 71 AEdE Hol o] EF WA 7FedE ' FUAHKIm et al, 2013). &
AT oldd A=HAAEY EF A g Hlg 459 Frte E80]1 Cry s4awide] &g
of 93 HLAFHA S7HE HE F Avke APZ A5E AFst doh

Jir‘“'ﬂl_—ﬂ
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A)374 BE]Z2 2 cadherin repeat (CR) @A 7

4 e 54 g@lde #8411 cadherin ©¥E Jp2H BlEe Agtets 9190 CR (cadherin
repeat domain)S FEAAA HIE QY HIAR AME3t dE€as 7y

-

Fol g d EHEA=E

o

ol g3tel CR 992 g A4 L 2

ol

A Iy CR #2348 2249

il

gphate] CRA-AAE pyrosequencings ©] €3] X3 transcriptome o8 7l&dH dHES CR
contigEd F=olA Rud spahpbte] CR 382 (NCBI GenBank Accession No. HQ647122.2)5 o] &
3t primer walking 2992 E3 A ORFE &R o824 &xRH CR F3A+= NCBI GenBanke®l
KC907716.12 TE3tgth. guhpde] CRAAAE 1709 signal peptide, 1171€] CR =1, 170<]
tranmemtrane domain®. 2 SMART (http)//www.smart.embl-heidelberg.de/smart/) ZZI1HS o] &3t
Zdl EAS B3 gdstdth CR Y F24d2 g 58 {34 28 dA RNAE §
314 ¢cDNAZF RT-Mix Kit (Intron, A&)& °l&al F4HAL, 5ol Ndel, 3ol= Xhol¢] AFFEL
Ado] F718 =glolw (Forward primer: GGGAACTCCATATGCTA TCGGCAACACACTCAGAAG,
Reverse primer: CAGGAATGCTACTCGAGCGCGCG TTGATATCATGAAGATTGTC)E &3l PCRS
P&t Hd Tt PCR 4HE#t pGEX 3T1 WEl= Ndel# Xhol A|ZFEALE 37ToA 1A St A3 &
PCR clean-upS #A38Igk & T4 DNA ligaseS ©| &3t A2 AFEHIAT. ©] & E coli Rosetta strain®ll
heat-shock WH o= FAHSE Audddo] AHed LBajA =Zspon, Add odd FEYUs
mini-prep & Zgt2H]E DNAY sequencings §3 =94 F&9 A7IAEES Rt &lE SF=
UE 20%9] glycerol stock®Z -70CNA BT

2. SeCRe| #&d g #¢

il dhe e WA -70TCo] EAE glycerol stocke 2mLe Aol Ag|® LBHIX o] HE3lo 3
7C wiFE7)ol A 250rpm o2 3tFF ¢t v FEATE HiFE 2mle] -2 1LY LBl HE =] OD600
oA EFFEAY FHETF 060140 HAES W ImM FE PTG AHHHAJS [PTGE &%
SeCR ©@¥izeo] sy o] & GAZE o] 37ToA o] Fojx. FtdmE SeCR @A 10%
SDS-PAGE°l| A @ o] dtdo] AUt o] oz wjdks<el 1LY that2 4,000rpmell A 20&3t
ARG ATFwt FAHFCH, 02%9 lysozyme (Sigman, MO, USA)e] A& & 10 mLe lysis
buffer (0.1 M NaCl, 2% Triton X-100, 20 mM Bis-Tris, pH65) o #&3 & 28T <l wld7]oA 200
Ml E 1IAE AELs] w2 RAPsPTE o] & 4000 rpmolA 2087 ARG ES A5qS
A A & Crystal Washing Solution I (0.IM NaCl, 2% Triton X-100, 20mM Bis-Tris, pH6.5, 2%
Sodium deoxycholate)oll Al &3} A1 & %53 337] (Bendelin Sonoplus HD2070, Berlin,
Germany)Z o] &3t 287 AIEE ATt o] & 4000rpmolA 2087 AR & A59L
A Aske] Crystal Washing Solution II (1M NaCDollA Ha#:S #&3} sttt mixgto =2 4 000romoll A
20813 AAEYE & AEAE AAStL HESFHT BYS #4238 st ddEFoel s
SeCR ©@¥ A2 10% SDS-PAGECIA AlZslEgleon, @il FE%= Bovine Serum Albumine (BSA,
Sigma, MO, USA)E ©] &3t Bradford B o2 A ZFsl= At
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3. Cry 499 Ao et SeCR @ Ao 45 4sad

B A3 o83 CrylAcéd CrylCa E&gwWae ~A¥ <9 Salvador Hererro Y (Department of
Genetics, Universitat de Valéncia).ZHE A zFdtol Cry Sawildol =243 o] &FH3UH.
CrylAc (0.625, 1.25, 2.5, 5, and 10 ug/cm®)¢t CrylCa (0.062, 0.125, 0.25, 0.5, and 1 upg/cm*)& I}
W 3" F5S Ao E A4FY AAo] olFoFT. A4FY AAL VIE x AE Iemd HWiFAES 54
o] A & 203 A4 dxIFFeH, 6AKE} AR 1€ AT wFdS Ao
Cry 54u0d w58 459 AT A2 aihvd /3 10028 3908 H3o] o] Fo
Aok EZF Cry S4dW g i3k SeCR @ Ao A5 Joave 9ok 43 WHoE IPHIJ o
w, CrylAc (lug/cm®)<} CrylCa (0.1ug/cm®)e Saghade] ths] 242+ 1:0, 1:1, 1:109] ¥l &2 SeCR<S
At AFHE ZASIATH

23

1. SeCR ©@¥ido] Fx

rr

o 2L
_81_1’
.
(S

spabuake]l CR fA A= NCBI GenBank (KC907716.1)0 2%t =rd &4 0lA CRFHA
9] signal peptide, 1171¢] CR =w 2l 17/02] tranmemtrane domain® & TFAFHO Ye= Aoz
(19 1.

122 199 1455 1569 1591

NHZE_ R1 “ R2 II R3 0 ra ll rs Il Re " R7 H rs  Ro HRlU I R11 —m—coon

238 1. 3k 9] cadherin £ A2 AA ORF

2. SeCR @ o] g gl £

ol 10% SDS-PAGE® A" ©@ad A Zolg
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48 kDa

WIFmI-
8 8!

24 kDa

I
x

% 2. pGEX WEA2ES o] &3t 3 E SeCR iAol E83t7] A A (10% SDS-PAGE)

TE, 9 3004 1M GST ©@¥d 22 GST-SeCR @A 1T + qom, GST-SeCR
SN AL 49 kDa®l 7|2 FAHAT. 19 29 3& T @ud EYAAEES Tl hREe oA
ol 7HA AL e @A S0 AAHNTS AT + UM

48 kDa

24KDajgy =

% 3. pGEX #WE A ~HS o] &3}l UFHE SeCR @l de 2y ¥ AR (10% SDS-PAGE)

3. Cry Savi o] tjg SeCR @ Ao 4% Fsaxt

gatytel] gk Cry S4Ad Ao A8 HAA CrylAce lugolA 16%, CrylCae 0.lugol A 18%
o AEES Yehdo (29 4). =3 CrylCax CrylAcet nlaste] spybudlo| A Hoh =490 A
o2 BAEH
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19 4. CrylAc®t CrylCaol tigh spihbd 3% 59 459 1473
Cry 54299 tig 45437 dxE EUE SeCR @A Ui Fcaxns 3592, SeCR
G FA e Cry F4TNAA 10109 HE&2 SFEJAS o by 28 {3 ik 4599 4sad
7F ZARE UG (1E 5).

35 40

2

w0l I Cry1Ca 0.1ug/cm -y A 1ug/cm2

25 |- 30
S 20 =
= £ oL
g 15 g
= S

10

10
5 =
0 0
0:20 1:0 1:1 1:10 0:20 1:0 1:1 1:10
Cry1Ca:SeCR10-11 (mass ratio) Cry1Ac:CR10-11 (mass ratio)

% 5. CrylAc®t CrylCaoll tigk SeCR @& A% Fdsasd

HE 54 9o #8420 M= (cadherin) B A-S o] &3 HIE] W54 wuldo] A5
4e W) 8 Sbge] A=Y AxE BNAe FHST olF HE UHa BuAsel A3
g 45 ELISA W& &3 £435td 45 714 B3t
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HE 2 e

SeCadl CR10-11¢] Fgd % Ha, oz dtde Wz -70Co A glycerol stockS 2mL o]
Ao ddo] Aeld LBujA o] HFste] 37C wld7]ol A 250rpmo.2 3753 vl = ATk v gE 2mL
o A+ 119 LBoll HE= o] OD600NA &33F=A 9 5357 060140 HAS W ImM =9
IPTG7F A=Atk IPTGE &3 SeCadl CR10-11 @A o] AP o] & GAIZE o] 37ToA] 9]
FolHo. PAAE SeCadl CRI0-11 ©HEL 10% SDS-PAGE|A ©@lde]l ®r&do] dlE Tt of
T o= HgFEFd 1LY AT 4000rpmoll A 203 A EE ] AR FAFHACH, 0.2%9
lysozyme (Sigman, MO, USA)¢] A" 10 mL9 lysis buffer (0.1 M NaCl, 2% Triton X-100, 20
mM Bis-Tris, pH6.5)ol @E3E & 28°C 2] w7l A 200 rpme 2 1AE<t Al & wkgS AP st
Atk °] ¥ 4000 rpmolA 2087 ARSI FE5HS AAT F Crystal Washing Solution 1
(0.IM NaCl, 2% Triton X-100, 20mM Bis-Tris, pH6.5, 2% Sodium deoxycholate)o| A #+&3} Azl &
%59 34 7] (Bendelin Sonoplus HD2070, Berlin, Germany)& ©| &3 283 AE2E I35 3 ). o]
T 4000rpmell A 2083 ARSI & AS5HS A A3t Crystal Washing Solution II (IM NaCl) ol
Al AeEls w43t stATh RA RO R 4000romoll Al 2083F AAEE S & FEHE AAGL HEFRH
Fof AHPE #4235 AT S HIol BRBE SeCadl CR10-11 @A L 10% SDS-PAGECIA Al
2+l glon, @l F5& Bovine Serum Albumine (BSA, Sigma, MO, USA)E o] &3t 233 =
Aol A Bradford W o2 A &Fst= ATt

Cry Z4ad# Ao o3 SeCadl CR10-11 @AY 4F HFsiEFHR. £ AP o]&d wild type
(WT)3} modified Mod)@9] CrylAc®} CrylCa Z4AwaESe ~¥¢le] Salvador Hererro T4
(Department of Genetics, Universitat de Valéncia) S E2XFE A Futo}l Cry S4dM Ao =243 o]
£5Ak CrylAc (0, 1, 2, 4, 8, 10, 15, 30 ug/cm®» ¢ CrylCa (0, 0.05, 0.1, 0.2, 04, 0.8, 1 ug/cm?=
s 3% f S o R 4FY HAo] ofFoHTh 4FY HAL JIE x AR lemd] #MFAS
ShATNA HAg F 2087 A A AP o, 6A1HES AR 18 /S50l wWFAS A st
o Cry S4uid w5d 438s Z2AEAT Agd sy £% 1078 w0 g Aol o
FojHTh T3 Cry ZaEW o] sk SeCadl CR10-11 @iz e] 43 AFass 9o 93 ¥H
o2 APFAom, WTH Mod CrylAc (0.8 ug/cm?)$t CrylCa (4 pg/cm®)e] Zivkmdo] s 2zt
1:0, 11, 1:109] &2 SeCRS A@ste] %8S zaret T

ELISAE ©°]&% Cry 549933} SeCadl CR10-11 @A) AFY ZFAL Trypsinel A H
Cry 549 d7 SeCadl CR10-11 @At 43548S ELISA 7IH< B3 £4% & Z2¢xsY
(K& 243890 848 S4aadEL vlo] 28 (Pierce, Rockford, IL, USA)SZ ZFXA|7} FH AT
FA2T9W A SeCadl CR10-11 T dE-g-8-<8 (200 mM NaCl, 20mM Na,CO3(pHS8.0))ol Al 2A]7HE<2t
Ao o]Fof Y. 96well Tlo]aRE ZFo]E SeCadl CRI10-11 @& (50pg/wel)Z 16415
=+ AFeH, o] & 0.1 nMolA 300 nMe] Hiole®l FA7F & WEALAGHAS 10008 FEo
1324 WA d (AES A4 ARe AAHY o] & AjstA &2 ¥iEA ysat
g g oz AN H3HUTE ¥ T horse radish peroxidase (HRP)-conjugated streptavidin
(Thermo Fisher Scientific, Rockfold, IL, USA)¢} EAH WELdwWaEdzie) Agdur$S =3 HRP
717 (1-Step Ultra TMB-ELISA, Thermo Fisher Scientific, Rockfold, IL, USA)E w2z 7t wk3-A
== A3 gt kS 2M sulfuric acidell &&] AAEHJI vlo]mZZFolE ¥ (Biolog
MicroStaion System, Hayward, CA, USA)o A 405nme FF=oA STF=7F SAHHJY. o] & A
H2 Sigma Plot ZZ 713 (SPSS Science, Chicago, IL, USA)& ©]83}4 single model fit ¥4 o0&
A=A

¢

& e Mo
i F-?i'a o r
ot 2

o o
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74 jl_l.

SeCadl CR10-11 9¥ZAd ySa&ddd oot vEg WWsaawdz sude]  SeCadl
CRI0-11 ©@¥&L2 10% SDS-PAGECA HA/MEHATF (I 1). Wtek Mod CrylAcét CrylCa =54 ©
W22 protoxin FEANA EF 130 kDa ©]49 HLg @dlad 3715 YeR o o] & trypsin A E
7F B 2 W54 S AES 7Y% 65 kDae] Y 9@ 3715 JHA I AT g A 2
Hol Az3 vz ddd = A SeCadl CRIO-11 48 kDAS] A71&2 FRlEglon, £ AT
A Asd Y =il 7kl CR103% CR11 ¥9o] 2dd A=y @i dSs o] &3ttt (119 2).

Protoxin of

Cry1Ac  Cryl1Ca
M (kDa)

WT Mod WT Mod
180 —
130— e e W= W Activated
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Application of double-stranded RNA (dsRNA) has been focused on controlling specific target
insect pests in agriculture [1]. RNA interference (RNAi) induced by exogenous dsRNA leads to loss
of a specific function in insect physiological processes and results in a significant threat to survival.
Various target genes have been screened to develop an efficient dsRNA insecticide. A V-ATPase
gene, which is expressed in the midgut of the corn rootworm, Diabrotica virgifera virgifera, was
targeted by its specific dsRNA and gave a significant mortality to the pest [2]. Furthermore, to be
specific to insects and other arthropods, a chitin synthase was targeted to develop dsRNA
insecticide [3,4]. Targeting ecdysone receptor by dsRNA is another example for the specific control
insect pests to avoid any detrimental impact on mammals [5].

Delivery techniques of the efficient dsRNAs to target insects especially into cytoplasm have been
investigated. The environmental RNAi is highly efficient by injecting dsRNA directly to the
hemocoel of target insects [6]. For its practical purpose, feeding application of dsRNA has been
demonstrated in several insects with little information of the route of dsRNA into the target
cytoplasm [7-9]. To give a stability of dsRNA in environmental condition, nanoparticle formulation
of dsRNA was applied to aquatic condition and proved for its application to control mosquitoes [4].
On the other hand, a formulation of dsRNA in bacteria can give dual benefits in terms of dsRNA
synthesis and stability in a kind of bioformulation. A recombinant bacteria expressing dsRNA gave
significant RNA1 efficacy and resulted in target insect mortality by feeding the bacteria in the
Colorado potato beetle, Leptinotarsa decemlineata [10]. Furthermore, transgenic plants expressing
dsRNA in a hairpin form have been constructed and are effective to give significant RNAi1 efficacy
[11-13].

The beet armyworm, Spodoptera exigua, is a serious insect pest on vegetable crops with its
wide host range [14,15]. Its development of resistance against various chemical and microbial
insecticides needs an alternative control technique [16-18]. Several genes of S. exigua are modulated
in their expressions by their specific dsRNA treatments and exhibit significant RNA1i efficacies
[19-24]. Moreover, oral feeding of dsRNA was effective to induce significant RNAi in S. exigua
[23,25].

Integrin is a heterodimer transmembrane protein and plays a crucial role in cell-cell and
cell-extracellular matrix (ECM) interactions [26]. A b subunit of integrin (SeINT) has been
identified in S. exigua and is associated with cellular immune responses and larval development [27].
Injection or oral treatment of in vitro prepared dsRNA specific to SeINT gave significant mortality
to S. exigua larvae [27].

This study aimed to develop a dsRNA insecticide against S. exigua by constructing a
transformed bacterium. To this end, SeINT gene expression was targeted by its specific dsRNA
expressed in Escherichia coli HT115 lacking in RNase III. To enhance the insecticidal activity, the
dsRNA-producing bacteria were mixed with E. coli expressing a Cry toxin of Bacillus thuringiensis

(Bt). This study introduces a novel application of dsRNA synergizing Bt toxicity.

Mz I Uy

Insect rearing. Larvae of S. exigua were reared on an artificial diet [41] at 250C, 16:8 h (L:D)

photoperiod and 60 * 5% relative humidity. Adults were supplied with 10% sucrose solution.
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However, insecticidal bioassays used Chinese cabbage for diet to deliver dsRNA in an oral route.

RNA extraction and RT-PCR. Total RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to manufacturer’s instruction. An extraction used 20 young larvae
(1st-3rd instar), three 4th instar larvae or one 5th instar larva. The extracted RNA was treated
with a RNase-free DNase (Bioneer, Seoul, Korea) to degrade any genomic DNA contamination. RNA
extract (1 pg per reaction) was incubated at 700C for 3 min and then used for synthesis of cDNA
using RT-premix (Intron Biotechnology, Seoul, Korea). The synthesized cDNA was used for PCR
amplification with SelTG-specific forward primer (5'-TCTAGACAGCTTGCCAGTGTTTGAAG-3)
and reverse primer (5-AAGCTTCCGTTCCTTCTGTGCTCTAAT-3). PCR was performed with 35
cycles after an initial denaturation at 94oC for 5 min. Each cycle consisted of denaturation at 940C
for 30 s, annealing at 500C for 30 s and extension at 720C for 1 min. The PCR reaction was ended
with an extension step at 720C for 10 min. Quantitative PCR (qPCR) used SYBR Green Realtime
PCR master mixture (Toyobo, Osaka, Japan) by 7500 real time PCR system according to the
manufacture’s instruction. The reaction mixture (20 pL) included 5 pmol of primers used in RT-PCR
as described above, and 50 ng of template cDNA. After activation of Hot-start Tagq DNA
polymerase at 940C for 15 min, the reaction was amplified with 35 cycles of 30 sec at 940C, 30 sec
at 500C, and 1 min at 720C with a final extension for 5 min at 720C. Fluorescence values were
measured and amplification plots were generated in real time by an Exicycler TM program.
Quantitative analysis of amplification was done using the comparative CT method [42].

Cloning of dsRNA specific to SeINT. To construct a recombinant plasmid to express dsRNA
corresponding to a fragment (410 bp, Fig. 1A) at the extracellular domain of integrin beta subunit,
the amplified DNA (above) was digested with Xbal and HindIll, and inserted into L4440 vector
kindly donated from Seung Jae Lee (Pohang University of Science and Technology, Pohang, Korea).
The 14440 plasmid has two T7 promoters in an inverted orientation flanking the multiple cloning
sites. The recombinant vector 1.4440-SeINT was transformed into a competent cell of Escherichia
coli HT115 (donated from SJL) lacking RNase III. This bacterium was designed to be induced to
express T7 RNA polymerase in the presence of IPTG.

Preparation of transformed bacteria and over—-expression of dsRNA. To produce dsRNA,
the bacteria transformed with 14440-SeINT were grown in Luria—Bertani (LB) containing 100 u
g/mL ampicillin (LB-AMP) at 370C for 16 h with 250 rpm shaking rate. The cultured broth (5 mL)
was added to 500 mL of LB medium and allowed to grow to OD600 = 0.670.7. Expression of T7
RNA polymerase gene was induced by an addition of IPTG to 0.1 mM and the bacteria were
incubated with shaking for 4 h at 370C. The expressed dsRNA was extracted using a RNA
extraction mini kit (Qiagen Korea, Seoul, Korea). The purity of the synthesized dsRNA was
confirmed by electrophoresis on 1% agarose gel. To assess insecticidal activity of the recombinant
bacteria expressing dsRNA, IPTG-induced cultures were pelleted by centrifugation and resuspended
in the same culture medium, and applied to cabbage leaves for feeding treatment (see below).

Quantification of dsRNA produced by the transformed E. coli. Total RNA from E. coli cells
was isolated as described above. To quantify the extracted dsRNA, the dsRNA sample was
separated on 1% agarose gel and visualized with ethidium bromide. A standard curve was generated
with the known amounts of purified dsRNA synthesized by in vitro transcription method [43] by
comparing them with the gel band intensities estimated by an image analyzer (Bio-Rad Korea,
Seoul, Korea). The RNA band intensity was read in pixels by Image Lab software (Bio-Rad Korea).
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Pretreatments of the transformed bacteria. The bacteria expressing dsRNA specific to SeINT
were cultured at 370C and over-expressed as described above. Bacterial cells were harvested by
centrifugation at 2,720 x g for 30 min at 40C and resuspended in the fresh culture medium. Two
different pretreatments were applied to the bacterial cells. A heat treatment used 1000C for 10 min.
A sonication treatment used an ultrasonicator (Bandelin Sonoplus, Berlin, Germany) at 95% intensity
with 10 cycle of 10 min burst separated by 2 min gaps. The bacterial viability was assessed by
plating 100 puL of the treated bacterial sample on LB+AMP.

Bioassay of the transformed bacteria expressing dsRNA. To assess the insecticidal activity
of the bacteria expressing dsRNA specific to SeINT, different instar larvae of S. exigua were used
in the feeding bioassay. The cabbage was cut into two sizes: the smaller one with 20 mm diameter
was used for assessment of 1st and 2nd instar larvae, while the larger one with 30 mm diameter
was used for the older instar larvae. Each leaf disc was overlaid with 150 pL suspension of
treatment (recombinant vector—-containing) or control (non-recombinant vector—containing) bacterial
suspension. Each treatment used 10 larvae with three replications. Fresh untreated cabbage was
supplied after 24 h feeding of the treated leaf disc. For a long-term exposure experiment, the
treated diet was replaced every 24 h. Insect mortality was measured daily for 7 days after
treatment. Assessment of RNAIi efficiency used qPCR as described above.

Examination of the midgut epithelium. To assess any damage on larval midgut epithelium,
each 3rd instar larva was fed with the bacteria (107 cells per larva) expressing dsRNA specific to
SeINT. Control larvae were fed with the bacteria transformed with a non-recombinant vector. At 7
days after the transformed bacterial treatment, the larvae were dissected to collect the midgut. After
cutting the midgut longitudinally, the midgut content was thoroughly washed with 100 mM
phosphate buffer saline (PBS, pH 7.4). The washed rectangular midgut was soaked into 0.1% trypan
blue (Sigma-Aldrich Korea, Seoul, Korea) solution for 10 min and destained three times in PBS for
each 10 min. The resulting tissues were observed under a phase contrast microscope (BX41,
Olympus, Tokyo, Japan) at 200 x magnification. To assess the ultrastructure of the midgut
epithelium, the prepared midgut tissue was fixed for 16 h with Bouin fixative (7.5 mL saturated
picric acid, 2.5 mL 40% formalin, 0.5 mL acetic acid glacial) and dehydrated by an ascending ethanol
series from 30 to 100%. Then, the tissues were cleared with xylene to be infiltrated with paraffin
(68 £ 20C melting point, Merck Korea, Seoul, Korea). The tissue-embedded paraffin was sectioned
with 5 um width using Buffalo microtome (Nippon Optical Works, Tokyo, Japan). The paraffin
section was attached on the slide glass covered with 10% albumin. After deparaffin processes using
a descending ethanol series, the tissues were stained with hematoxylin (1 g hematoxylin, 15 g
ammonium alum, 50 mL ethanol in 100 mL of 50% glycerol) and eosin Y solution (0.1 g eosin and
0.5 mL acetic acid in 100 mL of 70% ethanol). These samples were pictured with a phase contrast
microscope (BX41, Olympus) equipped with a color digital camera INFINITY1 (AZ microscope,
Cheapside, London, UK).

Preparation of E. coli expressing Bt CrylCa. A clone containing a Bt Cry toxin (CrylCa)
was Kkindly donated from Yeon Ho Jae (Seoul National University, Seoul, Korea). A partial
N-terminal Cry toxin (935 residues) was cloned at Smal and Notl sites of pGEX-4T-1 expression
vector (GSL Biotech, Chicago, IL, USA) and expressed under IPTG induction as described above.
For a dose-mortality assessment, different cell numbers of the bacteria were prepared and applied

on cabbage leaf discs and fed to the 3rd instar larvae. Subsequently, the determined minimal dose
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to give a maximal mortality was used to assess a synergistic effect of the E. coli bacteria
expressing dsRNA specific to SeINT on the Bt toxicity. To determine any sensitive stage to Bt
toxin, the CrylCa-expressing bacteria were treated at different time points after feeding E. coli
expressing dsRNA. Each treatment used 10 larvae with three replications. Mortality was measured
at 7 days after the dsRNA-expressing bacterial treatment.

Statistical analysis. All bioassays were performed in three independent biological replicates and
plotted by mean * standard deviation using Sigma plot. Means were compared by least squared
difference (LSD) test of ANOVA using PROC GLM of SAS program [44] at Type I error = 0.05.

a1

Transformed bacteria expressing dsRNA specific to integrin Bl subunit of S. exigua. Test
bacteria used in this study were prepared with a recombinant vector containing a fragment of S.
exigua Bl integrin gene (‘SeINT’, Fig. 1). A PCR product (Fig. 1A) of an integrin fragment at its
extracellular domain was inserted between two T7 RNA polymerase promoters (Fig. 1B). The
recombinant vector was used to transform E. coli HT115 lacking RNase III. The transformed E. coli
was Induced to overexpress dsRNA wunder LacZ promoter by adding an isopropyl £
-D-thiogalactoside (IPTG) inducer (Fig. 1C). The induced bacteria expressed dsRNA specific to the
integrin (‘dsINT’) and the amount of produced dsRNA was linearly related with the bacterial cell
number in log scale (dsRNA in ng = 31 x Log (Bacterial cell number) - 199, R2 = 0.9756) (Fig.
1D).
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Fig. 1. Construction of a recombinant E. coli expressing dsRNA (‘dsINT’) specific to an integrin 1
subunit fragment (‘SeINT’). (A) A diagram showing a fragment (410 bp) used for generating
dsINT: signal peptide (‘SP’), extracellular domain (‘ECD’), transmembrane (“TM’), and intracellular
domain (ICD’). (B) Cloning SeINT into an expression vector of 14440. Lactose promotor (‘Lac Z’)
directs the expression of T7 RNA polymerase (‘T7 RP’). SeINT is transcribed by both directions
according to T7 RNA polymerase promoters (‘T7’). (C) Production of dsINT with an inducer, IPTG.
Transformed E. coli with L14440-SeINT expressed dsINT at the presence of IPTG. (D)
Quantification of dsINT according to the transformed bacterial cell numbers. The extracted dsINT
was quantified by band intensity based on a standard curved using the known amounts of purified
dsINT prepared by in vitro dsRNA construction method. Each measurement was replicated three

times.

Insecticidal activity of dsINT-expressing E. coli against S. exigua. The transformed
bacteria were fed to larvae of S. exigua (Fig. 2). The insecticidal activity of the transformed
bacteria was observed and increased in a bacterial dose-dependent manner (Fig. 2A). The
transformed bacterial treatment suppressed the expression of SeINT at high bacterial doses (Fig.
2B). Compared to control bacteria, dsINT-expressing bacteria delayed the larval development when
they were fed at young instars (Fig. 2C). Indeed, young instar larvae were more susceptible to the

transformed bacterial treatment than old instar larvae (Fig. 2D).
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Fig. 2. Insecticidal activity of a transformed E. coli expressing dsRNA (‘dsINT’) specific to an
integrin B subunit fragment (‘SeINT’). (A) Oral toxicity of the recombinant bacteria (107 cells per
larva) to young larvae. Each dose test used 10 larvae with three replications. Mortality was
measured after 5 days of treatment (‘DAT’). (B) Suppression of SeINT transcript levels measured
by RT-PCR in the bacterial treatment. Expression of a ribosomal gene, RL32, was assessed to
confirm the cDNA integrity. (C, D) Effects of the recombinant bacteria on developmental rate and
toxicity. The recombinant bacteria (107 cells per larva) were independently fed to each instar
(L1-L5) with 10 larvae per replication. Untreated instars were fed with fresh cabbage. Each
treatment was replicated three times. The developmental period of each treated instar was measured.
Mortality was measured at 5 DAT. Different letters above standard deviation bars indicated
significant difference among means at Type I error = 0.05 (LSD test). ‘NS’ represents not
significant, but *’ and ‘**" indicate significant differences among means at Type I error = 0.05 and
0.01, respectively.

Comparison of in vitro prepared dsRNA with the transformed bacteria expressing dsRNA
in RNAi efficiency and insecticidal activity. The efficacy of dsRNA produced by the
recombinant bacteria was compared with that of in vitro prepared dsRNA (Fig. 3). Both treatments
suppressed SeINT transcript levels. However, RNAi efficiency appeared to be greater in the
treatment using the in vitro prepared dsRNA especially at a high dose (400 ng per larva) (Fig. 3A).
The insecticidal activity was also greater in the treatment using dsRNA prepared by in vitro
transcription in most dose treatments (Fig. 3B).
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Fig. 3. Comparison of two types of dsRNAs prepared by in vitro transcription or by the
recombinant bacteria in RNA interference efficacy. dsRNA of in vitro transcription was orally fed. In
dsRNA produced by the bacteria, the recombinant bacteria were orally applied. The number of the
bacteria was determined according to the amount of dsRNA produced in the bacteria based on Fig.
1B. (A) Suppression of target gene (‘SeINT’) expression levels. At 5 days after treatment (‘DAT’),
total RNA was extracted and assessed in the amount of SeINT transcripts. (B) Toxic effects of in
vitro dsRNA and bacterial dsRNA on young larvae of S. exigua. Mortality was measured at 5 DAT.
Different letters above standard deviation bars indicated significant difference among means at Type
I error = 0.05 (LSD test). ‘NS’ represents not significant, but ‘*’ indicates significant differences
among means at Type I error = 0.05.

Pretreatment effect of the dsRNA-expressing bacteria on the insecticidal activity. The

lower efficiency of the transformed bacteria expressing dsRNA might be caused by a physical
hindrance of the bacterial cell wall, which prevented the release of dsRNA into insect gut lumen. To
facilitate the release of dsRNA from the bacteria, the bacteria were treated with heat or sonication
(Fig. 4A). Heat treatment killed all bacteria, while the sonication gave some significant damage on
the bacteria as seen in the reduced number of the bacterial colonies. All transformed bacterial
treatments reduced the SeINT expression level (Fig. 4B). Between these two pretreatments,
sonication significantly enhanced the insecticidal activity of the dsINT-expressing E. coli (Fig. 4C).

Heat-killed bacteria did not differ with the live bacteria in their insecticidal activities.
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Fig. 4. Pretreatment effect of dsINT-expressing E. coli on its insecticidal activity. (A) Two
different pretreatments of recombinant bacteria and their survival: heat-killing (1000C for 100 min)
and sonication. After pretreatment, the bacterial suspension was plated on LB+AMP plate and
cultured for 15 h at 370C. (B) Suppression of SeINT transcript levels with increase of bacterial
doses. The expression was assessed by RT-PCR. Expression of a ribosomal gene, RL32, was
assessed to confirm the cDNA integrity. (C) Oral toxicity of the recombinant bacteria against young
larvae of S. exigua. Each larva was fed 107 bacteria. Mortality was measured after 5 days of
treatment (‘DAT’). Different letters above standard deviation bars indicate significant difference
among means at Type I error = 0.05 (LSD test).

Damage on the midgut epithelium by feeding dsINT-expressing bacteria. The larvae fed

with dsINT-expressing bacteria exhibited a delayed development with significantly reduced body
size (Fig. 5A). This suggested that dsINT might disrupt the integrity of the midgut epithelium to
inhibit nutritional digestion and absorption. When the midgut was isolated from the larvae fed with
the recombinant bacteria, it contained more number of dead cells (stained by trypan blue in Fig. 5B)
compared to the midgut epithelium isolated from the control larvae. Cell-to—cell connections in the
midgut epithelium were analyzed by microsectioning (Fig. 5C). When the guts were cross—sectioned,
the midgut size was much different, in which the midgut isolated from the recombinant
bacteria—treated larvae appeared to be about 10 times smaller in diameter than the midgut of the
control larvae. Furthermore, the midgut epithelium cells were loosely connected in the transformed

bacterial treatment, while the midgut cells appeared to be compactly joined in the control.
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Enhancement of Bt toxin efficacy by dsINT-expressing E. coli against S. exigua. Despite
the sonication pretreatment, the dsINT-expressing E. coli gave less than 509 mortality against S.
exigua larvae. To increase the larval mortality, the dsRNA treatment was coupled with Bt toxin
treatment (Fig. 6). Expression of CrylCa toxin highly efficient to S. exigua [28] was induced in a
recombinant E. coli and the toxin protein was confirmed from the protein extract of the recombinant
bacteria (Fig. S1). E. coli expressing CrylCa gave a maximal 58% mortality at 108 cells/larva (Fig.
6A). When the dsINT-expressing bacteria were treated with the CrylCa-expressing bacteria, the
insecticidal efficacy of the Bt toxin was significantly enhanced (Fig. 6B). The enhanced efficacy of
the CrylCa-expressing bacteria was dependent on the preincubation time after the dsINT-expressing
bacterial treatment. The significant enhanced efficacy was observed at 72 h preincubation after the
dsINT-expressing bacterial treatment compared to control treatment. However, the enhanced efficacy
was not significantly different among pretreatment periods (24-72 h). The enhanced toxicity by the

dsINT-expressing bacteria was also observed with a commercial Bt formulation treatment (Fig. 6C).
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Fig. 6. Enhancement of dsINT-expressing E. coli on Bt Cry toxin toxicity against S. exigua. (A)
Toxicity of CrylCa-expressing E. coli against young larvae. Each treatment used 10 larvae with
three replications. Mortality was measured at 5 days after treatment (‘DAT’). (B) Different
susceptibilities of dsINT bacteria (107 cells per larva)-treated larvae to CrylCa-expressing bacteria
according to the pretreatment period. Mortality was measured at 7 days after dsINT-bacterial
treatment. (C) Effect of dsINT-expressing E. coli on toxicity of a commercial Bt (B. thuringiensis
subsp. aizawai, XentariO, 1,000 ppm). ‘Bt treatment represents no dsINT treatment. ‘Bt+dsINT’
represents a mixture treatment of Bt treatment at 48 h after dsSINT bacterial treatment. Mortality
was measured at 7 days after dsINT-bacterial treatment. Each treatment used 10 larvae with three
replications. Different letters above standard deviation bars indicate significant difference among
means at Type I error = 0.05 (LSD test).
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Insect rearing. The beet armyworm, S. exigua, larvae were collected from a field population
infesting welsh onion in Andong, Korea. Larvae were reared on artificial diet (Goh et al., 1990) and
adults were fed with 109 sucrose at 25 £ 3°C with 70 £ 5% RH and a photoperiod of 16L:8D.

Cry toxins. B. thuringiensis Cry toxins, CrylAc (WT or Mod) and CrylCa (WT or Mod),
provided by Prof. Salva Herrero (Department of Genetics, Universitat de Valéncia, Spain).
Lyophilized protoxins form of Cry toxins were used for bioassays. Cryl toxins were solubilized in
solubilization buffer (0.1 M Na2CO03, 0.01 M EDTA, 0.17 M NaCl, pH 10.5) at 37°C for 3 h. Then
soluble protoxin was separated from the insoluble fraction by centrifugation. Concentrations of Cry
toxins were measured by Bradford method using a commercial reagent (Bio-Rad, Hercules, CA,
USA) with bovine serum albumin (Sigma-Aldrich Korea Seoul, Korea), as standard. The Cry
proteins were stored in -80°C until being used for bioassay.

BBMYV preparation. Brush border membrane vesicle (BBMV) from S. exigua third instar larvae
was prepared by the protocol of Maclntosh et al. (1994), suspended in phosphate buffer saline
(pH7.0) (PBS), and quantified by a method described above. Specific activity of APN using

leucine—-p—nitroanilide (Sigma-Aldrich Korea) as the substrate was used as a marker for brush
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border enzyme enrichment in the BBMV preparations from dsRNA to— or dsCON-treated insect gut.
APN activities in the final BBMV preparation from two treatments were both enriched 5-6 fold
when compared to initial midgut homogenates.

Expression and purification of CR10-11. The location of CR10-11 domains in the S. exigua
(Park and Kim, 2013) cadherin-like protein (GenBank Accession No. KC907716) was predicted using
the ISREC ProfileScan server (http://hits.isb-sib.ch/cgi-bin/PFSCAN). A DNA fragment encoding
amino acids 1461 to 1,739 (corresponding to the SeCadl CRI10-11 sequence, the three most
C-terminal repeats) of the S. exigua. The synthetic CR8-10 peptide of 278 amino acid residues has
an initiation methionine, a C-terminal six-histidine tag, and a molecular size of 30913 Da. The
synthetic gene was inserted between the Ndel and Xhol restriction enzyme sites of an expression
vector, pGEX-4T-3 (Sigma-Aldrich, Seoul, Korea). The coding sequence and clone orientation were
confirmed by sequencing (Macrogen, Daejeon, Korea). The pGEX construct was transformed into E.
coli strain Rosetta-gamiTM 2 (Novagen, Madison, WI), and positive clones were selected on LB
plates containing kanamycin. SeCadl CR10-11 proteins were over expressed in E. coli as inclusion
bodies. The expression and purification protocol for the truncated cadherin fragment was as
described in a previous paper (Park et al, 2009). The inclusion body form was prepared as a
suspension in sterile deionized water. The total protein was measured as described above.

Bt toxicity assay. S. exigua 3rd instar larvae were used in bioassays with CrylAc (WT or
Mod) and CrylCa (WT or Mod) proteins. For the concentration response bioassays, the
concentrations tested for CrylAc were 0, 1, 2, 4, 8, 10, 15, and 30 ug/cm2, while for CrylCa, the
concentrations tested were 0, 0.05, 0.1, 0.2, 0.4, 0.8, and 1.0 ug/cm2. Cryl toxins were serially diluted
with sterile deionized water and then overlaid on the piece of cabbage leaf and air-dried for 20 min.
Each bioassay was conducted with 10 larvae per replicate and three replicates per concentration.
Mortality was scored at 6 days after-treatment (DAT). For dsRNA bioassays, second instar larvae
were treated with dsRNA specific to SeCadl with feeding method as described above. Then, larvae
were exposed to 0.8 ug of CrylAc (WT or Mod) or 4 ug of CrylCa (WT or Mod) protoxins with
cadherin proteins for 6 days using same method as before. For the synergistic effect on Cryl toxins
against SeCadl CR10-11 proteins were added to Cryl toxins using a 1:0, 1:1, or 1:10 (Cryl:SeCadl
CR10-11) molar ratio. For control, dsRNA specific to a viral gene, CpBV-ORF302, was prepared and
fed as described above (Park and Kim, 2010) and did not affect to mortality (data not shown). Each
treatment was replicated three times with 10 larvae per replicate.

RNA interference of SeCadl. Template cDNA was amplified with the specific primers (Table
1) including T7 RNA polymerase promoter sequence. Each PCR products was used to prepare
dsRNAs using the MEGA Script RNAi kit according to the manufacturer’s instruction (Ambion,
Austin, TX, USA). The RNAs were synthesized bidirectionally by adding T7 RNA polymerase to
the PCR product at 37°C for 4 h and then incubated at 70°C for 5 min to terminate the reaction.
For RNAI, the prepared of dsRNA (150 ng) was mixed with Metafectene PRO transfection reagent
(Biontex, Plannegg, Germany) in 1:1 volume ratio and incubated for 20 min at 25°C. Dried cabbage
(1 x 1 cm) was used for dsRNA feeding assay to 3rd instar larvae as carrier by applying 4 ul of
the dsRNA (100 ng) solution on the cabbage fragment. Starved larvae for 6 h were allowed to feed
the cabbage treated with dsRNA for 4 h at 25°C. After then, fresh artificial diet was supplied to the
larvae to continue development. Knockdown of SeCadl gene expression was evaluated by RT-PCR
at selected periods up to 72 h post injection or feeding. Viral gene, CpBV-ORF302, was used as a
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negative RNAi control (Park and Kim, 2010).

RNA extraction and cDNA preparation. To determine expression level of SeCadl by RNA],
total RNAs were extracted from whole body of the third instar larvae with Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to manufacturer’s instructions. One micrograms of RNA
from total RNA extract was incubated at 70°C for 3 min and then used for constructing cDNA
using an RT-mix kit (Intron, Seoul, Korea).

gqPCR. The gRT-PCR was performed on Applied Biosystems 7500 real-time PCR system
(Applied Biosystems, Foster City, CA, USA) using SYBR® Green Realtime PCR master mix
(Toyobo, Osaka, Japan) according to the manufacturer’s instruction with the gene-specific primers.
Template cDNAs were constructed as described above. After a hot start at 94°C for 10 min,
gRT-PCR was performed with 40 cycles of an array of reactions of 1 min at 94°C, 30 sec at 50°C,
and 40 sec at 72°C. Housekeeping gene, RL32 (a ribosomal gene), was used as a control with
primers. Each cycle was scanned to quantify the PCR products. Each treatment was independently
replicated three times. Quantitative analysis of SeCadl transcript levels was performed using the
comparative CT (AACT) method (Livak and Schmittgen, 2001).

Binding assay of Cry toxin to midgut epithelium using ultra-structure analysis. Midgut
was dissected from third instar larvae of S. exigua and fixed with 4% formalin solution. The
samples were processed through a series of dehydration steps, embedded in paraffin (Merck,
Dramstadt, Germany), and longitudinal sectioned at 7 uym thick by microtome (Nippon Optical Works
Co., LTD, Tokyo, Japan). For immunohistochemical analysis, the tissue slides were deparaffinized
and an antigen retrieval step was performed (the slides were dipped in 10 mM sodium citrate for 20
min at 95°C). The sample was incubated with rabbit primary polyclonal antibody (CR10-11, CrylAc,
or CrylCa) and then with goat anti-rabbit IgG conjugated to alkaline phosphatase (Sigma-Aldrich,
Seoul, Korea) for 1 h after blocking with 5% BSA in washing buffer for 1 h. To determine binding
affinity between Cryl toxin and midgut epithelium, midgut samples were preapered at 48 h after
RNAi and paraffin embedded. One micro gram of Cryl toxin was incubated with slide sample in
PBS for overnight at room temperature after an antigen retrieval step, washed by PBS, and reacted
with specific antibody as described above.

Binding assay of Cry toxins to BBMV. To determine the binding affinity of trypsinized Cryl
toxin to BBMV {from S. exigua after RNAi against SeCadl (dsCad) or control (dsCON),
enzyme-linked immunosorbent assay (ELISA) was performed as described elsewhere (Park et al.,
2009). Activated Cryl toxins were biotinylated using a 50-fold molar excess of sulfo-NHS
(N-hydroxysuccinimide)-photocleavable biotin (Pierce, Rockford, IL, USA) according to the
manufacturer’s manual. The final reaction was dialyzed against 200 mM NaCl, 20 mM Na2CO03 (pH
8.0) and stored in aliquots at 4°C until needed for the binding assays. The microtiter plates were
coated with coated with BBMV (50 ug/well) for overnight, then biotin labeled toxins (0.1InM to
300nM) were incubated with or without a 1,000-fold molar excess of unlabeled Cryl toxin. After
washing, the plate was incubated with horse radish peroxidase—conjugated streptavidin (Thermo
Fisher Scientific, Inc., Rockfold, IL, USA), then incubated with HRP chromogenic substrate (1-Step
Ultra TMB-ELISA, Thermo Fisher Scientific, Inc., Inc, Rockfold, IL, USA) to quantify the bound
peptides. Color development was stopped by adding 2M sulfuric acid, and absorbance was measured
at 405 nm using a microplate reader (Biolog MicroStation System, Hayward, CA, USA). The

binding data of two replicates were analyzed using Sigma Plot software Version 11.0 (SPSS
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Science, Chicago, IL, USA) to determine the best site model fit.

Binding assay of Cry toxins to CR10-11. To determine the binding affinity between Cryl
toxin and SeCadl, ELISA was performed as described above. Purified CR10-11 proteins were
biotinylated using a 50-fold molar excess of sulfo-NHS-photocleavable biotin. The microtiter plates
were coated with coated with activated Cryl toxin (1.0 ug/well) for overnight, then biotin labeled
CR10-11 protein (0.1nM to 160 nM) were incubated with or without a 1,000-fold molar excess of
unlabeled CR10-11 to determine total binding. Nonspecific binding was determined by incubating the
plates with increasing concentrations of biotinylated CR8-10 protein (0.1 nM to 160 nM) with a
1,000-fold molar excess of nonlabeled CR8-10 protein. After color development was stopped by
adding 2M sulfuric acid, absorbance was measured at 405 nm.

Data analysis. All bioassays were performed in three independent replicates. The background
mortality was corrected using Abbott’s formula (Abbot, 1987). Means and variances of treatments
were analyzed in one-way ANOVA by PROC GLM of SAS program (SAS Institute, 1989). The
means were compared by least squared difference (LSD) test at Type I error = 0.05.

Zn

Differential toxicities of two Cry toxins to S. exigua. In this study, wild type and modified
Cryl toxins showed 131-kDa of protoxin and 67-kDa of activated toxin size in 10% SDS-PAGE
(Fig. 1A). The larvae fed with CrylCa toxin showed higher toxicity compared with the larvae fed
with CrylAc toxin at 6 days after toxin treatment (Fig. 1B). In CrylCa toxin, there is no significant
difference on larval mortality between wild type and modified toxin at same concentration. However,
modified CrylAc toxin has a higher toxicity to larvae compared with wild type toxin from 2 ug/cm2

to 10 ug/cm2 of concentration.
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Fig. 1. Differential toxicities of two Cry toxins and change in their toxicities after N terminal
cleavage (“activation”). (A) SDS-PAGE of Cry toxins (B) Bioassay of toxins.
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RNA interference (RNAi) of SeCadl in S. exigua midgut. Using a specific RNAi against
SeCadl, its physiological functions in subsequent developments were assessed. The RNAi used a
double-strand RNA specific to SeCadl (dsSeCadl). When the dsSeCadl was fed to the fifth instar
larvae, SeCadl expression level was significantly decreased at 48 h post-feeding (Fig. 2A). To test
whether RNAi1 on SeCadl altered the binding affinity of CrylCa toxin in the larval gut epithelium,
we treated midgut sections, which were dissected at 48 h after dsSeCadl or dsCON treated from
fifth instar larvae, with polyclonal antibody of wild type CrylCa toxin (Fig. 2B). In wild type
CrylCa toxin, dsSeCadl treated midgut showed lower level of toxin binding than dsCON treated
midgut. However, modified CrylCa toxin showed no difference on toxin binding rate between
dsSeCadl and dsCON.
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Fig. 2. RNA interference (RNAi) of SeCadl. (A) Suppression in transcript level assessed by gPCR
(B) Suppression in Cry toxin binding to the midgut epithelium after RNAI.

Difference in binding affinity of different Cry toxins to BBMV of S. exigua. After
knockdown of SeCadl expression by RNAi, CrylCa toxin showed significantly different on toxicity
to fourth instar larvae between wild type and modified toxins, meanwhile CrylAc toxin didn’t
showed difference on toxicity (Fig. 3A). Modified CrylCa toxin keep maintaining the toxicity as
80% mortality at 6 days after toxin treatment, but wild type of CrylCa lost their toxicity up to
50%. Based on Cry toxicity assay after knockdown of SeCadl, CrylCa wild type and modified toxin
were measured binding affinity against BBMV from S. exigua midgut which were treated with
dsRNA specific to cadherin (dsCad) or ORF301 (dsCON). In fig. 3B, biotin labeled-CrylCa wild type
had a different binding affinity to BBMV-dsCadl (Kd = 36.3 nM) and BBMV-dsCON (Kd = 73.18
nM), meanwhile biotin labeled-CrylCa modified toxin had a similar binding affinity to
BBMV-dsCadl (Kd = 31.87 nM) and BBMV-dsCON (Kd = 30.89 nM). Therefore, RNAi on SeCadl
results in decrease of binding affinity of BBMV to CrylCa wild type toxin.
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Fig. 3. Difference in binding affinity of different Cry toxins to BBMV of S. exigua. (A) Toxicity
change of Cry toxins after SeCadl RNAi (B) Change in their binding affinities to BBMV after
SeCadl RNAI.

Difference in synergistic toxicity of cadherin repeat (CR) addition to different Cry toxins
against S. exigua under SeCadl RNAi. The SeCadl ORF encodes a predicted protein of 1739
amino acids with a calculated molecular mass of 196,317 Da and 4.45 pl value. Hydrophobic regions
at the N-terminus and near the C-terminus correspond to a signal peptide (S) and a transmembrane
domain (TM), respectively. The extracellular domain consists of eleven cadherin repeats (CR). In
this study, the SeCadl CR10-11 region of the S. exigua cadherin was overexpressed in E. coli and
tested for the ability to bind Cryl toxins and enhance toxicity to S. exigua larvae. The SeCadl
CR10-11 proteins from recombinant E. coli were composed of the expected 48-kDa protein (Fig.
4A). In Fig. 4B, the addition of SeCadl CR10-11 proteins at a 1:1 and 1:10 mass ratio of Cryl toxin
significantly enhanced Cryl toxicity against S. exigua larvae up to 2.6-fold, except of CrylCa
modified toxin. According to synergistic effect of SeCadl CR10-11, specific binding affinity of Cryl
toxins were measured with biotin labeled SeCadl CR10-11. CrylCa wild type and modified toxin

were measured binding affinity against BBMV from S. exigua midgut which were treated with
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dsRNA specific to cadherin (dsCad) or ORF301 (dsCON). In fig. 4C, biotin labeled-SeCadl CR10-11
had a similar binding affinity to CrylCa wild type (Kd = 265 nM) and CrylCa modified (Kd = 20.5
nM) toxin, meanwhile biotin labeled-SeCadl CR10-11 had a different binding affinity to CrylAc wild
type (Kd = 57.0 nM) and CrylAc modified (Kd = 29.7 nM) toxin.
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Fig. 4. Difference in synergistic toxicity of cadherin repeat (CR) addition to different Cry toxins
against S. exigua under SeCadl RNAi. (A) Expression and purification of SeCR10-11 (B) Toxicity
change of Cry toxins after SeCadl RNAi (C) Variation of their binding affinities to SeCR10-11.
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Fig. 1. Purification of a recombinant CpBV-ELP1 produced from Sf9 cells using a baculovirus

expression system.
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Fig. 2. Cytotoxicity of CpBV-ELP1 against hemocytes of S. exigua
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Fig. 3. Insecticidal effects of CpBV-ELP1 by hemocoelic injection or oral feeding against S. exigua
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Fig. 5. Anticancer effect of CpBV-ELP1 against five cancer cell lines
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st o] ¥9d &71(AA 9 cm)oll AFAAE 23 SEEdt HYd wFd FHOE 6 AR A4

s &4 T 24 N AAAFAT olF A wiFdE AFsta w24 AIZE vigk XA R A

ZASEA T oWl X AL f5& YR AT talA TEH g Y] gle MARZ FAHSA
EARN nE A2F3 AF AF3E HESE IS EA arcsine W3E SASS PROC GLM (SAS
Institute, 1989)& ©] &34 ANOVA 4% AgH#3t vlnE A9

ﬂilm rhl

L

2F AN A=Y WF2hlo)Px P F4. =3 AU Az HF2uoldAE Y F43)
7] 918, Sf9 MEFoA F2H ZFoly WEFZwlo|HAE sy 53 {5 7ol FYUAHFig.
D. F4 ¥ 354 A% F AAE AAE ZopA &7 9oz £3AZ F vlolH 2 ¢3S AA
A HFig. 1A) w3t mlold 2 A AP HEFZuloleix A F2& RAH(Fig. 1B). 3
U 58 f5 HAY 5 x 10" PIB7F =7 = T
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(A) (B)

+ 1 ul budded virus (BY, 5 x 107 PFU/mL)/L5D1 larva
« 3-5daysat 25°C

BV injection

+ Collection of dead insects
= Lysis at 50 mM Tris-HCI, 0.4% SDS, 10 mM EDTA, 5% 2-mercaptoethanol
+ Filtering on 6 layers of cheesecloth

+ Resuspending the pelletwith 0.5% SDS and centrifugation at 5,000 rpm for
Sminat4°C

+ Repeatabove purification step

+ Resuspending the pelletin 0.15 M NaCl

Purification

Fig. 1. Mass production of recombinant vaculovirus, AcMNPV-ELPI, in one day old fifth instar
larvae ('L5D1’) of S exigua. (A) Procedure of the viral infection of budded form (BV),

multiplication, and purification. (B) A photo of the produced viral particles.

A z3utolH 28] 4FY 238, 2F AelA SAE Axdutold =59 ARt v FF
ol thek Aol HwEtHFig. 2). WF HolE o] &3t FYI o= HA FATF AA(Fig.
2A) EE Az ¥EF2btolgl e wiFE s s A459s et a8y i 715
mel o] F AFE S AolE Kol o] wjFEEute] HlE] & A4S YT &
Wol A olE Az FAA wet WEE2nto]y 29 Ao wolE yEto], ELP1 fAATE A 2%
H  wWEFEvto] Y 2(AcMNPV-ELPD)7F #®lud 3 #HAg9S veplith. s oig
AcMNPV-ELP19] &2 ZFAL FFo=2 Yt oty ¥WF2nlolgxo A= FASHA YErSTh
(Fig. 2B).

(A) (B)

| P. xylostella

100 100 - S. exigua

80 - 8o L

Mortality (%) at 9 DAT
Mortality (%) at 9 DAT

AcMNPV-EGFP CpBV15a CpBV158 AcMNPV-ELP1 AcMNPV-EGFP  CpBV15a CpBV158 AcMNPV-ELP1
rAcMNPV (10° PIB/Larva) rAcMNPV (10°PIB/Larva)
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(C)

Mortality (%) at 9 DAT

AcCMNPV-EGFP CpBV15a CpBV153 AcMNPV-ELP1
rAcMNPV (5x10* PFU/Larva)

Fig. 2. 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° polyhedrin 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 1 error =
0.05 (LSD test).

CpBV-ELP1 Az@ #Z=ulold e og Fuhid §2 A7E 744 Wl vnd s 4%
S A ACMNPV-ELP1S 57} @4l A8317] fajAte vlolel~ detale dmsle] a wop)
= As A4t ATk o2 98] WME AL ol @rtele] Fxtd Furbel o A3

B3 A THFig. 3). ACMNPVE thZ who]2] 22l AcMNPY-EGFPol Hla] & A4%€e Geya, A
7} ool wek WA EVE Eobath

G MU A

100 - —— AcMNPV-ELP1 2
—o— ACMNPV-EGFP

80 [
bc

60 -

Mortality (%) at 9 DAT

40 d

20

T T T
1.25x 10° 1.25x 108 1.25x 107
Viral doses (PIB/mL)

Fig. 3. 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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Hol wz} vJebd AcMNPV-ELP19 WA 32 =& gl 3% 3SeEo 2 gste] 4
W3 oH(Fig. 4). &< AcMNPV-EGFP= B Z&o] S8t
Atk AT AcMNPV-ELPIE HlwZ EH& Ao
gl 1930 talA 7HE B 43Ee with

m{o

(A) (B)

a AcMNPV-ELP1
b 100

AcMNPV-EGFP

a

Mortality (%) at 7 DAT
Mortality (%) at 7 DAT

L1 L2 L3 L4 L5 L1 L2 L3 L4 L5

Larval instars Larval instars

Fig. 4. 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,
AcMNPV-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
1 error= 0.05 (LSD test).

Zto] 27 ZAA CpBV-ELP1 A=xF #HEF=Zvtolg|29] gpihd WA &3 23 Aol A
21¥l AcMNPV-ELP19| shihipido] thgh HAe AP XEOA Ad wiFE o= A& T+
FZFo dsiA AAEAG(Fig. 5). HEZTZAH AcMNPV-EGFP A 29} 38t FofQl HEH Ao =&
Bastel Aestddnt. A &3 4 27 A Foll 4z ARk AcMNPV-ELP1Y] WA £25 43
Ak A8 3 & Fol AcMNPV-ELP1& thx7<2 AcMNPV-EGFPo| Hl&] =& wAES Yehd o
CpBV-ELP1 frx=}e] o #FZuto]lg 2 45 F7HE gRlstA o, 313hokA|Ql B F-3 ato] =
He A= ¥ 458S et a8y Xe 7 4 Fol= AcMNPV-ELP19 A7t tlx=+ A=t
olg] 2~ EE0|L FEFoR HEH A o=d HHIAE £ 4% §8&5 U

o\
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100

— AcMNPV-EGFP
AcMNPV-ELP1
B® Tebufenozide

80 —

Conrol efficacy (%)

Fig. 5. Pot assay to test the control efficacy of AcMNPV-ELP1 against S. exigua infesting Chinese
cabbage. As a control recombinant baculovirus, AcMNPV-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’).
Different letters above standard deviation bars indicate significant difference among means at Type
1 error = 0.05 (LSD test).

2 o
23X BeFnlo]lH~(CpBV)= MFEFWE(Plutella xylostella)®] A FF 713l =5
QX (Cotesia plutellae) 3 ZE2|=ynto]g oty dF CpBV FHAEL I7|AA F5o ©HY

S 933 E o 8% 9gs gddtt E AT 7179 A9gES AdAsE CpBYV fAAAE ]
ol ABeol wE AZT NIl AE AVHE o S8 BHOE ST, /10T AR
of 71%x3%te] CpBV-ELP1E Wdste Azd wWFZuto]g 2(AcMNPV-ELPD)E 4@t sy
(Spodoptera exigua) ZAANA Z2AAAT. ZA A 249 AzFulo)gd 252 by &
g & 5 x 10" polyherin inclusion body (PIB)E A4tatth. vlakd AcMNPV-ELP1-& whihg
o & WHUAdS Bt 53 dhvbl 193 =@l & AFES et skt
A ste wWiFol Az HF2uolH A5 x 10° PIB/mL)E 223 Az Xz 7 ¢ Fo| 3}t
H R H=Aole H =2 WARFH(F 88%)F UYERHTE o AFxe FAHOA Y
AcMNPV-ELP1°] £& BHAdAS el M=z rA=dAAz2 82 5 dae AATH.
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A8 whpdre] XAl 3 &3] EAste A =24 2A

1. A%

NE

e

7 s A7 2% 0 A8

2]

A

=

MIDI(microbial identification systems)®oll wa} Il &gt 2 WA A5 208 FY
m-hexane : methyl tertiary-butyl ether(MTBE) 1:1 E8uE 715t 48 XA 2087 %S9
2] (Branson, USA)%}HA] 23] FZ3I¥ . Whatman No. 2 X Z oAHst & zkAbe] ofs] Blighd
Dyer(1959)9l W&} 5% 2] chloroform : methanol : HO (2:2:1.8, v/v)& 23] F&3I9th X2 FEE=2
BE SAXA GxF 2@ AdxHe REES Y8 chloroform : methanol F&E9] thdl silica gel
column(5.5%x40mm) chromatography < &A% S (Christie, 2003), A3}AIZ] silica gel (70~230

7
mesh, Merck)S #2138 & &n] =X wa} chloroform, acetone, methanole &#x# 02 f&3o E
=

b R
g3dt. FE2 oY F o] B ELS 40T ol3tddA TdEFHstdr a4z HAastyd Hst =&
sControl (thz7, Hlo]#] 29 ORF301 423 dsSeiPLA2-A (3pdh)it PLA2-A FAXe] 23S

AAD 4 9= dsRNA) A& 913k AFA7EA] 20T HaAstA.
v A A5 5 A o 2 25

Silica gel column chromatographyS %3 ¥ A& EIE ds] MIDIBS=Z NaOH 45 g,
methanol 150 ml, ddH;O 150 ml &% & 1 mlol =<0 F 100CAA 308 &< ¥-AA AststAt.
78 =& dsControl (2T, Hiel 2129 ORF301 F+A2H)3# dsSeiPLA2-A (3 iPLA2-A A=
o BEE AT = U= dsRNA) A= Fajd A4t A Fell 6N HCI 325 ml, Methanol 275 ml &
FEAS 2 ml HUMgE & 80TCAA 10%3F ¥HEA7]aL 2o g0 WZstdn. wWesta Al
nhexane 200 ml, MTBE 200 ml &84S 125 ml H7Fst & 102 5 wylsle 22H 359S
pasteur pipet2Z AASIH T 03N NaOHE 3 ml #H71sle] 58 &< wikel o8 T3 A4 100 E
Egsta WAl Bl AENS pasteur pipetl 2 FHE] A A BEAAgR (T Kaur et al,
2005).

ot U RH(EFB, GUT)ol tid =g

st 58 ol dsControl (W27, vlo]#] 229] ORF301 323 dsSeiPLA2-A (3R iPLA2-A
e S AT+ AE dsRNA) 200 nge Pl ZFFA7] (Hamilton microsyringe)E ©] &3t 3
FTEATE o] T 48AIZE o] Fo AWA (FB)% FT& (Gut)e siFat FA A AHEsth A
(Normal, oF#¥ 2|7} HA &2 AHY b= dsRNAZE A& A 2 b 58 /35S
o] &3t

2 A 24

ANg gde Adx HE(PTFE 02um Hydrophilic, Advantec)® o3 Zo) GC/MS(HP 6890 GC
system/ HP 5973 Mass selective detector, Hewlett Packard, USA)ol FY3A . GC/MS 48 93
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columng SP-2560(100mx0.25mm i.d., 0.2um film thickness, Supelco Inc., USA)S A2y on,
column oven 2%+ 100TCAA 485 748 & 240C7HA £ 3T F71sle] 15250 FAI35HA
t}. Carrier gast= He2 2 0.8 mL/min, injector 225C, ion source 200C, separator 240C = A 3IA

ok Zt7he] A8 1 ubE FYste E4389 3, split ratiors 20:12] HIEO|ATHE 1). £ peakEs
SupelcoAlt EFA WA methyl ester®] WF5 AlZH Hlwste] Q18 0™, peak WA B ZH A4k
ZA MRS P Th w3 GColl 9 E8¥ peak®] mass spectrume GC/MS data system$! M
Chemstation(Hewlett Packard)ell Ax]® NIST % Wiley libraryete] AA - vl E 53] AWAS =5
5 4=2

wn

o

X 1. GC/MS analysis condition

Column SP-2560 (100mx0.25mm, 0.2um, SUPELCO)
Injector temp 225C
Column temp 100C (4min) ——— 3C /min ——- 240C (15min)
Carrier gas Helium
Injection volume 1l
Split ratio 20 01
Rater flow 0.7ml/min
Ion source temp. 200C
GC model HP 6890 GC system
Mass model HP 5973 Mass selective detector
2. AT A

Jb S 22w Ad Rz

spabut XA (fat body:) 2 43} 3 (gastrointestinal tract) S ZHE X E S F&3 A WA= F

Aol Hlal| "A 2T AEES] AFE FEFo] i W FAFoE UeEY T84 JAAAE F=
A= AlgF vl FAg et ATz, AgAel Ast@Ibe] oA A Aol gle AeE g
A= JATHE 2~4).
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¥ 2. g AA Atk G AEE FE2TF
Sample F.'W. CHCl3-MeOH-D.W(2 : 2 : 1.8) Fr. Lipid
Sample
(g) (mg) (mg)
NLP 9.9
dsControl 0.375 14 GL 0.6
PL 2.7
NL 7.1
FB* Normal 1.097 11 GL 1.3
PL 2.2
dsSdiPL NL 179
0.376 26 GL 0.7
ArmA PL 29
NL 935
dsControl 0.572 11 GL 1.0
PL 3.6
NL 5.7
GUT  Normal 1.076 104 GL 0.8
PL 4.2
dsSdiPL NL 17.9
0.536 15 GL 0.7
AA PL 2.9
FB: fat body; GUT: gastrointestinal tract
PNL: neutral lipid; GL: glycolipid; PL: phospholipid.
® 3 o A A 2 &Sk fe A FE=
Sample F'W CHCl3;-MeOH-D.W(2 : 2 : 1.8) Fr. Lipid
Sample
(g) (mg) (mg)
NL" 125
dsControl 0.850 148 GL 2.2
PL 3.1
NL 107
FB® Normal 0.918 120 GL 3.8
PL 55
NL 122
dsSdiPLAs-A 0.876 130 GL 2.8
PL 3.2
NL 114
dsControl 1.684 235 GL 4.0
PL 4.2
NL 134
GUT Normal 0.867 30 GL 5.3
PL 6.2
NL 11.6
dsSdiPLAs-A 1.890 26.9 GL 3.9
PL 5.8

FB: fat body; GUT: gastrointestinal tract

PNL: neutral lipid; GL: glycolipid; PL: phospholipid.
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4 il 22 Ad FE
Sample Sample FW  CHCI;-MeOH-D.WQ@ : 2 : 1.8) Fr. Lipid
(g) (mg) (mg)
NL” 11.0
FB* 3.3 255 GL 1.1
PL 2.4
NL 19.8
GUT 3.7 13.9 GL 4.1
PL 2.3
NL 46.0
GUT+FB 6.1 48.0 GL 2.6
PL 1.9

FB: fat body; GUT: gastrointestinal tract
PNL: neutral lipid; GL: glycolipid; PL: phospholipid.

g s AAe] Ak 24

12 Addow sphvpl AA 2 Ao wRE Ed FAAE, GAAE, AAHGE 2)dd s
dsControl (thZF, vle]# 29 ORF301 #AAH3 dsSeiPLA2-A (3ud iPLA2-A 32 #d &
AAE + A& dsRNA) st Ak =4S ZABEAT ofgb7] &4k AFA| QL linoleic acide]l %4
s Ay B A A9 FAAA, G, JAAH BRA AT Bk FAEIF 24 JeEt(E
5~7). @9 asiwol s A AAA AT linoleic acide] 2AWL Fom, B3 AP HyFe T
Aol wa of 25~3.3u1Q Aoz FAF AT (E 8~10).
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35 AR AA FE FAA-RY] AAE 24
Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 38.03 2497
FB cis-9-Octadecenoic acid (Oleic acid) 4472 30.75
dsControl

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.67 36.03
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 825
Hexadecanoic acid (Palmitic acid) 39.03 1535
9-Hexadecenoic acid (Palmitoleate acid) 40.58 0.64
Octadecanoic acid(Stearic acid) 4337 348

FB
Normal cis-9-Octadecenoic acid (Oleic acid) 4471 1917
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.70  48.55
NL cis-11-Eicosenoic acid (Gondoic acid) 48.56  0.80
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.83 12.01
Tetradecanoic acid (Myristic acid) 3421 050
Hexadecanoic acid (Palmitic acid) 39.11  35.27
9-Hexadecenoic acid (Palmitoleate acid) 40.60 1.80
FB Octadecanoic acid(Stearic acid) 4341 373

dsSdiPLAs-A

cis-9-Octadecenoic acid (Oleic acid) 4480 44.40
cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.74  0.67
cis-11-Eicosenoic acid (Gondoic acid) 48.57 10.83
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4885 2.79
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6. IR AEA = BRI A A 24
Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 38.99 38.88
FB Octadecanoic acid(Stearic acid) 4335  24.22
dsControl cis-9-Octadecenoic acid (Oleic acid) 44.66  11.54
cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.62 2041
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.80 4.94
Hexadecanoic acid (Palmitic acid) 39.00 20.19
Octadecanoic acid(Stearic acid) 4336 1399
FB cis-9-Octadecenoic acid (Oleic acid) 4468 1584
GL Normal

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.64  40.98
cis-11-Eicosenoic acid (Gondoic acid) 48.56  1.09
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 792
Hexadecanoic acid (Palmitic acid) 39.00 27.68
Octadecanoic acid(Stearic acid) 4336  20.09
dSSdiEE As-A cis-9-Octadecenoic acid (Oleic acid) 44.67 13775
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.63  30.93
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 755

7. 3R AA FE AA A At =4

Sample Compound Rt Area %

Hexadecanoic acid (Palmitic acid) 39.00 17.22
FB Octadecanoic acid(Stearic acid) 4335 1.08
dsControl cis-9-Octadecenoic acid (Oleic acid) 4468 19.26
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.64 4341
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 19.03
Hexadecanoic acid (Palmitic acid) 39.00 7.55
FB Octadecanoic acid(Stearic acid) 4339 1520
PL Normal cis-9-Octadecenoic acid (Oleic acid) 4470 15.14
cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.67 50.03
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.83 12.08
Hexadecanoic acid (Palmitic acid) 38.97 13.83
Octadecanoic acid(Stearic acid) 4333 942
dSSdﬂFD]E Asr-A cis-9-Octadecenoic acid (Oleic acid) 44.66 1525
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.62 3857
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.81 2294
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¥ 8 gy Aty 35 SAAAAY] AW 24

Sample Compound Rt Area %

Tetradecanoic acid (Myristic acid) 3420 0.27

Hexadecanoic acid (Palmitic acid) 39.34 2522

9-Hexadecenoic acid (Palmitoleate acid) 40.67 1.67

Heptadecanoic acid() 4123  0.08

GUT Octadecanoic acid (Stearic acid) 43.69 397

dsControl cis-9-Octadecenoic acid (Oleic acid) 4507 35.38

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.94 26.38

Eicosanoic acid (Arachidinic acid) 4739 0.08

cis-11-Eicosenoic acid (Gondoic acid) 48.64 058

cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4894 6.29

NL cis-11,14-Eicosadienoicacid 5042  0.08

Hexadecanoic acid (Palmitic acid) 39.03 1742

GUT Octadecanoic acid (Stearic acid) 4335  2.00

Normal cis-9-Octadecenoic acid (Oleic acid) 4471 1950

cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.70  48.40

cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.83 12.67

Hexadecanoic acid (Palmitic acid) 3897 1592

Octadecanoic acid (Stearic acid) 4333 326

dSSdﬁDI{IAQ* A cis-9-Octadecenoic acid (Oleic acid) 44.67 18.88

cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.65 49.55

cis-11-Eicosenoic acid (Gondoic acid) 48.54 0.75

E 0. ThbY 28 FF 9AAe AR 24

Sample Compound Rt Area %

Hexadecanoic acid (Palmitic acid) 38.97 2261

GUT Octadecanoic acid (Stearic acid) 43.32  15.06

dsControl cis-9-Octadecenoic acid (Oleic acid) 44.65 14.85

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.62  40.79

cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.81 6.69

Hexadecanoic acid (Palmitic acid) 38.99 28.05

GUT Octadecanoic acid (Stearic acid) 4334 575

GL Normal cis-9-Octadecenoic acid (Oleic acid) 44.67 2814

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.63  29.23

cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 8.83

Hexadecanoic acid (Palmitic acid) 38.97 26.58

Octadecanoic acid (Stearic acid) 4332 16.36

dSSdSDLIT‘TAg* A cis-9-Octadecenoic acid (Oleic acid) 44.65 13.06

cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.61 37.88

cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.81 6.12
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= AAA S At =4

Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 3898 8.04
Octadecanoic acid (Stearic acid) 4334  11.30
GUT
dsControl cis-9-Octadecenoic acid (Oleic acid) 44.67 14.78
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.66  49.38
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4882 16.50
Hexadecanoic acid (Palmitic acid) 3898 1384
Octadecanoic acid (Stearic acid) 4334 7.60
GUT . . . .
PL Normal cis-9-Octadecenoic acid (Oleic acid) 44.67 14.90
cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.64  39.10
cis,cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.83  24.56
Hexadecanoic acid (Palmitic acid) 3897 1383
Octadecanoic acid (Stearic acid) 4334 942
GUT /s-9-Octadecenoic acid (Oleic acid 4466 1525
dsSAPLA,- A cis-9-Octadecenoic acid (Oleic acid) . .
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.65  38.57
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.82 2294

22k RFEAR L 12k AP FLEA AEdE shihvkd AEA 2 Astd G AFEGE 3) A4
B4 AIHE 11~16), ALA F= FRAFG AXAL linoleic acid®] ZAW= FA8 2L g3t
4% ztolE YERHATHE 12~13). =3 A3#9] A AW linoleic acid®] ZARI(E 14~16)4
AT FAEY AolE AT F AT E g A 2 sstd SFAEZREH FF
AAHE((E 4o 3l NaOH A3 % iPLA2E A ste] A4 < ZARFFOU(E 17) 9= A
S 2A Xt wEtA ATl A AR FF vk AP T AAEHr & AoE A7

A},

-1“ ok
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Sample Compound Rt Area %
Tetradecanoic acid (Myristic acid) 34.06 0.49
Pentadecanoic acid 365 012
Hexadecanoic acid (Palmitic acid) 39.57 2793
9-Hexadecenoic acid (Palmitoleic acid) 40.72 3.24
Octadecanoic acid (Stearic acid) 4413  3.33
cis-9-Octadecenoic acid (Oleic acid) 4534 3590
dSCI;Er;ltrol cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 4712 22.04
Eicosanoic acid (Arachidic acid) 4745 011
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4895 6.63
cis-11,14-Eicosadienoic acid 50.37 0.08
Docosanoic acid (Behenic acid) 50.92  0.03
13-Docosenoic acid 52.13  0.04
cis-11,14,17-Eicosatrienoic acid 5441 0.01
Tetracosanoic acid 54.52  0.03
Tetradecanoic acid (Myristic acid) 3405 0.35
Pentadecanoic acid 3649 0.14
Hexadecanoic acid (Palmitic acid) 39.69  29.33
9-Hexadecenoic acid (Palmitoleic acid) 40.79  2.68
Octadecanoic acid (Stearic acid) 4439 332
cis-9-Octadecenoic acid (Oleic acid) 45.56  34.35
NL N o];“fr;n al cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 4726 2295
Eicosanoic acid (Arachidic acid) 4756 0.10
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 49.05 6.61
cis-11,14-Eicosadienoic acid 5043 0.08
Docosanoic acid (Behenic acid) 509  0.02
8,11,14,17-Eicosatetraenoic acid (Arachidonic acid) 51.84 0.04
Tetracosanoic acid 5454  0.04
cis-5,8,11,14,17-Eicosapentaenoic acid 55.08 0.01
Tetradecanoic acid (Myristic acid) 34.07 0.10
Pentadecanoic acid 36.51  0.03
Hexadecanoic acid (Palmitic acid) 39.64 9.96
9-Hexadecenoic acid (Palmitoleic acid) 40.51  0.08
Octadecanoic acid (Stearic acid) 4423 1.03
cis-9-Octadecenoic acid (Oleic acid) 4543  12.01
dSSFCI?iPL cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 47.17 7450
Ay A Eicosanoic acid (Arachidic acid) 47.49  0.03
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 490 219
cis-11,14-Eicosadienoic acid 50.40 0.02
Docosanoic acid (Behenic acid) 50.94 0.01
unknown 51.81 0.01
13-Docosenoic acid 52.14  0.01
cis-11,14,17-Eicosatrienoic acid 52.44  0.01
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Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 3892 3454
B 9-Hexadecenoic acid (Palmitoleic acid) 40.48 2.63
dsContr Octadecanoic acid (Stearic acid) 4324 376
ol cis-9-Octadecenoic acid (Oleic acid) 44.60 28.20
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.55 24.45
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4872 641
Tetradecanoic acid (Myristic acid) 34.08 0.46
Hexadecanoic acid (Palmitic acid) 3893 32.29
FB 9-Hexadecenoic acid (Palmitoleic acid) 40.48 2.50
Normal Octadecanoic acid (Stearic acid) 4324 371
ot cis-9-Octadecenoic acid (Oleic acid) 44.61  30.30
cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.55 24.47
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.72  6.27
Tetradecanoic acid (Myristic acid) 3408 0.81
Hexadecanoic acid (Palmitic acid) 3891 4584
FB 9-Hexadecenoic acid (Palmitoleic acid) 40.47 3.46
dsSdiP Octadecanoic acid (Stearic acid) 4323 541
LA-A cis-9-Octadecenoic acid (Oleic acid) 44.59  4.06
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.54 32.85
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.71 157
£ 13 Shhbg AA 35 A4 A 24
Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 38.86 20.81
dsggntr Octadecanoic acid (Stearic acid) 4321 1144
ol cis-9-Octadecenoic acid (Oleic acid) 44.55  39.89
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.52 2568
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4871 218
Hexadecanoic acid (Palmitic acid) 38.89 18.83
FB Octadecanoic acid (Stearic acid) 4324 818
PL Normal cis-9-Octadecenoic acid (Oleic acid) 4457 1636
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.55 3253
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.74  24.10
Hexadecanoic acid (Palmitic acid) 38.88 17.66
FB Octadecanoic acid (Stearic acid) 4324 857
dsSdiP cis-9-Octadecenoic acid (Oleic acid) 4457 17.46
LAx-A cis,cis-9,12-Octadecadienoic acid (Linoleic acid) 46.54 3502
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.73  21.29
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Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 38.88 14.67
GUT Octadecanoic acid (Stearic acid) 4322 527
dsControl cis-9-Octadecenoic acid (Oleic acid) 4456 17.32
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.55 51.10
cis,cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.72 1164
Tetradecanoic acid (Myristic acid) 3410 0.44
Hexadecanoic acid (Palmitic acid) 38.96 19.03
9-Hexadecenoic acid (Palmitoleic acid) 40.50 1.37
GUT Octadecanoic acid (Stearic acid) 4329 293
Normal cis-9-Octadecenoic acid (Oleic acid) 44.65 21.23
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.64 42,99
NL unknown 48.04 0.46
11-Eicosenoic acid 48.48 0.83
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.76  10.70
Tetradecanoic acid (Myristic acid) 34.10 0.40
Hexadecanoic acid (Palmitic acid) 3893 16.14
9-Hexadecenoic acid (Palmitoleic acid) 40.48 0.76
Octadecanoic acid (Stearic acid) 4327 481
GUT . . . . .
dsSdiPLA,-A cis-9-Octadecenoic acid (Oleic acid) 4461 16.16
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.61  49.06
unknown 48.04 0.39
11-Eicosenoic acid 48.47 10.62
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 4875 1.68
15 Thbg 289 FF 9AAe AP 24
Sample Compound Rt Area %
GUT ) ) B
dsControl
Hexadecanoic acid (Palmitic acid) 38.86 10.64
Octadecanoic acid (Stearic acid) 4321 510
GUT
Normal cis-9-Octadecenoic acid (Oleic acid) 4454 811
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.52  23.99
GL cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.69 52.15
Hexadecanoic acid (Palmitic acid) 38.87 31.01
Octadecanoic acid(Stearic acid) 4323 2581
GUT cis-9-Octadecenoic acid (Oleic acid) 4456 23.38
dsSdiPLAs-A ’ )
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.54 7.39
cis,cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.70 1241
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Sample Compound Rt Area %
Hexadecanoic acid (Palmitic acid) 38.75  4.28
GUT Octadecanoic acid (Stearic acid) 43.09 4995
dsControl cis-9-Octadecenoic acid (Oleic acid) 4442 504
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.38  29.06
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.57 11.67
Hexadecanoic acid (Palmitic acid) 38.79  27.40
GUT Octadecanoic acid (Stearic acid) 43.14 4.23
PL Normal cis-9-Octadecenoic acid (Oleic acid) 4448 1617
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 4642  48.80
cis,cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.62 340
Hexadecanoic acid (Palmitic acid) 38.85  89.02
Octadecanoic acid(Stearic acid) 4321 042
dsS diC%’[{l:Ag* A cis-9-Octadecenoic acid (Oleic acid) 4454 713
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 46.50 0.54
cis, cis,cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 48.69 2.89
¥ 17, S A 9 258 ERAR 4 QA8 AUt 24
Sample Compound Rt Area %
unknown 3447 7.33+0.01°
unknown 39.84 8.23+0.01
Hexadecanoic acid (Palmitic acid) 4230 14.42+0.03
GUT+ unknown 4498 3.57+0
coi];ol Octadecanoic acid (Stearic acid) 46.69 15.19+0
cis-9-Octadecenoic acid (Oleic acid) 4796 13.37+0
cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 49.87 27.64+0.01
cis,cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 52.06 10.27+0
unknown 39.84 2.33+0
Hexadecanoic acid (Palmitic acid) 4229 3.58+0
Octadecanoic acid (Stearic acid) 46.69 4.15+0
GUT+
_FB cis-9-Octadecenoic acid (Oleic acid) 47.69 3.15+0.01
IPLA2 cis, cis-9,12-Octadecadienoic acid (Linoleic acid) 49.87 7.09+0
Eicosanoic acid 50.75  77.01+0.01
cis, cis, cis-9,12,15-Octadecatrienoic acid (Linolenic acid) 52.06 2.68%0
unknown 3447  22.20+0.04
GUT+
FB Hexadecanoic acid (Palmitic acid) 4230 24.49+0.14
NeoH Octadecanoic acid(Stearic acid) 46.69 53.31+0.10

¥Meanz*standard error of 3 replicates.
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A9 shige 28 zZzagIdd =4 23
L AR 8

7h Al i 2 HJF

PR (Spodoptera exigua) 5% 2 F-U7MEE 8l(Phaedon brassicae) 3% % W
PG &4 848 8l WA (Escherichia coli DHba)S ©o]&3tqth WA+ <tsdistn
A=osta A2 Wesad SgAlE BE AARECE HAHo e AL AT NB
3 il ] (peptone 5 g, beef extract 3 g, NaCl 5 g, agar powder 15 g, ddH20 1
TS & 24A7F B 28T oA ikt T #E5S EEEAY EEE 9Y #3522

ZA0 2 wjFsAth o] & thATS 5000 rpmol A 20837F AR T A5 Al wjRA RS
AASR L™, 100mLe] Aol S HEste] series dilution WHOZ NA 8] X o4 3§
AEE dd FF5E AN Y, FFH o2 UdEHS ¢l 100 CFU/ul (colony forming
unit, CFU)E ZAHEAT. 99 T2 FHE MFdgNLS v|&dFFA7] (Hamilton, Reno,
Nevada, USA)E o] &3l sl 9 F2715dd f3ol 2ulE AFTsAt JS F 4A30
of Aletel ZEE 59 23 Hs FEst PG 24 45 AEsdh 8 =2d
M+ A el= Xn (Xenorhabdus nematophila) 2 Bt (Bacillus thuringiensis)g ©]-83F%th.

e Al JE F dEEZS AA 229 Ut 23 £ 9] S 49
oA o]Fo|A 15mL FE FAHAT ALAE 4 9ELF 7 676~1,096 mgo] A=7}
o]-&% o] homogenizers ©]83] Z2<S Hafsiion, dylz= ke o 1.89~2.38 ml7} A
HAT o] & F FZ AELS EF ice bath WA

5%t =3 AY F 1X PBS &9
= A Ag & =224 EEglol
PGE B39 =E&ET7(Aedes albopictus®] 735 Mz AHEl glo] AA FF&

homogenizerg ©]-&3 =2& st 723 mge) ANEE Ay FdshA A sk

o7&y 2 2r)d shiE TR AELUFY FEFE Jurenka et al. (1999)
3 , 233 9 WA ASEHEH PG FE2& dd £ AF=

o
ok
3R
£
i)
o
[

acetate &8 =2 40T olstillA ZLE=3t1 N, gas®E ALSATE. 2HF9 ethyl acetate©l
FEEZ 83AZ T 2F column(5.5x40mm)°l silica gel (70~230 mesh, Merck)S %7213}
g ZAJol wel ethyl acetate, ethyl acetate : acetonitrile (1:1, v/v, ]J.T.Baker HPLC grade),
acetonitrile, acetonitrile : methanol (1:1, v/v), methanol (J.T.Baker HPLC grade) =22 <%}

2o g 8Z3H}th Acetonitrile : methanol (1:1, v/v) €& EZ& 40T olslollA Hds=3}
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R Aaz Auste] LO/MS/MSEAA7EA 20Tl Bastgity. 13 10 Z=2eawdd
32 S A

Sample
(sonicated for 5 sec and acidified to pH 4 with TN HCl)

EtOAc extract 5ml tree time
(Centrifugation 15000rpm, 10min)

Concentration
Control 6.8mg, bacteria 9.6mg
(Add a EtOAc 500ml)

Silicagel column chromatography

5.5mm x 210mm
containing 400mg of
70~230 mesh

EtOAC EtOAC: Acetonitrile Acetonitrile ; Methanol
acetonitrile methanol
(11, viv) (1:1, v/v)

Filter ; Adventec PTFE 0.20 um
(hydrophobic)

PG sampe
Control 0.8mg, bacteria Tmg

29 70.

I«

z2aeEdd #5344

2}. prostaglandin 3% 2] mass library A2}

PG ®FF 5% Wd MS Library AAS fste] FEF(FE DES &
ethanol(Daejung, 99.9% Gur. grade)& AF83sle Z+ZF 05 ppmo 2 ZA| 3t LC/MSE
A A8 A T

2 ol
o &

£ 1 ZesEadd 15F

prostaglandin B, 1 mg 98%  Sigma - Aidrich, USA
prostaglandin D» 1 mg 95%  Sigma - Aidrich, USA
prostaglandin E, 1 mg 93%  Sigma - Aidrich, USA

prostaglandin Fa, 1 mg 99%  Sigma - Aidrich, USA
100 ug  95% Cayman chemical,

rostaglandin G:
D aglandin Go USA

nl A& 24 2 prostaglandin 4
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column chromatography &

HEEA S nith PG 5% 552 &3 F 05, 0.1, 0.05, 0.01, 0.005 ppme T&&
ZFA sk th Silica  gel

=3l  ACN(acetonitrile)

methanol(1:1, v/v) €% B3 ES ethanol 5009 = AHA HE(PTFE 0.2im Hydrophilic,
Advantec)® o3 & LC/MS(API-2000 MS, Applied Biosystems, USA, LC-1200 Series,
Ageilent Technologies, USA)ol F43t4tt. LC/MS/MS #4-8 ¢3ll column& XBridge(C18

35um 2.1x150mm, Waters, USA)S Azslgom,
slew Tz AgZay

M = 7w

T

Hr

=
N

= T2 Edd T35 (pg/ml) x

3# 2. Optimized LC/MS/MS conditions

24 24¢ 2 ANNGE AR Fol

obeh 4+E2el oAt g Fatsict.

(@31

0.05(ml)
A

FEAH 5 (ml)

Parameters

Conditions

HPLC model
Mass model

Column
Mobile phase

Flow late
Gradient

Injection volume
Column temperature
Ionization mode
Curtain Gas
Temperature

Ion Spray Voltage
Ion source Gas 1
Ion source Gas 2

Collision Gas (CAD)

1200 Series, Ageilent Technologies, USA

API-2000, Applied biosystems, USA

XBridge, Cig 5m 2.1x150mm Waters, USA

(A) acetonitrile :

(B) acetonitrile :
1500

Time(min) 08 8.1
B(%) 00 50
5 mm

40 C

ESI negative

20 psi

450 C

-4500 V

40 psi

60 psi

6

water :

water :

acetic acid 45 : 55 : 0.02
acetic acid 90 : 10 : 0.02

12 12.1 15 151 25

50 70 70 0 0
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2. A+43

ST = 3T

7}. prostaglandin ¥53%2] mass library
PG EFF4 dUigt LC/MS 48 439 85% HPLC chromatogram® retention time
m

#3 MS spectrometry 2] MRM(multiple reaction monitoring) #< 3 3ol A A3t}

=<
=<

3. PG 39| retention time % multiple reaction monitoring

Compound Rt(min) MRM (1 z) E:eol}lglj(zr; )
Foa 5.32 353.1 / 309.2 =22
E; 6.14 351.0 / 315.2 -24
B, 13.40 333.1 / 174.7 -18
D2 7.02 351.0 / 271.1 -12
Go 8.00 367.1 / 235.0 -12

5% 9] prostaglandin EF% TI=(2Y 2) D PG EFFE T PGFau 9 MS spectrum(Z1
2 3} MS/MS spectrum(1H 4)o] A AT}

PGE, PGD,

PGB,

ﬁﬁmJLJLsxin:mm Lw“,ﬁﬁmw&ﬂ_ﬁ\_w'mw&, ;ﬁﬁx,w:,%m%Fvam{L\,r_ﬁ Mo TR AR 00

oo MiE T
L,
Sea =

1% 2. Prostaglandin 5% & &2 LC/MS ion product.
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Itersity,epe

e Py G TR

13 3. PGFy LC/MS ion product.

19 4. PGF22] ionization mass spectrum.

v =2 ~glFdd LC/MS/MS £4
Al gol EA)st= ZE2 2 =dd

3 2t = Aske] 2
Mg AT o5 B PGFa o & W44 R AN 5

o
[o
B
>
ok
N
do
o
N
H
AN
i
ftlo
off’
oy
i
ut
B

y = 844e+004 x + 228 (r = 0.9999)

> zed

> owd
Tooee

1 owe d

soooo

oE R T R o B

j_]aj 5 PGFZQ‘O’] 7\;130:}\\:]_
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PGFy, ¢ HPLC chromatogram (13 6) % Il Astd FXee MdA 79 HPLC
chromatogram (18 7~8)& < A3}53th

12088 o
11022
1.00es

s000:00
s000.00

g 700000

s £000.00

T
500000

2000.00

3oo00.00

2000.00

1000.00

0.00

12
Time min

Inbmdsom

EYRL)

iz L

19 7. GUT FA 872 HPLC chromatogram.

s e

E

a3 8 GUT AldA el +2 HPLC chromatogram.
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AdAgd ghgge] gz 43t 2 Ao EA8s ZZAEE
371 98l LC/MS/MS #4 Ag& whEsto #33% 23, PGD, & 22HE
T AEHNCH, a5 E A AR EASE ASE YEIHTHE 4, & 6). PGF;
o & A 23R FAEe BT+Xn Mg 2 ALA+ 23 229 A oA gRlEgon,
1SS 0.00015 ng/mi WRACIATHE 4~6). PGD, 2 FS PGFy, o oF 28] o] &4
ZAE Y. PGE; & 4332 Xn AHZldA PGFy 9 HlId o2 HAEHJITHE 5).
PGG, £ @9 = Bt+Xn A, A@M Bt A8 2 WA+ =y 229 Xn A oA PGFy 3
ol oF 20l ZoFE YERTHE S P zol A9 2wle wEAYNE T2 EF
77 AESHA FRAOUH(E 4 5) 3 u %@fﬂoﬂfﬂ 212 el A PGD, ¢ Bt+Xn |
oA PGG, 7} HEH AT EE%& bl B Elel 22 Al Ao EAXE AES Z
I ZF wrEAFA A TR Aolvt JIAEHA Gdth webA] Al AHE #dH T2 EEddRF
o] g Wzl Folo Uit AEE FF AAEsAoF & AR Al HT

“lO b

F 4 AleAE gy d9 =z, 23k 8 AEA 4+ 59 229 PGD. B PGFy &%

X2 (ng/ml)

Sample
PGD, PGF».
A=A 0.000036 -
BtA g 0.000050 -
HL"
Xn* g - -
Bt+ XnA & 0.000036 —
A=) 0.000055 0.000132
Bt g 0.000075 -
GUT
Xn# 2 0.000057 -
Bt+ Xn* & 0.000056 0.000178
A=) 0.000051 0.000163
Bt g - -
FB+ EPD
Xn* ¢ - -
Bt+ Xn* g 0.000043 -

“HL: hemolymph, EPD; epidermis, FB: fat body.
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%5 AT AY gty d9xz At 9 AWA 4+ 39 249 PGE; ¥
PGFQQ 81:!]—%]:
B X (ng/ml)
Sample
PGEZ PGFZa
A1 - -
, Bt 2] - -
HL*
XnA g - -
Bt+Xn* g - -
A - 0.000174
Bt €] - -
GUT
Xn= g 0.000142 0.000237
Bt+ Xn* g - 0.000185
A=A - 0.000289
Bt g - -
FB+ EPD
XnA g - -
Bt+ Xn* €] - -
“HL: hemolymph, EPD; epidermis, FB: fat body.
¥ 6 MldAg gt d9x At 9@ AwA + 339 249 PGD, %
PGGy, PGFs, &5
B2 2] (ng/ml)
Sample
PGD, PGG, PGFs,
= 0.000076 - -
Bt 2] - - -
HL*
XnA &l - - -
Bt+ Xn* g 0.000088 0.000241 -
=RA ) 0.000092 - 0.000149
Btx & 0.000131 0.000369 -
GUT
Xn#] 2 0.000069 - -
Bt+ Xn* & 0.000119 - -
22 0.000147 - -
Bt ] - - -
FB+ EPD
XnA g - 0.00033 -
Bt+ Xn* & 0.000134 - -

“HL: hemolymph, EPD; epidermis, FB: fat body.
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A Agld F2A7tsEdE 73 EAste Z22EEddFE SAHS 98
= 5\3 B A3, PGFy o &2 el Bls) of 2ufo] o,

LC/MS/MS &4 Ad& & o
PGD2 = A9, PGGy & oF 1.5~254) —’F—%Oi UEHRTHE 7). ol 22 &9 §lo]
AA oA ==3) erg} F#sHA] e oz FHEY T3 FLAEFHY MR F
ANelsk AT Aol R AoIE HelFA YoM, WHAAE SAA S B = 4
S 2 eyt
7. MTEAE Fertsddd 359 PGD: ¥ PGG, PGFay 33
B2 2] (ng/ml)
Sample
PGD, PGGs PGF3,
A 0.0001495 - 0.0002150
BtA g - 0.0005329 -
Repli. 1
Xn= & 0.0001184 0.0006315 -
Bt+ Xn*] 2] 0.0001525 0.0008220 0.0003898
A 0.00008522 0.0005511 0.0002614
Btx & 0.00008585 - 0.0002323
Repli. 2
Xn# & - - 0.0002439
Bt+ Xn* & - - 0.0002446
A9 0.00008536 - 0.0001829
Bt & 0.00007264 0.0004145 0.0001966
Repli. 3
XnA g 0.00014406 0.0008220 0.0003814
Bt+Xn*] ¥ 0.00009638 0.0005783 0.0002711

M (E coli DHoa) A E]® derue) &= 9 2vbxe xZz ~el2
PGE;, PGGs ¥ PGFy 7} SAHHJTHE 8). PGFy & A A A A= F-2
FoA, @z FAZANATL HEH AT 98 PGE; ¢ PGG, &
Al FRIE(H. B3 SR 459 FAHY AEd dsiAE PGEy7
A sl E By RS & gl (AR mlAA).
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8 Al iy 49y

[K

2 A A o] PGE; % PGGy, PGFy &

B2 2] (ng/ml)

Sample
PGE, PGGo PGFoq
- 0.000221429 0.000125
A=A 0.0000625 - 0.000115
- 0.000171429 - -
Al A2 - - -
0.000209091
A=) - - 0.000277778
B 0.000264368
At 22 - - 0.000335821
0.00022549
=7 212 - - -

“HL: hemolymph, FB: fat body.

Y

17y
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A10 vu & ASTAA(FEINZZA2) A

HE] AFA= B MASt= IA8YAA TR Bacillus thuringiensisol A |8 v &=
ofolt}, o] Al ZAE AL F o] e E A4 WS E 5 o, 2
s u v FeEo Z4A WA S AlAetH(Tanada and Kaya, 1993). ©] w4+

Z mro] EAste Alzut @] ol o g Agste A MEEE E4ATE A
7}14 AR FAAEZE FHAI = AHE ZHSITHGIl et al, 1992). T3 FATH
o] Fxo we} & g LFTE Adolste BlE s UHIRET olygt S EHE P 9 E
& ZFoll o]2717MA] W2 715 WHHE ZA = A (Schnepf et al., 1993).

HIE] AZAo 28 54 Aol sl o] FojA ™ 3}shsofo] Hlis| Hlwz A% L7}
ok =3 HT o s Fo] vE AFA ] el AFA AdAHS Tds o HlE
FZA A AFAEE DA EF fFS AAEH AES VIFE st FEY
W (Plutella xylostella)©]©H(Tabashnik et al., 1997). HIE] AZA o] s AH&dA 712+ US54
ce o] vl R 840 WPorE T WA WEsi ﬂrﬂ”’é«] gAsts JAEHA =
Z1&olm, ®E T2 Fo AIFA 7Foew A Mz o &) ¥ (cadherin) 2] W& ol
e Aog UYmsa oo AFS I Hog Olﬁﬁﬂl A tHHerbert and
Goodrich-Blair, 2007). wetA HIE] &FA9 wjFFded ik &332 WA7E o9 4
AAANA AE=7t FolA L ok HE AFAle ARAE o|F& FauwAe] 4F F8 o
Aol Cryl, Cry2, Cry3, Cryd 522 FES3 It UHl & 5 oz fa3 A58
Wi 2 HlE] S ES Cryldd &3 ®g 23y Cryle tA] BA729] ekl wet
ME o] CrylA, CrylB, CrylC S22 FEAT. wiFSU(Plutella xylostella) ™ SRt
(Spodoptera exigua)v~ WEZ HF fFo= F8 2= sl AAZH & F1 Utk
o] 7 dF HlE ZATMAo il Hold TS Hola It CrylAve F8 F4ATH
AR Bt kurstaki= WFEUWol FES A58 & Hols ¥4 CrylCe F2 Spodopterall
&3t 3 fFagh A4FEEs RolA Hrh

HE AEsofe 4F8HE Eo|7] 913 A77F "HHEFH 2 "ge MEoE P EHAHSeo
and Kim, 2011). o]l& &3 WY A7} vlge] 2F5ES 59 F doe B AL dgE
T HRahman et al, 2004).AAE WS A &3gES HIEH AFALL Edste] HEstd
Elo] A=8S HA3 Z7MAHHBroderick et al, 2010).3+8, ZZ=WAMFS Xenorhabdus
nematophila (Xn)& W4 2359 WIS At EZES I RusH(Park and
Kim, 2000).

H

mﬁ
(A
:\.“:

rr

R

1. 4EAH
WEAAS GAAROR ANSAG 2 BE) 5 B AAAL WF AGx3 cm)E o}
A7k 2 g710l ok 20 £ AzAAG ol 1 Az B AAAZ 3

S 383 )
FEPT 495 HUTY 10 vhH 3 RO NSk YE & Hele 2 AT FR
794 A Y AT F g Al ZASAT AT FRE FEE GO M, 4
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g 27t 194 e AoH $AYe] Gt AAE AFAZ A3k

2. FAHIgEH 2 A
HIE] 9} Xn Bl

=
& ME 2 ugE B3 ZM 1000 ppme] 5419 o
A7)l 71&8 AE 2

PHoE AT OB EF ueE 2FHL nustgh 27 B3 )

€< BtaBtkiXn'EtOH = 4:1:4:11 2 Az st th. vy 3853 a5y 4835 10 vhg]
A 3 REEO R At dE2TE THFTE 719 FYsHA Agstan. Ay dEE A
g & 7 93 AEZ v A T

3. OFJ ZA}

ol

¢

Uk spihupk-S v S 3 2719 oF 50 vhefd 3RS 2 ARG WRAL & 3AIZE
o] At FH wjFo H wiElr} BAAUEA ZAE Soh AAFE ERIS g AlxE FIHE
ZY2S W 3 27D 300ml® 1,000ppme FEE HYdth Ay F 3,5 7€ (tFo=
5o EoldE AoldE HEo AAFE Aolzth

y
f

4. QC

(1) FErgSg 22 1 L A &3 3 £33

(2) 1 L9 separate funnel& ©]&3td 1 LY AIEE ¥ 300 mle] hexanes ¥ vi7l2 9
3308 7t EEo FAG oW 53 vtk 23 E 4o 7F2E wlEFT olF At
separate funnelS 2417t &<t WA} o]F FZF hexane TS L3, TAl 300 ml®] hexane
FZ3AY. A 400 mle) hexaneS H7}sta U3 o=
FZ3 . o] 3 1 L9 hexane FEEL 4T 23

flo
2
N
N
okt
k1
of
(1A
rok
ok,
i
o
ut

(4) 3% hexanes ¥ ethylacetate 5= 247t 1 Lo A& 23 FFFLIUEFS 500 g
2o 3 1 L9 hexane 879} ethylacetate 375 2o &

6) AR 1 LY AaEetaa d7FE0 A3Art 2d 2uriE 2Asa, A3 77

6) g9 F718 FEEE2 1L 3719 AgsF7]e F2t23E o83t #ds=H40T
o A4l 1A1ZH)3td hexaneZ ¥ ethylacetate &< AAWUT. F7]&w7F Aletdl S8t~ 9
e & on v & 58L& HPLCE MeOH 5 mlE

o HAEAe] Eol gl 2

) 5mle] AlEE E342Z 7ol 0.20 pme PTFE syringe filter2 o33 & 10 ul®] ZAFAH]
%— o] &3ty A HPLCO 5 ul FY3taTh
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(8) HPLC =4

1) HPLC: Waters 996_660 (254 um) 2) Flow rate: 0.5 mL
3) Water 60 : MeOH 40 4) Time: 70 min
5 AzFA

Table 1. FAVEE2| 2 B AL

Chemical Company Fermenter (500 L)
Glucose DAESANG, Seoul, Korea 12kg
L-monosodium glutamate DAESANG, Seoul, Korea 7.2kg
Yeast extract Duksan, Ansan, Korea 1.5kg
Monopotassium phosphate Duksan, Ansan, Korea 0.6kg
Calcium chloride Duksan, Ansan, Korea 0.6kg
Magnesium sulfate Duksan, Ansan, Korea 0.18kg
copper(Il) sulfate Duksan, Ansan, Korea 0.018kg
Manganese sulfate Duksan, Ansan, Korea 0.012kg
Tron( I )sulfate Duksan, Ansan, Korea 0.012kg
Zinc sulfate Duksan, Ansan, Korea 0.012kg

FEHIEIE8 2 Bta, Btk, Xn Al 7FA1Y] Algto] S0tttk ol vt v miAAES 2413 &<t
1 "d#dt) o] w pH 7.0, €EE T2 ZHET. do] Eud Alde AE3do 4z Alde
4L vl HH‘”:?'SH T AL AT AT F o 243 AR 7Fol BASEA FATdH. AFo]

A S A 2XAE &% FYTIH 4847 <t H%V& = As AR oF 108)7}
= 4

%%—a Uﬂ 77}11 ‘1.”"1?:

2
L FeuE &z FELE

FLRE ZE s HAHAA - A8 Az wEol AT wiA el =4S (Glucose,
L-monosodium glutamate, Yeast extract, Monopotassium phosphate, Calcium chloride, Magnesium
sulfate, copper(Il) sulfate, Manganese sulfate, Iron(II )sulfate, Zinc sulfate)® T %] QT (Table.
1) (Seo and Kim, 2010). w€HlE|Z& 2ol FEEZS TE+= HPLCE °] &3t A 43
o 27l 1 L 9 mEHHEHEE 43 dEHoHER FE3dt. 555 HPLCE
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53 8% FEEES IFF EH5AA FEEES ¥ E YU o] 8% FEE
dol e AL gdstdien 440 =dEE F55 Avtedth Xn H ‘“"Ur H B &2 &
o FAHIEZH2E Husige W FEHEIYH2 H B2 FE=E0] dvue Ae & F
AN

Table 2. HPLC analysis of eight bacterial metabolites in 'Dual Bt-Plus’ insecticide

product. Each measurement was independently replicated three times.

Bacterial metabolites (ug/m1)

Treatment ) )
Ac-FGV BZA cPY HPA indole oxindole PHPP PY
Xn culture 55.2 83.6 97.3 63.3 46.5 155.1 170.2 216.7
broth (48 h)1 +11.7 +104 +21.0 +19.8 +185 4493 +61.2 +50.7
Expected 22.1 354 38.9 25.3 13.0 62.0 68.1 86.7
Bi-Plus 307 516 143 119 79.1 885 90.9

observed _ .

£5.0 +84 +6.0 +50 +2.3 +12.8 +237 +17.2
Dual Expected 220.8 354.4 389.2 253.2 186 620.4 680.8 366.8
Bt-Plus observed 160.1 1879 456.2 9.8 130.3 613.7 385.4 413.0
447 274 +63.6 +11.3 £31.1 +89.6 +149.8 +105.8

Y Xenorhabdus nematophila (Xn) was cultured for 48h at LB medium.

2. o &
(1) Aueks

71EY HEHEH =S FERIEHEH2E AUelA dadA st A s e w5
1,0008] 3| Aujrol A A § 3ExE THZE YR T 71EY HIHEH 2 v FE U
I g 70%el wIX A Zste WAl E3E BRYAIN FEREHEH2E 39 100%
o WA EHE Bt whA o3t Ade 7EY ARG wWE AZE Qe 100%9] A
BHE BAT F S BAFAT

100 P. xylostella 1001 S. exigua
80 - 80 -
2 601 2 60
= 40 = 40
20 20
0 T 0 - .
Dual Bt Bt-Plus control Dual Bt Bt-Plus control

(2) ZHFR
Ao B¢ v vEold FIuly

i3

2

Ll

oks] =AM WEE LG shibgel
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AEHE dopEtt. FAuEEH 2 AP 3dAbol wjFFuE2 86
=2 7]E9 vy EH Y FE3E HEAE, deEEng Fart ¥ A

s 2 5 Ak A
ol AUEA 5AANE FAMEIZE 20} 100% WATLE R ols O AFERY
A4S WE PAEE G o] FARE S (1,000 W 54D Szl A ok E

JERRA ergey.

Table 3. Control efficacy of Dual Bt-Plus against Plutella xylostella larvae infesting

cabbage leaves in field

Treatment N el DV o
1 2 3 Mean+SD efficacy
3 DAT®
untreated 46 96 93 82 90.37.3 c -
Dual Bt-Plus 47 22 0 18 13.3x11.7 a 86.7
Bt-Plus 45 65 64 70 66.3+3.2 b 34.0
control 1 47 78 63 66 69.0£7.9 b 31.0
control 2 43 79 68 70 72.315.9 b 27.7
5 DAT
untreated 46 96 87 81 88.0+7.5 c -
Dual Bt-Plus 47 0 0 0 0+0 a 100
Bt-Plus 45 51 41 35 42.3+8.1 b 57.7
control 1 47 42 45 60 49.0+9.6 b 51.0
control 2 43 34 47 44 40.5+9.2 b 59.5
7 DAT
untreated 46 91 83 81 85.0+5.3 c -
Dual Bt-Plus 47 0 0 0 0£0 a 100
Bt-Plus 45 44 38 33 38.315.5 b 62.7
control 1 47 42 35 43 40.0+4.4 b 59.8
control 2 43 34 45 39 39.315.5 b 60.7

! “control 1’ represents a chemical insecticidal (Raimon™). ‘control 2’ represents a commercial Bt

(Tobaki®).
2

'"DMRT" represents Duncan’s multiple range test at Type 1 error = 0.05.

3 'DAT' represents days after treatment.
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Table 4. Control efficacy of Dual Bt-Plus against Spodoptera exigua larvae infesting

cabbage leaves in field

Survival (%) Control
Treatment' N DMVRT?
1 2 3 MeanzSD efficacy
3 DAT
untreated 55 91 95 98 94.7+£3.5 c -
Dual Bt-Plus 50 6 15 0 7.0£7.5 a 93.0
Bt-Plus 44 91 93 75 86.3+9.9 b 13.7
control 1 46 90 85 85 86.7+2.9 b 13.3
control 2 44 60 73 74 69.0+7.8 b 31.0
5 DAT
untreated 46 91 89 92 90.7+1.5 d -
Dual Bt-Plus 47 0 0 0 00 a 100
Bt-Plus 45 51 40 30 40.3¥10.5 ab 59.7
control 1 47 57 57 47 53.7+5.8 c 46.3
control 2 43 33 29 42 31.0+2.8 b 69.0
7 DAT
untreated 46 91 83 88 87.3+4.0 c -
Dual Bt-Plus 47 0 0 0 0+0 a 100
Bt-Plus 45 44 40 30 38.0£7.2 b 62.0
control 1 47 47 44 36 42.315.7 b 57.7
control 2 43 29 24 35 29.315.5 b 70.7

! 'control 1’ represents a chemical insecticidal (Raimon®™). ’control 2’ represents a commercial Bt

(Tobaki®).
2 'DMRT’ represents Duncan’s multiple range test at Type 1 error = 0.05.

3 'DAT' represents days after treatment.

3. ol
A oA ANEAE Q}—BH;]%; %075) -
HlZ o (@LEHH;TZ:IO]) i :
T2 g (}E}EHH;Z_PO]) i :
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HE] AEAAY 2F $34S 33 A7l 2457133 Xn &F WdgA 7138 535ty
e AFEE AFHOR st 7€ vHHEZH 2 9A|(Seo and Kim, 2011) Xt} w2 AJZH
of &xFola FAe F dFS WAS=H olds FAT Al AHEStE MAIE wY
o] AAAHR We Faste] Az FAHY @UE =9 AHISAT BHes 22 4HHE WIS
AHE-3L9 THSeo and Kim, 2010). ¥ Aol AF8-3F HEl= Bt aizawart Bt kurstakio]Th. ©|

T Z7 BtEL 108 5L 3t oF 107 cfu/mLe $EZ 7HHT. Xnd s oA 8714
o FEEAC] Y2te 22 UTHAT Xno FEEHS AcFGV, BZA, cPY, HPA,
Indole, oxindole, PHPP, PY 87}x|7} A ETh 2tzte] 8 &4 % BZAS oxindole®] ol
S T Xne 718 BZAS oxindole= HIE|EZ# 204 30.7484 upg/mL, 79.1£12.8
pg/mL7F SAUAT FEHIEHEH 2= BZAZF 18794274 pg/mL oxindole®] 613.7£89.6 n
g/mL7} Eoljderz ofF 6rf @& WA Edo] HrlE = ALz AU o= HIE
o HAAdS SV As BAFAT AW o8 A oA HedAde FrtEe As SH6t
AT HIHEH 28 mAvHER2E dFEF U gl AEsidth Ae $ 3kl
TEREEH 2= 100% FAZEE HIAAR HEEE 2 0% % A A] Xéte= A7
Aok oetA FLrEEH 29 Gar Holuts s A5t oFe] T4 AdolA A
gl & 39 <to] FEHEEFHAE WFFUY 86.7%, U 93.0%2 WAVIE BlEEE X~
U gE deskd 3"94:3‘:} W23 =2 YAVE BHT 58 A= 100%2] WAVFE B

MU R ELES SR FEE YEoE S5 o
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A1 GAEY S HAA(EZ) AT

shapisoe] TREE A AF A AFYS FUHAL, oF Astel HFA ASF 7
k] AAH £2 2 B4 AF AE FUh GAFNE YL A A5 Asir} A

o
Hir o

=
ol bAG Fofe] o] AEFUS THOE JEEHY gt HIE TS R 4FHol
< v AFA7F g AoE AFS AEZE Hol dA7A AFEE I ITH(Bravo et al., 2011).
Y &FAe 29S8 wl Bacillus thuringiensis A& 718FO 2 thefdt w571 o] &5tk o]
Aol &% 7172 o] Algol TAE FAY w Ta FHd EActs Fa9d AAA (Crystal:
Cry)ol 98] 7]1"9H(Crickmore et al, 2014). Cry @A L B thuringiensis 5ol W} thFsty,
B. thuringiensis subsp. kurstaki (BtK)®} B. thuringiensis subsp. aizawai (BtA)+ UBH| &85 1A
St ©o Ags Cry 9AS wdsl= ¥YA B thuringiensis subsp. israelensis (BtD®} B.
thuringiensis subsp. tenebrionis (BtT)= 47 I8l &3 GHdH & 5 U4z PAV 2347 =
< Cry @9z HdstA Ao

Cry @9 de i alizo Zol Eoi7Hd, UnlE afF9 75‘—?— T &z pH =doA &
Hol astas(d, EHA FAF 84)Y A8 o &4 std dudE Hgdn. G439 Cry
Wzl & Z=2uko] gaminopeptidase N (APN) T£ alkaline phosphatase (ALP)¢) E8 02 Zxul 21
2 UxstA =, oluf JH=sd ek ofs) N gk dHo AMA a helix FHo| AAFHHEA
F7F 24371 YA (Bravo et al, 2012). o] F7F 438 Cry dld 2 AE &Y E FAH
A TR FHS A "o AT o] #Ao| ABC co-transporter®] 7ol #Hofsim, o] o]
<M E A4S Cry @A gt 54 F8AZ 283t T FYS A= o 57
% EFE Fv ASE YA k. o] 79 FA AAH oA &L 71E IFEE = APNA
ALP7} #8412 88 4 JdHBravo et al, 2005).

HE] & F2 5]%" uﬁ}ﬂ OEo ¢ dZANAAE o AEFekd gt Agd AbEZE vEbY]
A2t T %o AS a3 60-70% ‘”’Zﬂ aRE 9A Xt JdviKwon and Kim,
2007). &= olE UV@%%—F-J AERE NS5 8755 A¢A Xshe olf7F Ha ATk ol F F
Balal AEFes &3 8E HAE ol F7] Hal ‘/}E}"]' Mg o] A E LA (Integrated Biological
Control: IBC)°]T(Jung and Kim, 2006). 283 o] Holg A= TOFE A=AAE o FHoz &3ty
GFEE EolHE V&S T Atk IBCY AHHEAE HIE Fod ZFHIAA ARt £ ARl
Al s Qo

Photorhabdus temperata subsp. temperata (Ptt)e I1BSAANFCoE ZEHAAZEQ Heterorhabditis
X

lo rﬂﬁ*—L

E A
o]-(‘ 0>
_l“,
lo

megidis®] FHTCE F83HKaya and Gaugler, 1993; Kang et al., 2005). o] A& tha &9

oz HJAFT 4 A, o] FoA Pt AldS EREHA ot EdE A dddAIAE 2F

o2 BEusty #AAl 3 JF AFE 259 WY HEo® By HIWA da ALl FAS ER

stAl Aok 4 A A FE FrES A Alds AFAT AFe st At E F A3tk Al
=

Hai Y T/ HAdgAEdo] sgHor FAHEHJTF(Seo et al, 2012). o5 EZo FFH 54
HAZ7) SR ofo]ZA o= IS AZA7| = AAF RS G421 phospholipase Az2] &
© A2 Z AHEFHAHKIm et al, 2005). o] 222 A wjFHo EA3tH, o] Al v FH

S @'C’—HQ‘ UHl & e Fo] BAEHRE IA FEAAT S, HIHY Cry SalE 9

] Sl EO A HA o]F T Pt BEGAEZHe] FoE AYE F A FH

ol
2
ox
(ko off
ofy
o

2 e IBC 7]%01] ?JZ; 3} HH £ Jtelete HAEEE HAY EHo02 o|F Y. ol 3
WA " by H&o| 7153 B, thuringiensis @55 A3ttt =3 Pt AF5EF 9 WA
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ol
o &
tlo

TS T3 nAEEFAS ALY, o5 Ay 2L oz
kS FA('Col-Kill")o) g} H3stuth

4
o
ol
2
40

e H LY

F27tEddd A B Agd A" F27FsSd Y (Phaedon brassicae)v % 25 = 1C, 3x4
16:8 (L'D) h, FUlFE 60 + 10% ARSAoA Fo AS3AT f59 A wF5 Ho
A5 A9 10% A-EF sFE5 34 Hol2 AFste] ASstat. AEAG AHEE FF5 2 453
F(F3 & 7-109 A MA)S ol &3A, 452 3 10-20¢ # MAE o] &3HA

% o

LEHAATE dF WS ZFHAANTF(Xenorhabdus nematophila ANU101, Photorhadus temperata
temperata ANU10D)2 7]F AFolA EEld & FHARAFTA AL o] 839 Jung and Kim, 2006).
o] #FE tryptic soy broth (TSB, MBcell, Seoul, Korea) H|A S o]&3}la] 28ToolA 16 A7+ ek
%, 2gAE0] 30%7F HEF Hrlete] BEE 735 eIk o] BR¥ 7FE NEEHE AT wige
AARE o] &H o] Aol WE Al Wol JhesdS AT o] #FE 28TolA 48 AF &<+ 200
rpmol A B kst #FE A}y

Ul F7 HlE #FBtK, BtA, BtK, BtT)7} & ¥Ho] nlw E4HJH. ol& ZF HE #+F
TSB BHA iAo M& EZsta 28TAlA 16 AlZE vkttt A Aol A v gE AldalA @

ZYUE dx O]—E— TSB HA| wjAE o] &3te] 28TellA 48 Az B2t 200 rpmollA]l v gk &
48"]@ EQH AT A 2o Byste Ao 24 FAS FEstith

Iy
>

Ptt Ald @7 SA4 B4, Pttt X. nematophila A4 74 =

Hwatgdoh 2 3o A2 g2 Ald 25(0-10° CFUO)E Z+zt 47 =
FAZ1E o] &3t 1 pLy v ZFFAEIATH 4 Ald FE=E 10 vy AHEe & 394 AHLE
stA T

Ptt B A AGAA A, o4

1 71%% PHUHE P AFL 48 A7 MFaha, 8000 rpmlAl 30
& Ay @ 5 HH%“-'? %—aoﬂ% 29 0 g

. E o] &3te] o
2A 29 FAs A2 N+
%% 7o FYdstAth ANxF A ampicillin AdE FH

pCR2.1 = E ol 347%_17‘43& stttk A 87 FUL dollA F&3 v FFA]
Aok 2 f5ol %1—%}% Al T 48 x 10" CFU 9t Az 3 Azd= dyg=
ampicillin (0.13mM)°] % Luria-Bertani WXl =2s}lar 37T A 15 AIZF wjFslct. o] A
H #F5E AFsty 3 CFU 2 g2+t

sarstel FeAead

r&ﬂ =
P
ftlo
e
op

Lo
off

7AA

224 Az vAE FoF F2'S Bt (101 7.28/mL) 25 ml, Ptt ¥l 195 ml, 100% o &hE 25 m¢ 18
3 A 2HA| (Koremul-DH-5006, 3+&3t4d, T4k ) 5 ml& 4o F 250 mle] AAZ ZA AT

Cry toxin &Rl ¥ o] o| 8% 459 B thuringiensis7} Wds= Eo|F 4 545 0I5 Hsiod 7+ =
2(CrylCa, CrylAc, Cry3, Cryd)d Zeto|HE A&satt vl T/ Crt s4Add {2 = NCBI®] GenBankell
A CrylCax= AF362020, CrylAce EU447666, Cry3+ AJ37900 1813l Cryde= FJ77106729] accession numberE ©]
g3l ATk CrylAc  forward primere= 5-GATATCGTTGCTCTGTTCCCGAA-3', reverse primere
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5-CACGTTGTTATTCTGTGGCGGT-3', CrylCa®l forward primer= 5-GCCAGTTGGTCAACTAAGGGAAG-3,
reverse primer= 5 -CCGTACCTCTTCCTCGATACGTAAA-3'¢lH, C(Cry39 forward primer=
5-CCTTTAGOGGAAACTCOCAAATC-3, reverse primere= 5-TGAACTCAATGCACTCACATAATC-3 oM, Cry4©] forward
primeres 5-CCTATGCACAAGCTGCAAATC-3, reverse primerts 5-CGTTGACATCCCTTCTACAGTC-39]
. PCR WHE&H2 25 WEA & AFAE, )¢ PCR BFE&AE o] &34t 2+ PCR RHS-&
2 1 w0 Bt gDNA, 25 ¢ 10x &8 2 w0 dANTP, 1 u forward primer, 1 0 reverse primer L&
I 05 p® Taq polymerase® TFAEth PCR 71A= Biorad 3 A+l MyCycler™ personal Themal
Cycler B2-& o] &3t PCR &2 94TColA 5 & WHAAE o]F 35 3] FZFukgo] P ATt 7+
HEES 94T WA 30 &, 52C Zgtold A 30%, 72T AHEdF 1722 FAHAY RE $F
T 72TolA 1023 °]°4 AHEAR 1SS AP o] F 4T FZES RAAAT PCR &
2 1% op7t2 = AE o|gste EEsAT A7|¥s 212 1X TAE &#3589, 150 V e =
B2 AAEAY. 28" PCR SZFE2 ethidium bromideE ©] &3t d4® & #@319 )

Mo oo

5 Wz ol

HE] genomic DNA FZ&. HIEA#¢] A= DN A% F= sh7]9lsl x1£;‘<13] H 7o) vl E 2ml¥
e-tube®] A% F 13000rpmoll A 5E3F AETY T pelletS AT D2 pellet2 500u02] extraction
buffer (10mM Tris (pH 8.0), EDTA (pH 8.0), 201¢/ml RNase A, 0.5% SDS)E =do 28 10u 2
100pg/ml 5%9] proteinase K2 713 &4 S AAYSH, 50T wise bathol] 1027+ vHEAIAY. I o
S 225u2] PCI (Phenol:Chloroform: Isopropylalcohol 25:24:1 (v))E 92 % 14000rpmoll A 2831 ¥4
Y AZRY. O & A5AS AZLE e-tubeo] &7 F 500x¢ 2] CI (Chloroform:Isopropylalcohol = 24:1
V)& ¥S F T gids AAS Y FAJAoh 1 F A 1400rpmell Al 283 AR dte] FE S
M2 tubedl] FolFAa, 4002 10M ammonium acetate &F 800109 100% EthanolS Y& & o2
o 4 103t ¥E-gAIZl % 14000rpmoll Al 3&3F YAlEEl & DNAE FASIAH. 4% DNAE 70%

EthanolZ A& 3 & 509 EFFE SAF .

AERA. FAAGE dFAYRLE 2 x 2 cm® VLR x A=) 7] wjFdS oAl A&l oF 20
B AR 5 AFA follA 4-5 B3 HY FAe AAAHG. ol MEE AAAT} Z2HA= A7
85 el AFE7C T F2rEdEE Fed AFe HISsAT 52 ARSI 4 10 mHE
WZ—%}%IOE] AEE7I7F Az 3 WE At oldl, FAZ T Eated HAY wiFde
ol &3stRa, HET= HxHFE - 2UES AFdFA(Ay, sFEE, ME, ) ARSI
™ E% Aol ARSI #5345 AS FFE 24 AR AR EAEAAL, oju XA
T2 AR A=l del T4 vk Y] e A= AU

ol 2AAAY. w7t AlE 2E F2rteddd 53 A5 AFTSAT. 4 wiF 27171 vhEo
2 30 vk olde HEE bPE‘r‘iiE} 2L 1,000 B BHedg o] gl o, 1‘4174 oAl HiHl et
2V EZR dFFeAs 55 1,000 ¥ B4 A4S AHgsAT FAYs =W AT AEF
© Ag F 3, 7Ll =AEIAT. BAVFE FAYT o] FEAEE A2 AHESAT

FHEH, ofd WlEE o] gate] 2ol oFlE mASAT FLE 1,000 Wl (1FF)s} 500 Wl ()=
H4% 5 Ee] FEHY 4 Hels 3 wRoE ABSATh okl =S AP F 3,5 79 A
AHQom FREAR o|FHh FHEAL 059 FEOE BIISHA 0& oFslvt gl AolM £A
7} FHBEE GRS AT AR e,

EAANY. RE 22357 ANY AFJE= WMEGE A2 E2A] arsine H3¥ T SASe PROC GLM (SAS

rr
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i

Institute, 1989)2 ©o]&3led ANOVAE 2 A7 HFZ ¥zE AAFAY. €3] AFA ZHmedian
lethal time: LTs0)S PROBIT 4% (Raymond, 19852 o] &3} &3 th.

270 WL YA E ERY AAED BuE ke Ad @59 OFd Bt #F shed B
g Ag FFE AL DUt YA WA AR FFE Pt XnE HlwEt Pt #FE A
FHGTHE 1), A2 B2 v5o A7 Ue2 G744 798 A3 7 Ave 2F Feteadd f
Zof e A==ES Yehdth 18y 50 o2 T A7 A% xpol= YEREA gol Bt
NS
Pt
72277 Xn ’—I
100 +
2 7
O gl NS
© r!
T
NS
L 60 - ;
>
S 40+
Q
= NS
20 - W
O ﬁ| T 3 T 5 T
0 10° 10 10’

Injection dose (cfu) of bacteria

T 1. F27Eddd 35 i 7 2ERIAA Ao &5Y nla. F A& Ptt (Photorhabdus
temperata subsp temperata ANU101)$} Xn (Xehornhabdus nematophila ANU101)E o] &3ttt Z+
TEE #F59 A FAdstRoH AFaIA= AEF 3YAHdays after treatment: DAT)Ol ZASHS
o 2 AEE 10 vy 3HtE o2 AAFEY NS &= 0.05 FoFFdA HF3t 2Fol7F veEluA &
=S or

v

FUYANAFEE= Pt Alero] Xn Aol Hls] o
o Ptt7}F Xnoll HIE] A3 A5Ee Bl A

& 92 FAE HA(® D $AHLE Aole dAH
% E

2 39l o] AEE 22 A

[0y
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1. F27isddded did 5 Alde SYAAEE

Bacteria LDso (95% confidence interval) Slope = SE X2 df P

Ptt 9.7 x 10° (2.3 x 10° - 8.0 x 10Y) 04 £ 0.1 0.35 4 0.4469

Xn 1.5 x 10* (1.3 x 10° - 83 x 10 0.6 £ 0.2 3.94 4 0.9747

$3l &AA ampicillin
H Ao =3}
e Al W= FEdH

Qe AdHE ane e
o

a a = Conrtol
160 A T O Pt
140 A
120 A
5 100 A b
LL
O 80 - e
C
60 - q
40 -
e
oy N
0 T T T
0 24 36

Time (h) after E. coli injection

T 2. F2UbE el tiE et Mg A Al &3t TSBolAl 48 ARt #ikd Pt v de A4

st Alg AAST A 022 m AHJAE T3 viFded A= Yo AlTES AAAH FA

Al (ampicillin) A TS F27FAdd A 2 150 CFUS 9E=2 ?JO]'%U}. PttA g7+ 3

wt GRS AT A FUIHFoH, dET= Pit Wi il BH4E tiZdFH A FYs)
Atk 72k Agle 3RO E AAEHIUT

24 AzE 9% Bt Az 25 A
Bt A 98} vl FF A ohe

£ BiEo Cry Sawmde daye 7 2 =
M E ol F FAAE vmwstel Bold FAA MLL WP ATIHATHE 3.

i
of
N
|

( E}’N
rlo
N
alx
4o
i3
=)
ok
24
|
%
%
R
=
2
i
QL
e
)

N -{o
2
o
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Eryd. qd.q

Tryd o e
Or el aog
Sy Ca . s
Ty - maseg

Er ylcs.ﬂq
Cryi. wmg

Tryh
Ty ica . meg
CHYR . wm

TEE

T, g
BV R AR, W
T T
Chmy N g

el meg

Cry O
eyl sy

Tl o
T r e B A . mey
Ty L My
ey, de

Tk, masip
[ T, R )
e Yy
[Tl T

Crylic. -]
CEylos , maeg
B T

Cryd.

CryS.neqg

e

Cayd = mmng

e AT AT AR A
TE‘I‘JA."ITAM"!EETM CFRATGRARRACAATAT AR TR TCAGAA S T T TS TRAGT TTAATARAA AR OGRS TATTTTAT
BT

AR TEAT ACART AR - A AT A TR ARAA TARTOAISTUCC AR TARCCATET TS AT ST AN AR TR AN AR AT

S == T TR~ = FIRAART GAT CORC ARG T TOT AT A - AACTAGERAT T AT AR LN T TR CARAR TOARTFT GARGAAR T TAETOOTT
LR P T A LA T Ay T e T T A, B o T T A T AR T T LA T A S AR TS TR T T A - ummmus.nfmm-rmwmml
T = ARATCA ~ARAT CAATGCATACC T TACAA T TOT TTAAG TRAT COTGEANGARD TR T T TT GG = ATGAAGARDGGAT AT T AR TOET AR

e e e e e B B e e R B e L 2 B e L e e e e ‘l‘l'n‘f'r

B e e e e o e e e e o e i e o L e ]
QAT GATAT T TO O TGO TOOOTAACGS AAT T TOT T T MOAGT ORMATTTOTTOO COOTOCTOOAT T TOT G T TAGOACY AOT « TOATA
AT AT T — - aA AT T T TG TR T TG T T OAST T T TS TA T O T AR T T T T A A SRR AT T T TAGT TR T TAAT EATT
CREAIRR - = GO ATTPCO G AT AOG TOA T IO CTAGGTI T AS T M TP T C OO T FOG TOERAGO T PO - ~ TTCOTTTTAT - Al kil

A T T A T AT A T A A T T AR T A T O T G T L A T C AT PO T U AL G A G OAAGOT ARGALA T T TR TEARRE TG CT AR
TAATATHIZGAATTITTRETOCOTC = « = = = TOMTOGGACGCATT TCTTEGT = & = = A RSN T T OAAS A GT TAAT TAMC ORI GARAT MG
TP TAT OGRS T AOT T e e ———— — AR T GOOATOCAT T IET AOT - — - — —— AR T T ORAC AAT T AR T T AR T ARRLLRAT A
OT T T T TARMTACTAT TTGHC CAAGTGAMAIMN  CCOTGRAAGGCTTTTATGA - = = = = =« RCRMNETANEAIGTAT TEATEEN TO AGR AR AT MG

CRGARCT TR TR TARGTAT A ARG TOEGAOT TT T AR GRCATAGT ARGARAR TATC GOGAC TATC TAGR GG TOT T TAAAR GGG T GHRGR AR
D LI T e L e e I L N L A ]
CTOART T30 TAGAAA TN T O T AT T OO T A AT T T ALA R LA TR AR AT T T AN AR AT TT,

CTEAT TATECARAARATARACT TCT TOCALAGT TACALDCOU T TCAARATAATOTE T
AT T T T OE T RCTRET ~ ~ — — R T T P e T T T A T T T T A I A T AR G T T AT T T Al T T T AR A T AT T
T T T T T A O T T A AT T T A T T O T T T T T AT AR T AT AT ST TEAAS S TS AAR T T TAC AT T T AT AT T T T AASAOATISTT
LT TR T G AR T T T L T AT T T AR T RICC T T DA TG T DA T T ARG GG SRR T oA T TGS TATAT TRAGAAT T
T T T T A T T T e T b o T T T i U T T A L L T R R A T T T T T T T A T AR L R T

mnTMhTmmwrhmTMrwmm&mm TAGOATARMC TAT T T OO TGO TC TAAAMNART T ATACT
TIAGT T T oo e -r‘-r.ﬂ.mrnu'p_urrhfn- T LA BT AR T AT R A R A TS AR AT AR
umeHM*amuﬁmmu?w?m‘th PR T AT R AT R E TR T AR E AT AL T

Emm“mem&hwamiﬂmmimh+n- - -M.Ju:.bi.:u\.l:'l":u’iMﬂ'Hnl‘ur‘_MJM AT T

AT TR TP T O T AGA T ALPE AT AR T ERC RO T F ARR T RLAY AR AT O T A T A T O R ARA T TR T OAGR T FT O ACAGRTTT
R TP AR T T ARG T AT AATCARTET
GATTACTFOT I AARTASOTAT ARTC GG RA T FASAT AR £

R AT PO ZAART T AT AR TIFT T EA T TAGHR TARAR T TRAGAGIGT TICATCTTATOR . « =« - o« ATEFTISETRART T TT Ad

1R AT T el T T T A T A T T O TR0 T AT R T T A A G TRl L T O A
T T8 TOAT AGT AGARGRT AT AT TCOALT AT T T 0N,

A R T R R T TR T T e T T i T R T T W T T T 0 o 7 o T P i 3 s T T ey T T

A A AR TR A T AT TAA AT AT TRGAT T TAA T TGUAC T AT T TOCAT TETATGA T T T DR T AT AT O RS U, O T i 0 58 A,

TTATCTAEARTAATTT ATACRAGA TS OASTAEITTa - = - - TTTAICCTTGUTATAGTOCTT
T T LN R G P T T T T Dl 0 S T T TG~~~ — i T T T TR TR TR ETE ~ — =~ ~ TR ia i TOEis 10 — — = = — R oA T A

AT L O A T T AR T TR T T T A T A AT TR A T T T A e T O RAT TRCT TA T T TT -~ RACET TAT R
TE A A F R T T T T E R T Ty T T T~ = P TR AT T T TS E0 e T AT T R AT TS~ T T AT T S
A A AT AU R T TR, T T E L AR A LA LA S A T LT B e T U T T T A T PO T PR AT AT AT CO AT AT ATATTCAT
AR T — — ~ BT AL T (A AT T LU ToIC AT AT AT T AL AL - — AT AU AT AT AU AT — — (T — C—— — — — = — ~ T AT
ArLA A A AR TP ALARA T TR AT T T AT T T AT AT AT TLAATLA - - TETTACAATE T T TACOAAT TR T - TAEFET - — — - Frhrlmese

ARRATT AT — = = T VA AR A s T T AT T T A T AT PO AT ALAR T TOART T I AR OO G T T O AR — A T AT T A T OO AT
=« ATTATTGLTOAGIGCATCARATARTGELTTCTOD - « - TOTCEGT T T CUGGUC CAURARTTC - ACSGTT TOCHCTATR TGS
— AT AT ARG A AT OO T AN TR T T AR O TTT — TR AT - —RETGGT RNGATA - - ROATCTOCTATA TR TGE
AR T T T T AAT T AT TGO T OO GO TRAAT TAT T T T CRAC TAAAC CAAGTAT AGENTOA ~ =« ARTOATATARTS « = MIRTC TOOATTCTR TO0

Tlﬂﬁ“ﬂﬁ_"ﬂﬂ"‘ﬂm‘TMTGTAMMTMWHWAMMHMTMETDMﬂﬁmhmm‘?ﬂwﬂATh

— AR T P — = o T s P AR T AT T T TGOS TUEARC TAG - GT ORI CFT T AT AR CAT TRTOGTOCACTT
- TG AR ARG T O A DR T O AT T T AR T GUA O OOTAT T P AGOACT TTATCARMT OO TAC FT T ATOATT
T T M e T T e P o T T it T T ity T G A i A T T P o G e Pl T I Pl TV T T G T

T AAT O TAATCCSCT T - - OO T T COTATHSEAAT TAT TARS - TCTARST T TTTTA - TAAD ~ RARCSOATO TACTIEN - ~ - - ACATATREAR
TRT AT AORRLACTTTTT R T TR GO T AR~ T A T AR A RO T A T0 TGT T T e TR G C R GARA T T T T TA T O T OO T b
AT TACAGCA - HCCTIW -~ — -SRI OOA -COAT T TAAT - - TTACG TS TG T - - TEAMGORRGTAERATTE TOT — ~ = — - ~AUA DS TRCAR,
GO T G PO T AT A - T T AR TOT T A RA R IO G AR T T RGO AR T AT AR U T ARG O TPOLRUR G R, - e AT RCRTAR

PG T TR AN TGO AT AP AR A GO OARR DTN = - =« - - = (AT = — = P AR R EE A LA T A AA TS AR T TR T
AT T T O A T T OO T AT A R 3 S S G0 TR~ I T T 0 T i T Ay T IS S T A A T AV G T A T i
BTR - TN A T S AR A SR TG T+ - AT T T TTAACTOART T AL COr s T G GUAT AR TAG T U TOCC RS CT SRR
A T T e P L P T U B T T o T e T Gl T T T M T Py T o T W Pl P P P e, T e T T il s

ARTTATACTCATANST TATITEA T T AN TAANTTT AR A DOAGEA T T T CTC AR C A TOGTALT AR AT GTAC GO T T T T T AR TADE N
AT TAGTCATTIAT TARNECATOTY - TOAATO T T OO T T AL T ADT AR TAG TAN TOT AT T AT AR T AR G T e - TAT
GEATHTAGTCATCHTTTATGET CATS - = - = CARC - TTTIG T TCAARGATI THEARTROC TTTET = = = = = TR SANC TR TGT = == = = TR
AT R TR AT C ARG TERAATFAT- - - - FARTGT GO F T T T AA T G AT T A TR <~ - - — == ——n = B . Y ]

AR TSI AC L AT AARRGTTE AR AL FURAARA T AT AT FORA G CAR T ARAT T ACARAT T TS AT AAR AL P Y AT ALTAT L
TTCTCTTGGA TR ATCCT AT RO TOART TTAATAATATAAT TOCATC SEATATTAT TAC TCAAAT OCT T SC AT THRAGGEARACTTTCTT
P T T T TG GO AT C G T AT G AR T T T AT ARRT AT AR T TR T S e AR ARAT T AN T AART RO T T AL T RGAGE T

TR T TR G P L T AR, O G R T T T T T T AT T G 1 T S A AR Pl T T A AR T T T T G T T G TARR I R TR TAAGT T

BT R G AT TR O T TR - AT T C T OO GAT CATAC AR T e TOACD G TG T T RAT T T TR T ARG R TAGR ™ = = = e o

3. Bacillus thuringiensis (Bt) Mol A4st= Cry 54 @A) g71A4<E vjn 9 5

PCR

oo Jh

ol Cry %

o|2 PCR Zglo|ME o] &3t & ool o]&¢ Ul Bt 59 Cry 49U Z e dAdS vl
SHATHE 4). Yl Bt #5F= Bl Cry 288" {F3x5 Zi3tAt. BtA= CrylC, BtKE CrylC

¢} CrylA, BtT+ Cry3s F8& Sau¥ds ety whdo] Bl 24t s499dS

e Aoz eyt
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CrylC CrylA Cry3 Cry4
Bt A | w——

Bt K |ee e o
Bt T
Bt I

= 4. Jl F79 Bacillus thuringiensis (Bt) Ald°] /3= Cry @93 gt 4% Bt Ao
Bacillus thuringiensis subsp. tenebrionis (BtT), B. thuringiensis subsp. aizawai (BtA), B.

thuringiensis subsp. kurstaki (BtK) Z18]3l B. thuringiensis subsp. israelensis (BtD)E o] &3t o

Bt A 93 Y 289 AT g2 FZE O
tH(=E 5). Y Bt 5= Fo71&594dd &+
E Abolol= AFH] Aolg YERT 4 )
& e, §52 o AF #F AeldAE Aol & urama BT 7} Rt
ol#&gt Ay BtT7} ol& Y Bt #F 724 o
el A &3 BG4S g 1R A=go) 2o FE %Eﬂﬂoiq

100
100 LaE Adult

Mortality (%) at 6 DAT
Mortality (%) at 6 DAT

Control BtT BtA BtK Bt Control Bt T BtA Bt K Bt |

T 5 F2MEdEY #E5H A5 Wi Wl T/ Bt Al A4F¥ Hln. W Bt Al Bacillus
thuringiensis subsp. tenebrionis (BtT), B. thuringiensis subsp. aizawai (BtA), B. thuringiensis
subsp. kurstaki (BtK) 1813 B. thuringiensis subsp. israelensis (Bt)E ©] &34t AEAR L 4
AWE o] &3A T HlFE o5 Aol 10° TAF/mLY =2 T A FAd @ F Ty F

3 AdZFo HolZ AFslAT. AFaFH= HE T 6¥3H(days after treatment: DAT)o| ZASFSA T
Zk Aele 10 v ko g AAIFAT. B fdd 27" AZ gE FEAE 0.06 FYFEolA
Hzk zpol7t dveE AS on g
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Ptt g Hrle) @& BtT 24359 A|lx &5

Add BtTe F27hsddd e BAlo A 5ol oF 60%S UehidaA A axte] IAS
et T o]l "gAAEFAE Ad Ptt wjdde BtTel F7iste] A & WH3E %ﬁé‘iﬁ}(l{ 6).
Ptt FAE AR 8 v52 1HE BT %o F718 23 Pt Mgl s=7F 5
sddd ol i FA ZE&o] Frhet] A QF 80%°] &F&< et

100
a
- 80 - b
<Dt b ab ab 2
©
= 60 -
£
2 40
©
4=
o
E 20 =
O T T T T
BtT 25 50 75 100
Ptt culture broth (%)
in Bt T suspension
= 6. Ptt vl H7bel w2 BT WA&S Ax. ZE AHele BiTE 10° 2A45/mLE 1434 ©
E BtT AHEdd= g Pt WYY =7 & AZade= AHE ¥ 6Y=ak(days after

A}
treatment: DAT)l ZASIATS. ZF A2l 10 vpg]ld 3gtE o2 AA AT o 9 278 A2 o
2 YEAE 005 FFFolA HEt Zolrt ke AL ov| g

Ptt Ml H7be BAZE AnE BEOID 4% £EE T7 F/HIATKE 3. Pre MF A
M2 FYAAAHLT)S B4 234 Pre Wi Hrke A o 38 Az oY AFEEE w2
ok Ae Fastg

E 3. Ptt vlFd H7bol 2 BT A% &= W3}

Treatment LTso (95%CL) Slope + SE x df P
Bt T 132.6 (108.3-180.8) 54+ 09 2.946 0.5995
Bt T + 25% Pit 129.3 (113.1-160.4) 41+ 08 4.836 0.5638
Bt T + 50% Ptt 111.9 (98.7-131.9) 4.0 = 0.7 5.326 0.7446
Bt T + 75% Ptt 103.7 (89.8-124.7) 33+ 05 3.339 0.4973
Bt T + 100% Ptt 94.2 (82.5-109.0) 3.7 £ 0.6 5.204 0.7330
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=22 Az AEAA

AWHE WA= ol Bt 524 BtTe ®9ddA #F=24 Pl H49
zgoz AAsYE oo wet A AFHe F= Axde] A2 57 10° TAF/mLY AL e
3te] Bt #79 E3HIES A, A7IERBA dElES 10% H7Eeta, HAFAE 2%=Z A A
2 274 Uy A 78% AL Ptt MRS AF=E A ZIFATHE 4).

e}

¢

R 4. 22250 mL) Az =24

Active .
Components ) ) Volume (mL) Composition (%)
ingredients

Bacillus thurigniensis

. 10" spores/mlL 25 10
subsp. tenebrionis
Photorhabdus A8 h culture
temperata subsp. 195 78
temperata broth
Preservative Ethanol (95%) 25 10
Dioctyl
Surfactant i 5 2
sulfosuccinate

A8 25 1,000 #i 3Aste] thxoAed A F27isdEdY 53 45e
,] =

HIHE BHAYTGHE 5). AP A% F3I 4F 2Rl
M) e PA EEE Uehdth Fhe) BA E3E 75-80%9) WA RS e Ty oo

sl WAE s S5H 8 3ot AFA Y WAl s&ol W= S2 o HAH S Wkt
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F 5 F27badddedl W =4 WAl At

Treatment' N Mortality Control efficacy (%)
Larvae
Untreated 30 0.0 £ 0.0 0.0
BtT 30 61.5 £ 5.8 61.5
‘Col-kill’ 30 80.0 = 5.8 80.0
DF 30 96.7 + 3.3 96.7
Adults
Untreated 30 0.0 £ 0.0 0.0
BtT 30 633 + 33 63.3
‘Col-kill’ 27 75.0 £ 12.6 75.0
DF 30 90.0 = 5.8 90.0

U 'BtT’ represents a spray with Bacillus thurigniensis subsp. tenebrinis (10° spores/mL). Preparation
of 'Col-kill” was described in Materials and method. 'DF’ represents a commercial insecticide of
dinotefuran+spinetoram (SG, Dongbu Farm Hannong, Seoul, Korea) and was sprayed as a

recommended concentration.

& A golA JAFEATHE 6). NPT F
A ]

= WFE ddes st 4 Ages +5°] 30 vy

A, 7] ES Ak dHE3te] A
B3 E AESAT 22 PAEIE 3UA L 7Y A mF vE @S] ms) gk 1y
shebseke TUANA 947%9) e WARLRE Bl W FPL 77.2%9) WA Aso] TH
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E 6 FeAluUdd 450 @ golmg 2ANA fARA £

(A) 3 days after treatment

Mean Survival (%) o Control
number Significa
Treatment nce efficacy
before Repl | Rep 2 | Rep 3 | Mean | (DMRT) (%)
treatment
BtT 32.3 68.8 78.7 63.3 70.3 a 26.6
"Col-Kkill’ 33.3 66.7 56.3 594 59.8 b 376
DF 217 40.7 58.1 40.0 46.1 c 51.9
Untreated 34.3 97.1 93.6 96.7 95.8 d -

(B) 7 days after treatment

Mean .
Survival (%) . Control
number Significa
Treatment bef nce efficacy
ctore Rep 1 Rep 2 | Rep 3 Mean (DMRT) (%)
treatment
BtT 32.3 314 32.3 33.3 32.3 a 66.2
"Col-kill’ 33.3 21.8 171 26.5 21.8 b 772
DF 27.7 3.8 85 2.8 5.1 C 94.7
Untreated 34.3 97.1 93.6 96.7 95.8 d -

U 'BtT’ represents a spray with Bacillus thurigniensis subsp. tenebrinis (10° spores/mL). Preparation
of 'Col-kill” was described in Materials and method. 'DF’ represents a commercial insecticide of
dinotefuran+spinetoram (SG, Dongbu Farm Hannong, Seoul, Korea) and was sprayed as a

recommended concentration.

Wzol tig 2Ae) o7l BAHACCE 7). ofe HR wol tid 2R A1E1,000 W) % )
%G00 whol A eksle ehtAl erskh
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E 7. fH Rl B 22 ofE 24

Phytotoxicity (0-5) at dilution

. .. Days after
Test insecticide Crop
treatment 1.000 x 500 x
3 0 0
"Col-Kill’ Cabbage 5 0 0
7 0 0
Untreated
1,000 x
500 x
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A1274 g2 E fSLAA(I=E) AL

Fol 4Feo] B ANRE WEZe s ARt oA ofslxg AN oFEe} 3
AARe UE ddABIel B FAAUL. 7] fFo) e G PAE A8 F X Az A

gol met wlE|Eel 0] YA EoHE AFHAC wES 2 FFAEE3 M’ F 100 mLel e 5
Al Adste B f39 T PAS ANAE Ak 0% AASKE A FEsk aFHA of

71 WA=
of wtall =AYEjAel AR 2o FHo|BY ZHA HIEHEH2E FFAET A BTl
HE|Z8 29 HAEHAE 0.1%9] AASE A =04 80% o4 A5 &35 Yelda, 02% A
gollAes bd A BHE Ho FAG =3 °Z°ﬂ H]’Eﬁﬁb oA AT 10% d'Ed =23H
0.1%9 MEZEH 2= AT talAE 40% o3 d4F=HS vewlt. SEAE dE A H 7Ll
A= YA(Cyprinus carpio), ZEW & (Daphnia magna), & Bé(ADIS mellifera)& 22 HEZ8 20
g 548 FUhs 29 458 dFe FA Fe ALE Yy olH3 e =AE A A4
ste 27] f5 Al vEEH 20 FFAE AUt &S A Agge As AAE

i

BI\AVE, ISR I(A albopictus)®t - RI|(C. pipiens pallens)®] A2 F ZJ|HF EF
25+1°C, #F7] 16:8h (LD)°olH, AUEE 40~60%A F+53 A5S AHS3stdnh oF 200 vhele] #+%
S 500 mLY Z=HF7F BA AeE AFEIIUFExAZxFo], 25x10x8 cm)ol 1112 EFH ofE
(MillepetArtemia, Ansan, Korea)¥} A Z& XE(Samchon Chemical, Damyang, Korea) 10 mg® ™Y &
AT dFEAFANAE 10% AHES FFstdoen, dEerr] RS duA vke2(Mus
musculus)E ©] &3 FEE T3 S FEIR(Y. S| U] 52 44 AEuEgn
TANE A Ads wg ATFAY THRAATFAe] AP uAZZTHoANA BES Wkt

Btl MEFS HEEH L AX HESZSH: AZXE A% Btl (B. thuringiensis subsp. israelensis)7}

seed BIFS 93] 2 mLel TSB (tryptic soy broth, Difco, MD, USA) ul X oA 24 AZFE<F 28T ol A
180 rpme] £E2 AR wjksdet. o] & 1 Lo TSB #iAol 1 mL7F HAEHo] seed HiUa &Y
g 2O FE 48 AN B wiFH AT 2AFAH S FE87] flE BA 7o =2d TSB #iAE 4Tl
A 48 N7 B¢ A E 9t Bt A HEE 10 spores/mL ©]4o] HE2 8000 rpmel Al 30

¢}
el

B3F 2 S AARYAAS Bt A WA ES AAdReH BESFT wAA 10
v #54A S SR 715 259 19E dAlste Btle A58 A7) et 1849
L= AM T2 Xenorhabdus nematophila (Xn)E Btl®} L3 ZAoA djd=Edct vlgZe) 29 A
Z& Btl, Xn, 2EA7F DA %9 10%, 80%, 10%=2 2t FAEHASH, REAZE oehg A4S o
&3t At

HE S22 FFTAEE T 27 §359Y WAEHA. TTHEE T F T =27|F iz vg &
= gelslry] 98l HEZH 2~ 5= 01, 1, 10, 50, 100%S HA3tth HEZ# 2~

A Fe Ag WHO0 x 90 cm)@ A 100 mL ¥ 2 AHsAoh Hudd 27 5 3 itEo=
HE 10 vgle] f5° & 100 mL7F @AYJE Folxdol AEH AT 27 fF52

2 FFHE T 24 AR Z2AE HYloH, & W weEAY StoE #F

- 119 -



Al Aol fle MAE }%—zi AAsIAY. AFFAH 25£1TC, FF7] 168 h (L'D)olH, FUF=
40~60% 7ot FAH =

27] AFC dg vgEH 2 BA 53 HA. B
 HEHEH2E AuE EFAY st HFo] AEES & 5]

29 AYFsEs Z1—| 500 ppm3} 1,000 ppmolﬁi o, F 29 275 E’_—Cr Azo=z 931317 5
AZE mRRe) A E WA 7] — 2
of ZAZF HAoH, &
3RO =R XJFJS]—??\E}.

ox
m[o ofy
2
)
&
2
fuf
e
iy}
[
A_
(2
O{N'

o] FEAHA ZY¥AZ L HEEFH: YEHA. FH

x 50 x 10 cm)< AZsATh o] Ry 1A FH HE

H FEE oldstgon, o)X & 8 LE A9 =4 5

T ZF9 2UF 50 U AEAAHAME o] = 8 S

2,000 ppm&] <Al Hg FEE HUIEAT 72t T 3 wrEow FAE e 7t viE g wy] §3F
S 30 mE = OITOWH} A2k

245 AP F AFS FUOR BB

Hol WoEA P AR BH3YCH

HE|Ee 2o & FH4548%7E vEEFe = g 3858978 SA(Cwprinus carpio), ZEWS
(Daphnia magna), B8 (Apis melliftras A2 @74% FUdATL HAAATFTEA AAL 43
stATh T 2 A 57T 7IRAE FER] 10 mg/Ls 7Tl E FHE APEEEE NEET
of 4Eg & AldoF{e AAT @ FAolY S S, FEHSES 19 AN
A L FFold FFE 48 AAA 2AIAT AP RE 5cm Z712 AU, 12 L
o] FEAFE F=(924 x 30 cm)ol AFEFE 10 LE A}a‘lé}%gwl, F& 22427, pHe 7.5+0.2, DO
= 945+0.8%, FF7] 168 h (L'D) 2o =2 QAAARA ta2FFS A71A &kor A7) AHE
FTEANZMA A2 S FASA T

ZEHF2 Hojd A 24 Az oy JAE AESR A, 125 mL &7 H]o] A /\lfﬂ%fn\— 100
mLS A3l o, £33 2L F£22 211, pHE 74+0.1, DOE= Hi 94.5%(92.3-96.7), FF7]
16:8 h (LD)2Z fFA3AT. AgE&5= vlo EPAYA AAlE W (U.S. Environmental Protection
Agency 1985)0l we} ZA|stF oW, Hol= Chiorella vulgariss < Wdsle] 1 € 1 Fujt} 1~
25x10° cells/mLA A Fdtdth. A4 SAF 7 A doj= 2 2y F 10 AA, FEHELS 4 Ay T
30 /A= T8 = A

B (Apis melliftra) & Wdo= H]E] 2o g AEFESFAE HI7HE APsATh Alg ol &H &
7= 4ol 15 cm, A4 5 cm 3719 Y4FF 2HRAYx FHo=E AZHE 878 o839y, AFE7]
o d7e fral sA¥(-Ee]l 5 cm, X‘7§ I em< 7€ & UES FHS §2 291A upE ghopA
ol &3t HE FAHAH A EHL 7 A & 30 NAR AU

O

SAEA. ZE AFEAY U AEAAR dds NEE ASEZA arsine H¥ & SAS PROC GLM
(SAS Institute 1989)& o]&3ted ANOVA &4 2 g HF7F vloEs AA AT
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1A, HEEHEE o838t oke] 27 FF WAE T
dst7] sl 35 AEX A FE AEZFS AT oot AJH(Fig. 1. HIHZH 2] 3FTEE BHS
< AABIATHFIg. 1A). 2t Folxddl= 100 mLe] &
< R orlel dEeRy] B BHHEY] §F5S WASAT. 74 M2 BE sE4 HEIEY 2
dEre 100 mL &5 AEZsAT. olw W EH 29 s57F STl wet F 2REEsR): F

= 109.50; df = 5, 12; P < 0.0001, C. pipiens pallens: F=98.67; df=5, 12; P < 0.0001)°] Wi 44
T okt AFstE HEHEHAE VFOE 01%E HEIUS W IR E
25%°] AFES A F 2443k dEhi e, HEEH 2 50% olde Zxsde W —‘:r 1?—71% 5
FolA 78% ol el AFEol FJHAAT. BHIEEH 2 100% Aol F 27 FF F
23S UERY. 5 27 Fhel vEEH 2 did g Aole UEUA °L%E}(P > 0.05, Fig.
IB). A &5 Ax2 27 f5& WA flHe HAF 50% =2 AFsE fAE dx
of matAolgts AHE AT

4
&
ok
()
=
N
rlr
O
(]
X
QK
(@)
=)
lo
>
N
i
2
2
o]-N
o
biad

(A) (B)

100 - —@— A. albopictus

—O— C. pipiens pallens
80 -
60 -

40

20 -

Larval mortality (%)

0 0.1 1 10 50 100

Concentration (%) of airsprayed Dipkill

Fig. 1. Effect of Dipkill on mortality against two culicidae mosquitoes, Aedes albopictus and Culex
pipiens pallens, by spraying in the air. (A) Space arrangement of mosquito larvae in a cup, which
has 10 cm of diameter and containing 100 mL of water. (B) Dose-response of Dipkill against two
culicidae mosquito larvae. Each replication used 10 fourth instar larvae of larvae and was replicated
three times. Mortality was measured at 24 h after treatment. Error bar indicate standard deviation.
Different letters above standard deviation bars indicate significant difference among means at Type I

error = 0.05 (LSD test).

kol = AHA A HEEFIAEE &3} BV #5 AEHAR. TT E 5 =2 #e5e W
Ast= AL ddF oz vAAZ o= WAl = A +F AHE 14_0}9&13}(1*‘1;; 2. 8L =%F
= 788 F Ae = AHA EF S ol&ste] HEgEH 2o Y] §F @A E3E 45 3ol
= AEAlE W 27 ojdHol AA =3 FAR S e JAFsATH(Fig. 2A). L A3 F
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TH 5= HEEH2Y Agd td A=ERI(F = 36.00; df = 2, 6; P < 0.0005)} ““WHSWI(F

= 5833 df = 2, 6; P < 0.0001)9] °fA| ZHEAdo] et ow, 7 =r]o i HIEEH 2~ AFE A
ol FAE A AUTHP > 0.05, Fig. 2B). 0.1% (= 1,000 ppm)2] A F3std BHEZH2E HEZ ai/\ 2]
g T 24 A AHE o AEE£TV)E 0%, W EIE 83%Y AFHol yEtytoern, 0.2% (=
2,000 ppm)¥] HIEEF& 2= AgolXe F F9 EI7F EF 100%9] dF=o] 1=

fl

(A)

50 cm

|

[

(B)
100 L H A. alboictus a a

[ C. pipiens pallens b
- b
§ 80 +
Py
©
t 60 '
o
S
© 40t
2
©
|

20 +
c c
0 -
0 1000 2000

Dipkill concentration (ppm) in paddy rice field

Fig. 2. Effect of Dipkill on mortality against two culicidae mosquito larvae, Aedes albopictus and
Culex pipiens pallens, in Semi-field condition. (A) Designation of semi-field condition for mosquito
bioassay. (B) Mosquito larvicidal effect of Dipkill on mortality against two culicidae mosquito larvae.
Each replication used 50 fourth instar larvae and was replicated three times. Mortality was
measured at 24 h after treatment. Error bar indicate standard deviation. Different letters above
standard deviation bars indicate significant difference among means at Type I error = 0.05 (LSD

test).

HE 2 2F o83 =27 439 BEAA. =7 A5 dF vgZe= A dEs27]9 2y
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2719 tﬂfa BAASE ot AFHol AU (Fig. 3). ola 5 IR AFEe HEZYHA
g Xl 91%—%}04 F7hele AEE RAFAHIEEEY]: F = 31850; df = 2, 6; P < 0.0001,
P =IR=4 = 36050; df = 2, 6; P < 0.0001). A&3tE HE= Ei* 71202 0.05% (= 500 ppm)¢]
HE] F8 2 xm T 72 A Ao AE&RIE 25%, WHHRIE 30%9 AFEHS Jehyglod,
0.1% (= 1,000 ppm) 2] HIE|EE 2 A A IA=2ER7E 456%, BRI E 50%9] 2455 Yehdd
o Fx2 et vlwste] HEZEFH 2 1,000 ppme] A$ 2] AFe UAERrt 3R] e w3 ey
ol A 40%%} 45% = Bl = Ut}

100
I A. albopictus
[ C. pipiens pallens
80
)
2
= 60
£ 2 3
o
E ol b
S b
T
<
20
C ¢
: -
0 500 1000

Dipkill concentration in 10% sugar solution

Fig. 3. Effect of Dipkill on mortality against two culicidae mosquito adults, Aedes albopictus and
Culex pipiens pallens. Each replication used 10 adults and was replicated three times. Mortality was
measured at 24 h after treatment. Error bar indicate standard deviation. Different letters above

standard deviation bars indicate significant difference among means at Type I error = 0.05 (LSD

test).

A4 H7h Jolet FEHESS o E HHEH 2 10 meg/Loll diE

|3 FAAFAAH A HEEH = A § 96 AZEA A AR

13+ S (Table 2)°] UrF/}‘/}Z] Rtk Aol o] &3

46+0.3 cm, 0.9+0.2 ge]ATt. TEHES ] FAEAE AT HEEY

2 A F 48 AR 79 AsE EHol= JHAl(Table 3)9F < FZ#OL %%%@P—g— Ro]= A (Table

47 BFEEA] Fdrh = EHS o] &3 HE SAHAAE 2 100 ng ai/bee =N 48 AXH7EA|
AANA = == A FsktH(Table 5).

S 0
FHERUAE ARHR. 2o
(Table D)$h UuAe FEHFHO
ole] A AF BEL 46£03 ¢
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Table 1. Acute toxicity of BtPlus to common carp, Cyprinus carpio

Cumulative number of dead fish

Concentration Number of
(mg/L) fish tested 94 h AR h 7 h % h
0 10 0 0 0 0
10.0 10 0 0 0 0

Table 2. Symptoms of BtPlus intoxication with respect to acute toxicity of common carp, Cyprinus

carpio
. . . 1
Concentration Symptoms of intoxication
(mg/L) 24 h 48 h 72 h % h
0 N(10)? N(10) N(10) N(10)
10.0 N(10) N(10) N(10) N(10)

! Symptoms were classified into 'N’ for normal, 'S’ for residing mostly at surface water, 'B’ for

residing mostly at bottom water, 'L’ for loss of equilibrium, 'H’ for hemorrhage, 'V' for vertebral

deformation, and 'A’ for attached to other materials.
2 Number in parenthesis indicates individuals diagnosed into each category.

Table 3. Effect of BtPlus on mobility of the water flea, Daphnia magna

Cumulative number of immobilized individuals

Concentration Number of
(mg/L) individuals 2% h 48 h
0 30 0 0
10.0 30 0 0

Table 4. Symptoms of BtPlus intoxication with respect to swimming behavior of the water flea,

Daphnia magna

Symptoms' of intoxication
Concentration o1 8L
(mg/L)
N H U N H U
0 30 0 0 30 0 0
10.0 30 0 0 30 0 0
'N’ for normal, 'H’ for hypersensitive, and 'U’

! Symptoms were classified into

swimming behaviors.
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Table 5. Acute contact toxicity

of BtPlus to the honey bee, Apis mellifera

C . Number of Cumulative number of dead honey bee
oncentration
(ug a.i./bee) honee bee
o tested 1h 4 h 24 h 48 h
0 10 0 0 0 0
10.0 10 0 0 0 0
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Azgd AFarieMd

g =EMNSE B E ZZAE

. 45 35 BAA A

® D YRIE S5

0 a2
0 A7HE

{
\

EY FH AFS A
ole] whg]

AA L] AEs skl Btad] g, Btkel e, Xnwj e, RxgAE

A8 WYY S Iedidde & 28 €8AE
284 109 migvle= AgEHN oY, dSdd 239 =
5o ©He] ElEA.

)
J

- UNF dF W
£2 AW, 7] AEe A %Pf
Ab&-3le] Bta 40 : Btk 10 : Xn 40 :

o] WFAIEI=

oA FEE A=xsAaL, AF 871 011/‘1

=y
2=

AF dHde Hestr] st AR WS gYysido. AF Wl Bte cfulcolony
Xn9 FAEEZQ oxindoled FEE

- ol
forming unit)E 4.3 x 10" spores/ml °]4& FH3HYar,
202.3ppm °]’de] HEZ A ATHE 1).
- Bta®} Btke zZ+Hzb gAErR g 3}
L=y e]
=

44 = IPA(isopropyl alcohol)
=l A Ethanol(99.9%)& A€l 3}% o

£
2y
V)
N

E 1L FAUEAe 2 27 AAE wEl
TR Bta ¥4 | Btk ¥4 | Xn g CES
(%) 6 4 30 10
24 AE

O TR AF AAE FEA9
oul 3| Mo AEsA FAN AFPIAANE HAES Y
D% 3y ey A

= A ARE A 1,00
=T T

- Bta 6% : Btk 4% @ Xn 80% : B84 10%(w/w)e] Hl&= Agd AFol
g ARES 17 olWE ddrsiale 7ol Adsten, 44 £4 23 3083t 0.1ml o
Ae AT = AU

Z gukA ol ASElA| FA ATEA HPo) H AL
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IR A=Z

o

o 915y getd A

FHATE

- SR AFe A o= ;B g, 7 =
BHASZEA O duAdF S AAEAT HAPS FYY TE JF(FITAH A A
2013-21%)0l F3le] AasFF om, 2013d 9Y 12 A4k"E AlAF3 20143 49 23 A" ALA
ol st st H .
- FAATEA A A 271A AAF EF A ARFFRF(LDs)S >5,000mg/kg S A FAd o=
gl =tk
- J3RATEE 9A] 27FA AAFAA HEFEXARFEF (D)2 >4,000mg/kg o2 A 54S YERAA
=
- YJoIE o] &% FAHAFAE A AT 48K F 96417 LCx(mg/L)E >10.0mg/LE S4B/
A5 MEES EATH
- BHHEEAH AY A 24N D 48N HES R ALERF(LDs, pg ad/bee)= >100ug ai/bees E
o EHoZ A Aoz ATF
O xR AWE AT AAE A
- X AT g AAE GEE Y3 230 AA diF md L AF LS HASHATE 13 AAF
2 20139 9¢, 22k AJAF2 2014 490l A Erto] 4] ATL Y AHIE o] &3t A4S T

- AF A4to] o]83H Bta, Btk, Xn #F= ¢FUstnA RA T AL o] &3FH, o) el
»Hﬂ%%HV%%&%%&EM%H%%H@WWW%N%&@%ﬁﬁw}ﬁﬁ%Eﬁﬂﬁﬂ
1A AR A F 653kee] AAFES ANSAOU, AT R BHl, AF W Jhx BHOR AP

o SO YEY] RAG Atk £H A AgHAL melstel Uk A7 ALolA o
&3 ol Ae WA 23 T FS ANFATHE 2),
2. R EZZo| A AAE AW W
- Bta Btk Xn B Z87
12} A A3 ~ 0 = 0 = 0 0
ot on | FEA A% | EEA 100 | EeA 40% 10%
2R AAF L g gos | zelA 4% | wjorel 80% 10%
(2014 49 AAH) K
O FAY =g 2e & A= A Y
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1. 2o] Zsutsw el gk ofa A E

SRAFT A Al oA 2014 4ol HAEE 22k AlAlF

- 20| EshutEwud ofAGAl &3 AE 23 oFA AE F 3dAbel 98.6%, TRl 99.6% 2
WAZLE BATHE 3, 4). ol &5A A7+ ¥ & 34 tix A =R ZF 23514

s M W, WE olgoE WA AW Ut AoE BUHAL SFAAPAME
(x1,000) 2} vl #F(x500) FF <Faf

= o)
‘S‘/Ko]'t‘

e ge

N —

F OPAGAL A FsFE RATHE 5),

=

3. o] Hatutsrgrirdel] o

VARSR==!

s

170] 2o F3tutsripel o

A A 55 (%) i
A1 oA U e | e
(he]/t) | T9RE | mwkE ks | oo |(DMRT)E (%6)
FadZdel s | 627 3.1 0.0 1.4 15 a 98.6
s 66.7 7.3 25 AT 48 9%.6
. . . . . a .
3| (=)
-5 2 69.7 | 1169 | 1045 | 1042 | 1085 b -
CV.(9%) ———————mmmmmm oo 13.4
F 4. 20 Fapntsg ol tigh kAl Al &3 (oFAl A F 7LAh
Az A A5 E(%) o olsl | m
A &) kA 0 = o] 2 &4 7}
(epe)/) | DR mwE | mas | oy g |(DMRTDE (%)
FAdZdel s | 627 0.0 0.0 1.4 0.5 a 99.6
s 66.7 3.6 1.2 3.1 2.6 97.7
. . . . . a .
T 3hAl (=)
-7 2 69.7 1225 | 1091 | 1056 | 1124 b -
C.V.(%) —=——=——mmmmmmmmmmm oo 17.0
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5. 2ole gk wHvl ol 2~ oFfAIE A
R R ok A = (0~5)
A g oA o -
(%) 7)1 %% wj
= o) 3 7] o] A~ OO] okl ¢ o
‘TTELﬂ——EOﬂ—— (HHU]H—HE]'E]'7] 0 0 = OH AT
2. WlF WFE g e okE A
- Hj U FAIAl &3 Al A °—Fzﬂ gl & 3¥ztel] 91.9%, 7ol 91.3%2] A7
B ol ASA A@7EH ‘ﬂo”i'tu‘ P34 iz ofAIQl HEl e drsiAe vud o,
H| 5 olFo g Al advt e Ao %H THEE 6, 7). el Al F el A= 7] %F(x1,000)3 Hl
F(x500) 27 oFall S YERUYA 1%% Ao g mFo] wjFEpe gk WAIAE AE 7Hedh
< HATHE 8).
3E 6. W FFel gk kA Al & | 12 3Y A}
g & &3 -8 2
/\] 6]:4’ o]:xﬂ H% #(%) %54%]» Ho]’xﬂ 7]’
[HFE | TurE | qukE | 31 # | (DMRT) (%)
T EZEZL o 2~ 1.7 2.0 1.3 1.7 a 919
YxH T JFTsA(dx) 1.3 1.3 1.0 1.2 a 94.3
A2 21.3 17.7 24.0 21.0 b -
CV.(%) ———mm 15.8
T 7 WFEe] d@ oFAA &3 (kA 7UA)
gl s o3 8 3
A3 ok & (%) &9 =t vl A 7}
[9hE | [IukE | mekE | g # | (DMRD) | (%)
T~ 2.3 2.0 2.0 2.1 a 91.3
O H F A (dH=x) 1.7 1.7 1.3 1.6 a 934
A9 24.0 21.7 27.0 24.2 b -
CV.(%) ——————mmmmmmm e 18.3
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O Rauzddse) AF A Y

- 7] AwE R Eel e k& AW A, Spodotera %0 S Fel UF FEE Thh AL
ugth o8 F83t7] flal, A A AN ATE B AEAWS FYknA Sk

O Xn mjgde] s2d= 3 Ages
- AAFY 4FE L A8 Xng IFEEE 53 AT F e FAYHS ZAEA T, o]
o] ZAAZ(freeze dry)®t &% =(vacuum evaporation) & 7FA W o g A7l 23 ATt

- Xn ¥l 28kgs sAAE & w 2607} FFE O oF 1064ge] AxRETo] AL HIYoH, &8
A2k 724170l T

- Xn MY 1288 A3EH @ o 21.707F #5500 oF 56.3kge] wFYo] A HloH, 48
AN ZEE 1343l AT

- olgel Ash, 3 dolwel A4t SWelA WFEFWel B BEAYS FAsALh
O A

- FEUlZZo 2 AFE B A FAEe of F2dgo] Fasith webA IFMHE AFS AEIS
< o FAFERHY FIYES oA £ I A2k o] ARgo] oty frlEdel AHE 7HsgE
Sodium bis (2-ethylhexyl) sulfosuccinate?} Polyoxyethylene dodecyl mono ether 5 ZZHA] 2F& A
ale], AEade] e A4Fy P i 24FE IPAHIE 2). 4P 7|E FAU =LA~
of A &7 2%E 72 AAAE HUMg F wjFF el v dEAdAdew AP, AA A
ZEAE EARCE FoALe Aoy, Sodium bis(2-ethylhexyl) sulfosuccinateE AF&3F 7 -$-2
AFEC] ©E ATl Bls  Eol, £ AFY HFAHALY AFA=E Atk

o
W B
> F_E,

(#6) 100

30

&0

40

20

1DAT 2DAT 3DAT 4DAT SDAT 6DAT
B =20 B =2 A~+HY290m B =& |~ +NK-PLES

gy 2. ARAE AYE wdulzdoe) 29 wiFSul A=A
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ol Hx ANE =&

A
ROl $8E4H4l Sodium bis(2-ethylhexyl) sulfosuccinateS wig3ste] #|Fo 2t

% 10,9 o] WA /12 9 Aol S5 &

[e}
AE o3

N

Ao A B F AF BT FIHE dEle A 1R olUE A45EA Y JFe Agsts
o HAAAH BA Axt 3083 0.1ml oW E IREAQl HAAFstA Ao AFGstA Aol E A
S Q& £ AT
® 10 w29 T A A
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T B ) Z A " B2 gA
= b <A TANZ T F2AHA
vz 2 . . . . . .
24 A1 496 1096 3% - 71% 2% 1096
Fa =~
- 49 1096 - 3.5% 70.5% 2% 1096
TA A2

O vl A A A=A

- AHE FIUZDe) 2 252 o §te] MFE ] AEPHS WYtk AP A% Xn B4
AZEL o83 TA MM Aol AEB0| 2207 PBUE M ERT, FEAL o) &H TA
BH2 el AFE S 80%ATh okl Avks /EY FAUZPelznnt AHE A 2%
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=2 Aelsgon, Ay A
A7E Aed vy 3
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=

ghEo g
N AT AA AelA el F 393ke] 97.4%, 783k 100%°] WANE HATH o= A
7 Aol A Edol~ vy 5 AL Kold, tlz oA AgH UwEFaALSsA
Az A 397 934%, TYR 985%3F ThEStel Fuhbw Aol BTl 9l Aow W
THE 11, 12). B8 FAFINE 71233 g w5 okal 24 Jehhx) 9 Aoz nsol
shahpol ik WAlokA 2 ALg TP HATHE 13).

¥ 11, sharupbel] oid oRAlbAl &3 (9FA] AT T 323
A& A M5 (%) o
2 12
SEET 0w e | AR
[ WHE | [IwrE | [IukE 1  |[(DMRT) (%)
(vh2)/7) © °
FEY =2~ JfA 62.5 5.7 2.3 0 2.67 a 974
Ty =g~ 69.3 64.1 068.7 57.2 63.3 b 39.1
Zegsse
B ol A (0] 2) 65.1 35 8.3 &7 6.8 a 934
T3 2] 60.7 112.7 96.5 102.6 103.9 C -
CV.%) —————m—mmmmm oo 11.1
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Copper(II) sulfate 0.0054kg, Manganese sulfate 0.0036kg, Iron(II) sulfate 0.0036kg, Zinc sulfate
0.0036kg .2 FAEHATE o|F HiFH Btic JsdALELE AXH U2 E2AE 5T / 4843
e AL AES s T Xne HigY dHE OtE o] &3ttt FHlE o, FYdE+E B €
21X 10% : Xn WA 70% : FHELA 5% REZEA 15%2] H & (w/w)ZE vigste] F 160kg
o AAFS AT

—~

D AES b B A% AF A 4E AT
- 0= AAE 160kgS WA Al AFEE E H] 8-S W7.011,0000) 0., ARz BasH
oF 1095401 TH(FE 43).

- ol A& 7MAFdE Y AzxrE de 7FEClA T AIAEFE pilot A4 A=
scale—up A4S FASHH, YA 1280 A4 LS W16,.825,0000.2 250¢ 1¥H Y 7} =
e Al F W336501THEE 44). ©] 9A A v FstY Al JHAd 2% v Agd 4
S

_lh‘.
o
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el

2 Az AF

H%% o = h=

off

O gz AAF A9, 2,

- AAFEZD)E 37 AGe] 1) Skl MEGE 45)5ke] AW @elAel okm @ ofsl, AHg
g BAH R B} v S ARG

- @A FlAE EusbAstelsh EuEstastesl FeRF0R BAA H1 Aok meA
AZANPE WAFAM BASRE 47) 259 FUARE BFOR FuA Ak A Aee
b FAZ HYHA PHE BEEE Aon oF Hsht WERAE T3 AAF 0P
& AN

N orE

3E 45 A AFHEZZ) AFAE AY

RS Al A A = Al 2] A
ol 1 BEEE A 1
Adebd &=
Kl 1 A=k 378 A

Hoh

- Wb AAEF(EZ)o] AAEIFA =)o Bdd a9 Hole e B AT Ay E F
At & Ades A /\PPJZ*O 2 olw7F Ha = Azhutelg 2 & wWiAse 52719 W
Al 2§ 7hsstelet dddnh AA =I5 FAAE o] obd A FFEIAA S A E
W= oJopeEo® OFoAE EH AU AFARE EREH Avh wEA AF] FH(E7D
= AL 2o w Fooly frlEdAA] MT(EH)AAIE da AolHo] EAZY. F

AAZMZD)S ot FoR A% 3 55 & 5 I F71 A7/ WY oy #vy
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FAUZLA 29 Xn AF FERY FH2 AASHD 2HEIUAFY Xnol PARI Wl
THo WYREe AASE oE kA Bdo] EASE Ao ¥

= HA o dxzd EF=2s
BZA, PY, Oxindole, Indole, cPY %°] At} ©] & HPLCE 53 B4 A 71F & T35 Hol

+ Oxindoleg A ZEZAZ XA}

EAH e ANAEF(FIUZZo)|~) ImlE AFH ] & 999mIet E£F31e] separate funnelQ o]
&l hexane EZTE FE3I9UT FEUHS A F9 hexane 300mlE separate funnelol] 2l oF
303] £E5°] &t} o] W 63lvitt 2T v E Fol Jt=E WiETTh 241X WA & F£F5 o}
B2 i 2352 A2 wAy Oz £ iﬂv} Z& WH O 2 hexane F7FE 300ml, 400mlE
HEES) B2 F&3%th 349 hexane 52 FTFIMUEFES Yol €433 o] 1L9 hexane
FEES AYEFU0T/ 60)3t] §uE AAIAT FF5E FEELS Smle 100 % methanol=
FAsEY. FEF AEE EFHF o] 020ume PTFE syringe filter®2 o33 & mAA}o g
(o=

@
—
oo

F 2 (¢ 4.60x250 mm, Gemini C18, Phenomenex, Torrance, CA, USA)e] A2t¥ HPLC
(Waters 600, Waters, Milford, USA)E °]&3t EA3IA T ZAFAZ]|E o] &35t Al 10ulE
Z/\}?S‘}Siioft] HPLC £4 21L& o]54 22 methanol : water (40:60, v/v)E AM&3F9 I, 74
S B3 05miE 3o, £5% dFE9 IAIAEL UV 254nm ZZ A photo diode array %
%ﬂi gH&e g3 STEAS EA5HT HPLCE &3 9& oxindole peak ®& & T &0+ éél
of thY3ted 10ul Al &0 E3H oxindole ¥ (X)S A& 3tk y = a X + b.

o2

=

=AY 33 A = 147817 x oxindole (ppm) + 3469014

ke

A= oxindole ¥ (ppm) = oxindole (ppm) x 5 (3 ul<=)

9 WHoZ AAEFE HPLC 4% A3 AF U Oxindole2 293.6+6.49ppme] =& H T
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3 46. 22k AAIE(FEUIZZ o 2)e] HPLC £4 23

REEEE:

HEE
(ml)

SN

Oxindole

peak area

FZ9 Oxindole

Al A% %= Oxindole

(mg) & (ppm)

16,023,545

59.70 298.49

15,892,535

59.10 295.49

15,480,620

o7.21 289.05

[ ] RT | Area ‘%ArealHeight‘
[ 1] 16.688 | 15480620 | 100.00 | 188524 |

0.22] 8 022 3
] & 3
020 e 0:20 e
0184 0.18]
oded 0.16
0141 0.14]
e 0.12
5 1 >
< 0104 <010
0.8 0.08
0.06 0.06
0.04 0.04-
0.02- 0.02 WU
0.00- - 0.00 ’
000 w00 2000 3000 " w0 so0 6000 70,00 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Minutes Minutes
[T RT | Avea [%Area] Height | [ T RT | Avea [%Area] Height |
[ 1] 16.236 | 16023545 | 100.00 [ 195135 | [ 1] 16.982 [ 15892535 | 100.00 | 193540 |
0227 -
[}
8
0.20 ©
0.18
0.16
0.14
0.12
2
0.10
0.08
0.06-
0.04
0.02 v_/_)LJL
0.00-+
1 T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Minutes

a9 21, 23 A AE(FA U Z Do ~)¢ HPLC chromatogram(3RHE).
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O vAE kA APFst AT

- AAF(FIUZZo )] B ol EdAA ke £8 JHtel B3 A¥E S s AP A
449 frlEdAAs FHEAE AA 1T FelBAE AA 1501 en. A4z 7=, v F e
B Mu el A oy o AL T wEbAd AlAFe] T FrlEdAA ke £80] TF
T Aom FEHTHE 47).

TR 8] ) 42 $H/40 0 EEIHE
sas 712 % (X1,000) -
(o] °)

i 7 (X500) -

7= % (X1,000) -

)

—~

o om
N

o

=%

v 7 (X500)

O Fa 5280 UF o) AY A Bu

- AAFFEUZZ o 2) FrsdAA SAE fst F8 &A= 5T (T, WF, 45, 0], B

ntE)o] ek ofs) AEe stATHE 22).

- A A el FEII AAFS 71EF(1,00000) 3 A G0 oz FH A Elon
© SA GREAE A F 3,5 790 2A o o3 fFE ARSI

- AR A AAFL] A mE AEe] dee TAEA fnon, FAY TS} Hlast = ofd)
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- NAZ(FLUZZd 29 §75gAA ZAE 93

- o (Cyprinus carpio)©l

AU BAE AT SHAE Fu

[e)

= 3
= hl =10,
FAAA =, ARASEAND, THGASAANE, FHAFAAF (L)), EHHEZFAHANE S A

| =
SHATERAT A s FAH GA BE AZAD F

2 3 Fof
& AN e ASHA Ao, K dysde Gelth ATl was

A 5 59l

>5,000mg/kg°§ AEHoZ AT

FRBAFHANELE AE(SD AlF)E ol &3t AAF 4,000mg /kgs 13 H3 Hg 3 = 2F
F A A, dire RS54, AT 2 RALES BE ARG

AU EAAYE A3 A FAFH AAH BT 7|RAY FA R 4000mg/kgoll A A AR
FFRF AA AMAE FAHA @skon, Bolg AT HL BEHA Gyt AFY WHste
Aoz vlaste] AlE d 717k 2H oAk glo] Frkste AEES BRRom oA Fojet #
g S8 FRLAAA R A7l e Sold FEFS ATE ol A vk X AbokE
(LDsp) >4,000mg/kg o2 A2 A=A

AP WMAE7(New Zealand WhiteA)E AHE3ste] AlAIF 05mlE 13] AR =FA
B XA, eSS, et 2 g8 AT A=E B Z/\}é}g\,ﬂ\u}
HREAFHAAE A A 3vtge WAE7) *% A@7I1E F A A EAEA egkon,
R EFTFE BFEHA Gt FAFA F AT Azte] A3l wet FUts }Mﬁnﬂ, a3

ol A #AFER] stk o) A 9 RUXAFAF(Primary  Irritation
Index)= 0.02.2 2A=40o] glgoz FEHIAT

1=

AA L WY E7](New Zealand WhiteA)E AF&3t AlAF 0.1mlE 13 2 4
T T2AZE Bt A A, ditesS4, AFHE 2 bdu A5 HEE #F AR

FAGASHAANY A3 A 3vig] o MAE7] BT AIRTIZE T AAPIAlE SAEA ke,
5 #FHA Gt FAFS T AT AZte] AHAG wet FrtstATh oFAl A
g 1A & A 1vkgolA 23, £F 4 Hﬂi‘jol wEEH7] AEsE g o, 24ANAEE A=

T AFS BAom, 2AIA | A=o] B 3EEo HJo R AHHUG o]te A
I MOI (Mean Ocular Irritation Index)= 2.0(1A1%}), 2.0(24A17F), 0.7(48A17F), 0.0(72A1ZH o2
Bl i, AOI(Acute Ocular Irritation Index)+= 2.0(1A1%Y, 24A7H 0.2 A=A0o] QleoE FEFHS
}.

3 FASA AP AFEE 400mge AFI T ZFTFE 20mI7kA
volume updtBA Z3A] wwr3dte] stock solution(10,000mg/L)S ZA 3] 10mlS 10L A F &<
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o s B 24, 48, 72, WA IE WA, Quk =24 BF z2ASG T
° 554e

Jolol 3t FASAH AY A AW FHFFL BRHA Qgon, pHe B 73, $E42F
(DO)= %% 741%, #&e B 21.7CAT. olge AY Azt 4843 B 9647 LCx(mg/L)E
10.0mg/L HQrEA ol=4 Mot

- B (apis mellira)?] U FAAHASFAAANTLS AEEd 2000mge A Fs] Triton®-X100
0.05V§ 10ml volume upfﬂoﬂ stock solution(100,000mg/L)S ZA3t] 140(100.0pg ai/bee)? &
H o FRo A F, 1, 4, 24, BAHER}F A, i F5F4S BF AR T
o e w4 df%“ AN AR dute534e dEEA Eton, ARV F B4
+ 24T, 5% HA 54~56% At oo A Eo| gk 2443t B 48AIXE Wk ARefEE
(LDsoy, pg ai/bee)= >100yg a.i/bee® EFSTH

bl
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- AT ANE wdulZdoze AxEde WASAY. #5E Xn WY 7]E HPLCE 24
g AF FEEHQ] Oxindole® HEF W37t Aste], AL HEFS Hole
Benzylidenacetone(BZA) 2.2 W73t}

AL A% ANEFE UHE JAF AL AAFHFIUZZA2) AR 1gs HFEo

ball-flask(vol. 100mDell Y3 W &-E 50mlE 2o 1A JAE 3 ¢F 303 &5 FUT o%F

0.2ume] PTFE syringe filter2 o343 & 3A4o=2 C18 9% Z¥(Phenomenex Gemini NX

3um C18 110A 150#4.6mm)°] 22 HPLC(Agilent HPLC 1200 series)& ©]&-3te] HA354it).

ZAFAZIE ol g8ty AR 10pE FASIE oW, HPLC E4 ZAL oFdoe& HO:

Acetonitrile Gradient mode (20:80, v/v)E AF&3}9 1, 45 £ 1.0ml/minZE 3oy, &3

3gEo] IIEL DAD 280nm ZFZAoAl photo diode array AE7]E FA o] td FFEAHS
A3kt

=]
Run

Al

- 9 HHoT FAYZZA2~E HPLC E4% A3 AFE U BZA= 4.670+0.137ppme] €55 R

p=g
3E 48 HF AW AAFGFE = ~) BZA 4 43
Els Ret. Time BZA peak area 2A5E BZA e (ppm)
1 8.071 45.14046 4.828
2 8.068 42.97193 4.598
3 8.069 42.842777 4584
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DADT A, Sig=250.4 Ref=260, 100 (0528-F_BZA\0528 2015-05-26 16-46-30\072-2301 D)
mAU ]
80
60
40
] &
1 o
20 ‘ \ 5
| [ =
] |‘||I ﬁ I.’l\ |
4 V) [
0+ A R M R NPT 1 1 _____—J I\-q_ - Illl'u"\."-,a..-\___ = — = B
——-— :
0 2 4 [ a 10 12 14 16 18 i
DADT A, 51g=250,4 Rel=260,100 (0528-F_BZAW528 2015-05-28 16-46-301073-2401.0)
mAU ] [
80
80
40
] 3
o
1 @
20 9
] [ ::
] N
| [ Ul | i Il
0 AN e e R — AW s s i —
———— :
0 2 4 6 a 10 12 14 16 18 mirg
DADT A, Sig=280,4 Ref=360,100 (0528-F_BZA\528 2015-05-28 16-46-30\074-2501 D)
mAl ]
80
60
40
]
o
o
20 o
®
||
| '.‘II h ) i Il'l
o PR S S S I AN WA P e =
-—— :
0 2 4 6 8 10 12 14 16 18 mir
1z S e T
a9 24, HF AW A AE(FLEUEZ 2~)2] HPLC chromatogram(3WHE-).
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do of of
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nA
[\
0
4

A7IZF 2014 79 289 ~ 20174 74 27

B EATAMNES A0 NEHSHY G4 L 7 4E 59 a8 Hn A e g W) Mg

=]
ZAME: B ZAl-2-5-045 &
[0] 2AIM
FI7ISE A bk
[ ] E2EUSAM
1. 2iHE: @etolojo| 22| o} o UEA Adgd: o H &

3. FLAAYE): H7|E A AMT MEZ 89 3-103
4. AHel HE: o|dEFEE

5. Atdfie| FE: SsliBelE

6. AEH: FHH=HolA~

7. FAMR (R BF U &%) v MEFER(enotabds nematoohidXn)) 50%)
B. S&7|7k 2014, 7. 28 ~ 2017, 7. 27

9. MEE F& £t TYAMX(F7}, H=AY:

=4

Z71= A AMT MEZ 89 3-103
10. & & Z 1Y 2014. 7. 28
11. & E ZAS7|2k Zaicistn Atsrgdct

TRIzFA =0 %‘r A& gl F2|AE So| 2|« x| 2o st HE, H3BxE
Hogh A TEESMMES o EPE0Y |4 X FIME S @

2| - Xjglof atst 'ﬂE Algial, m4ozsMagol o2} f2t #o| 75
AN SAM(EEuS)gds SYEYoL

201444 7 28gl

ZROietm LArErp et

210w 20 Toel W 2L R]) 1200 v}

O™ 25 FEUZZo A FU5HAA B2 FAA
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- 20163 0493 05¢ F=HFH EA Yo FIUZZAE A ATHE 49). AAE AL F

O AAZ(FAuzZZo2) AMY3F 23
okFo] WEIGY ErME 2aHo o Fugon, Ha Fart sojd Aoz Ay
E 49 FAUEZAo) A~ AFY 3 A A
= A vl 2} = o A3l 5 T
FZHA EnlE Q9] Eolul S o, el A Al v ok 500ea
oHE Al Hj = AL} v F=F ok Sl A A Y L 950ea
= A 1,480ea
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O g3¥Ed = s TAA A

O ATERE : gREAR % A ALY FAE AT AT 55 L JE

- 279 P A FEEA BAS AARAT 2EYAAF Pie BARA Yol= 2Ee| o
A7g e oAAEHE ofd sbA B ZAlss HoR LA Uk BEFY EATE BZA, PY,
Oxindole, Indole, cPY 59| 91tk o] % HPLCE §& £4o] 718 0|8 BZAS ARZAZ A

- BXE 93 A EFE: PHE F2 AR 1ge At ball-flask(vol. 100mDeol] 21 wWeS

A & oF 3038 £59 FAG. o]|F 0.2ume PTFE syringe filterZ < 33k
9’4 Z9 (Phenomenex Gemini NX 3um C18 110A 150%4.6mm)e] Z2H#
HPLC(Agilent HPLC 1200 series)E& ©]&3}e] B3t ZAFAZ|E o] &3] A5 10ulE F
Abstdem, HPLC 4 AL o402 H,O: Acetonitrile Gradient mode (20:80, v/v)S A&
391, 7%5S 9 1.0m/minZE 3¥oH, &9 sFgES 35S DAD 280nm FolA
photo diode array HAE712 7] sk FFEAH S B354

o
=
ol
. oX
o
il
@
—
oo

-9 Hoe=E FZ4& HPLC 4% A3 AlF W BZAE 2.33+0.02ppme] F5EF H AT

3® 56. =7 BZA +4 2

e Ret. Time BZA peak area 2% BZA $=F(ppm)
1 8.074 21.53605 2.31927
2 8.073 21.93828 2.36203
3 8.072 21.44093 2.30916
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mAU ]|

DADT A, Sig=280 4 Ref=360,100 {0525-F_BZaW)528 2015-05-28 16-46-390083-1401.0)

DADT A, Sig=28D

maLl ]

4 Ref=360,100 {0528-F_BZAWI528 2015-05-28 16-46-35\064-1501.0)

ot i

= _i?—-B.CITIl - BZA

Y
(=]
=y
ra

DAD1 A, Sig=280

mAU ]|

4 Ref=360,100 {0528-F_BZAWIS28 2015-05-28 16-46-35\065-1601.0)

BZA

== 8.072 -

a9 37, A A

==
=

Z1)¢] HPLC chromatogram(35+-).
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O nAd= Ao AFst A+

- AAEED) B FrlsdAAte] £8 sPRe 2@ 4FS FHAT. APl AL F71E
AAA = <T>9}oloﬂo1:vao}ow Mg, AR FA AFLE FATAE AA 2515 B HA
o 1dat AoE FAUZDA2) T PAEA G AA) 15l 0w, 22} S &, v 3w
Foll A el °@4 e gk Wb AAES AF KRGS ool e
Ao FeETHE 51,

% 51 AAEEDI AE fo1 st B8 A

2 SRR $3/A7 wa E47}
7%
Z3& (X1,000) . ®
(o] ) ) ] o
(X500)
7%
Zag (X1,000) ) ¢
(F2 v = 7 o] 2-) W
(X500) ) ¢
7| =&
v 5 & (X1,000) ) ¢
(F29°) Bj) 2
(X500) ) ¢
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O F8 53%e] U@ ofs) AY A= Fn

- AAEFERD Y 71 sAAA SAE st F2 A= 53(ALF, wF, o), AF, el o3

o] AW SFUTHIY 28).

SN Z AEe fEAG AAEL AEFL000M) T NFE0) 0 A A sk o
pel Al S9bH GREAR Ael 3,5 790 AA oWy oka) ATE 2ASAT

a9 28 AlAlE(EE
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P

L.

BEg 9

et

=447 u

_l (

- AAEEDY F15EAA FAE AT SHARE Fu] sl FHATEA, FHENT
B, ARAFAAG, FHNAFTHAY, FHASHAD(Yo), BRPESHAFL AASAT

o =

. _
A3 APEA Fol@d BfE=T | ggkon], By A F2%
ol TR oA BES AN A% APEA Foloh AR ol il BEH AAE YU
olabe] AT AAF] WA ALFHLDy) S 5000mg/kg ol AOR AEH o SHelH T

- FAANFHAGE QEESD ABIE ol &3] AAFE 4000me/ke 13 B3 A @ F 149
AN, AMBY, AFUG Y BHLAS BE 2ASRAT
FAATEAANG A3 Q= S PP BE 2AY FelokFel 4000me/kgeld A A@7]
7 Ee AN AL BAHA ggon, BAVE FU Sold YFFAe BAHA 2tk A
F24 A% AP FolEd dETH SA Fo4 Qb Wshe BBEA Yghor], B A
FaA)o] e FHd BES AN A% APEL Foloh Bud olyidel BIHE AL
AT ol AT WA AFH(LDy) S 4000mg/kg o140 E AEHow selH T,

- ARAFEA G HAME7|(New Zealand WhiteA)E A3t AlAE 05mlE 13 37 w=FA

¥
A F 242 B AAE, QUFY, AFU 8 984T =S BF 2ASAT
]

ARAZANEG A% @A ke MAES BE AGAL F AL AAE BAHA @gow,
YWNFHE FIHA QU AR FAFS Aol ARGl met SO, FHATL
08 W Rwg oA BEHA gath olde] sk 3 RURAFAS(Primary Iritation Index)E
0002 AFY Qo FRIUG

- AT G WAET (New Zealand WhiteA)E AH&3te] AlAIE 0.1mlE 13] Aehd 4
QF X AR, ARESA, AFHs 2 Y A5 AEE #F A
= A3 A 3utEl o] WA E7] BT A@YE T AANAE DEEA o,
S E BHHA Fodth FAFA & AT Aol AHge wet FUFstR o, JEAITLE
o hdE A=54 gA #FEEHA gtk ol e A3 MOI (Mean Ocular Irritation Index)+
O(1IAIZD), 0.0(244171), 0.0(48A1ZF), 0.0(72A1ZH 0.2 YElY A4 Sl Z FEFH A

o

- YA Cyprinus carpio)?] T FHAHA AL AFELS FELEAL 7122 1.0gS A
3ta] 100mL &9 volumetric flaskoll ¥ A F&FE o] &3ty HF volumeS 100mLZ 9+
o] 1,000mg/L2] stock solutioned ZA|3FMth #H|E stock solution 100mlE 13L A|E & FZFo
Y3, APES4 99LE Yol HF volumes 10LE 23Ith o] WO Z 100mg/l 559 A¥
SRS FHlst 24, 48, 72, BAIZHERE XA, AHbEAE HF ZASEAT
Jolo digk SA5A8 A 23 i3 dZHA Fkor, pHe H+ 75 &E34HAZFHDO)
+ BT 825%, T HWa 204THT. oY AP AF} 48AFF R 96AIZE LCslmg/L)+=

o

K
=
T

_
=

(o]
=
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10.0mg/L ol4o.2 ZSAERY o154 MaolAth

- B (Apis mellifera)dl 3 FAHFESAHAAEL AFEZ 10,000mgeS A HF3FA Triton®-X100
0.05% % 10ml volume updt™] stock solution(100,000mg/L)S ZAI8Fd 1x0(100.0xg ai/bee)® =
H O FRd AYd F 1, 4, 24, B8ATEER}E A, AR FEFAES dF ZAEAT. B o

Rokom AF7NT F EE 24~26C, F

& FAAEEY AP A% YNFEZFe FIHA
2 A8AIZE WX ARFEF(LDs, pg a.i/bee)s=

S5 55~64%ATh o] Ay EHo| gk 2443
100ug a.i/bee ©]7¢o.2 YEIRTH
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F71EGAA FA
- AE4H

N

A -2-5-095%
2015 8¢ 17¢

|HE

)A
Ho

- 1Y

20159 8¢ 179 ~ 2018 8¢ 16¥

- F&7|%¢k

[EX] M85 A4]]

S71= X EO

H SAl-2-5-095

BAHE:
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Klo
X ol
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MO o
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getolofol =2 o}

LAY

1.

Al AT MEE 89 38 1032

Aol o

Fa(AHY):

3.

il
H

H
<0

2018.8..16 +

W

89,35

= i
N <
- of
) $

N H
o N
0F R0

et /ef Zol 7=

fof|

k=1
=

A29Z |2
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20154
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M. v2]= 35 WAA AT

0 a7%

b
%

DR S A AlF SAE AR AF 5 R AEE

- gz Xn AlolAe FEEHE EAS AN 23HAAFS Xnd tAEZE dale 2
Zo WHAEES JAEtE oAy A EFo] EAEte A2 dEA Joh uxdy EFEs
BZA, PY, Oxindole, Indole, cPY 5©°] At} ©o] T HPLCE %3 £4°] 71 &90|3 BZAE A
EEHE AASA

|
giA
oA
ftlo
do
&

Al

il

s
o

A
s

g

rlo

* g 1g& A8 ball-flask(vol. 100ml)ell ¥ L
o 1A 03] 5] FAt o]& 02ume PTFE syringe filter®
Jo 2 C18 9/ Z¥ (Phenomenex Gemini NX 3um C18 110A 150%4.6mm)o] %
HPLC(Agilent HPLC 1200 series)& ©]-83l A3ttt 2AFAZIE ol&3t] A& 10ul
FAEI o, HPLC 4 =7A4& ol5 422 H,0O: Acetonitrile Gradient mode (20:80, v/v)E
ARSI, 5SS £ 1.0ml/minZE 3o, 829 dFEL I ELS DAD 280nm =790 A

X
o
w O
M
i
>

~
>

5
T, 1

ol

mlE

o o
o &

14

o>
it

’

My v © =
[

- ¢ WHoE AAEFES HPLC 243 23 AF W BZA Bd3FL2 0.959+0.00lppme] #5& H
ATHE 52).
® B2, A AF(H=A)" 27 BZA +4 2%
e Ret. Time BZA peak area X% BZA % (ppm)
1 8.530 101.23070 0.959
2 8.530 101.27171 0.959
3 8.530 101.33457 0.960
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DAD1 D. Sig=254.16 Ref=360,100 (D607_BZA\0607 2016-06-07 16-06-07M16-F-261-3_1.D)

140+

120

100+

80

60

B8.530- BZA
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.
)} o
l?
L
j
i
£
/
r‘:‘

=
Fa-
-
o
==
2
¥

DAD1 D, S1g=254.16 Ref=360,100 (0607_BZA\0607 2016-06-07 16-06-0N16-F-261-3_2.0)

140

120

100

80—
60

40+

B.530- BZA

20

|

\ L
N W SHY PV | |
L

R E

T
0 2 4 & 8 10 g

DAD1 O, Sig=254,16 Ref=360,100 (0607_BZAG0T 2016-06-07 16-06-0M16-F-261-3_3.0)
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120
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80
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B.530 - BZA

40

20

'|
-
lr_
L
.4
o
/
L

3

1. 9 =2 A5 ¢ HPLC chromatogram(35+&).
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HAE ool AFE AT

AAFEZR)Y B f71sd ARG E§ ol B HPS FASRAT ol AGH 7]
BPAAE (Fstoloolmelclol A A, A% FU AFOE FAYAS AA 3FQEFS 2 I
Aol AE KAzl 20)7 FaBAE AA 150908, 2 &, wiFel 34
Mol A Gl $he] WA gtk wed AAES AF FAEAAAG] Egol b5
@ Ao BTET(E 53).

T & 8] A ul = SH/AA A T8I
7= ®
=3 & (X1,000)
(E}o] 4 ®) Hj| = ®
(X500)
7] °
=38 (X1,000)
(F2°) Hj| = °
(X500)
7] ®
=3l & (X1,000)
(LY=o 2®) H =F °
(X500)
7= - °
H 3] & (X1,000)
(ZF212°) Hj| = °
(X500)
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O F8 53%e] U@ ofs) AY A= Fn

ANAFEHZZ) F715AA /S fste] F2 A= 53 (AT, wWlF, 45, 20|, EvtE)d o
g oFs) AlEe st E 32).

- oA A A FEI)CA AAFS Z1EF0Q,00000)3 W FGE0) e JE A skl e
oFefl AbE SbA SR ALE A F 3,5, 7 AA fBd ol S ARSI

A@ A3 AAES] Aol we Agel el WANA ggton, FA T vastl® o
= BeE Be Sold 24 AATHIY 33),

9 32, AAFHE ) F8 5&=ol tEk ofs Y AA.
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- AAFMEZ) f7F
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il
oX
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tlo
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ol
-

|
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oy

A4 oo o> N g
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e

3.3(1A1%k

BN o A
o &
SO}

>
z

e
Y
u|y

g

ooodt
> K

b
Ly
A

o
o =2
N

Index)+=

- AA(Cyprinus carpio)] W FAFAH AL AgEdS
A gste] 100mL €% volumetric flaskell B3 A E&FE o]

W2 ox
~ H

,000mg/k

r
fr

2

5}

hul

-

o,

rﬁ‘

ft
o

O}mfﬁ

Yy

SO

N it z 2

SO

ox

S
=2
R

Ml -

9P A4 A,

o otz Pe(SD AE) AlAZ 300meg/kg(1dA 2 294D 2,000 mg/kg(3

Sy
AU, FAATEAANY A A= QBelN Foloka
1717 =

H o
A3 /\l?ﬂ‘jX Fojol Bdd o)dadol dEd A= AT ol
(LDso) 4,000mg/kg ©l’¢ 2.2 1=t

gL WM E7] (New Zealand WhiteA)E AF&3sle] A AEF 056mlE 18 I F
Qb XA, GRS, AlFHs 9 oRas AEE dFE 2AEIE Y. 95
ul2] &

. A FE

3utg ¥ B & 143 ALE, I, AlFsws 9§

ol 300mg/kg <t

Qt i]/\} 7Hﬂ]h AR teon, A&7 T Folg A4
T3 273 FAA Fod de dse #EEHA
‘?_Mjl HEs AAT A9 AFEED Fo9 #HE ol dAa
ZZ o] Wb AFFEF(LD5) 2 2,000mg/kg= 73] (A

E

19 Fof oF <l 4,000mg/kgoll Al /\lfﬁ‘.ﬂZ} %"P A A 7H7<ﬂ— eziﬂ%l

i=4 (]
Solgt YaEae BAEA By A

s @A A ggrom, B A Fag7)e o

Fof 7

N
o
ruE -
AS)
>
oot

>

=
gi

L, ofN
-111 or Iy

WMAE7 25 A7 F XA AAE TAEA fgkow,

o F AT Aol A3kl W FAAON, DA 3

m9,
M oox

E]X] skt o]l Ay m R AXA=A| 4= (Primary Irritation Index)+= 0.02.2 =}
2 FEFUAG

WA E7](New Zealand WhiteA)E AFg3te] AlAIF 0.1mlE 13 294 U

A, QWFY, AFUS D B AT Y=E BF 2R

G 3ukele] WA RS BE AP/ F AANAE BARA gghon,

1o okAlRe] B AFe Agtel ARFe] g Zrlelgon, BEAL

3 A TEEHA FTh o] A3 MOI (Mean Ocular Irritation Index)+=
), 0.0(24A1%1), 0.0(48A1ZL), 0.0(72A17h e 2 YEeEtom, AOI(Acute Ocular Irritation

3302 A4EH A54 fleglez FEHUH.

SAHAEAL) 7|F22 0.1429g&
|3t H= volumes 100mLE

gk3o] 1,000mg/Le] stock solutionS ZA|SFA T FHE stock solution 100mlE 13L Al ¥ & 4
1 & 99LE Yol HF volume2 10LE 2t o] WHOZ 100mg/L &

%

=

g

ST

ok

THIsk] 24, 48, 72, 96AMREE}E A AR, ARESA S BFE AT Jofoll ik
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i} AZH A Fgon, pHE HTF 74, 2242 ZFHDO)E Hi
0.3C AT ol e Ad A 4847 & 96417 LCso(mg/L)E 10.0mg/L ©]
J o 2
i =]

- BH(Apis mellifera)°]l 3 FAHAEZZSAHAANITLE AEEF 14826mgeS A FsS Triton®
-X100 0.05%%= 10ml volume up3t™d stock solution(100,000mg/L)S ZAdFa]  140(100.0ug
ai/bee)¥ EWH FHo| A & 1, 4, 24, 8ALES BAS, it 534S TF ZAEIA
o B Uit FAFEEEAE A Ay diFsEStS BEEHA Fgon, 4 =
£ 245~255C, F5E 61~66%%th o] A3 Elel thgh 2443 9 48AIE Wk ALk
(LDsy, pg a.i/bee)= 100ug a.i/bee ©]F o2 YEGT

>
o
~
N
o\
o
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ol

Al

Z_:]

D FA-2-5-139%

O
[H

12015 849 17¢

12015 849 17¢ ~ 2018 84 16¥

N OSESAAER 23 NadE0lY K4 A RIIME 59 fa) Akl B UE AN (R R2TAY]
(23)

SAHE: ® ZA-2-5-139%

sr1sunm O] SN

[ 1 Z3ASEN

CHHY  ctEnism MeEEG 2 dEX HY A &
ToAEE) : HYUSET CHEA| ZEE 1375(0HS0H &M AretE ok
CAe HE 0|4 EZEE
Aol R Esjz| 8
. AEY oz
THR(RE)S FF I %)
—- FHEY : Benzylideneacetone
- HRo| 2 0|MEFEE(Xenorhabals nematopiia) T0%
8. F&7|ZF: 2016. 7. 22 ~ 2019. 7. 21
9, M=EE T4 £ FYHRMI(I1 HEAD
= SHEAl HEE 1486-18(H=Hl0] 2 A2 1 12
10. H& Z3gl : 2016. 7. 22
11. 23X FAS7| : Zeicistm Mgt

-

~N @ oo B oW

'HEF S0 |4 A FIME Bl Hel- Alfel pet HE, w3
ZH2g | TSEHEMAES 23 HEAE0Y 84 U FINE =9
#el - XHol et YE MY, M49zx2gol wat e o] 77
SYXA SA(EZelE)Ye FHech

2016 7® 22¢

S AstpctE

S 0ee 29Tl WA A 1200/ 5]

a9 34 "z f7lsdAA SFSAAS AF
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A3gd AF AL wiwd

1. BtPlus A &4

)

1.1. BtPlus /% &4

BtPlust 1% YA Bacillus thuringiensis (W E], Bt)7} AAsE Usa2vf @Ay 13 549

= AA ) Xenorhabdus nematophila (Xn)
3t

4 3139 E(genus)ol wEbA dfF Eolz el Ay w3
g=(FgE2)Z A Al M AEZeFo 7 U AT

¥ 1. BtPlus &7/ % =4

2% S A5 24 AARAE o AR w Aesl A

=5 W= Photorhabdus temperata temperata (Ptt)7} 243
= 7154 22 dAEE S0l EFEH At sadwde] 2 AFa9E YUY, 7|F25Y
o
A

o]# 3t BtPluse

st vZAGNR), FU(FHEA D),

= A (%)
3 r
=Y
7 2% HEx
Bt (subsp.) Al | |
20 (aizawai)
Y=z 58 (Xn) 2 10
10 (kurstaki)
g Z 10 (tenebrionis) 78 (Ptt) 2 10
] 10 (israelensis) 80 (Xn) 0 10
it 7l = 7| it 7!
] =& =a Cj=Z
Xn+BtA+BtK Ptt+BtT Xn+Btl

SERREEC PO
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1.2. BtPlus A %4
BtPlus= tiAa| o F23% BtoFo LW AAANTS E55te] 18 13 Zo] AAIEHH A=z}

AL 19 20 2EFe] rledd.

Xn, Ptt BtA, BtK, Btl, BtT
2mt culture 2ml culture
¥
1L culture
H2HE
1L culture 1L ;ulture .

I =

)

Hzg czg

a9 2. HgEE 2 Ax 3A

SHFAALLEY -80TCol WEaLel B
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AT Fo3 AFaaE Yelle Bt I3 UZZ ARE 93 BtA (B, thuringiensis subsp.
aizawa)®} BtK (B. thuringiensis subsp. kurstaki), 22 AZE 93 BtT (B.thuringiensis subsp.
tenebrionis), 1811 YZXZ AZE $% Btl (B. thuringiensis subsp. israelensis)7} seed ¥l %S £ 3|
2mLe] TSB (tryptic soy broth, Difco, MD, USA) v} R| oA 24A)17F&5<F 28T oA 180 rpme] SEE 3
A eF stk o] & 119 TSB HiA| o] ImL7} HEE o] seed M ¥H 5L 2O E 48AXHE<E
Wi e Atk ZAPYAA S FE3817] A8l AA 7 =23 TSB vlAE 4TCA 48A2HE¢ A2AHE
stath BtK, BtT, 283 Btl A %7} Z+2F 10 spores/mL @ BtA A % %7} 10° spores/mL
ol%Fo] HEE 8000 rpmol A 30&3F 7+ v s AAEYAA S Tt AT AAAeH, AHE
< BHESHTo v A 109 w5AAHES 4ESAT o] F w59 7 BtY A 9 A2 3R
A ste A AFAME o] &3t I8 33 Zo] HF EAFUF A

0.0025mm*

19 3. A4 Btle] ¥4 9 gAY

1.2.2. Xn/Ptt vl F

stw AEogyh) HYFAAYNe] -80Co] WEae RyZF
& a—a—w Xn EE Ptt= 94X 7123 Bt #59 593 #4312
1.2.3. BtPlus 844 & 3}

HjFgo] 59 Btef Xn & Ptt WigH S Eloﬂfﬂ Z1ed 24 v wet 747 gz F

,UZAZ AAAFE I} o] FoH T ARAE BF I 359 dinotefuran spinetoran (A2, 3=)S

O]‘g‘o}}v\v—t’q, BEAE 100% A€ (Merck, MA, USA)% o] &3tH . Z+2te] BtPlus A4A -2 250
mLE 7|Fo2 A& A

1.3. BtPlus®] o =4k

APY 219 &% NS 7vte s P dE ol 8T BtPlus® tiE Aiko] 7 Eute] 24k
Holl A o] FoJH T o] F T seed cultures TS 2} & 2fste i’_"‘gﬂl’g"ﬂ/‘i o] Fof A

- )
omn o]Z o] g3 5E HjUdEE 3 300LY seed cultureE A|ESYET (¥ 4). o] & A =
5
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1

Seed cultureE 2|3 300ml B F = CHEFMALE Q)T 5 E U=

Y 4. ARl ot

2. BtPlus A|F¥#g]

Data

( = Dutillation .
e S
g o 7
2 \ =)
-——a -

Silica gel column chromatography

:
:

0=

Silca Gel

4
HPLC
&Cm\trnl‘ b

Proces:

DRVE R T =

QA -zl wFoel] EASE FEAR

Aedde &3l IS

19 5 Xn3 Ptt g o] A2dd =4 &<l AA
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2.1. Xn¥ Ptt vjdHe] FaHE
2.1.1. &0 &

sample®] & %3 5o &1 Hexane2 7 separate funnelol ¥ il
2] & FE3YY. o] AL 3 NHE F FE2H NS 7 AR s
He 330ml FEAAZRS T FF4 330mlol &35ty AY ALEsH L, 23 Xnﬂﬂo oo 7é743: =]

85g& T 24omloll &3iste] A AgEAT

(o))

l

ft
ol
>
r:]_‘

ZEAAZ 3o d& AEL 1L S Zgrzd 59 Hexaneil- A Q3 BFFZ7
e}

FZoAT FEHL filter paperZ A FHg T AN 40T 3t AFEFH7E AR3A, FAE A5
g, Ad xAdo wel ZARel thal ethyl acetate, methanole ZAIE o2 47| 9 HU3 WHoz
=39

2.1.3. Silica gel column chromatography

Silica gel <7o~230 mesh, MERCK) #4315 #lsf 120C x7] 3g=2olA 1A ZFE3 & A7
olH A ATt FHA ZAE 28l silica gel 10gell —’>—’F(JTBker HPLC grade) 50005 93 4]
2 & dAACIHAA 24X BF T AESE T SIAE AL hexane(Junsei, Gr. grade)®l
HEA]A 55x90mm ZHo| FX3P L hexanelZ bm¢ 2 33 w8 M H3IYHTH A|EE hexanelZ
=a] column®l S2&AZl TS hexane, ethyl acetate(Junsei, Gr. grade), methanol(J.T.Bker. HPLC
grade) £ & Z}7} 5ml ¥ &ZFsIATh S0 410 0% WA F FEskATh ©] J+7b 3 §kE 5
=3 895 A Axste FAE SASAT 1A Xnl &AL 330ml 52402 & F/HT 330mlol
E3lst] A AFESEA AL, 23 Xnil S-S FZ20% H 6.8ge SF/T 245mlel| &gt A3 A&t
ATt

2.14. A% 24 5 HPLC &4

F2 2 oxindole(97%, Sigma Aldridh), indole(Sigma Aldridh), BZA(99%, Sigma Aldridh)& A}
gt om, AFd A4de 025 05, 1, 2, 5 ppm®] $=2 ZASATH HPLC BA48& A& &4 &%
9] methanolS AF&3le] 10,000 ppmo. 2 ZA|3}te] syringe filter(0.20pm Hydrophilic, Advantec)® < 3}
3+ & Nova-Pak Cijg 4ul 4.6x250mm Cartridge column®] #2Hd HPLC(Waters 2487 Dector, 1525
pump)S AR5 A, o)A ZAL methanollH,O (40:60, v/v)E % 05 ml/min & 391 A& 9
A2 254 nmE Injection volume 10ulE 3tF T HPLC 4 =12 ofdl9 & 29F Zoh
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Waters 2487 Dual A Absorbance Detector, Waters, USA

HPLC system Waters 1525 Binary HPLC Pump, Waters, USA

Column Nova-pack C18 4l ( 46 x 250 mm ), Waters, USA

Mobile phase MeOH : H,O =2 :3

Flow rate 0.5 ml/min

Wave length 254nm

Injection volume 100
=g 2o 5L 98 v BHA vtk R2FS AR 8§40 Frhshel peak WA F71E F2U3H9
oH (29 6), ZFHAAMTY MIFdA AEH 7|58 dAEEY FE= & 39 7I<=d At

¥ 3. Hexane FFF=S 53 XnildAHF Pt FH 2] oxindole, indole, BZA A&
heF vl

AN -l <A Oxindole(ppb) Indole(ppb) BZA (ppb)
Xn 0.808+0.455% 1.389£0.421 1.519+0.343
Ptt 0.254+0.189 0.967+0.759 -

“Meanzstandard error of 3 replicates.

' Oxindole * Oxindole

........................................................................

‘ Indole ‘ Indole

‘ BZA

19 6. Xn(#F)F Ptt(5-) vl Yol A A= oxindole, indole, BZA
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22. g &Y = A=A

HE| 8 29 E4L2 AAAHE o] &3ty tidalZdd didt AEAZS TIFo=ZH AE £ 6Y
Aol AFEe ZAEIAT HIEE2 2 1,0000] 34 HS lemxlem VFExAZ)E FHIFE A4S w39
< 100ml ®lo]AANA HAAAZ F 20&7F F71FolA A=A T A4 10cme] HEZ tfo] kA7t
Agld wFAES FAT o] T 6AIZF AAE i ES 109 3RO E FAE HE T 69A

e ZAEIET. guge 2719 HE U4 27 supgd Ao, wiFEuila
F27tEdEE = 109 AEHA 10722 A2 sttt

*IXx

e §

]

oK
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4. ERGAHE 2 FHEk VA=
| FEWE \ D-06
4-1. BEEGAE
=] T H| = A
AEATET - K> =244 P
(ATFAGAEe &x1) (%) (%)
1071¢] SCI =% 20 100 1673¢] SCI ¥%
1074 ¢] H] SCI =& 20 100 1174¢] H] SCI &%
379 Es&d 10 100 7 535 =49
1719 53855 10 100 271 53 &
179 7lsolA 20 100 1749 7l&olA
379 A3t 20 100 371 AF 55 % FH3
A 1004 100
4-2. BEEF 7|d =
O =l A =ul F8 dAFA JHyES gigez 25 8-S EA5te] 83l A+ 8. 52
3 Il AE AT £F9 olo|FAIRolE T 2R Ay 7|5S W o= 11 Y =&
MR sel LA
O A A &F9] ofo]IAo|Ex HFFEANA L T8 vlgte] g FAlo] H2 Fofld &
ATE T3l o] EFo APAY A2Vt HeA AMEL FZe diideo]l E & A AT ol g =
L B AF3E B3 F #HE Review =& @154 sttt
O 4FAAlL 3 74 A2 I8 AERSA L /MEe o5 AFaye] SFH4o2 vFHE Cilks
PAA] BES HE 5 Juku AL 53 /129 ot ERA B ATE Fi) Ao
87 AERSA Y Hygo] guEd AR 7|gHt
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5. d74d3e] #&A 3

B oAdTe 3 1Ko 4EHE o2t oS0 FF A% AR T B ALY

O FIUZYol 2

FA QAR FASFE(FA-2-5-045)

- @ AE LAY FA@ARA Fuot A1E o 190 WE)
A

&A9 AW AL B9 QA7 2 AEE A

b

o 22

- T GAA FALE(FA-2-5-095)

- A% A8 A famn] ¢ Sy S5 dAo] Az
- AHE s BETE

o ok
i
e
%
o
Y
]:o{,
i
2
a:
S
N
>
r:{_‘
—
o
<
<

oJoko) E(A35)e) BRGENE AT 37 AT Ba
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6. ATHZAA AT AAAN7|SHR

| ITWE

O ofelTAholE Bl 2% WY A

B Aoy FRshE P
1, o] BA o3l £3o) st Aeld Ago] Bel@ Aoz FHHL

O HIE A AR H8717

"] =2} University of California, Davis® Bruce Hammock A-7AoA =27]F
Z2E9 epoxideE 7IFEINE 4 A+ epoxide hydrolaseS :rL’c'?}i HAHANA o] &EATF M A
s35te 7140l 14,15-EETete AS W3 HXu et al, 2014). =3 o] &40 &40
20l EHY fASHE B3] o] E40 Eold AAAQ] AUDA [12-(3-adamantan—1-yl-ureido)

oh;}
o% 2AAAFT ok

Z2712+S &3l A A E+= arachidonic acidoll W38l A] epoxidase®] 28-S EETS AgAo] o] FH A

ekt HlE FaudE F8AVF WY ©o]§2  cadherin, alkaline
aminopeptidase N, ABCC2 & E&3A ot HZ9 AF= ol FAAES ¢dHE 24d3=

E ez 7%=

IOEU_/]

ol e AL
SEEEE

dodecanoic acid]ell A8|H o2 AAHE AS FJASIT O Sol AH(Mus musculus)e] EB1A
EHol ti& &A7F THEELS BEC)I o] 59 EHOl #3ukgs HoFn
ZZ A= EET7} ‘ﬂﬂz—*jgi T8 LSS FANY F dude AS AAEk

o) KR

<, PLA29]

phosphatase,

MAKAK ) 8ol o 1% el wuel 2URA Aok AL WA AR Guo
et al, 2015). WetA HIE Sauuld S8Ae) QrIAY W GolE W] WaE Fol A
4 JRA o] Edo] 7 dkAl skt
7. ATFNLAAS HASHE
A=WE D-09
O aigAls el
8. IT7tH 7| eFHAEA LR TE53 AFAL-FH A&
| EAELE \ D-10
. TN | T | | e wge | FEAA | F9A | O INTIsg
TEE qngn | @aw | 7Y TVER @a) | @ae | | ssus
AL 92
9. ATFMLTHAA F3of A 59 AZX] oY A F
| FAEWE D-11
O %32 Aelol B bl 22 54
O o] A7 AT FARY 7Y
O Az, & 7t 5 F1AE B2 " AA
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10. d7FNEAA Y EH ATF4AH
| A=W \ D-12
T e :
N =RAAA)/ T B
(== } A% 3 e Impact | =EAAY | (GFAA}
G DR VAL Vo =] a4y | Es5em o T (screfryel
/53 714w 2 Factor | /53l55Y | Ex s o
N1 O)
/71 6} FEAap | T C
Eicosanoid o
. . Critical
Signaling in ]
Reviews
Insects: from .
1 | =8| . ool | 3% | in Plant | 5442 | 2014.01.30 | ZEAM} SCI
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