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In order to investigate the effects of intestinal bacteria on biological characteristics of Riptortus pedes-
tris, these bacteria were isolated and identified from the midgut of field population individuals in 5 outdoor
areas and laboratory population. As the result of identification of intestinal bacteria, a total of 8 strains includ-
ing genus Burkholderia were isolated. Burkholderia sp. was found in 5 all field populations, but there was
no Burkholderia sp. in gut of laboratory population. As a result of investigation of growth inhibition of 4
antibiotics (penicillin, ofloxacin, streptomycin, and tetracycline) against isolated 9 intestinal bacteria,
ofloxacin was selected as the antibiotic for inhibition of all intestinal bacteria in this study. Selected antibi-
otic, ofloxacin was treated on soil, the soybean seed, and the host plant and then was provided to R. pedes-
tris as prey. In a result of examination of developmental periods of each larval stage, body length, the number
of eggs, the first oviposition time, and hatchability rate of R. pedestris after ofloxacin treatment, it was
shown that Burkholderia sp. did not affect the development of the host insect but the first oviposition time
was in approximately 60% compared with a control group. Thus, it was thought that the presence of

Burkholderia sp. strain affected the number of eggs and the first oviposition time of R. pedestris.
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INTRODUCTION

It has been reported that symbiotic strains that exist
in natural ecosystems widely and organically related to
other organisms such as animals and plants while they
generally live with other microorganisms (Margulis and
Fester, 1991; Ruby et al., 2004). Such symbiotic strains
may play a role to be harmful to insects or as a critical
pathogen, but on the other hand, they can play an essen-
tial and important role as they proliferate in the host
through the symbiotic relationship. Among strains with
such diverse symbiotic relationship, strains which live in
the body of host and maintain the mutually close rela-
tionship are called endosymbiont and the symbiotic
strains which affect the outside is called ectosymbiont
(Kikuchi, 2009). Most insects naturally have symbiotic
microorganisms in their midgut, coelom or cells, and they
are generally maintained by specific transmission mech-
anism caused by host insects (Bourtzis and Miller, 2003;
Buchner, 1965; Kikuchi, 2009; Bright and Bulgheresi,
2010).

Symbiotic microorganisms were investigated on juice
of plants, fluids of vertebrates or midgut of monopha-
gous insects like wood core. There are many cases in

Department of Applied Biology, College of Agriculture and Life
Science, Chungnam National University, Daejeon 305-764,
South Korea

Crop Environment Research Division, Rural Development
Administration, National Institute of Crop Science, South
Korea

Laboratory of Insect Pathology and Microbial Control, Institute
of Biological Control, Faculty of Agriculture, Kyushu University,
6-10-1 Hakozaki, Higashi—ku, Fukuoka, Fukuoka 812-8581,
Japan

* Corresponding author (E—mail: ymyu@cnu.ac.kr)

77

which they topically exist in cells of insects eating foods
in which nutrients are limited through growth period
(Buchner, 1965). Symbiotic microorganisms have mainly
been investigated in host insects, and vertically propa-
gated through generations. They are sometimes not prop-
agated outside the host’s body. They are very diverse
(Baumann and Baumann, 1994; Douglas, 1989). Most of
symbiotic strains belong to the 7 —Proteobacteria, and
they are found in a wide variety of insects such as aphids,
flies and Hemiptera. Most of these are absolute parasites
or conditional parasites, and some strains can be cul-
tured in the artificial media (Kikuchi, 2009).

Among symbiotic strains, Buchnera strain provides
essential amino acids, and it is involved in the growth
and reproduction as the absolute parasite. It is propa-
gated to the later generations through transovarial trans-
mission (Moran et al., 1993; Douglas, 1998; Miura et al.,
2003). It is reported that symbiotic microorganism which
is involved in the reproductive process of insects is
Wolbachia ( a—Proteobacteria) (Plantard et al., 1999).
If the symbiotic bacteria are removed from aphids, the
amino acid content is decreased in hemolymph so that
growth rate is decreased and the weight of adults is also
reduced (Pennachio et al., 1999).

Hemiptera are insects that undergo incomplete met-
amorphosis and more than 38,000 kinds are worldwide
known (Schuh and Slater, 1995). Citrus junos fruit (Choi
et al., 2000), and damage on sweet persimmon orchard
have been reported in Korea (Lee et al., 2001). After
the onset, reduction rate of seed is steadily decreasing
due to damage on old insects. Thus, they are serious
pests and bring adverse effects (Jung et al., 2010).
Insects of Pentatomoidea have endosymbiont in intes-
tines or topical cells, and the end of midgut or fourth sec-
tion of midgut is characterized by several pockets or
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tubular sac. This sac is called crypts or cecum, and tax-
onomically divided into a variety of groups (Miyamoto,
1961; Buchner, 1965; Dasch et al., 1984). It is found that
these crypts are full of bacteria, and the symbiotic strains
exist (Kikuchi et al., 2005).

It is found that Burkholderia symbiotic strain which
exists in crypts of Riptortus pedestris which is the insect
of Pentatomoidea, major agricultural pest in Korea affects
the growth such as length and abdomen of the host
(Kikuchi et al., 2007)

In this study, bacteria that live in intestines of K.
pedestris which is a major pest of leguminous crop are
isolated and identified. Burkholderia sp. strains which
are known as intestinal symbiotic bacteria are selected
to review the physiological effect of this strain on K.
pedestris.

MATERIALS AND METHODS

Test insects

Test insect, R. pedestris, was collected from different
places. Four outdoor insect populations were collected
from Pyeong-taek (P) and Yeon—-cheon (E) in Gyeonggi,
Yu-sung (Y) in Daejeon and Hoeng—sung (H) in Gangwon
and one population was cultured over 20 successive gen-
erations in the insect physiology laboratory (L) in
Chungnam National University. Total 5 populations were
used in this experiment. Among them, P, E; Y, H and L
populations were used to isolate and identify the bacteria.
And Y population was used to examine the relationship
with symbiotic bacteria. Culture conditions are as follows:
Temperature of 25+2°C, light conditions 16L: 8D and rela-
tive humidity of 50-60%. They were cultured over suc-
cessive generations for this experiment. Food for R.
pedestris was the host plant in which hedge bean seeds
were germinated and the seeds of Rhynchosia volubilis.
They were cultured in the acrylic cage (40XxX44X50 cm).

Isolation of Enterobacteria (Burkholderia sp.) in
the digestive organ and 16S rRNA sequence for
identification

Digestive organs of three adults of R. pedestris col-
lected from each region were isolated according to modi-
fied methods which Moon et al. (2011) and Kikuchi
(2009) used. After each population was put in it at —-20°C
for 10 minutes to make it insensible, legs were removed
and surface disinfection was carried out. For surface
disinfection, after it was soaked in 70% (w/w) ethanol
for 1 minute and then it was put in 1% NaClO, for another
one minute, it was treated once with sterile insect saline
solution (9.32g NaCl, 0.77g KCl, 0.5g CaCl,, 0.18g
NaHCO,, 0.01 g NaH,PO /1L, pH 7.4) to remove any excess
ethanol on adult insect. After that, it was washed with
sterile water once. After washing, it was placed on the
top of paraffin filled with insect saline solution and fixed
with pins. The midgut of R. pedestris was isolated under
a dissecting microscope. Isolated midgut was put into
1.5ml Eppendorf tube (Axyzen, Central Avenue Union
City. USA) in which 100l of sterile water was added
together with midgut of three insects and then crushed.

Crushed insect midgets were cultured on TSA
(Bacto™ Tryptic soybean Broth, Difco™ Agar) media and
each of various bacteria which form the colony was iso-
lated. A single colony which was purely cultured was
used as a template for PCR. 518F (5-CCA GCA GCC
GCG GTA ATA CG-3") primer and 800R (5'-TAC CAG
GGT ATC TAA TCC-3") primer were used. PCR was
performed with the following reagents: 518 Forward
primer, 1 ul; 800 Reverse primer, 1 ul; EF-Taq polymer-
ase, 0.1U; dNTPs, 1ul (25mM); 10X buffer, 3ul;
Template, 1ul; H,O, 22.9ul. After all reagents were
added into 0.2 ml PCR tube and then mixed well, PCR
(DNA Engine Tetrad 2 Peltier Thermal Cycler, BIO—
RAD) was performed according to the following proce-
dures: Initial denaturation at 95°C for 5 minutes, 35
cycles of denaturation at 94°C for 45 seconds, annealing
at 55°C for 1 minute and extension at 72°C for 1 minute,
and final extension at 72°C for 10 minutes. PCR primers
and dNTPs were removed by using the PCR Clean—up kit
(Millipore) and then PCR products were purified.
Purified PCR products were sequenced by using the Big
Dye Terminator Cycle Sequencing Kit v.3.1 (Applied
Biosystems, USA). The homology of determined 16S
rRNA sequence was compared by using BLAST program
of NCBI/ Gene Bank database.

Investigation on susceptibility of Enterobacteria
(Burkholderia sp.) by antibiotic treatment

Single colony from strains cultured by streaking it
on each medium was selected and then cultured on gen-
eral TSB media or TSB media with antibiotics through
smear culture to examine the degree of inhibition. Four
kinds of antibiotics such as penicillin (Sigma, USA),
ofloxacin (Sigma, USA), tetracycline (Sigma, USA) and
streptomycin (Sigma, USA) which belonged to penicillin,
quinolone, tetracycline and aminoglycoside series, respec-
tively, were used to make the media at the final concen-
tration of 0.01%. They were cultured at 25°C for 10 days.
The result showed that isolated 9 strains were all inhib-
ited on media containing ofloxacin. Therefore, it was
selected as the antibiotic used to study the effect on
growth of R. pedestris in the absence of Enterobacteria
(Burkholderia sp.).

Effect of Burkholderia sp. strains and intestinal
bacteriaon growth of R. pedestris and physiologi-
cal characteristics

In order to investigate the symbiotic relationship
between Burkholderia sp. strains and R. pedestris, R.
pedestris were cultured with both host plant (hedge
bean) and seeds (yak-kong) at the same time.
Developmental and physiological characteristics such as
developmental period, length of adult, egg production
rate and the hatchability rate were examined. For R.
pedestris used in the experiment, nymph at 1st stage
hatched from one egg of adult population collected in
Yuseong was cultured on the Insect dish (100X40 mm
diameter, SPL Life science, Korea) and mass cultured in
the acrylic cage for evaluation.

For individual rearing experiments, two insects were



Effects of Burkholderia sp. on Development of Riptortus pedestris

cultured on insect dish. In order to kill all bacteria living
in the midgut of R. pedestris, the surface disinfection was
performed on foods such as hedge bean host plant and
yak—kong seeds with 100% ethanol for 5 minutes, and
host plant treated with 100 zg/ml of ofloxacin and bean
seeds soaked in 100 ug/ml of antibiotics for 5 minutes
were supplied as the food. In addition, bean host and
seeds in which Burkholderia sp. strain was treated at
the concentration of 10° cfu/ml were supplied as the food
in the treated group used in this experiment. Beans and
seeds treated with sterile water were supplied in the
control group. For acrylic cage experiments, beans ger-
minated from seeds planted on sterile bed soil and bean
seeds in which surface disinfection was carried out were
put in the acrylic cage (45X45x45 cm), and 50 nymphs
at the first stage were put in each experimental group.
Statistical analysis of data obtained from each population
was performed by using one way ANOVA of PASW sta-
tistics 18 program.

RESULTS AND DISCUSSION

Enterobacteria (Burkholderia sp.) of R. pedestris
Outdoor adults of R. pedestris used as the test
insect were collected from four different regions such as
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Pyeong—taek and Yeon—cheon in Gyeonggi, Yu—sung in
Daejeon and Hoeng—sung in Gangwon from June 2011 to
July 2011 using the pheromone traps. On the other
hands, for indoor successive rearing, host plants in which
seeds of hedge bean were germinated and Yak-kong
(Rhynchostia volubilis) were supplied as the food, and
adults of R. pedestris were distributed from the insect
physiology laboratory in the department of applied biol-
ogy, Chungnam National University.

The midgut was isolated from above insects. Isolated
midgut was cultured on TSA media (Ronald, 2004), and
16S rRNA sequences of purely isolated Enterobacteria
(Burkholderia sp.) were analyzed and compared by
using BLAST search (Table 1). As the result of isolating
and identifying each single colony on the media, it was
shown that a total of nine kinds such as three, five, two,
two and two kinds were isolated from the populations of
Pyeong-taek, Yu-sung, Hoeng—sung, Yeon—cheon, and
laboratory population, respectively. It was confirmed that
Burkholderia sp. strain was included in all four regions
excluding laboratory population (Table 2). Genetic rela-
tionships of identified Burkholderia sp. strain were
examined through the phylogenetic tree, and it was con-
firmed that it had the close relationships with other
uncultured Burkholderia sp. symbiotic strains (Fig. 1).

Table 1. Phylogenetic analysis of enterobacteria isolated from gut of R. pedestris

Blast search

Collection sites

Similarity (%)

Burkholderia sp.
Ascomycota sp. Pyeong—taek
Chryseobacterium sp. Yu—sung
Enterococcus Laboratory
Klebsiella sp.
Microbacterium sp. Pyeong-taek
Pseudomonas sp.
Serratia marcescens Yu-sung

Yokenella regensburgei Laboratory

Hoeng—sung, Pyeong—taek, Yeon—cheon, Yu—sung

Hoeng—sung, Yu—sung

Yeon—cheon, Yu-sung

99
99
98
99
99
99
98
99
99

9 species

Table 2. Other gut bacteria including Burkholderia sp. detected from R. pedestris adults collected in fields

Samples P Y H E L Total
Burkholderia sp. + + + + - 4
Ascomycota sp. + - - - - 1
Chryseobacterium sp. - + - - - 1
Enterococcus - - - — + 1
Klebsiella sp. - + + - - 2
Microbacterium sp. + - - - 1
Pseudomonas sp. - - + - )
Serratia marcescens - — - - 1
Yokenella regensburget - - - - + 1
9 species 3 5 2 2 2

+: positive, — negative

P: Pyeong—taek, Y: Yu—sung, H: Hoeng—sung, E: Yeon—cheon, L: Laboratory
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequence com-

parison showing the position of strains Burkholderia sp.
CNU KYJ and other related species of the genus
Burkholderia.

Susceptibility of antibiotics of Enterobacteria
(Burkholderia sp.)

The physiological changes were examined after the
growth of R. pedestris was inhibited with antibiotics of
the Enterobacteria (Burkholderia sp.). Koga et al.
(2003) used ampicillin of penicillin series and rifampicin
of ansamycin series with strong antimicrobial activity
against Gram positive bacteria in order to investigate the
effects on symbiotic bacteria after absolute symbiotic
bacteria were inhibited with antibiotics. The antibiotics
used in this experiment were 4 kinds such as penicillin,
ofloxacin, tetracycline and streptomycin. It was well
known that penicillin inhibited biosynthesis of cell wall
of bacteria and it had inhibitory effect to most of Gram
positive bacteria as the representative antibiotic of peni-
cillin series. Ofloxacin which inhibited DNA synthesis of
bacteria, and tetracycline which inhibited protein synthe-
sis were antibiotics of quinolone series and tetracycline
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series, respectively. They had antimicrobial activity
against Gram negative and positive bacteria. In addition,
streptomycin was the antibiotic of aminoglycoside series,
and it had effect to inhibit the protein synthesis of bac-
teria and antimicrobial activity against Gram negative
Enterobacteria (Burkholderia sp.) (Moon et al., 2011).

In this experiment, 9 kinds of Enterobacteria
(Burkholderia sp.) were cultured on TSA media with a
final concentration of 0.01% of antibiotics such as penicil-
lin, ofloxacin, tetracycline and streptomycin. The results
showed that Chryseobacterium sp. and 2 other species
were not inhibited on media without penicillin antibiotic.
Klebsiella sp. and 2 other species, and Chryseobacterium
sp. and 4 other species were not inhibited on media with
streptomycin and tetracycline antibiotics, respectively.
They formed colonies so that they were identified as
resistant bacteria. However, any colonies were observed
for 10 days on media with ofloxacin antibiotic (Table 3).
In addition, bacteria with susceptibility to all 4 kinds of
antibiotics were Burkholderia sp., Ascomycota sp.,
Pseudomonas sp. and Yokenella regensburgei. In
order to examine the effect of R. pedestris on the
Enterobacteria (Burkholderia sp.), ofloxacin antibiotic
which was susceptible to all nine kinds was selected and
the experiment was carried out with it.

Physiological effect of ofloxacin antibiotic on R.
pedestris

The purpose of this study was to investigate the effect
of antibiotics on microorganisms that inhabited in the
intestine of R. pedestris. As ofloxacin antibiotic which
appeared to inhibit the isolated 9 species of bacteria was
given, the developmental period of nymphs by each lar-
val stage, the length of adults, the first oviposition time,
the number of eggs and the hatchability rate were exam-
ined. In order to examine the difference of developmental
period and length of adults in female and male, they
were separated, compared and analyzed.

R. pedestris typically became adults through nymph
periods of first stage through fifth stage. The molt period
was increased as it got older. The period of nymph was
about 20 days (Bae et al., 2009). The results of exami-
nation of R. pedestris used in this experiment were as fol-

Table 3. Inhibition effects of 4 antibiotics against 5 main gut bacteria from R. pedestris

Strains Penicillin Ofloxacin Streptomycin  Tetracycline TSA
Burkholderia sp. - - — — +++
Ascomycota sp. - - - — 44
Chryseobacterium sp. + - - + +++
Enterococcus - - + + +++
Klebsiella sp. - - + + 44
Microbacterium sp. + - - + +++
Pseudomonas sp. - - - - 4+
Serratia marcescens ++ - + ++ +++
Yokenella regensburgei — - — _ A+

—: No growth, + : 1~3mm, ++ : 3~10 mm, +++ : over 10 mm/TSA medium
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lows. No treatment group of female R. pedestris had
2.2+3.9 days for second stage, 2.3+0.5 days for third
stage, 2.8+£0.9 days for fourth stage, 3.8+1.1 days for
fifth stage and 4.1+1.3 days for adults, respectively.
Group treated with ofloxacin antibiotic had 2.0+£4.5 days
for second stage, 2.2+0.4 for third stage, 2.5+0.7 days
for fourth stage, 3.1+0.9 days for fifth stage and 5.5+1.5
days for adults, respectively. Thus, it was confirmed that
there was no effect of ofloxacin antibiotic on the devel-
opmental period of female (Table 4). In case of males,
no treatment group of had 2.1+0.3 days for second
stage, 2.1+0.3 for third stage, 3.1x1.1 days for fourth
stage, 3.5+1.4 days for fifth stage and 4.3+1.1 days for
adults, respectively. Group treated with ofloxacin antibi-
otic had 1.9+0.4 days for second stage, 2.0+0 days for
third stage, 2.9+0.6 days for fourth stage, 3.3+0.7 days
for fifth stage and 5.4%+1.7days for adults, respectively.
Like the results of females, it was confirmed that there
was no significant difference in the developmental period
of males. In addition, it was found that relatively similar
time was spent between females and males. Through this
result, it was found that the time of nymphs by each lar-
val stage was a little bit different, but the molt period

became longer as it went to the later stages.

We would like to check whether the treatment of
ofloxacin antibiotic which killed all bacteria in midgut
affected the developments of females and males of R.
pedestris. In no treatment group, females had 15.1+
0.4mm, and males had 15.3+0.3mm. In the group
treated with ofloxacin, females had 15.1+0.3 mm, and
males had 14.9+1.0 mm. There was no significant differ-
ence between males and females. However, in no treat-
ment group and a group treated with ofloxacin, there was
the difference in male adults. A group treated with
ofloxacin showed a little bit shorter length (Table 5).
This result seemed to be caused by the difference
between no treatment group and a group treated with
antibiotic, because host insect was affected by ofloxacin
antibiotic. It was reported that treatment with antibiotic
or host environment which was not suitable for intestinal
bacteria to inhabit in the host affected the physiological
factors such as development or spawning of host insects
(Lockwood and Story, 1986; Pardo et al., 2006; Pardo
and Almeida, 2009). In addition, the results in which the
density of intestinal bacteria was decreased by antibiotic
treatment and the survival of host insects was affected

Table 4. Effects of antibiotics and Burkholderia sp. on development of R. pedestris

Developmental periods (days)

Sex Stage Antibiotics (Ofloxacin)  Burkholderia sp. Control P
2nd 2.0+4.5a 2.0+0.0a 2.2+3.9a 0.539
3rd 2.2+0.4a 2.4+0.5a 2.3+0.5a 0.599

Female 4th 2.5+0.7a 4.3+2.5b 2.8+0.9a 0.049*
5th 3.1£0.9a 4.4+3.9a 3.8+1.1a 0.587
adults 5.5+1.6a 4.9%+2.3a 4.1x1.3a 0.214
2nd 1.9+0.4a 2.1x0.4a 2.1+0.3a 0.379
3rd 2.0%+0.0a 2.8+1.3b 2.1+0.3a 0.090

Male 4th 2.9%0.6a 4.8+2.3b 3.1«x1.1a 0.017*
5th 3.3x0.7a 3.0x1.1a 3.5+1.4a 0.263
adults 54+1.7a 4.6x+0.7a 4.3%1.1a 0.291

Values represent mean + SD. Different letters at values in rows show significant different (One—way ANOVA,
Post Hoc Tests by Duncan) in PASW Statistics 18, P<0.05, *: significant

Table 5. Effects of antibiotics and Burkholderia sp. on body lengths of R. pedestris

Rearing

Body lengths (mm)

» Sex . ) )
methods Antibiotics (Ofloxacin)  Burkholderia sp. Control P
Individual Female 156.1+0.3a 15.0+0.4a 156.1+£ 0.4a 0.258
rearing Male 14.9+1.0a 15.1+0.3a 15.3+ 0.3a 0.101
Female 14.8+0.4a 14.9+0.4a 15.4+0.5b 0.006*
Mass rearing  Male 14.7+0.6a 15.10.4b 15.5% 0.4c 0.000%
Hatch rate (%) 16.0£3.0b 64.7+9.1a 75.8+11.0a 0.000*

Values represent mean = SD. Different letters at values in rows show significant different (One-way ANOVA, Post
Hoc Tests by Duncan) in PASW Statistics 18, P<0.05, *: significant
» In individual rearing, one bug was tested in insect breeding dish whereas several bugs were reared in acryl cage in

mass rearing.
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Table 6. Effects of antibiotics and Burkholderia sp. on fecundity of R. pedestris

Antibiotics (Ofloxacin) Burkholderia sp. Control P
The first oviposition time 7.2%2.2b 4.1+0.4a 5.3+1.6a 0.030%*
Average number of eggs 13.0£20.0a 42.3+31.2a 28.1+24.1a 0.273

Values represent mean + SD. Different letters at values in rows show significant different (One-way ANOVA, Post Hoc
Tests by Duncan) in PASW Statistics 18, P<0.05, *: significant

by the concentration of antibiotic treatment were pre-
sented (Seo and Kim, 2010). Further review will be
needed to see if this result is caused by the absence of
intestinal bacteria due to antibiotic or by the treatment
of antibiotic in the future.

The first oviposition time of R. pedestris was 5.3%
1.6 days for females in no treatment group and 7.2+2.2
days for females in a group treated with ofloxacin.
Average number of eggs was 28.1+24.1 in no treatment
group and 13.0x20.0 in a group treated with ofloxacin.
There was no significance in average number of eggs
between groups, but there was the difference in num-
bers. A group treated with antibiotic had longer oviposi-
tion time compared with no treatment group, and it
showed statistically significant difference (Table 6).
According to results of Mittler’s study (Mittler, 1971), it
was found that the growth of aphids, host, was slow down
and negative effect was given to the spawning, when the
number of Buchnera symbiotic bacteria was decreased
by giving the treatment of tetracycline antibiotic to food
of aphids.

The results of mass rearing of R. pedestris in the
acrylic cage were as follows. In no treatment group, the
length of females and males was 15.4%=0.5mm, and
15.5£0.4 mm, respectively. In a group treated with
ofloxacin, the length of females and males was 14.8+0.4
mm, and 14.7%0.6 mm, respectively. There was signifi-
cant difference. In addition, the hatchability rate of no
treatment group and a group treated with ofloxacin was
75.8%+11.0 and 16.0%3.0, respectively. It showed the big
difference (Table 5). Thus, it was determined that the
absence of symbiotic bacteria and intestinal bacteria
caused by treatment of antibiotics affected the hatcha-
bility rate of R. pedestris.

Effect of Burkholderia sp. strains on R. pedestris
Burkholderia sp. strains isolated from the intes-
tines of R. pedestris were isolated from all four popula-
tions collected from the outdoor, but it was not found in
population with successive rearing in the indoor. Thus,
we examined whether Burkholderia sp. strain affected
the development and physiological characteristics of host
insect, R. pedestris as it inhabited in the host insect. In
order to remove the enterobacteria within the midgut of
R. pedestris to be used in the experiment, eggs of each
population were disinfected with ethanol prior to hatch-
ing the egg. After disinfection of eggs, hatched nymphs
in the first stage were ground to examine whether the
enterobacteria were not present. Bean seeds and host
plants treated with Burkholderia sp. strain were supplied
for the food. Food treated with strains was supplied to

R. pedestris, and developmental period of nymph at each
larval stage, the length of adults, the first oviposition
time, the number of eggs and hatchability rate were exam-
ined.

In a group treated with Burkholderia sp. strain
present in R. pedestris in four regions, the developmen-
tal period of females by each larval stage was as follows:
2.0£0.0 days for second stage, 2.4x0.5 days for third
stage, 4.4+3.9 days for fifth stage and 4.9+2.3 days for
adults. There was no significance compared with no
treatment group. However, a group treated with
Burkholderia sp. strain had 4.3x2.5 days for fourth
stage of nymph, which showed statistical significance
(Table 4). Developmental period of males at each stage
showed the same pattern of females. There was no sig-
nificant difference in a group treated with Burkholderia
sp. strain or antibiotics and no treatment group. However,
it was found that the developmental period tended to be
increased in a group treated with Burkholderia sp. strain
at fourth stage of nymph. The developmental period of
R. pedestris tended to be increased as it went to the
later stage. It was reported that the developmental period
of nymph at fourth stage was generally 4.4-6.9 days
(Bae et al., 2004). Therefore, we can guess that . pedes-
tris grows normally due to treated Burkholderia sp.
strain.

Meanwhile, the effect of Burkholderia sp. in R.
pedestris on degree of development of length of female
and male adult insects was examined. The results from
rearing several species in the acrylic cage showed that
the length of male adults in a group treated with
Burkholderia sp. strain was a bit longer than males in a
group treated with antibiotics, which showed statistically
significant difference.  However, it was found that
Burkholderia sp. strain did not affect the development
of both females and males (Table 5).

The first oviposition time and the number of eggs
were examined to investigate the effect of Burkholderia
sp. in R. pedestris on reproduction. The results showed
that the average first oviposition time was as long as 7.2
days in the absence of Burkholderia sp. caused by the
treatment of ofloxacin antibiotic. However, it was shown
that a group fed with Burkholderia sp. strain had 4.1+
0.4a or no treatment group had 5.3x1.6a. Thus, it was
thought that it affected the spawning. In addition, the
average number of eggs was 13.0 in a group treated with
antibiotic, which was smaller than the average number
of eggs of 42.3 in a group treated with Burkholderia sp.
strain. Thus, it was shown that it affected the number of
eggs but it was not statistically significant (Table 6). On
the other hands, there was no difference in the hatcha-
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bility rate (Table 5).

Moon et al. (2011) found that the weight of pupa
tended to be decreased in a group of aphids treated with
Staphylococcus saprophyticus strain isolated as the
intestinal bacteria of ladybug compared with a group
treated with antibiotics. Thus, they reported that the
intestinal bacteria affected the growth of host insects.
Moreover, it gave the positive effects on the number of
eggs or the hatchability rate compared with ladybug
treated with antibiotics to remove intestinal bacteria, S.
saprophyticus. Thus, they suggested that the intestinal
bacteria were likely to be involved in reproduction of
host insects. In the result of this study, Burkholderia sp.
strain identified as the intestinal bacteria of R. pedestris
was not clearly found to affect the development of host
insects, but it was likely to affect the reproduction.

According to Kikuchi et al. (2007) and Kikuchi
(2009), the length of adult insects in a group treated with
Burkholderia sp. strain was longer by about 1 mm com-
pared with that in no treatment group, but striking dif-
ference was not shown in this study. On the other hands,
it was found that the number of eggs tended to be
increased upon treatment with Burkholderia sp. strain.
In addition, a group treated with ofloxacin antibiotic
showed the markedly low numbers of the first oviposi-
tion time, the number of eggs and hatchability rate com-
pared with those in no treatment group and a group
treated with Burkholderia sp. strain. This result showed
that Burkholderia sp. symbiotic strain and intestinal
bacteria of R. pedestris could affect the reproduction of
R. pedestris. Through these findings, the further study
to investigate which relationship of symbiotic bacteria
and intestinal bacteria with host insects carries out the
mechanism will be required.
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