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Study on Development of Novel Biopesticides Using Entomopathogenic
Bacterial Culture Broth of Xenorhabdus and Photorhabdus

Samyeol Seo and Yonggyun Kim*
Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: Two groups of entomopathogenic bacteria, Xenorhabdus and Photorhabdus, are known to suppress
insect immune responses by inhibiting eicosanoid biosynthesis. This study used these bacterial culture broths to
develop novel biochemical insecticides against the diamondback moth, Plutella xylostella. Though the bacterial culture
broths alone showed little insecticidal activity, they significantly enhanced pathogenicity of Bacillus thuringiensis
against the fourth instar larvae of P. xylostella. Sterilization of the bacterial culture broth by autoclaving or 0.2 m
membrane filtering did not influence the synergistic effect on the pathogenicity of B. thuringiensis. Three metablites
identified in the culture broth of X. mematophila also showed similar synergistic effects. In field test, both
entomopathogenic bacterial culture broth also enhanced the control efficacy of B. thuringiensis against P. xylostella.
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9] 8 2Zhg7]2k2 BolF 44 dhl e 7]Q1s7) 9
H|3A FgAo] thsled QHAsl M3 sAAIR o] 8=
3 Uk BRAZNA| B. thuringiensis BE-52FS UHE, 1}
5 B &4 Uehlin ol diu]E, 9%
715 & 2 HY7F FiEl Qek(Schnepf et al., 1998).
434 274 S A8U12E A B thuringiensis7}
A& 58 FUHR S0l2d 379 EAarE 23
Ui Thillzlo] EH43kE 31, ofi= thA| 3 AlEEEte)] &)
3he 8Alet 7153 ARE st FRAE &4 9
HEFL goy)= Aoz Ad#A JYKGill e al., 1992).
T2y E4 thiEe) Bojjoz HiA) qiky i) Wevt
F1L, SRlaelol vls| v|ad =g A 9 Ak Hd
o= Hrt g2 A& g7t ofH{Yx 1 glckTabashnik
et al., 2009),

LW AN Xenorhabdus$y Photorhabdus®) 473
FEE 280 U IHEAFLE Aol &3t
(Akhurst, 1980). °1& AldSH= T3 Y4%4) Steineme-
matidae®} Heterorhabditidae 2] = Tjof| Z}2} ZA¥sh= A
AFE H9ItKaya and Gaugler, 1993). o5 A2 Aol
A 719 7R olEe] Hole 71 AgAN: 434
213t AL B3 AR H8E Hojs Aes 39t
(Adams and Nguyen, 2002). 2-F4°] U&= 744G A50)
7158 o 259 MEE B3l AR Bt
olF RINEZSE 1 239 GUoR IFsA =t
7ol AYe AaE A5 A1) Bold Ay TR
(Steinernematidae= Xenorhabdus®?} Heterorhabditidae=
Photorhabdus)& L% @702 YEWUTKForst e al,
1997). @7k 2 Al ARl AF71FE B33
Al i o] Y-S AAAIZITH(Park and Kim, 2000).
HY7leo] dAE 25 AdolA Aletgalo] olHxH
A At o238 e EAhlA vjgo] i) 239
HE3FE FUst AAAZ1A ErHDunphy and Webster,
1991, 1994; ffrench-Constant ez al., 2005). L3 YAl
X nematophila WFAANA 171 8NFEHE F3lo] £
 E3< benzylideneacetone (BZA), proline-tyrosine
(PY), acetylated phenylalanine-glycine-valine (Ac-FGV)+=
ofo|FArol & AEFE Aol 32 HAAAE F
23} THIi e al., 2004; Kwon and Kim, 2008; Shrestha
and Kim, 2009).

B F9 31FQ W PN (Plutella xylostella) S
RIS Fupgal(Yponomeutoidea) ol &3k 31502 A

HAA oz A s3] shjo|tiTalekar and Shelton,
1993). o] dZe] 79 Agglo] 164 =2 A7H LA
7h 51, ARl 9t =&71371 Yo Ayl Exjsie
Aedo] wmEA Uehil Yl siFoltHKim ef al, 1990).
w2t 2@ 7|7 B¢ S-S HABY] fiste] AFAE
og3le] RAATYE e Ao £ oEE A
otk Park et al., 2004).
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AEEoF NMES BFo7 L3k XenorhabdusS;
Photorhabdus= 2354 0] =R, ofjolA 44 84L&
9o} nAEFoko R Jto] ofFch 2t o] Al v
Aol EgtEo] = AR EEL2 B. thuringiensis 9}
2L e nlE HYde] 282 w0t AFanE Aluad
2 YL Aoz FAErKSeo and Kim, 2009). &,
Xenorhabdus 4= Photorhabdus W& ©|-83t A&}t
5 EE B. thuringiensiso|| 7H0|3}e] 4% |l YEA 7t
Zte A HEsiEE RS 4SS s A7
238 T} ol 8l £ I3 F Z3H ATy
siolx] Mat& AAZ diHEE ol 242t B. thuringiensis
o AFaTE AIANE = Y A EUsk, o] aRE
E3] AP o MiaEl 39 138 e Ay
A ofe] =2 T HASHGCE B 2 A= T3
WAl iFaS BEskoR gstr] 3 o] uieky
FEAEES] i siFol digt 497k ofk&# Hagst
e

W2 2wy

HHFELE AFS

APEZE PEA S35 AT oA gt
F5S oA AstA g3 AdolA Foll AT R
A oA =E APl ARSI {58 25 251 TC,
3771 168 h (LD), o= 40~60%2] vig7]ollA wis
£ Ho|2 ARFTE A5 10% dFE< Hol= v
Ho= RS =S

Ml

L UATF X nematophila$} P. temperata temperata
= 7F AFoA BalH Z(Park ef al., 1999; Kang et
al., 2004) FERHFY AL olg3yT) ol #F=
Luria-Bertani (LB) HiZ| & o]-§3te] 28 CoflA] 12417052t
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sesslol Bl 35 A ANY 9D FHL 3
nl <) LB a1 olgsted 28°C ol 16M7E St 200
pme] £E2 A R ¥, NS 30%] St
s Blelel 52 HHARE RISk o) FANE}
FF MBS AR W] YRS ofgslo] Akl
nE A o] 7R Back FINE B2 ARAE
250 Wl 1 L8| LB SjRaRaIol F71ekn 28C oM A
591200 pme] S 5 Bl of wieyslo] 4%
A3t BARe) ol gHgict
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HjFe & 74 9] Whe Ahgste] A e st
AR R, TEHYNF X nematophilaT} P. temperata
temperatas LB YAu| Aol A 48 AJZF uljoks 100 ml2)
NS 5,000 pmofA] 2087 YART F, 02 um ATHE
E] (Pall Life Science, New York, Washington, USA)Z2
A& A AR, FY3 e wigre Al
HiFHE 121 C ol A 20 & F<F ndEFA e E 3hch

WERSR:

RE=0F B. thuringiensis+= (F) L#vto] 2(Hwasung,
Korea)2H ¥ FFEsth AZ AEL B. thuringiensis
subsp. kurstaki (Btk)2A 32,000 IU/mgs) B4 B8543
o} LB s RjolA] ufeld Z5HUANE g8 22 A
A 3 oRjollA} 500 ppm B 1,000 ppm O Bk} EFHA
Stk AR Bk 9 23 E YA 8L B ol%
3lo] BMSIR e X nematophila 38 EZQ BZA
(Sigma-Aldrich Korea, Seoul, Korea), PY (Peptron, Dacjon,
Korea), Ac-FGV (Peptron)- dimethy! sulfoxide (Sigma-
Aldrich Korea)E ©]-&3}] 100,000 ppm&] eE & ZA|
S, o}E Th] S84E olgslel 4 golom wis
Yk o] Fepallo] i1 an)S 1083 AR & ot
A7k 227 §7W(A7 9 em)olA 58 ARAHY 4
v Qlof) i bl 4852 1002y 3wkne s A=)
Fom], MY 24Xt 3712 59 B2t BESFE AGisich

&7~z Btk E= At A719F U A=lsiith
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Fig. 1. Toxicity of Bacillus thuringiensis subsp. kurstali
(Btk) against the last instar larvae of Plutella xylostella.
Assay used a leaf-dipping method and the resulting mortality
was measured at 5 days after the treatment. Different letters
above standard deviation bars indicate significant difference
among means at Type I emor = 0.05 (LSD test).
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T AREEe USRI AFFE o] 500 ppm ol dollAlE
80% uFte & A=} A2 F=F ST IHEE §4
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Fig. 2. Cooperative activity of the bacterial culture broth
(BcB) of Xenorhabdus nematophila (Xn) or Photorhabdus
temperata subsp. temperata (Ptt) on the toxicity of Bacillus
thuringiensis subsp. kurstali (Btk, 500 ppm) against the last
instar larvae of Plutella xylostella. BeBs were prepared by
culturing bacteria in LB broth for different concentrations of
BcB were prepared by diluting it with sterilized water.
Assay used a leaf-dipping method and the resulting mortality
was measured at 5 days after the treatment. Different letters
above standard deviation bars indicate significant difference
among means at Type I ernor = (.05 (LSD test).
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Fig. 3. Metabolite effect of the bacterial culture broth (BcB)
on its cooperative activity with Bacillus thuringiensis subsp.
kurstaki (Btk, 500 ppm) against the last instar larvae of
Plutella xylostella. BcBs were prepared by culturing bacteria
of Xenorhabdus nematophila (Xn) or Photorhabdus
temperata subsp. temperata (Ptt) in LB broth for 48 h at 2
8C. BcB1 was the BeB autoclaved at 121°C for 20 min at
1.2 atmospheric pressure. BcB2 was the BeB filtered
through 0.22 /m. Assay used a leaf-dipping method and the
resulting mortality was measured at 5 days after the
treatment. Different letters above standard deviation bars
indicate significant difference among means at Type I error
= 0.05 (LSD test).
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X. nematophila Al iAo 2RE gHE A E29
BZA, PY, AcFGVe| Bkt E52fte] Wy Asails
HA3IGCH(Fig. 4A). BZA, PY, AcFGVE F=HE 9l
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Fig. 4. Effect of three metabolites (BZA, PY and Ac-FGV)
of Xenorhabdus nematophila on the toxic activity of
Bacillus thuringiensis subsp. kurstaki (Btk) against the last
instar larvae of Plutella xylostella. (A) Dose mortality
response at 72 h after the treatments. (B) Time course at
2,000 ppm of each metabolite.
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Fig. 5. Field assay. Control efficacy of bacterial culture broth
(BcB) mixed with Bacillus thuringiensis subsp. kurstaki
(Btk, 1,000 ppm) against Plutella xylostella. BcBs were
prepared by culturing bacteria of Xenorhabdus nematophila
{(Xn-BcB) or Photorhabdus temperata subsp. temperata
(Ptt-BeB) in LB broth for 48 h at 28°C. Flufenoxuron (Fsx,
500 ppm) was used for control treatment for chemical
insecticide. Mortality was measured at 3 or 5 days after
treatment (DAT). Different letters above standard deviation
bars indicate significant difference among means at Type 1
ermor = (.05 (LSD test).

M = A58 STt Ae ERIEIGA olRs
of]zAA FUEA AsUE W &7 ARE
wstgchFig. 5). 7189 A olME Bk AEsf
9] FEE 500 ppm R ARSI, ofelAFolAl= 3
Ab 23 Q] 1,000 ppm 2 AL, o] Atk
ANg Fhujste] Ata Asch tix AZH2e
A4 sfshgetor go| AMEEE flufenoxuron (500 ppm,
Sungbo Chem, Seoul, Korea)2 st} A%t g2
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BTk 58] 7 UehgAIEh Bik ARkt Al
ke B A7t 59 olF o] sidhsof e wafurt
SUSiTHE A Y £ otk
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2 A7 2= A S5 iEE s tides
ZZHYMHR X nematophila®} P. temperata temperata
9] A=A S o183l ZR AE 7hed BEFGS
skt B3-S Tk @4 AgElO] A= Bk AESs
oFe] % i 4% 752 A=A =9 <F 80%
ofste] W2 S HRAT At E= tiAEE
= E3tsto] AEshd A58l A 18 dg &
|, X. nematophila == P. temperata temperata V}FN i}
BicE 8% A% oF 0% ool 43 ASETE s
Yick 3t olaiet e ASazel Jue 2o e
AEL 149 A= aTE A go} Bkte] A
AL Y 5 Arke A& WESIGITh o] et
ERA= Aot FLsHA A8t dol= Byl
3okt W Bkt ©E ARt w2 AL FAsioich
o3t WU A5EIN= X nematophila®} P. temperata
temperata W ol Q= |71EZ(BZA, PY, Ac-FGV)
oA 7]1ele Aoz FAsH). walAl B. thuringiensis
W= nXe G diF 7€ A1E EdE X
nematophila®} P. temperata temperata Y| FN o] EAsH=
E30] o9 Bk HHHS ¥Y = Y& A A=l
= Utk

WA ols 23IUITES F SolHes 71F 43
S. carpocapsae®}t H. megidis®] A31300] Z1Zh FAYSHH A
715 A% =&os 239 @7 =IeiA HrhForst
et al., 1997). 5 @) AYT Z5HLAFLE F=2
e o AN asio] Yt TAATE HESH
HrkSilva ez al., 2002). 38 ZrdE T3 HLAlZ
AA5-E olsl] f8l A=A 2 A HY ZHE-S st
A gtok 259 HRh-2 el Ae) ot o
FYAE A3}, ol F ofolFAeo|=F o] 83l 1
22 Q1 HRE HIstH AAA HIRkSo] oA
Hth(Gillespie ef al., 1997). X. nematophila®} P. temperata
HE 358 Hu-S AANE 5 =T,
ol oE Alto] 39 ofolAAReolEQ] AR vhE-&
A= dlollA 71Qlske Ao SEA|3L YTkKim ez

temperata~=

al, 2005). LFAHZRGo] ARl oA At ABEst
3 A Ea Ax 8% wio] AR AAME
ZEAUOIA S-S ThA] FAEkL A1) 28] 348
Al oAl A78% F B 7IFAI2 ALSHA "o
Alde] ARl BoAEUY Bk Asfik= vlE &
A T o A2 ol v ofgt Edo] ZAR
The SR 7123 ARA FAE BAFA ZEA,
o] F&E] ololFZAR=ol= A AAA7 ZHEHUS
Aog A=} o|#gt £2L ARZ X nematophila®)
3% o|A Aol dAEE ] BZA, PY, A-FGV7L 57
Holx 5SS 2 ST e al, 2004). £'E3] BZAS
ololmAtzol= ¥4 T} Sle] B WS 27 37}
A7l= Ao g d#HTKKwon and Kim, 2008). 181}
B QoA X nematophila®} P. temperata temperata©|
EA5H= AY QA EQo] Btk HHES A FHT=
2 a9 Ade 98 gyl st gk B
thuringiensis= THFITHLR 232 Z4E Aol 59
7H o]Eo] ZHe S o3 E4o] vehtA et
%, 3749 g7 EF0A 8aiE disae oA i
Faljo]l s S F9] uiAl§E e AlE Ao
EAsh= -8&Aloll ZSHA €t} (Hoffman ef al., 1988;
Zhang et al., 2005; Wang et al., 2007; Jenkins and Dean,
2000). ol M= g FJstar ojF FFuH|(Gill
et al., 1992; Pigot and Ellar, 2007) 2 A|3ZX]AHZhang
et al., 2008) o|oX|A| Hrt oF FHAE s
S B. thuringiensis Alxto] 8702 JUsH =i HE
F= st 353 &5 AAE 2H5H| $rk(Broderick
et al., 2006). IHLI3 B. thuringiensis N8 3EElA
o] oAl thafx AFHdE FEAF T Tabashnik ef al,
2000). o3t B. thuringiensis °FA| £33 74 FAE
ato| Z2ASI= B. thuringiensis WS4 Tild 48249
F-Z H3l(Gahan ef al., 2001; Ferre and Van Rie, 2002),
o] B Tz 7l Bafel AskOppat e al, 1997) 1217
&A1= Al AEEQ] wE 3)E =8l(Forcada ef al., 1999)
< ERIL 9719) B. thuringiensiso] tiet ZEE Ash=
39 A9%sE Al w7198 o o] AAlE w2
B9 o] Al Agol =E2EH Pz dapd NS
I 22 WY ghgo] F7Isto H|EE 4= ¢ch(Rahman
et al., 2004). B. thuringiensis R} L3 WI2HE AJo]
9] 7153 BAVSE BZA E= RS EET 22 HYYA|
E3o] wiFF ol tisiA Bk AEEE Al
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Ao E Q1% E ItKwon and Kim, 2007, 2008). 3Hi}
o) 739 olojaAReo)|= AT Wehd W3S 4o
7l FESAltoA 4 ghgats BT $AE 7
o], BZAS] 79 FhiegAltiold] 4L JAAPIE Aem
Br& FrhKwon and Kim, 2008). H|& #z-SA|TtobA]| 2]
27gdo] AR o] ATl A&l FasTt Hes
HsLAttolA|S) 2717} B. thuringiensis©l) Thet 28 A3}
4 71tz Adslrle ofgnt ESuiN(Pectinophora
gossypholla)®] 73%- B. thuringiensis A AT 704
Apolo]| HizLAttold] &4 o7t gl ALz yehy
ol59] TRYL & o BT A 433} dAlelA Fopd
ofot & A i (Gassmann et al., 2009). £ HE SA4S
A FASRs A2 23 AAA 2 o|A] sH]olH
2ol fEsHA] grks Havl Ut gltk 9 201, A%
A7 Gryllus campestris®| 735 1% 49 9t
=44 lipopolysaccharide & 2|3t 7-9- A2]4 Al
A2 AA| gl Fgo] Yokl Z4e ErskithJacot
et al., 2005). T3t Mycobacterium marinum©l| EH Zut
29 AL UA] M| T4 2o HESFAUE A3t
S FAE A8[3R= JARE ERNTHDionne ef al., 2006).
HAATIFQ] Toll# JAKES A Hash= EAROA
izl A WehdEohe TET o] Folil A
E K Harrison et al., 1995; Luo ef al., 1995; Qiu et al.,
1998). wiebA B. thuringiensisol tiet A&AdE Hol=
TS 1Y 43 A dolA LAl 2A /718
g Yo Eok 3 d2 HEFEY SHAAUFY 7]
g FARIA T30l oiA AR ol whet A3t
Al v9ZRgo] dojuk= Aido] TAE e, ol2et A&
HeE7t v 2 5o B84 FHo HisSAtoA
£ o] APl vSsEAHTE AR FE W ALSH
B2 dom gA4spEril A9siyithPham  and
Schneider, 2008). ©]={3t HlmSAlttobA|o] 43} 271d
Aol ololZAR-o|E7} Modd}7|of(Shrestha and Kim,
2008), X. nematophila®} P. temperata temperata Wj%¥Ro]|
EAY= ololTAReo = AR AN SJ8l B. thuringiensis
o] WS ATl AR HAYEe] A 4 Yk
o|Atol AF AT X nematophila®t P. temperata
temperata®) V%ol HHAA) FHo] LFE|en, of
EZo] ujEEF o] ofo]iARo|E AR W= A
AR, 35202 Btk HeEE ATAE 4 Utke
2 AARITE B3 2 A Aibe olE Al vl

B. dhuringiensis SFAlo] THe WA GUL o] F9lov]
ofeigt o) wet wlE Wk FEBL upgoR Ty
3 o sl TR AEe AEsoro® juE 4
e Ao Aagrt

A A

£ A7 20100 53E obdleh AR(RA:
3sRsoF A7 @) o2 E Ao} sHEiint & A+
A 717 B2t MBS ngIRb|eR o) 29A| BR21A
A& T3 AL
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