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Characteristics of Enterobacteria from Harmonia axyridis and Effects of
Staphylococcusspp. on Development of A, axyridis

Chung Woun Moon, Ki Kwang Kim', Kyung Sook Whang', Mi Ja Seo, Young Nam Youn and Yong Man Yu*

Department of Applied Biology, College of Agriculture and Life Sciences, Chungnam National University, Daejeon, 305-764
1DepaLrtment of Microbial & Nano Materials, Mokwon University, Daejeon, 302-729, Korea

ABSTRACT: Enterobacteria were isolated in the gut of the predacious multicolored Asian ladybird beetle, Harmonia axyridis,
and their effects to the development of H. axyridis were examined. Populations of H. axyridis in this experiment were collected
from Kimjae at Cheonbuk province (JK population), Geumsan at Chungnam province (CK population) and laboratory population
at Laboratory of Insect Physiology in Chungnam National University, Daejeon. Thirty-four enterobacteria isolates were purified
and isolated from the digestive tract of H. axyridis, and a total of 4 strains were classified into group by analysis of 16S rRNA
gene sequences. About 70% of total isolates were phylogenetic groups of Bacillus genus and Staphylococcus genus, and they were
commonly separated from the digestive tract of H. axyridis. After investigating their susceptibility against antibiotics with 18
representative enterobacteria isolates, ofloxacin and penicillin were selected for examination in this study of their ability to
inhibit the growth of all of isolates. In order to remove the enterobacteria from the aphids, ofloxacin and penicillin were given
to the green peach aphid, Myzus persicae, and the turnip aphid, Lipaphis erysimi. These aphids were provided to H. axyridis as
prey. The weight of pupa, developmental periods of each larval instar, the number of eggs and their hatching ratio of H. axyridis
with treatment aphids were lower compared with non-treatment aphids. Staphylococcus saprophyticus is a tepresentative
enterobacteria and commonly isolated from the digestive tract of H. axyridis. In the absence of S. saprophyticus, the developmental
periods of each larval instar increased; however, the weights of pupa, the number of eggs, and their hatching ratio decreased.
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S E(Harmonia axyridis)e] 231713 Ulol] A28kl &= FUlAldS 5 83t AlE e 548 waliL o]
FuUjAlte] FEge] E5d v X IS FESIATE Al A& AAJK), 9 51HCK) 18]a FEuigtal 232284

TS AR Ed o] sl oA AU 34TFE 52 8)ekaL 16S IRNA 547} 714 E-& 45}
F N AleTo 2 B3t e Ashr|delA EelE AR EelvFe] <F 70%7} Bacillus$:3} Staphylococcus$-5 38R AlS
oo, AlE By Ao 2HE FEH R R §4S Btk EElE AT F HEAT 18TFE tld o2 FA8A|
ol gk A ZAME =38k A, ofloxacin} penicillin®] Al BFollA] 5218 A3she A WS Uefdjo] Al =2 A
g3kt gl o] Holel B4l 2 Sl B Myzus persicae)¥} F-8 2] A S B Lipaphis eryimi)*) ofloxacin ¥} penicilling 24 =] 2]&}o]
FRHEEE ARSI A7 |5, 52717 ey A, Folg 5 A EE 598 A FA T} vlarsk A3 U ERgth 2 3
Y 25| Bo 2RE FE2 0 2 Ba|® ) E AT Staphylococcus saprophyticus 7} T E| o] WS4l B x| QIS 2AVSH A3 S
saprophyticusS] F-A) A f-Z717ko] Aojx o W 7]e] FA] 18] 1L 5] 2k Atk

2O ), BN AT, Staphylococcus saprophyticus, SHRE2
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(Baumann, 2005). 2552 ZAHI 2] 7] %7} Bl A 414
£ ABUA AR AR oA 7 AU v R
St ohE A @A A}o] & Kol Flo] SR otk whetA] &
A A A o] ol aAle) A e S8 7| A B
ofe ThRHE 73 uehbs Ao madm or

H ol A S TAZE =7t sHA 71529 A2 of of5=
HA DA Ql A RS et = A e ok SRS
B TZY 237 oA W o] R AL o] A2 A
o B2l opu|ieibo| ) vl ek 55 sk Ao
2 98 A AL Qe 2ol 5 AW 34 DNA 54 of £
X Q402 FQAS 71 thE R ¢l ti(Ishikawa, 1989).
o RFEE ArjH EE A FANE 2 9
1), AR E(Buchner, 1965; Baumann and Baumann, 1994;
Munson et al., 1991a), W} Hd|(Bracke ef al., 1979), ==}
(Prado et al., 2006, 2009) 5-2] T2 Aj| FAYA| o] Tt AL
7} 71 ghds] Ky E| o] ko NGE3t Buchnera spp. 7+ )
791 o2 BE3I, o] F& FI5iEe] Ar o %
Ho|sje] 7] Wrol Al M Ak S ¢ 7)ol oS B
SHHA] ofu]of| A 7|2 AL &AL It Munson et al., 1991b;
Moran et al., 1993). w}ehA] S -E2] Holof tetracycline= 4]
eJsto] Buchnerato) 47 SISk AARN L o 7159
o] maln Akl AAEA Eak A Wol 2t
(Mittler, 1971). 0] 23} FAFS AlE1Z 0 @ 74x|= LA} v
-proteobacteria®] PASS, PABS 2} a-proteobacteria®] PARQ}
Spiroplasma £0| 4&# JQTHChen et al., 1996; Chen and
Purcell, 1997; Fukatsu et al., 2000, 2001; Darby et al., 2001;
Sandstrom et al., 2001).

F2 o3 vow mAN Tom Uy B
(Harmonia axyridis)= “Add| E(Coleoptera) T3
(Coccinellidae)o] &h= 1502, T, S=, thyt, U, AFeE
9 SEAH 2| oRS HIERE obA| o}ttt AR R A] & of| 7}
A ] 2RI Q= FolthPark, 1993). | 2H2] 65%

= Aoz dHA glom o] £3h=
AGES] =0 A Y ¥yt opu et Zad e, w5

g, 2A7FRo] T2 ER of B w2
H

B

Matsuka, 1973; Hukusima and Takeda, 1975; Matsuka and
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Okada, 1975). T3t Ho] o] iz g ofl whah ol A 2] ¥=
A0 TR} Y ThE A 02 A2l A ItH(Applebaum, 1985;
Chapman, 1985; Christopher and Mathavan, 1985).

B ATAE FAY 25 Fohude] guje] 245t
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AJF 50 2 AR S E|(H. axyridis)=2008'd HE
HAAUK), S5 FAHCK) oA A5 7NAIE 2o Saet
A FFAYAAACH A 28 S ARSI Qs AR
2 Aol ARESHAT JKF CKOflA] A58t 1Al wh-2 Al
= e 5SS 5] el Rt AREstATt g, Cl A
= Al e ohy 2t A At ke] WA S A
ok Ty 2w 2542C, %7 16L:8D,
SHFE 50~60%2] 2704 =Tl ARgso] Aol ARE-SH
Tk Aol ARSSE 52 A S0l A 2 e F8hA A 17 Al
71of| Z+ZF 11}2] 4] Insect dish(100 x 40 mm diameter, SPL Life
science. naechon-myeon Pocheon-city Gyeonggi-do. Korea)o]|
WA AR5 EFRA AL 2H2F 0] Ql B obg A S &3 |2 KIS
= TN Yol 2 33813l 5ol S E(M. persicae)
SIS E(L. eryimi)E 2124 B Bl SHP-L20f A
£ Holz Fgsto] FEe et g8 208 A
o] Hol 2 Tkt

el A5 3] &) 423}7] 7S Heo5(2006)©] Al
% SAsh b o= Releleltt. 22ke] Rl
2-20C o 5EZF o] 7| HAI SIS AAT & HH 45
& AAEFTE EHAELS 1% NaClOsof| 1487k 18] 31 70%
(wiw)olehZoll 127+ A8 & A of] 2o Ql= ollgE= A
A7) §5te] H-3h insect saline -8-2H(9.32 g NaCl, 0.77 g
KC, 0.5 g CaCl,, 0.18g NaHCOs, 0.01g NaFHL,PO,/ 1L, pH 7.4)
© =2 23] A4 8t3ATh Al# $-insect saline -§-4o] 271 w2t
ol &9 Moz nAsto] sjidn| 7 stofl A i o] A
2 B3k} B2 = AL insect saline -84 200 ul 7} 3¢ 21

2ml eppendorf tube(Axyzen. Central Avenue Union City. USA)
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stibe) Ao RE ukelo) £30) £3h|eE wyol
FH wol Hgeol upakar 1/10 NAH|A|(Difco™ Nutrient
Agar), skim-milk j=|(Difco™ Skim milk, Difco™ Agar),
CMCH}%](Congo red, Difco'™ Agar), CMA B ](Chitin power,
Difeo™ Agan) 5 45591 vj<Jo] vasle] 1) @ 4ok
8 e BB e iopE Tl 2R S FG 0 A}
4310 PCR 522 3|4t} Escherichia coli 16S IDNA F-5-9]
conserved sequence S 7| %2 $F27F (5'-AGAGTTTGATCCTGGC
TCAG-3") primer2} 1492R (5-AAGGAGGTGATCCAGCCGC-3")
primerE- ©]-85}%th PCR-227 F primer, 1 ul; 1492 R primer,
1 ul; EF-Taq polymerase (Solgent, Korea), 0.25 pl; dNTP, 1 pl;
10x buffer, 5 pl; band doctor, 5 pl; H>0, 36.75 plE-0.2 ml PCR
tubeo]] Y1 & E913t 5 94C of| A 5E7HHRS3E Th3 94 C o]
/\1 denaturation 15, 53C o] 4] annealing 15, 72 C o} 4] extension
B9 303] W23}, 72°C of| 4] 1057} final extension 2] 27
© = PCR (GeneAMPR PCR System 9700, Applied Biosystems)
v A5 TE PCR AFES A7])%95(Mupid-21, Gel
documentation system, Bio-Rad)3}o] 5% o] L5 201314t
A A|5F PCRAFES =3 © & ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosystems) &
ARg3to] G714 L9-S A3t Sequencing PCR-E BigDye
1.3 pl, T7 primer 1 pl, 16S rDNA sample 1 ul (100ng), 2x buffer
3.4 plof| Bt 55133 wWE 2 E£315E 3 cycle sequencing A
AlFAtt PCR AHE2 100% ethanol 50 ple} 3M sodium
acetate (pH 5.2) 2 pl& A 713k 5 22,040xgof| A 2587F 2 A A
7]1aL. 250 ple] 70% ethanol® A|&3}e] AZAIZ] & HiDi
Formamide 20 plZ A7}5}ke] 95T of 4] 25
3t & dS9JoA WZMA]7]a1 ABI PRISM 310 Genetic
Analyser (Applied Biosystems) & AR&-5}0] 7|4 22 AA5}
Q). 2% 97]4 2 9] homology= DDBJ/ NCBI/GenBank
database 2] BLAST program-2- ©|-8-3}¢o] B 35}$iTh

=9} denaturation

M| X2lofl ofet el ZA

Zze] Aol A FAI 2EUE Ha E FH 10mio] 3

1! vortexing 3t ARFNAH R} YA 71 271 = NAH|A] o]
=t ufjoFsto] A A=E AT FAA= penicillin,
quinolone, tetracycline, aminoglycoside A & o] &3] Z+-2}19]
SHAYA| 2] penicillin(Sigma, USA), ofloxacin(Sigma, USA),
tetracycline(Sigma, USA), streptomycin(Sigma, USA)S %%
w71 0.01%7} 555 WA gREo] Agstsich Hiof A
penicillinZ} ofloxacin©] 35 vl x| of| A= H2] ¥ —I_r_I——O] A
oA o] o] FAAES AL &= 2542°C, Fx7]
16L:8D, AT 50~60%2] ZZAA 0.1%2 4&%
penicillin 1} ofloxacinH-& HE 7| & o]-&35}o] BEolE XYl
g} e e 50l A Ae) slo] o mRE Fate] o
& oot ol 2 Fusklth

C

l"

Staphylococcus spp. @37} PEHE|o] HESXAL

Staphylococcus spp. w52} T3 HH o] FABAE A5}
7] 915k0] Hapo} E AR} T el UGS vlo] 2 Fehy

(¢}

g E AR EHEA WS 7|7E WU 7] 9] 5A|, Alehs, #3ke 59
Ae]A Q1 S0 gt FaFe A&l T o] Holof
ofloxacin @ YA S A &S A 2] gt 2= Al of ey
20| A Bl S. saprophyticus S 2x10°cfu/ml 2] S E2 3
23t AG = Al 22]al FA g o2 ARETS 3g1t

AR AR5 3575 2ARBIA 22e) AAEE AR

ﬂ%%lﬂﬂAEﬂ%ﬁ%%ﬁ@mmw&mmmnnii
I 9] A Yufr]EALS 2 B3kt
2 ¢ 0

L33} v =] A o] tigt At 25 Yol 9
o W = ol 5 -85 H3of d E o] AR
At gEo] Wolbachia®} Buchnera®}t 742 A n| A E1}9]
AzpA o gt A5 ARk e = 15 AU e
o] FAYTA, el S A A, HelsA8A, 7188 A 5 25
T 23p7 ) W e e v = e At Eds
Z3Y =] 31 1Tk (Werren, 1997; Douglas, 1998; Dillon and Dillon,
2004).

& dFollM e 7 FEEE A AR E ST
o7 sto] i fet At 5 345 e stk e

a3p7| o e felE AWMt & 345 A= 16S
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RNA 22} 7] 4 €2 A4 3}3L PCA(Principal Component
Analysis) 248 F3lo] A5 tddS AESH 23} aerosaccus, Micrococcus luteus, Methylobacterium aquaticum,
9 Rhodocista peckingensis7} £ E|Qth HE-
H=x]Qlth Firmicutes Al Halg FFHYIK)N A= Staphylococcus hominis subsp.

715, T12]a1 Proteobacteria

Firmicutes, Proteobacteria, Actinobacteria “12] 37 Deinococcus-

Thermus®] & 47 AlELo®2 B

Ok=24+1<5 Actinobacteria Algtoli=4

AF ol 5377k BEsa gl

(Kim et al., 2011).

2 wepue) 817128 AR A

St AT, A 47 {3(C ol A= Staphylococcus spp. A 2] 4 e ig 5%
23} Bacillus thuringiensis, Bacillus subtilis subsp. subtilis, A7) Y g A
Deinococcus radiodurans 2 Brevundimonas vesicularis7} £ YARES AT {]91%—

2EAL, S TR ollA el

2(CK) N rt=Staphy-

E3LA EA]

ne
rlo

Table 1. Phylogenetic analysis of enterobacteria isolated from digestive organ of H. axyridis

e

o] Atz ie

oS WA 18 50 57

lococcus spp. 7| 2] 253} Bacillus thuringiensis, Enhydrobacter

hominis 2} Bacillus thuringiensis, Kokuria palustris X Arthrobacter
Aog gl Byt oxydans7} £-2] =Tt
Wl o\ A=Staphylococcus spp. A1) =t} Bacillus thuringiensis
=512 EAL AE 7t 3507 HalE= EAS B Yt(Table 1).

*Oﬂ ﬂﬂi Alato] AA &

Source Strain No. Identification of 16S rRNA Simility(%)

SB1-2 Staphylococcus xylosus ATCC29971" 100
CB1-2 Staphylococcus xylosus ATCC29971" 100
CHBI1-1 Staphylococcus xylosus ATCC29971" 100
SB2-1 Staphylococcus sciuri subsp. sciuri DSM20345" 100
CHBI1-2 Staphylococcus sciuri subsp. sciuri DSM20345" 100
CB2-3 Staphylococcus sciuri subsp. sciuri DSM20345" 99

CI CB2-2 Staphylococcus vitulinus ATCC51698" 98
CHB1-4 Staphylococcus warneri L37603" 100
B1-1 Bacillus thuringiensis ATCC10792" 100
CB2-1 Bacillus thuringiensis ATCC10792" 99
CHBI1-3 Bacillus subtilis subsp. subtilis DSM1 0" 100
SB1-1 Deinococcus radiodurans DSM20539" 98
CB1-1 Brevundimonas vesicularis ATCC11426" 100
AJ2-2 Staphylococcus epidermidis ATCC14990" 100
CAJ2-1 Staphylococcus epidermidis ATCC14990" 100
SAJ3-2 Staphylococcus cohnii subsp. cohnii ATCC29974" 100
SAJ1-1 Bacillus thuringiensis ATCC10792" 99.4
SAJ2-2 Bacillus thuringiensis ATCC10792" 99

CK CAJl1-6 Bacillus thuringiensis ATCC10792" . 100
SAJ2-1 Enhydrobacter aerosaccus ATCC27094 97.3
SAJ2-3 Enhydrobacter aerosaccus ATCC27094" 98
AJl-1 Micrococcus luteus ATCC4698" 100
SAJ3-1 Micrococcus luteus ATCC4698" 99
CAJ1-2 Methylobacterium aquaticum GR16" 98
CAJ2-2 Rhodocista pekingensis 3-pT 93.1
CHA3-1 Staphylococcus hominis subsp. hominis L37601" 100
CHA3-2 Staphylococcus hominis subsp. hominis L37601" 98.9
AK3-2 Bacillus thuringiensis ATCC10792" 99
SAK2-1 Bacillus thuringiensis ATCC10792" 100

JK SAK3-2 Bacillus thuringiensis ATCC10792" 99
CHA1-1 Bacillus thuringiensis ATCC10792" 100
CHA1-2 Bacillus thuringiensis ATCC10792" 100
AK3-1 Kocuria palustris DSM1 1925" 100
SAK3-1 Arthrobacter oxydans DSM201 19" 100
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S f5ollAe 119 Alet 2247343
A 424= E2) 3t A2 16S rRNA 5472} 7] A

2 EA3Y A} Staphylococcus saprophyticus 2 g7 =) 1T

A F7HA] B AARES 25-9] Aol A4lehe ol &

29| M2 H 15} ti(Buchner, 1965; Werren and O'Neill,
1977; Mrazek et al., 2008). H}'He]| o] S7of| 4] thefRl oto]
A% Q) o H(Bracke et al., 1979), AARE(Tsuchida er al.,
2002), .=} (Prado and Almeida, 2009), =4 H|(Schloss et
al.,2006) 5] ol A &= W2 5] HE] = ekl B alE gl
o} & dA5tollA] e adlr| ko mRE EefE At

= AEEA o2 oo ThgRE Alato] BrE AT

HlEL i
)

o,
jo

\i

=

SHARION ChEt SEkRl SHAMZO] 244

epue) S0l £k Bl 15 vAL 9%
2 Brksh] Slstel AT Aol thet Fehue) g
Hato] 7ol tiste] 2AFakTE Mittler(1971)% chlorte-

tracycline A g 2] auromycine AF&3}10] G &2 &
A AN 717 T W5z Ae) SAwsie w
1, Koga 5(2003)-2 At 2] 34 Allwt2] FAfste] 4
Aol SIAIE T Afsh] Siste] TRl
S-S YERY= penicillin A€ 2] ampicillin®} ansamycin
Ao ritampicing ALgslo] S Sesvlole). w3l
chlortetracycline, doxycycline, kanamycing-2] &RIA| 7} X5
Hof) ARE-E] 9l TH Wilkinson, 1998). 1 Lol A= A2 A
o] AR 2 st ool Tgepi el oA fnke et
W= penicillin¥} Al-2] DNAZHI-E #|8figl= ofloxacin, Allw2]
A S Aliohs AvE 7HA AL 1S iAol
2282 YEl &= aminoglycoside A€ 2] streptomycin & tetra-
cyclineg o|-&3}3ith

e +§}7Wr°i—rﬂ 2] 34709 Al F 2
AET-E ) H3}= 52 18752 thAH2 & penicillin, ofloxacin,
streptomycin “L2] 1l tetracycling ZF5%=710.01%= H 713t
NAZYHA] o] A wlj et 23} streptomycin©] -l B [ ol A

+ Arthrobacter oxydans, Enhydrobacter aerosaccus, Kokuria

of X

]_

1-

32 oy
oz [0 oz

=

F_l..
oN _&1

1% o
ol

palustris, Methylobacterium aquaticum, Rhodocista peckingensis,
Staphylococcus hominis subsp. hominis, Staphylococcus sciuri

subsp. sciuri 2 Staphylococcus vitulinus7} streptomycin W43

Table 2. Comparison of colony formation by 4 antibiotics to enterobacteria from digestive organ of 4. axyridis

Strains Penicillin Ofloxacin Streptomycin Tetracycline NA
Arthrobacter oxydans SAK3-1 - - + - o+
Bacillus subtilis subsp. subtilis CHB1-3 - - - - 4+
Bacillus thuringiensis B1-1 - - - - it
Brevundimonas vesicularis CB1-1 - - - - -+
Deinococcus radiodurans SB1-1 - - - - -+
Enhydrobacter aerosaccus SAJ2-1 - - bt - 4
Kocuria palustris AK3-1 - - 4t B ot
Methylobacterium aquaticum CAJ1-2 - - + - +H+
Micrococcus luteus AJ1-1 - - - - ..
Rhodocista pekingensis CAJ2-2 - - bt - 4
Staphylococcus cohni subsp. cohnii SAJ3-2 - - - - 4+
Staphylococcus epidermidis AJ2-2 - - - - T+
Staphylococcus hominis subsp. hominis CHA3-1 - - + - A+
Staphylococcus saprophyticus - - - - -+
Staphylococcus sciuri subsp. sciuri SB2-1 - - + + .
Staphylococcus vitulinus CB2-2 - - ot - 4
Staphylococcus xylosus SB1-2 - - - - it
Staphylococcus warneri CHB1-4 - - - - .

-:no colony,

+: 1~10 colonies,

++: 11~100 colonies,

+++: over 100 colonies/NAmedia

Sdd(Harmonia axyridis) ZFHATH] 24 D Staphylococcus spp. ZFHiAlato] Fde]9] WS mx= 3§ 161



7o 2 UEltom, tetracyclino] 3% vljR|oll= Staphy-
lococcus sciuri subsp. sciuri 7} tetracyclin WA o S 2 LFERE
t}. 31, penicillinT} ofloxacin©| F-5-5 v 2] o] A= A|F 5 o]
| At Z22YES FASHA] Eoklal B A ke
2 et Table 2). o]/3e] Aatz i e iAol
7150l v A= el 2AF7] 91 A=

(e}
penicillini} ofloxacin< & A

FliAlRte] 71550l A= dE A flste] B
= Ag-E0] rAlE of gith 7|t o 2R E AUl Al
AABE7] flste] B 7HA] YA S-S ARSSHAL ThE RS
2 AATH B a7} A Yl-E(Mittler, 1971; Wilkinson, 1998; Koga
et al., 2003; Jim and Peter, 2007), B}F|(Bracke et al., 1979), =
HAY(Prado et al., 2006) 12|31 FUHY UZ(Visotto et al.,
2009) SOl A HArE ek == A A g o] ALt A )1 2ol
A ZHRIE A of2fRt A ARt 715 159 Wsoluh Alet
5o AEF] S 382 dFe
=, hFE] 5ol A A A
7ol dubA o 2 a5 o 7| ko U A& 5-0] S71SE
TS Hashs A Holw AEsH] E400 qlol 74
FaFe UE QAT SHATE, o] & FliAlate] 71515, 535
Aol At B4 ofuRt 7122 Sl dae vl
Z|AJof| thRt A= A 0] o] Fo x| 2] AT
2 Ao M= = AT ES Hol 2 k= 22414 21541
Hefof] A Aleh= Al ol 5o] 71550 w| 2
ZAFsloAT | Aol A 2eet 187]9] A2
= A2 2 YERS penicillin} ofloxacing §+

AGEo] Aazslal o5 Ho| 2 AlFsto] -

718 717k W71 Q) A, A Ak, T o] gt o

1%k

rlo

Moo

o 4zt of
ok 17 19
o X
_O|L

S

Table 3. Effects of antibiotics on development of A, axyridlis

ok 577k w7 A= el
A 2]2|%l S0l A 2ol & Hol7] wjzef
AT QAL Lol ML B4 B9, A2l o] e
o) 7] FA17}35.3+3.0 mg 0 2 ZA}E| )37 ofloxacind}penicillin
A= 242 33.2+41.6 mg, 31.0£1.8 mg &2 YEF O A7
9] A FA] 2]+ 42.9+3.8 mgol] H] w3} ofloxacin, penicillin
A8 2421 36.8+1.5 mg, 34.3+1.4 mgS LFER o SR A 4]
2lof| &faf 4= 22 ¥l| 7] FAI7F @A 8] gt AE 24l
S 4= AASItK(Table 3). o] 2|3t Aif= 2R E} F L 5ol
A S E A} 1]E=gt A3 B ol FTtK(Visotto ef al., 2009). T
ok 571700l QlotA = L FA] 2= 10.5+1.0 U = LrER
S 1} ofloxacin, penicillin *]2]4-= 242} 11.3+0.4 Y, 11.240.5
Q12 §30] W8] 9lo] FAA| M2l 7o) Aol this A7}
o] 4R E 30| ShIF| ULk, PR AL §371% A
o} A 2l o A He) kel SR 2 Aol YA
WHEARAAT 038 Bl A= eIotek Table 3). 5]
A7 e b Hat A A AL A A A 2 5 15
FUE| F AbdpE ARSHo] Al FAjofl gt Akt
ZAPBIRATE AATI7IA D272 2] 4.2+0.8 Lo ofloxacin,
penicillin | 2]71= 212 6.6+0.9Y, 5.4+2.2 U 2 3R A A 2]+
7S AiAShEE ot 28 A= A o2 e t(Table
4). TR Hat & = A PR 32.3+16.7 7190 H| WSt
o] ofloxacin, penicillin 2] 2] Gt+= 22} 12.4+9.8 71, 16.9£12.0 7}
2 A AP ofl oJs Abrteof Qlof AT A vl A
o] ZRIE|3irt. o]e} Bl E o] FakgoflA e FA 2= 78.0£19.7%,
ofloxacin, penicillin ] 2|7 212} 27.8+20.3%, 21.8+12.9%
2 A Aol osf) Aletaeet Rolke wE FAR T o
ERtT]. o] 2fRt Autol| A & uff | o] Al of] A48k Al
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Ofloxacin Penicillin Control P
Male
Weight of pupae (mg) 33.2+1.6a 31.0£1.8a 353+£3.0b 0.001%*
Larval stage (day) 11.3+0.4 ab 11.4+0.8 b 10.8+0.6 a 0.119*
Female
Weight of pupae (mg) 36.8¢1.5a 343+14a 42.9+3.8b 0.000**
Larval stage (day) 11.3+04 b 11.2+0.5b 10.5¢1.0 a 0.019**

*P>0.05 not significantly
**P<0.05
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Table 4. Effects of antibiotics on fecundity and hatch of A, axyridis

Ofloxacin Penicillin Control P
1st day of reproduction 6.6£0.9 a 5.4+2.2 ab 4.240.8b 0.013*
Average number of egg per cluster 12.449.8 a 16.9+12.0 a 32.3+16.7b 0.000*
Hatching rate (%) 27.8420.3 a 21.8£129 a 78.0£19.7 b 0.001*
*P<0.05
Table 5. Effects of antibiotics and Staphylococcus saprophyticus on development of H. axyridis
Ofloxacin Staphy Zoco?cus Control P
saprophyticus
Male
Weight of pupae (mg) 32.0+£39a 36.4+1.8b 36.0+1.4b 0.003%**
Larval stage (day) 8.9+0.5 a 8.6+0.4 a 8.7+0.2 a 0.205%*
Female
Weight of pupae (mg) 38.3+3.0b 42.5+2.6 a 40.6+2.3 a 0.004**
Larval stage (day) 9.4+0.7 b 8.6+0.3 a 8.5+0.4 a 0.035%*

**P<0.05
*P>0.05 not significantly
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Table 6. Effects of antibiotics and Staphylococcus saprophyticus on fecundity and hatch of H. axyridis

Ofloxacin 5:35 ZZZ;ZCCZ;S Control P
Average number of egg per cluster 18.5+24.0 a 29.7+26.8 ab 40.9+30.1b 0.002*
Hatching rate (%) 36.6£34.9 a 53.7£33.0 a 74.3+£20.0b 0.000*
*P<0.05
ZAVEHTE ZAF Ak dalo] i o B g o A= Baumann, L. and P. Baumann. 1994. Growth kinetics of the endo-

40.9+30.1 2 el o1 SFAIA| A ﬂ?—oﬂ/ﬂg 18.5424.0 = o
2 2ol 5 UehlthTable 6). RHH ol H-8h8-2 4 2] Lofl A=
74.3+20.0 2 LERgow YA A 2ltek At 2 2]t
A= 27} 53.7+33.0, 36.6+34.9 2 B LA A e
olefet AT B ul, % Aol U A s
saprophyticus'= R o] MH87171, W 7] LA, Al
SR} 22 RS0l oAM= S A R AR
Ao Ut B o) d 37 Aalgt AHSTre) u]mal
Hollx= Bt FA7Fs S F6l 7175 7 Ed
o -5/ olu A s o] AstE= A4S ST = A%
o}, SR ek 2 A3 Bl A A A2l S. saprophyticus
o] A AEIglAe] ot 35 HEst WA o]
CF. =R U ARt 2lof] s At HEEA] 982 7TEF A
el 7 A 18 A 0 e
S 1Y Staphylococcus spp. -2 AU Al
et 4 Sl st Seustol 500 24
S 91 Zolch o of el AU M 7] gl
A 5 WA 755l vA= e ARt 7]
2 58 Wl o] 55 ol 8 A=A UA A A2 4

[e)
Akate] 71 S BI85 9171 7|t

574 =9 TAEr o] 9
FA 2] d% 28 7} 7)< 7HEH(PI006634032011) XA
R | AAR=H Yo

iukxﬂg_ u]/\ﬂ

>
e
i)
%@,
o q
=)
©
<

Literature Cited

Applebaum, S.W. 1985. Biochemistry of digestion. In Comprehensive
Insect Physiology, Biochemistry and Pharmacology (Edited by
Kerkut G. A. and Gilbert L.1.), 4: 279-311. Pergamon Press, New
York.

164  Kor.J. Appl. Entomol. 50(2): 157~165 (2011)

symbionts Buchnera aphidicola in the aphid Schizaphis graminum.
Appl. Environ. Microbiol. 60: 3440-3443.

Baumann, P. 2005. Biology of bacteriocyte-associated endosymbionts
of plant sap-sucking insect. Annu. Rev. Microbiol. 59: 55-89.
Bracke, JW., D.L. Cruden and A.J. Markovetz. 1979. Intestinal
microbial flora of the American cockroache Periplaneta americana

L. Appl. Environ. Microbiol. 38: 945-955.

Buchner, P. 1965. Endosymbionts of animals with plant microor-
ganisms. John Wiley & Sons, Inc., New York, N.Y.

Chapman, C.F. 1985. Coordination of digestion. In Comprehensive
Insect Physiology, Biochemistry and Pharmacology (Edited by
Kerkut G. A. and Gilbert L.1.), 4: 213-240. Pergamon Press, New
York.

Chen, C.C., B.C. Campbell and A.H. Purcell. 1996. A new Rickettsia
from a herbivorous insect, the pea aphid Acyrthosiphon pisum
(Harris). Curr. Microbiol. 33: 123-128.

Chen, D.Q. and A.H. Purcell. 1997. Occurrence and transmission
of facultative endosymbionts in aphids. Curr. Microbiol. 34:
220-225.

Christopher, M.S.M. and S. Mathavan. 1985. Regulation of
digestive enzyme activity in the larvae of Caropsilia crocale
(Lepidoptera). J. Insect Physiol. 31(3): 217-221.

Darby, A.C., L.M. Birkle, S.L. Turner and A.E. Douglas. 2001. An
aphid-borne bacterium allied to the secondary symbionts of
whitefly. FEMS Microbiol. Ecol. 36: 43-50.

Dillon, R.J. and V.M. Dillon. 2004. The gut bacteria of insect :
Nonphathogenic interaction. Annu. Rev. Entomol. 49: 71.

Douglas, A.E. 1998. Nutritional interactions in insect-microbial
symbioses: Aphids and their symbiotic bacteria Buchnera. Annu.
Rev. of Entomol. 43: 17-38.

Fukatsu, T., N. Nikoh, R., Kawai and R. Koga. 2000. The secondary
endosymbiotic bacterium of the pea aphid Acyrthosiphon pisum
(Insecta: Homoptera). Appl. Environ. Microbiol. 66: 2748-2758.

Fukatsu, T., T. Tsuchida, N. Nikoh and R. Koga. 2001. Spiroplasma
symbiont of the pea aphid, Acyrthosiphon siphon pisum (Insecta:
Homoptera). Appl. Environ, Microbiol. 67: 1284-1291.

Hagen, K.S. 1962. Biology and ecology of predaceous Coccinellidae.
Annu. Rev. Entomol. 7: 289-326.

Heo, S., J. Kwak, H'W. Oh, D.S. Park, K.S. Bae, D.H. Shin and
H.Y. Park. 2006. Characterization of an extracellular xylanase in



Paenibacillus sp. HY-8 isolated from an herbivorous longicorn
beetle. J. Microbiol. Biotechnol. 16: 1753-1759.

Hukusima, S. and S. Takeda. 1975. Artificial diets for larvae of
Harmonia axyridis Pallas (Coleoptera: Coccinellidae), an insect
predator of aphids and scale insect. Res. Bull. Agr. Gifu Univ. 38:
49-53.

Ishikawa, H. 1989. Biochemical and molecular aspects of endo-
symbiosis in insect. Int. Rev. Cytol. 116: 1-45.

Jim, H. and Peter, L. 2007. Antibiotic, primary symbionts and wing
polyphenism in three aphid species. Insect Biochem. Mol. Biol.
37: 886-890.

Kim, K.K., S.I. Han, C.W. Moon, Y.M. Yu, and K. S. Whang.
2011. Biodiversity and Isolation of Gut Microbes from Digestive
Organs of Harmonia axyridis. Kor. J. Microbiol. 47(1): 66-73.

Koga, R., T. Tsuchida and T. Fukatsu 2003. Changing partners in
an obligate symbiosis: a facultative endosymbiont can compensate
for loss of the essential endosymbiont Buchnera in an aphid. Proc.
R. Soc. Lond. B 270: 2543-2550.

Matsuka, M. and 1. Okada. 1975. Nutritional studies of an
aphidophagous coccinellid, Harmonia axyridis (I) Examination of
artificial diets for the larval growth with special reference to drone
honeybee powder. Bull. Fac. Arg. Tamagawa Univ. 15: 1-9.

Mittler, T.E. 1971. Dietary amino acid requirement of the aphid
Myzus persicae affected by antibiotic uptake. J. Nutr. 101:
1023-1028.

Moran, N.A., M.A. Munson, P. Baumann and H. Ishikawa. 1993.
Molecular clock in endosymbiotic bacteria is calibrated using the
insect host. Proc. R. Soc. Lond. B. 253: 167-171.

Moran, N. A. 2006. Symbiosis. Curr. Biol. 16: R886-R871.

Mrazek J., L. Strosova, K. Fliegerova, T. Kott and J. Kopecny.
2008. Diversity of insect intestinal microflora. Folia Microbiol. 53
(3): 229-233.

Munson, M.A., P. Baumann and M.G. Kinsey. 1991a. Buchnera
gen. nov. and Buchnera aphidicola sp. nov., a taxon consisting of
the mycetocyte-associated, primary endosymbionts of aphids.
Int. J. Syst. Bacterol. 41: 566-568.

Munson, M.A., P. Baumann, M.A. Clark, N.A. Moran, D.J.,
Voegtlin and B.C. Campbell. 1991. Evidence for the establishment
of aphid-eubacterium endosymbiosis in an ancestor of four aphid
families. J. Bacteriol. 173: 6321-6324.

Okada, I. and M. Matsuka. 1973. Artuficial rearing of Harmonia
axyridis on pulverized drone honeybee brood. Environ. Ent. 21
(1): 301-302.

Park, H.C. 1993. Systematics and ecology of Coccinellidae (Insecta:
Coleoptera) in Korea. Ph. D. Thesis. Korea University.

Prado, S.S., D. Rubinoff and R.P.P. Almeida. 2006. Vertical
transmission of a pentatomid caeca- associated symbiont. Ann.
Entomo. Soc. Am. 99: 577-585.

Prado, S.S., M. Golden, A.F. Peter, P. D. Matthew and R.P.P.
Almeida. 2009. Demography of gut symbiotic and aposymbiotic
Nezara viridula L. (Hemiptera: Pentatomidae). Environ. Entomol.
38 (1): 103-109.

Prado, S.S. and R.P.P. Almeida. 2009. Phylogenetic placement of
pentatomid stink bug gut symbiont. Curr. Microbil. 58: 64-69.
Sandstrom, J.P., J.A. Russell, J.P. White and N.A. Moran. 2001.
Independent origin and horizontal transfer of bacterial symbionts

of aphids. Mol. Ecol. 10: 217-228.

Schloss P.D., J. Handelsman and F.R. Kenneth. 2006. Bacteria
assoxiated with the guts of two wood-boring beetles: Anoplophora
glabripennis and Saperda vestita (Cerambycidae). Environ. Entomol.
35(3): 625-629.

Steinhaus, E.A. 1960. The important of environment factor in the
insect microbe ecosystem. Bacteriol. Rev. 24: 365-373.

Tsuchida T., R. Koga and T. Matsumoto. 2002. Diversity and
geographic distribution of secondary endosymbiotic bacteria in
natural population of pea aphid, Acyrthosiphon pisum. Mol. Ecol.
11: 2123-2135.

Visotto, L.E., M.G.A. Oliveira, R.N.C. Guedes, A.O.B. Ribon and
P.I.V. Good-God. 2009. Contribution of gut bacteria to digestion
and development of the velvetbean carterpillar, Anticarsia
gemmatalis. J. Insect Physiol. 55: 185-191.

Walker, A.J., D.M., Glen, and P.R. Shewry. 1999. Bacteria
associate with the digestive system of the slug Deroceras reticulatum
are not required for protein degestion. Soil Biol. Biochem. 31:
1387-1394.

Werren, J.H. 1997. Biology of Wolbachia. Ann. Rev. of Entomol.
42: 587-609.

Werren J.H. and S.L. O'Neill. 1977. The evolution of heritable
symbionts. In Influence Passenger: Inherited Microorganisms
and Arthropod Reproduction (S.L. O'Neill, A.A. Hoffmann, and
J.H. Werren, Eds.), pp. 1-41. Oxford University Press, Oxford,
UK.

Wilkinson, T.L. 1998. The elimination of intraacellular microor-
ganisms from insects: an analysis of antibiotic-treatment in the
pea aphid (Acyrthosiphon pisum). Comp. Biochem. and Physiol. A.
119: 871-881.

Sl (Harmonia axyridis) ZFWAZ2] 4 D Staphylococcus spp. iAol Fgdae] w-go] nx&= d3F 165




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


