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Enhancement of Bt-Plus Toxicity by Unidentified Biological Response
Modifiers Derived from the Bacterial Culture Broth of
Xenornabdus nematiphila

Youngjin Park*, Minwoo Kim, Kunwoo Kim and Yonggyun Kim
Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: ‘Bt-Plus’ has been developed by mixing spores of Bacillus thuringiensis (Bt) and culture broth of Xenorhabdus nematophila
(Xn). Despite its high toxicity, it has some imitation to broaden its efficacy against diverse insect pest spectrum. This study focuses on
enhancement of Bt-Plus toxicity against semi-susceptible insect, Spodoptera exitgua, by addition of Xn metabolites. Two main Xn
metabolites, oxindole (OI) and benzylideneacetone (BZA), are known to enhance the Bt insecticidal activities. The addition of OI or
BZA significantly increased Bt-Plus pathogenicity. However, when the freeze-dried Xn culture broth was added to Bt-Plus, much less
amount was enough to enhance the toxicity compared to the amount of OI or BZA. An HPLC analysis indicated that there were more
than 12 unidentifed bacterial metabolites in Xn culture broth. These suggest that there are potent biological response modifiers in Xn
metabolites other than OI and BZA.

Key words: Xenorhabdus nematophila, Spodoptera exigua, Oxindole, Benzylideneacetone, Biological response modifier

2 °)E] 322} Xenorhabdus nematophila (Xn)2] v g E31sle] B E]Z 2|27} 7= 91 & AFZE oz B8l v E|Z g
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ZHUA|22] Xenorhabdus nematophila (Xn)+= 18-
A o) A T L1 7HAFE —F’-O]E](Park and Kim, 2000).
Xn2 B0l A 81=Steinernematidae®l| 451H= L5
Fof 348 ﬂﬁ]’(l(aya

and Gaugler, 1993; Park and Kim, 2000). Z+J€j

ol e ez HAS uf Xno] A5o] o2 E
715:0] @7k QollA] elso] 24 ALl B
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ojufj o] thrkzgo] 250 HAFSAEE Q] ofe| TAR 0| =9
AR B=E AAIste] Al 2 Ao WS AR
th(Park and Kim, 2003; Kim et al., 2005; Hwang et al., 2013).
Xno] AAISI= AR RS tryptic soybean broth (TSB) HJJ ]
of| A 48 ATt FRL Bl FE S wl] |48 7HA] o= v R
CHShrestha et al., 2010; Seo et al., 2012). ©]&{3FXn Sz} 2] tj
AEASE 72 AN DS 7| AR Bofshs A AR 4
phospholipase A, (PLA,,EC3.1.1.4) 2] Suj2t-8-& Eo| 402
AT 02 W AT S Rbslel 7] ko] Heluks
2 a1} o7 A A|ZItEom et al., 2014).

Bacillus thuringiensis (9]E])= 13}0FA] o] 225 A5}
= Aletez A4 A8 Weathl e AAdske] thef
gk 2ol thsf 8/ LrEbdth(Schnepf et al., 1998; Pigott
and Ellar, 2007). o]23t B]E] 9] B4 thef3t Cry -394
of| off o st of W E= s chall o oJsf Liehm,
HIE| o] A5 9171 2 Etk(Bravo et al., 2011). A 57k oF
700572] Cry A7 gH&f AL, opn At S uigto s
Cry AR} 25 E It (Crickmore et al., 2014). B]E] 2] 4F
271248 27 A 74A] T Lol Rk A7)2be) A v
A= 25olA AFE Wsad o] A o] edel/d pH
of] &fsf s = g ofH, = WA Tl = gl e 224 %
W=tk do] EfAIT 22 A Aok d o] o5 245}
H= Bold, upx|e TA ol A= WAt d o] S o)
QA Eukste] 2A(FI=3| 9, alkaline phosphatase,
aminopeptidase N, ABCC 4=8-4)) 2} Eo]2] A3S £ =%
o] wlAlgrubol| e FAdste] SHAIES] et
(Broderick et al., 2006; Park et al., 2014). &% 0.2 Z2FA
9| 5] pHe} o &350} 22 344 mhalof ool U7}
of| ZAsh= theRt Al mAE=T vlElSo] @7z Y
St ob TR S-S AAFAIITK Schnepf et
al., 1998; Broderick et al., 2006). 3], &AIs}E UEachz]
IR Aok @A sathil S SHA9]
Sathde 22 HMAS oplste] W 1 I
(pore formation)2 Xt} £0]3}7 §tcKBravo et al., 2004;
Bravo et al., 2011). I t}h2 EAZE o2 = YEarhiz o]
Nesdof Agtsh Al Al ey & Sl S84 22

AZAES A 57130 1% 4 9o Zhang etal,

2005).
LIS vlE] AFA| O] AR = 0 & vlE]of| thgh A

=
B NS FdE oF7IskAT: vl E] A Aol thet oRef Rt
o] A& EE-L vj=Z UK Plutella xylostella) | A *]S-2.
2 H %It Tabashnik et al., 1994). B| €] A=A 9] #|3}A]
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7|22 WAtk 2] o] thal g Hof g0 My o S
of| A =2 ek ch
A AN Mo mhE Ao g sa el nko] A%t
SUFE=7R0R2 A THHerbert and Goodrich-Blair,
2007). o]e} 22 vl ] A|gHd I o= QI ol A Fagt
352l v WAI7E 7129 HlE AFA| = A= A
of @5tk ol2fgt 7|&0) vl Ao theh oFd& Hetst
7] flsto] BIElESAI vlE S| A7) A s o] shthuat
v =0 4595 3 31tHSeo and Kim, 2010).
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9} benzylideneacetone (BZA)E A5lo] o] 50| &-8-3150]
sl BlE| o] A5eS ST EAet F 2 2T Xn vl
= HIE|&} 3 A 2oto] AFE Abso] Ueh=A1E Bl
AT o] & 3l vl E & T 2] A8EHE QIR A2
e et =t A9 B =4 B4 F]lk
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HlE e se) Y ago® ahhpie 19944 T Aux|
oA §3& Asto] AujolA] QlFALR(Goh et al., 1990) %
ol 3o} | RSl el TR A H]E|Ze| Al
W TEo2 WRERL SHEA] 4350 vl AfuA
oA & A sl g wol 2 slo] erj AL sl st
AE%) 452 10% AeHEe Wolz FEsigic. AL
718] 278 &% 25+1°C, Z=7] 16:8h (L:D)o]H, Al
40~60%1 4] $-57+ 4352 AHStect.

MR BHQSE
Xn FF=7|F A5 2 F 2P dFEoR
B o] Q)= AL AR5} tHEom et al., 2014). NBTA 3t

"} X|(peptone 5 g, beef extract 3 g, NaCl 5 g, bromothymol
blue 0.025 g, triphenyl-2,3,5-tetrazolium chloride 0.040 g, agar
powder 15 g, ddH,O 1 L)oj] -2 =3t 348 4] 7F52128°C
of| 4] uljFato] mhekal © & A T o F-S primary form &
2 IS tH(Park et al., 2000). T #=2 2 mL2] TSB
(MBcell, Seoul, Korea)ol| A 24 A]7F 52128 C o] A 250 rppm 2.
2 Wk HeR 5, o] /b 1 mLe] HjoRle 2utz 1 L



TSB Wix|o] 435te] 48 AI7 5ot $lo} 5 gt 710 2 viof
3199k o] 3 Xn Bkl (5+4x10° colony forming unit/mL)-2-
Aol o8- wj72] 4°C of] Haaeict
HE] 3t Etieha L5-2A e Aol SejAlE A
FH o7 BT Q1= B. thuringiensis ssp. aizawai (BtA)2}
B. thuringiensis ssp. kurstaki (BtK)S TSB H 2} | of] Al
SOHE 524 AJ7F 52287 oA Hjoksle] Bl FE-S 9]
o}, 7+ % TFel 7522 mL O] TSB 2| S o]-83}o] ¢jo}
23t Z 7104 250 rpm o2 wHIshY HEY o 2 vljof
R, o] 7}—.—tﬂ 1 mL o] uljFlS k= 1 L] TSB Hj %]l
A HZslo] 48 A7F HoF HATE 271 0 & wjoFsigrh. o] 5
W]E] 0] A B4 S Gmel7] 9180 5 vl wlepol e 37C
oAl 5 AR Et BEA AP E 3§, 4T ollA] 72 AIRE FRb
A2 Attty AR/ 13 ek n](BX-PHD,
Olympus, Tokyo, Japan)£& ©]-8-5}1 1,0004l Hlj-&-of A 2Qlst
o] BtA9} BtK &] A== 742}7.240.9x10" spores/mL &} 1.2+
1.1x10% spores/mL & ZAFE| T}, ©] 34,000 rpmo]| 4] 30 £
7F YRS Blo] LS EAPEE 10 v 55315
o, Al3lo] o] 48 w7k 4C WatTel mkel ek

HIE[Z2{A2| MZE
LS LA Xnh 5=
€] A=A 71 7FA) 2L Q1 £ 28 o]o Lko Alg o
gt HIEEHAE ARSI ofof HElEe| 29 vigly]
&2 EBomet al.(2014) 2] 7|£2H -5 E0j| 2 BtK:BtA: Xn:of|&t
L7123 7} 27 4:10:74:10:2(- 9] H]-, mL) 2] W& B9
Elo] AA) 250 mL 2 FHEo KT ol ghe-2 1= 99.9% A5
2 (F) YAleFEo A Y8kich M XA = KOREMUL-290M
AlFo g hsaksi(-g-eDoll A FHato] ARg-SFRIT
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oH2 EYELA Freeze Dryer FD-5N (Tokyo Rikakikai Co.,
LTD, Tokyo, Japan)o| 4| sohl-g-& XPAIZth 2=
ool & B AES ol g5to] Rststol e ol uf
714 4C ol mpaieich, FAAZE Xn ool Bake 1 L
= 28.3+0.5 o] it}

OI2t BZAS| ZH|

OI (2-oxindole)?} BZA (trans-4-phenyl-3-buten-2-one)+=
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ol A1, S ol g3l FUT PHOR BRUFL

HPLCE O[&%t Xn CHAISE &M

A8 3 “5‘“4} —ir% *J%‘?H% S]4estat, thA] Hl °ok@i T80
330 mL&] A4kS H7tsto] 919k 5 UghR

HHEsloiTh oA =5 1 L2 34t —?—3%94 Cof| 213
ok g2 ofdllof] Sk S22 FUR W o 1 LY o "o}
Aol E F&2 AAIFH +HE ik o dotAElol&
Fe 22 L] HziEekine] S BARRFE RS 500 g
& 3 FpAIRIT 0] % 2 Lo AfzhERAA Q)] o]
= AAshaL EeARl f718 FEEES ol gy
EHES AIAAAL o] FEES AU sH71E o185t 40T
oA 1 ARt E2t 852 A A ST ofof wheh Zefi=o]
S50 S Sl IR A/91S S04 1
3}t o] 5 mL—J Al&2E B3 217 0] 0.2 um 2] PTFE syringe
filter2 o]1}3t 3 10 uL 9] n|gFFEA7]E o]838)e] HPLC
(Waters 996-660, Milford, MA, USA)]| 5 uL =J815ct HPLC
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BAo]A] o] Ak Bl k0] 60:409] B] o], EELE

BE Apase] det AEEY Ae WEE AR 2A
arsine *HZ 3 SAS PROC GLM (SAS Institute, 1989)2 o]-&
sho] ANOVA 24 8 H2] 7k vl Alalsick

21
HIE[Z2iA0| A5

HIE| Ee A o 3 i by 29 552 o
O 2 Alggel Al F2] HIEA|(‘Bt1-Bt3%) Kot g Rt =
UchFig. 1). b 38 432 o2 HlEEeAE %
2]3h 53 AR 40% 9] aF5-2 o] LhEhtr] AlARste] 4 Ao
66%, L2]L 5 LRl 85% o]/ 2] AF- a7} Lepit o,
ZE o] 88t Al Z2] HIE| A= A 7] 55 URol] 75%2] 45
AE HtKFig. 1A). ESL viE=5 28 755t e
2 HEEHAE AP 1 dAof 45%9] AFavkrt Uep
7] AEFste] 2 Aol 73%, “Le]al 3 Aol 95%9] AF-a it
£ YeR Lo thx 2 o]-83t Al F-2 HIEAl= A £ 2
AR A A7 e ] ARSI eH(Fig. 1B). Sl
I oSS o= vEEY A Al 27} vlast
o] Ha] B 5U7R ol ZF2}10~32%, 10~40% o] 4+e] A28 o] T
Lo Aoz AL F=24.25,df =3, 8; P <
0.0001, HjZ=Z1}): F=21.94; df =3, 8; P <0.0001).

HIE|S2{A0 CHSt 012t BZAS| &7IED}

bt iiSESu-S e ® Xn tiARERRL O}
BZAE HIE]Z 8| A0 Hrlete] AgES HlaL o1
O} BZA W5 H|E]Z e A0 A58 S A5 A F thFig. 2). Tht
U39 452 o2 HE|EY A A58 ASAI T
(BZA: F=10.33; df=2, 6; P<0.0001, Ol: F=37.75; df =2, 6;
P <0.0001). O12] 54| 2]= vlE| Z A T 2o} v|ws)
of A2] 34 Aol 2.5 ppmoilA] 10% “L2]aL 25 ppmo]|A]
25% o|4e] o] A53lel onl, BZAR H]E|F e 20 25
ppmo] H7HE] QLS o] 2] 4 AR 20% o4 F o= AFE
o] /58IIthFig. 2A). E3L viEE U 28 f5-2 thAS
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2 3t B|E|E 2| 20 ti3h Ol BZA O] E3-A] 2]of| A] Bl E| &2
2 ThER P o} v ste] 2P| & BBl S A AFES S
AZTHBZA: F =20.33; df = 2, 6; P <0.0001, OI: F = 37.50;
df=2, 6; P <0.0001). O12] &3+ g]i= v|E]|Z g A THE A
o vlulsto] &j2] -2 A of 2.5 ppmt 25 ppm 2] O17} 23}
S W 242 13%9} 23%2] A5 o] A5 =1L, 2.5 ppm
725 ppm&] BZAZ} = S o 242t 13%£}20%2] 45
o] 45sI3ith(Fig. 2B).

Xn SANZEZO| H|E[S2A Fignt

U Tz FuE HEEe 20 A2 A2 E Xn v
POl Bl 2 Ealstel sk RS S
oo A% A S seich 1 A28 g3 14 g
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Fig. 1. Insectidical effect of Bt-Plus or commercial Bt pesticides
against Spodoptera exiguaand Plutella xylostellalarvae. (A) Third
instar larvae of S. exiguaor (B) second instar larvae of P. xylostella
were fed 1,000 ppm treatment of BtPlus, Bt1 (Tobaggi), Bt2
(Scorpion), or Bt3 (Goomulmang). Leaf-dipping method was used
to assess the toxicities. Each replication used 10 larvae and was
replicated three times. Mortality was measured at 6 days after
treatment. Error bar indicate standard deviation.
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Fig. 2. Additive effect of oxindole (Ol) or benzylideneacetone
(BZA) on BtPlus against Spodoptera exiguaand Plutella xylostella.
(A) Third instar larvae of S. exigua or (B) second instar larvae of P.
xylostella were fed 1,000 ppm treatment of BtPlus with two
different doses (2.5 and 25 ppm) of Ol or BZA. Leaf-dipping method
was used to assess the toxicities. Each replication used 10 larvae
and was replicated three times. Mortality was measured at 4 days
after treatment (DAT) for S. exigua and 2 DAT for P. xylostella.
Different letters above standard deviation bars indicate significant
difference among means at Type | error = 0.05 (LSD test). In panels
A and B, lowercase letters above the error bars indicate significant
differences in BZA treatments, while uppercase letters indicate
significant differences in Ol treatments.

o] %572 725 Xn HjFolol A 1] B Bej s THE A Rt A
2lo] A5t W & 4o] FAlol UehutthFig. 3). TR
39 Zejol HAAZE Xn wiokolo] E3 Hel
53 YARE ulE S wE Ao} vl 10% B AL
Zo] WHElo] He| 3 6 AR 1 AIE A% et
(Fig. 3A). 2] F 4 Ao v]e|Bei2s A e|o} u]msio]
71 o A2Fur} UelTHF = 82.33; df = 4, 10; P <
0.0001). BiZ=Z 1} 28 020 gja}o & njE|Za A0l B2
A5 Xn WjFOY 14 9128 g0] BFEH 2ol A Xe] 32 U
of H]E} ) g A e} ulmalo] 20%9} 25% o 4Fe] Ab
o] 5510l 3 Aol = A2 Lol 4 95% o] 4] 45
ek elek Fig. 3B). S31, 2] 2 QA Xn vjofole) 3

flov o O{)l'

(A)
100 -+ —®— Bt-Plusonly
;\B‘ —o— Bt-Plus + Xn (2.89)
ot —w— Bt-Plus + Xn (14g)
2 80 —A— BtPlus+Xn (28g)
© —m— Xn (28g)
5
60 -
£
3
E 40 -
E
3 20 .
o S. exigua
o
<
0 |
Il Il 1 Il Il 1 Il
0 1 2 3 4 5 6
Day(s) after treatment
(B8)
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s
2 8or
©
% 60
£
3
E 40 -
E
g 20r P. xylostelia
Qo
<
0 |
L L 1 L L 1 L

0 1 2 3 4 5 3
Day(s) after treatment

Fig. 3. Synergistic effect of freeze-dried powder of Xenorhabdus
nematophila (Xn) culture on BtPlus against Spodoptera exigua
and Plutella xylostella. (A) Third instar larvae of 5. exigua or (B)
second instar larvae of P. xylostellawere fed 1,000 ppm treatment
of BtPlus with different doses of freeze-dired powder of Xn
culture. Leaf-dipping method was used to assess the toxicities.
Each replication used 10 larvae and was replicated three times.
Mortality was measured every 24 h for 6 days after treatment
(DAT). Error bar indicate standard deviation.

A7t v Ee 2o o
Vel 4848 3
0.0001). 2} %g
R g

=xjejo} ulmste] AL 2o] Wl

T AATHF=114.83; df=4,10; P<

#2)E Xn vjeyole] ThE A 2l
2 ) $5)9ick

HPLC £M

FaEAZ AP 918 Xn v gFAS o oAl E|
o|ER 3. o] ? At ufefelo]] EAohe 252 |9
oA B47k2H OIS o2 HPLC 242 §3) 1558
ZAFBEAT. 7L At L94 Allst el Qrofl A O19] retention
time->9.5940f ZZE| 9151 14.04 ppm 2] F1e 2 A5}k
(Fig. 4). o]2{eF HPLC 43} A<= O 2lof|e &4 1271
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Hexane extract

0.0029

L) —
T e . s . e
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Minytes
(B)
1234 56 7 8 910 1112
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0.008 o |
g, | "
[
5 0.0041 8l
< c
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T /

0.0004—~/

T T T T T
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L S e
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Fig. 4. Analysis on freeze-dried powder of Xenorhabdus nematophila (Xn) culture by HPLC. The numbers (1-12) indicate other unidentified
bacterial metabolites. See the details of HPLC analysis conditions in materials and methods.

o]/32] peak50] FlE o] Y Hofl TRt =AS0] EA
She A 02 A QI

7322 AT 7he-u HlE = thgEt sigoll oy
o] &= nEwefolth it Bl o WA A&
3f5-0] A3 R Q] ofe] Aol A FAF WolA]
1 Qe HE] Q] Ah7) 2k UubA o 7 A H(Broderick et
al., 2006)-2 =3+ =2uld|(Gill et al., 1992) 2! M| 32X A Zhang
et al,, 2005)0] ©J3t A= gutz Ao AT 1]
Elo] ZAPlo.® Qg x| vl ool /KT

U= A i e oAl 7]QlstH, o] & ¢lsto] HE A2
A He7F AR E o AeA ] A s UehA ok
Alo] A5 574 Woll A ]/ o] pHoj w2 W=

==t

. 17}%114&1%—3%—94 42
L A=sE gae] WS ¢
Seamst Asjel A A
5]7] %= 5} thTabashnik et al., 1997). w}eba] o]e} gro] A1z
2AA etz vlelo] g %ol xafz, EETE YD

A A Te) F24L A 271l
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Kl

;
S
f‘lgﬂm

ol 710 v e ) A g
w7s}] Slaf g TS ok
ehhs Xnohahe 7t HeRe A5
5 B Xn clolsols §34 oS 5]
0 5 @7 R 7]
FE XARAZITKPark and Kim, 2000; Kim et al., 2005). o}-o]
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