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Antibiotic and Insecticidal Activities of Metabolites Derived From an
Entomopathogenic Bacterium, Xenorhabdus nematophila,
Against The Bean Bug, Riptortus clavatus

Samyeol Seo and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea

ABSTRACT: A bacterial colony was isolated from the gut of the bean bug, Riptortus clavatus. From morphological
and biochemical tests, the bacterial isolate showed the highest similarity to Staphylecoccus succinus. DNA sequence
of 16S rRNA gene of the bacterium supported the identification. Oral administration of penicillin G to adults of R.
clavatus gave a dose-dependent mortality of adults of R clavatus to adults along with significant decrease of the
bacterial population in the gut. Similarly, three metabolites (benzylideneacetone, proline-tyrosine, and acetylated
phenylalanine-glycine-valine) derived from an entomopathogenic bacterium, Xenorhabdus nematophila, also inhibited
growth of the gut bacterial population and gave significant mortalities to R. clavatus. These results suggest that a gut
bacterial population classified as Staphylococcus sp. is required for survival of R. clavatus and that the three bacterial
metabolites had toxic effects on the bugs due to their antibacterial properties.
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1997). @702 U2 Alg-& Al AZ715E 2o
S8 oy 25 HAE AAAZITHPark and Kim, 2000).
HY7)sol A" 232 AolA AldF2lo] oJHAH
A AL 258 U 5S40l oio] i 2359
HEZE 4351 XAIA]71A] FciDunphy and Webster,
1991, 1994; ffrench-Constant et al., 2005). E3t AL
=3 AellA B uBES] AR FEE 2] Sl ol
AldE2 et FAEAE viEste] 4l 99 Al
ArS 0|27 FcHForst et al., 1997).

T3 RAIEQ X nematophila B\FHAA 171805
EHE E3lo] E)E B4 benzylideneacetone (BZA),
proline-tyrosine (PY), acetylated phenylalanine-glycine-
valine (Ac-FGV)2 olo|ZAlrol= FFHGL oA |3h T
29| HAYAAE F=3}9TH(Ji et al,, 2004; Kwon and
Kim, 2008; Shrestha and Kim, 2009). o}o]ZAl-0| ==
tieket WanlgEe] dia)A BTAEe] ofe ZARE
9 Aol Ay He] ket oot M els
Hgoz MEEE Aoy Hel ve REE dhfsis U
Z7l|AFo]tK(Stanley and Miller, 2006; Shrestha and Kim,
2009). AZHHGREE-] -9 2 B HesSAt
ofA|e] E/goll JESt Wepd g vhSol &3l E=d|
(Kanost et al., 2004), olo]ZA=0|EE o] E49] 27|
3ol #gshe Ao R i FrHShrestha and Kim,
2008). 3 S0 BYAR o 531A k= ke of¢]
FAReo|2o] o) uiAfiEls AeE dBFrh(Stanley,
2006). &, ofo]ZARolE AR ARl old g
Az 9 w3 d Ay JAE AAISt i
=39 HYAsE LA "k

AfRE Y 3 & A5 T UF 7RG
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9 FR2MET A SollA Basth RS AFska AiA
9 Ueg FAA7|3L 74 o|F o= e 7, A
4 H= Fo 2 olF3 AE FEVI7HA AR AT
tiEo] ZEd 242l w3E F4 FrkChung ef al.,
1995; Son et al., 2000, Hu et al., 2005).

AR 19909 SRR = AR AR
o] Zo] FEEL T8 T2 U EA] ggkor, 2000
Wk o] T RE WAFo] 24 F715te o8 =UARE
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71A] o]2A HUrkHa, 2004; Bae et al, 2008). F-Z 7135t

L 20 wUAE o5 A Alydidae)o] S8R
Eoe)fu) s 2 A (Riptortus  clavatus)®t  =DAY T}
(Pentatomidae)®] £3= 712 & AN(Piezodorus hybneri),
ZN =AY (Nezara antennata), B =R (Dolycoris
baccarum) X RPN (Halyomorpha halysyg €
2= QIukBae ef al., 2005ab). T2 =ARFI} 71} A8}t
£ 7Rz sz G wadRe by Fed U
24 gaolo], B TN 4E AR} Fale) HE
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7ValglcLee et al., 2002).
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Aldrich Korea, Seoul, Korea) &0] &7 d#|-87]0]] ol
uHAIY] & FrieulslEedAe] EHS 70% e
< 0|83t} =319t ol thA] mEtElA] Yol 7h=
TE o83l B FH o TAE o838l B w3
= AASK FrieiAu]sE=aAe] S gojd 3
Q1AFHE-8-9H(100 mM phosphate, 0.7% NaCl, pH 7.4)|
AIHBHATE MY 34 3718 1 mle] Ea<eo] Y1 23]
= 24513t 248 $424E 2,000 rpmof A 187
FHEYSI FARAN g 2eleid Eeld A7
<2 Luria-Bertani ¥jx]o]] 100 plE =5t 28°C wjel7]of
A 12A)17F wfjeFstgich

SRl Msfats S

s s e = AR FUAFY] gaY 84S
uXEFA7X](Microplate reader, Biolog, Hayward, USA)
£ o83t} EAs1gth A4 AR 9] H 2= BiologAh
oA AAEH BHE wlgth Biolog universal growth
medium+blood HjX|E o]25}e] 28°C oA} 24X 7HEQ} H)
oFsle] Al Hajslal th] 6383%2 343819t BlAE
Al GN2 microplateojA] 28°C ol A 2U7t v}t

BMiZe] FAHIRIR0IZ

(scanning electron microscope: SEM) ZH&H

Al Eer(2.8x10° cfmlyE formvar-coated Z21to]
=2FL 152 Fof| 2% S-ePdoAlg| o] E(Sigma-Aldrich
Korea)E: 0185} 2587 GAR BAH ARG FA;
A& ] B(IMS-6300, Jeol, Tokyo, Japan)& o83t
3

ZhAlrel 16S rRNA TR} 27 |MYE 24

EE AltS LBEfR|o|A 28°C, 12A17F B3k vjd3l
ok Hi R Al B840 mlyE AHEE(14,000 rpm, 55
st Al 55 9L, ThA| 542810 mM Tris, 0.1
M EDTA, 20 pg/ml RNase, 0.5% SDS, pH 8.0)& @1
At Alzeke Eafietact. thAl 5 ul9] proteinase K (25
= 100 pgmhE H7iete] 50C F-2520)A4 1087+
YRS A)71 & Sambrook ef al. (1989)0] 7185 Wls22Ha}
et A7 HO 2 A|2] genomic DNA (gDNAYE &
k. 22E gDNAE o2 338 4 A EH3(poly-
merase chain reaction: PCR) Zalo]HE ARE3te] 16S
IDNAS ZZXFHTKS 1.5 kb). A3kl Sulsr xalo|n

L Z+z} 5-GAA GAG TTT GAT CAT GGC TC-3'¢};
5-AAG GAG GTG ATC CAG CCG CA-3'Z A3}t
PCR F3-22 5 pl©] 10x PCR buffer, 5 pl©] dNTP (2.5
mM), 2 pl2] 25 pmol AHEF Zeto|H, 2 ulo] 25 pmol
gk matolm, 1 ule] FRES Upl), 1 ple] 9
DNAS} 34 plo] 254548 &35t} PCR (Multi Gene
Gradient, Labnet international, NJ, USA) Z7-& 94C of| A
18, 52C oA 40%, 72°C 18 3022 353] 28X AT
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Taotpen 5Uzt OIS A&H o2 FF3INTE

EAX2

BE AEaI AIE At WE-E A2 arcsine HEF
% SAS®] PROC GLM (SAS Institute, 1989)2 o]-8-5}o]
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Fig. 1. A bacterial isolate from the intestine of Riptortus
clavatus adults. (A) Digestive tract showing different areas
of the midgut. (B) Bacterial colonies grown on LB medium
for 12 h at 28°C. (C) A SEM photo of the bacterial isolates
at 3,000x magnification (JSM-6300, SEM, Jeol, Tokyo, Japan).
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Table 1. Biochemical characters of a bacterial isolate from
the gut of Riptortus clavatus

Characters Isolate S succinus S. xylosus S. equrum
Gram test + + + +
Grdwth in:

0-05 ug bacitracin mI*  + + + +
40% bile + + - +-
1-6 1g novobiocin mI"  + + + +
Optochin + + + +
Reduction of :
Nitrate - - + +
Glycosidase (PGR) + + + -
Glycosidase (PGT) + + + +/-
Phosphatase + + + +/-
Pyrrolidonase - - +/- -
Voges-Proskauer test - - +- -
Hydrolysis of

Arginine - - - -
Indoxyl phosphate + + - -
Production of

Urease + + + +/-
Catalase + + + +
Oxidase - - - -
Fermentation of

Raffinose - - - -
Trehalose + + + -
Mannose + + +- -
Lactose + + +- -
similarity with isolate ) 100 g5 70

(%)

AA3h o] A2 165 RNA 5370 A7 M ES 281t
(Fig. 2A). GenBanko]] 529 AJZ-& 165 rRNA 97144
3} vjaste] 2 Ay FriesiuisiE=aA Aol £
H AL S succinusSt 7P SAFE7} lg{f Ao veht
ti(Fig. 2B).

Al SCi2PHols2] o2l HE

EriEPu| s e =B A Lokl ZelE Staphylococcus
sp= FRAQ penicillin Gof| Hi3iA S RET(H|R
IAR). ol w2k A= g FE] penicillin GE FH)
e|&2 Aol A4 Helsiict. @A) F=7 =0t
Aol w2t s s Eedq ] 4&&L Wolit
(Fig 3A). ol2i%t B2 W3t & A 2AA Al
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(A)
GAAGAGTTTG ATCATGGCTC AGGATGAACG CTGGCGGCGT GCCTAATACA TGCAAGTCGA 60
GCGAACGGAT AAGGAGCTTG CTCCTTTGAA GTTAGCGGCG GACGGGTGAG TAACACGTGG 120
GTAACCTACC TATAAGACTG GAATAACTTC GGGAAACCGG AGCCAATGCC GGATAACATA 180
TAGAACCGCA TGGTTCTATA GTGAAAGATG GTTTTGCTAT CACTTATAGA TGGACCCGCG 240
CCGTATTAGC TAGTTGGTAA GGTAAAGGCT TACCAAGGCG ACGATACGTA GCCGACCTGA 300
GAGGGTGATC GGCCACACTG GAACTGAGAC ACGGTCCAGA CTCCTACGGG AGGCAGCAGT 360
AGGGAATCTT CCGCAATGGG CGARAGCCTG ACGGAGCAAC GCCGCGTGAG TGATGAAGGT 420
TTTCGGATCG TAAAACTCTG TTATTAGGGA AGAACARATG CGTAAGTAAC TGTGCGCATC 480
TTGACGGTAC CTAATCAGAA AGCCACGGCT AACTACGTGC CAGCAGCCGC GGTAATACGT 540
AGGTGGCAAG CGTTATCCGG AATTATTGGG CGTAAAGCGC GCGTAGGCGG TTTCTTAAGT 600
CTGATGTGAA AGCCCACGGC TCAACCGTGG AGGGTCATTG GAAACTGGGA AACTTGAGTG 660
CAGAAGAGGA AAGTGGAATT CCATGTGTAG CGGTGAAATG CGCAGAGATA TGGAGGAACA 720
CCAGTGGCGA AGGCGACTTT CTGGTCTGTA ACTGACGCTG ATGTGCGAAA GCGTGGGGAT 780
CAAACAGGAT TAGATACCCT GGTAGTCCAC GCCGTAAACG ATGAGTGCTA AGTGTTAGGG 840
GGTTTCCGCC CCTTAGTGCT GCAGCTAACG CATTAAGCAC TCCGCCTGGG GAGTACGACC 200
GCAAGGTTGA AACTCAAAGG AATTGACGGG GACCCGCACA AGCGGTGGAG CATGTGGTIT 960
AATTCGAAGC RACGCGAAGA ACCTTACCAA ATCTTGACAT CCTTTGAAAA CTCTAGAGAT 1020
AGAGCCTTCC CCTTCGGGGG ACAAAGTGAC AGGTGGTGCA TGGTTGTCGT CAGCTCGTGT 1080
CGTGAGATGT TGGGTTAAGT CCCGCAACGA GCGCAACCCT TAAGCTTAGT TGCCATCATT 1140
AAGTTGGGCA CTCTAGGTTG ACTGCCGGTG ACAARACCGGA GGAAGGTGGG GATGACGTCA 1200
AATCATCATG CCCCTTATGA TTTGGGCTAC ACACGTGCTA CAATGGACAA TACAAAGGGC 1260
AGCTARACCG CGAGGTCATG CAAATCCCAT AAAGTTGTTC TCAGTTCGGA TTGTAGTCTG 1320
CAACTCGACT ACATGAAGCT GGAATCGCTA GTAATCGTAG ATCAGCATGC TACGGTGAAT 1380
ACGTTCCCGG GTCTITGTACA CACCGCCCGT CACACCACGA GAGTTTGTAA CACCCGAAGC 1440
CGGTGGAGTA ACCATTTATG GAGCTAGCCG TCGAAGGTGG GACAAATGAT TGGGGTGAAG 1500
TCGTAACAAG GTAGCCGTAT CGGAAGGTGC GGCTGGATCA CCTCCTT 1547
(B)
Bacteria NCBI Analyzed Nucleotide Nucleotide Match score E
Access number  sequence (bp) identity (%) gaps (%) (bits) value
Staphylococcus succinus AF004219.1 1536 99 0 2837 0
S. succinus sp. succinus  NR_028667.1 1536 99 0 2837 0
Bacterium daSW.24 EU935321.1 1478 98 0 2730 0
Bacterium G24 AY345395.1 1470 99 0 2715 0
Bacterium 1D4404 EU660431.1 1460 98 0 2697 0

Fig. 2. Identification of a bacterial isolate of the intestine of Riptortus clavatus adults using 168 RNA gene sequence. (A)
The nucleotide sequence (accession number of NCBI Genbank: HQ018602). (B) Blast result of the nucleotide sequence.

#+9 W A3t vREQEA] gobEr] 3] 5,000
ppm®| penicillin Gol] A)E L=HA 459 A3l B

8 £ 23 tizol vls) BHsHA EolE At 2=E

AT o AhFig. 3B).

X nematophila feY B%19| Erlalo|sa) ==Xy

LA
A} 7HA] 2191 BZA, PY, Ac-FGVe] Eolejsu)selxd

X nematophila W]OFY 0 2R e 3%

A gFol g BTE4E BHAHFig 4). Al =2

EE 5k

e 43

8 =712 UYERyF = 15.5; df
=5, 36, P < 0.0001), 10,000 ppm ©JAF H2loAl= 100%2)
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Fig. 3. Effect of penicillin G on swurvival of Riprortus
clavatus adults and their intestinal bacterial population. (A)
Per os administration of different concentrations of penicillin
G. Mortality was measured at 4 days after the bacterial
administration. Each treatment was replicated three times,
Each replication consisted of 10 bugs. Different letters above
standard deviations bars indicate significant difference among
means at Type I error = 0.05 (LSD test). (B) Effect of
penicillin G (5,000 ppm) administration on the intentional
bacterial population growth. The bacteria were cultured on
LB medium for 12 h at 28C.
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Fig. 4. Insecticidal activity of three bacterial metabolites
(benzylideneacetone (BZA), proline-tyrosine (PY), and acety-
lated phenylalanine-glycine-valine (Ac-FGV)) against Riptortus
clavatus adults. These compounds were per os administrated
to the adults, Mortality was measured at 4 days after the
initial treatment, Each treatment was replicated three times.
Each replication consisted of 10 bugs. Enor bars indicate
standard deviations.

ASAAE BE Ty o) Al £ ARld) BokElv]
3=l n|XE Abgd) JoirE SUSHA Yslct
(F = 2402.04; df = 2, 36; P < 0.0001). o]2J3} A=A T}7}
ols B4 iAol it A AExlolA fEEER)
Gokr] 913l 5,000 ppme] BZAE ©14310] A2 & A7}
2 Y At L= SHEIAciFg. 5). Ag F AP
2t 2 Al 95 st gAY, BZA At
A X|7ko] At whel g Y7t @Z5H wol
FHrhFig. 5B).

n &

£ 47 2= FrhesivlsiE o] s e
< A7 AstE o Fuite] S48 Ak BoiE
A3 =AAE AAAE = Qe A2 Yehych
&, FrE/insld =gy FuAled 98 ¢8d 1
HF 2] FYEAI penicillin GE A2st9lS of Ay
Alte] 54 AAE R9x FoleivsizleadRjd] ds)
AFo] et 2E gEgnk T3y ddaed x
nematophila®] A 7}A AFEZRQ] BZAS PY 183
Ac-FGVE A231%E df, 5, 000 ppm o]4F2] oA
A2l A& JAlhe Aoz Yehgon] A3 Sy
oSS AR A2 YelTh X nematophila
 FEEE Bk AlgeE 2 984 Yo (Forst
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Fig. 5. Bactericidal activity of benzylideneacetone (BZA 5,000 ppm) against the intentional bacterial population of Riptortus
clavatus adults. BZA was per os administrated to the adults. (A) Change of the intestinal bacterial population at different days
after treatment (DAT). The bacterial extracts were cultured on LB medium for 12 h at 28°C. (B) Quantitative analysis of the
intentional bacterial population. Each treatment was independently replicated three times. Each replication consisted of 10
intestines. asterisks indicate significant difference at Type I error = 0.05 (LSD test) between control and BZA treatment in

each DAT.

et al., 1997), APATANAE A1 EHLA A<l Ralstonia
solanacearum, Pseudomonas syringae, Xanthomonas oryzae
) 371 ol e Al AA ATE UEPdThPark
et al, 2009). FoEZnERl=dAe] AL
Burkholderia 0} RAE31(Kikuchi ef al., 2005),
Staphylococcus 38+t & ATolA A2 BaEth
Staphylococcus 459 &31= Ma-57} SN (Dermanyssus
gallinae), W5 Manduca sexta) 573 H S0 F A3l
of| A WA % ¢ chEutick ef al., 1978; van der Hoeven et
al., 2008; Valiente Moro et al., 2009).

& @7l B FrEmsei=aqe 4 F2e
Ao} glom, Es] Uk 1919 S = el
TFZE olF nEC] AT = e TR gEA
AcHKikuchi ef al., 2005). Fot&]7iu] s 2] =d Aot 22
&of &3l 32|38 E| . URA(Leptocorisa chinensis)y= &
= Proteobacteria Al#749] 3 BR{-oll &£3N= Burkholderia
sp. T& FAHOE ZI= Aoz BustgriKikuchi et
al,, 2005). bt RFOE B Ao Eejgt Al
253 A 12E 5 ok ZHIEAE 2 dFolA g
e AT SN M= Burkholderia F0| YR A] 43t
ok OIS =@AFOIA Burkholderia F-& Azt ZAu}elr]
Holes 7WARE B 31 SRR A SAAE olF e
Ao g v rkKikuchi et al., 2007). waba] olfgt At
£ & 7oA AR A o] Burkholderia RTh=

StaphylococcusE AT LE AE5FE 7153 AXskaL
Sk 059 T4 B=o) that AL Yto] el
A ot o5 FEE ARt FAFL] AolHE BREA
2 AT Anvio g Myslr] oYk

B Al 5AE Staphylococcus sp.ol| thal T84
& Uehi 2991 BZASF olsh fARE B8R0 PY 12
3 Ac-FGVE 22 ANHER] X nematophila®] vkl
A E2|=|Th(i et al, 2004). BZAL ofo]ZARmol= ARt
48 2ol phospholipase A, (PLA)E ofAlstod skt
vKSpodoptera exigua)®}; WiFE L (Plutella xylostella))
RS $=althKwon and Kim, 2008). o}o]ZAR:
olTi ot HeulBEo] talk BTAIRA ofg 24
g U gl Alzd i w3t theldt e
= Zgoz vpsh A4 we g DL ofa)
EtkStanley and Miller, 2006; Shrestha and Kim, 2009).
AZzAHGEEee] 3¢ g @79 HeSA o9
Ajof) o)&st Wahd A vhgol oJ&stA ==t|(Kanost
et al., 2004), o} FTAP=O| =% o] FAL] 27| &30
Zg5k= Ao 2 uaHrShrestha and Kim, 2008). E3t
B750| BUAZ oI55 She YSE ofo]TpmolE
of o3 W=l Aoz gtk Stanley, 2006). 5, o}
FApcolE A ARl ofigt tRE Al WY wkg
4 QA HARRSE AASk] i} L5 HAAEE
QP Eok TE 2 A7old 2oiE BAE Ik




258 Bacterial metabolites and insecticidal activity

ol&gt ofojFA=o|E AFA A Atz A 4]
oiFdtt AR NFC2 Photorhabdus luminescens=
BZAS} F-AFSt stilbene 120] tiAb BRMES A4
o8l o) o] EFo] A AHE Ze Ao veit
(Li et al, 1995). 221} ol EES0] FAALE At
o} F4& Ak 7R ok WA Al gtk

ope] A Hipe IFH YN X nematophila®) A
F2F dAHEEQ BZA 9 PY 281 AcFGVE AEE
g 2o A A EHo| ZFEgloH, of ER
o] Ertein| sl =A o] Al Streptococcus sp.
o} gL AR 25 FrEIA0 S =4 E AL
A = ltks AE AR =5 2 A A Sa<l
EcEIAUE Y =AgES] dg A S RoFde
o, Boteliu|siedA) o]9) tpafst F9] kaA o]
tiajx] 2L Hofe s e 4= g ALE ARRH
olF ¢HAle] TAA A5 712k W7l Hleide ST
uljE|=gRe] A& vjxlE o] A At} IS
Hx A% digt a7 Zasich

AL A

2 A7 20109 % FEYEH obdich ARI(HTHAE:
s} A7 |e) o= e Ao ST & A
A 717 % AAEE SR IeR o] 284 BK2IAL
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