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Abstract A pathogenic nematode, Butlerius sp., was isolated from
Oriental beetle, Blitopertha orientalis. The infective juveniles
exhibited dose- as well as time-dependent entomopathogenicity
on the larvae of B. orientalis. Two bacterial species, Providencia
vermicola (KACC 91278) and Flavobacterium sp. (KACC
91279), were isolated from the infective juveniles and identified.
P vermicola outnumbered Flavobacterium sp. in the nematode
host, in which the colony density of P. vermicola was found to
be 21 times higher than that of Flavobacterium sp. However,
when the two bacterial species were cocultured in culture
media without the nematode host, they showed similar growth
rates. Both bacteria induced significant entomopathogenicity
against Spodoptera exigua larvae infesting economically important
vegetable crops, where P vermicola was more potent than
Flavobacterium sp.

Keywords: Entomopathogenicity, Providencia vermicola,
Flavobacterium, Butlerius, ITS, 16S rDNA

Entomopathogenic nematodes include two families of
Heterorhabditidae and Steinemematidae, which possess
species-specific bacteria for completing successful parasitic
life cycles [3, 6]. The symbiotic bacteria in a vesicle are
usually located in the gut lumen of the nematode host [36].
The nematode enters a target insect, in which it promotes
the release of the bacteria into the hemocoel. The released
bacteria depress insect immune reactions by inhibiting
biosynthesis of eicosanoids that play an important role
in mediating immune signal to immune effectors [32].
In this immunosuppressive host condition, the bacteria
multiply and kill the host insect by septicemia [14, 40].
The symbiotic nematode then resumes development and
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reproduction in the insect cadaver. The multiplied infective
juveniles egress from the insect host and look for other
target hosts [30].

Entomopathogenic nematodes have been used as
commercial biopesticides [29]. However, their susceptibility
to UV and desiccation restricts their use in specific target
insect pests infesting in greenhouse or underground conditions
[38]. On the other hand, their symbiotic bacteria have been
considered to be a novel control agent against insect and
microbial pests [10, 35]. Because of their antimicrobial
activity, various novel antimicrobial compounds have been
identified and applied to control plant pathogens [25, 55].
Furthermore, their high insecticidal potency is used to
develop an integrated biological agent mixture with Bacillus
thuringiensis, because the bacteria alone cannot infect
insect hemocoel, where the bacteria express their insecticidal
activity [26-28].

A current surveillance for new entomopathogenic
nematodes isolated a new group of entomopathogenic
nematode, which was not classified into either Steinernematidae
or Heterorhabditidae. This research reports a novel
entomopathogenic nematode and its associating bacteria.
The identified bacteria exhibited significant entomopathogenicity
on Spodoptera exigua, an insect pest causing serious
economic damage on vegetable crops [8, 31, 50].

MATERIALS AND METHODS

Nematode Collection

An entomopathogenic nematode was isolated from Oriental
beetle, Blitopertha orientalis, collected at Bokwang Phoenix
Park (Pyungchang, Kangwon, Korea). After infecting B.
orientalis, the resulting infective juveniles were collected
by an improved Baermann funnel trap method [33]. The
third instar larvae of B. orientalis collected from the field



were used for eatomopathogenic experiment. Sp. exigua
larvae were fed and reared on an artificial diet [18] at
25+1°C. Second and fifth instar larvae were used for oral
infection and injection bioassays, respectively.

Bacteria Isolation from Nematodes

About 50 ul of infective juveniles (IJs) were surface-
sterilized for 30 min with 0.06% sodium hypochloride
containing 250 ppm of streptomycin, and this was followed
by three rinses in sterile Ringer’s solution [23]. The
sterilized nematodes were homogenized in the Ringer’s
solution, diluted with an equal volume of sterilized water,
and streaked on tryptic soy agar (TSA) (Difco, U.S.A))
plates. These plates were left for bacterial growth in
an anaerobic incubator at 25°C for 2 days. Two types
of bacterial colonies showing different colors were
isolated and further cultured in TSB for preparing freeze
stocks, which were used for subsequent experiments
in order to avo:d any genetic change due to successive
cultures.

Biochemical Characters of Nematode-associated Bacteria
Carbon source utility of the bacteria was analyzed by
a microbial identification system (Biolog, U.S.A.) using a
GN microplate. Fatty acid composition of the bacterial
cell wall was analyzed by a gas chromatography (Agilent
6890 series, U.5.A.). Other biochemical characters were
examined according to the procedures of Benson [4] and
Schaad [45].

Sequence Analysis of Internal Transcribed Spacer
(ITS) Region of Nematode Ribosomal DNA (rDNA)

Adout 0.5 g of 1Js were homogenized and genomic DNA
was isolated from the homogenate by incubation with
proteinase K, followed by phenol/chloroform extraction and
ethanol precipitation [44]. For polymerase chain reaction
(PCR) amplification and sequencing of the ITS, primers
were designed ty the method of Vrain ef al. [51]: forward
and reverse primers were 5-TTGAT TACGT CCCTG
CCCTT T-3' and 5'-TTTCA CTCGC CGITA CTAAG G-
3', respectively. All tubes were kept on ice, and the
following PCR mixture was added to each tube: 5 ul of
10xPCR buffer, 5 pl of ANTP mixture (2.5 mM each), 2 pl
of 25 pmol forward primer, 2 pl of 25 pmol reverse primer,
1 pl of Taq polymerase (5 U/ul), 1 pl of template DNA,
and 34 pl of distilled water. PCR (PTC-100 MJ Research,
Minnesota, U.S A.) conditions were 35 cycles of 94°C for
1 min, 50°C for .. min, and 72°C for 2 min. The PCR product
was cloned imlo pGEM-T vector (Promega, Madison,
U.S.A)). The inserts were bidirectionally sequenced. All
sequencings werz preformed by a DNA sequencing company
(Microgen, Dagjon, Korea). The sequencing data were
aligned and corrected, if necessary, by the DNAstar
program (Version 5.01, DNAstar Inc, Madison, U.S.A.). The
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resulting ITS sequence was deposited to NCBI with the
accession number of EF192135.

16S rDNA Sequence Analysis of Bacteria

Total genomic DNAs were extracted from cultured bacterial
isolates [44]. Universal polymerase chain reaction (PCR)
primers [11,34 55] were used to amplify the 16S rDNA
(approximately 1.6 kb), where the forward and reverse
primers were 5'-GAAGA GTTTG ATCAT GGCTC-3' and
5'-AAGGA GGTGA TCCAG CCGCA-3', respectively.
All PCR conditions and sequence analysis were the same
as described for the nematode ITS analysis. In this study,
two bacterial isolates were analyzed, where nucleotide
sequences at 16S rDNA of white and yellow bacteria were
deposited to NCBI with accession numbers of EF192136
and EF192137, respectively.

Electron Microscopy
The bacterial suspension was put on formvar-coated grids
for 15 sec and then stained with 2% uranyl acetate for
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Fig. 1. An entomopathogenic nematode isolate from a field-
collected Oriental beetle, Blitopertha orientalis.

(A) The nematodes developing in the infected insects and (B) their
pathogenicity to B. orientalis larvae.
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Fig. 2. Bacteria isolated from Butlerius sp. cultured on TSA in anaerobic condition.
A. Two different colored bacteria were found: white (W) or yellow (Y) colony. B. Each bacterium was observed by transmission electron microscopy. The
white colony bacterium contained peritrichous flagella, but the yellow colony bacterium did not.

Table 1. Characters for genus identification of a white colony
bacterium isolated from an entomopathogenic nematode, Butlerius

sp.

Characters White colony  Providencia®
Gram reaction - -
Facultative anaerobic + +

Cell morphology Rod Rod
Flagella Peritrichous Peritrichous
Colony color White White
Oxidase - -
Catalase - -
Nitrate reduction + +
Phenylamine deaminase + +
Indole production + +
Methyl red + +
Gelatin hydrolase - -
Arabinose - -

Gas from glucose - -

“The characteristics cited from Penner [41] and Brenner [7]. Symbols: “+”
when more than 90% of strains are positive and “~” when less than 10% of
strains are positive.

25 min. The stained grids were located on a transmission
electron microscope (LEO 906E, Oberkochen, Germany).

Nematode and Bacterial Pathogenic Assay

Insecticidal activities of nematodes were determined in a
6-well plate by placing B. orientalis larvae separately with
different concentrations of IJs on moist filter paper. Each 1J
concentration consisted of 36 test larvae. Mortality was
assessed every day and analyzed on a weekly basis. The
median lethal concentration (LC,,) of nematodes was
estimated by Probit analysis [42].

Assessment of bacterial pathogenicity was performed
by both in vivo injection and oral feeding methods, where
Sp. exigua larvae were used as test insects. For the
injection assay, 5 ul of the bacterial suspension (10°-
10" CFU/ml in Ringer’s solution) was injected into the
hemocoel of the larvae by a 10-pl Hamilton microsyringe
(Hamilton, Nevada, U.S.A.), where Ringer’s solution
served as the control. Each concentration was tested using



nine insect larvae with three independent replications.
Mortality was essessed at every 24 h after treatment.
For oral infection, the artificial diet was cut into small
pieces (about 1cm’) and soaked into predetermined
concentrations (2.0x10°-2.0x10'° CFU/ml in Ringer’s
solution) of bacterial suspension for 5 min. After drying
in the dark for about 10 min, the treated diet was given to
the test larvae. Each bacterial concentration was fed to 15
larvae and run independently three times. Mortality was
determined at every 24 h after treatment. Larvae were
considered dead or dying if they did not move in a
coordinated manner when prodded with a blunt probe.
Both pathogenicity results were analyzed using Probit analysis.

RESULTS AND DISCUSSION

Isolation of Entomopathogenic Nematode

Several types of entomopathogenic nematodes were obtained
from field-collected grubs in golf courses in Korea, of
which an entomopathogenic nematode isolate exhibiting
high potency in a laboratory test against B. orientalis larvae
(Fig. 1A) was chosen for further analysis. Significant
pathogenicity (Fig. 1B) was observed at 2 weeks (LC,=
69.9 lJs) after 1J treatment and increased with time (LCsy=
26.6 1Js at 3 weeks and L.C;,=9.6 1Js at 4 weeks). At 100 IJ
treatment, the median lethal time (LT,) was 16.4 days. The
pathogenicity did not enhance even at higher IJ concentrations
(data not shown). Though this nematode isolate clearly
showed entomopathogenicity against B. orientalis because
of its infection and growth in the insect host cadaver, their
pathogenic potency appeared to be very low, compared with
typical entomopathogenic nematodes, Steinernema glaseri
and Heterorhal ditis spp. against grubs, which usually
showed 80% or aigher mortalities in 3 days after treatment
[12]. Specifically, these typical entomopathogenic nematodes
are well adapted to parasitize sedentary subterranean scarabaeid
larvae, partly owing to their cruise foraging strategy [19]
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and ability to overcome host defenses [54]. Thus, our
nematode isolate may differ in these entomopathogenic
characters compared with typical potent entomopathogenic
nematodes.

There were also significant differences between the
nematode isolate and typical entomopathogenic nematodes
in major morphological characters such as spicule length
and gubernaculum length (data not shown). To identify the
nematode isolate, we used ITS sequence data because
of its usefulness for species identification of typical
entomopathogenic nematodes [1, 5, 49]. Using universal
primers, two ITS regions were obtained along with partial
18S rDNA, full 5.8S rDNA, and partial 28S rDNA
sequences. This sequence showed the highest homology
(nucleotide identity=92%; E value=5e™™) with that of
Butlerius sp. MJ-2005, which was isolated from soil in
South Africa and characterized as an entomophilic
Pseudodiplogasterid nematode (http://www.ncbinlm.nih.gov/
entrez/viewer.fcgi?db=nucleotide&val=74132450). Although
there was some similarity to Heterorhabditis spp. in this
DNA sequence, the lack of typical Heterorhabditis-associated
bacteria as well as morphological difference did not support
its identification. Our molecular identification suggests a
novel Butlerius sp. because no known Butlerius spp. have
been reported to be entomopathogenic. Butlerius spp. have
usually been regarded as a casual associate of insect grubs
normally existing in the soil and observed to be predatory
on other nematodes [24]. To identify the species, a detailed
taxonomic research has to be performed. In this study, this
new nematode isolate was named as Butlerius sp.

Identification of Two Bacteria Associated with
Entomopathogenic Nematode, Butlerius sp.

The entomopathogenicity showed by the nematode isolate
suggested that there would be symbiotic bacteria in the
nematode, which play a significant role in the insecticidal
activity. Two different colored bacteria were isolated from
the nematode (Fig. 2A). White-colored bacteria showed

Table 2. Characters for genus identification of a white colony bacterium isolated from an entomopathogenic nematode, Butlerius sp.

Yellow

Similar taxa®

Characters
colony Fla

CyFI  AgXa EnVi Kin AcBo BrNe Cory

Gram reaction - -
Gliding motility

Functional flagella

Fermentative in glucose O-F medium
Catalase procuction

Oxidase production

Penicillin (1.1) w/ml) susceptibility - -

i
|

+ o4+
I

—+
+

+

*Abbreviation: “Fla” for Flavobacterium; “CyF1” for Cytophaga and Flexibacter; “AgXa” for Agrobacterium, Alcaligenes, Alteromonas, Bordotella
bronchiseptica, Pseudomonas, and Xanthomonas; “EnVi” for Enterobacteriaceae, Pasteurellaceae and Vibrionaceas; “Kin” for Kingella; “AcBo” for
Acinetobacter and Bodetella parapertussis; “BiNe” for Branhamella catarrhelis, Moraxella, and Neisseria; “Cory” for Coryneforms.

"Symbols: “+”” wher more than 90% of strains are positive and “~” when less than 10% of strains are positive.
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significant motility under microscopy and had peritrichous
flagella, but the yellow-colored bacteria did not show any
motility and flagella (Fig. 2B).

To identify the bacteria, 16S rDNA sequences of both
bacteria were determined. Based on these 16S rDNA sequences,
the white-colored colony showed high homology (nucleotide

identity=98%; E value=0.0) with Providencia vermicola,
whereas the yellow-colored colony did so with Flavobacterium
breve (nucleotide identity=98%; E value=0.0). This molecular
identification was consistently supported by two different
microbial identification systems, in which both fatty acid
composition and Biolog results indicated that the white-

Table 3. Characters for species identification of a white colony bacterium isolated from an entomopathogenic nematode, Butlerius sp.,

based on Biolog GN substrate reactions.

White Responses of Providencia species®
Characters .
isolate vermicola reftgeri  stewartii  rustigiani  hemibachea  alcalifaciens

Dextrin + - - - W - _
Tween 40 + - - + - _ _
Tween 80 + + + + _ -

L-Arabinose - + - - - _ _
L-Erythritol + + - - _ _ _
p-Fructose + + - - - - _
p-Galactose + + + + + + 4
p-Glucose + + + + + + 4
Myo-inositol + + + + + _ _
Methyl-p-glucoside + - W _ _ _ _
p-Psicose + + - - - _
Monomethyl succinate + v(-) - - - + +
Acetic acid + + W W - + +
cis-Aconitic acid + + - + - + +
Citric acid + + - + - + +
Formic acid + v(+) - - _ + _
p-Glucosamine - - - - _ _ _
p-Hydroxyphenylacetic acid + - - + + _ _
a-Ketoglutaric acid + + - + - +

pL-Lactic acid + v(+) - - W _ _
Glucuronamide + v(+) - - - - -
pL-Alanine + + - + _ _ -
L-Alanyl glycine + + + + - - _
Glycil-L-aspartic acid + + + - - - _
Glycil-L-glutamic acid + + + + W + +
L-Histidine + + + + W + +
L-Hydroxyproline + + + + _ + +
L-Leucine + - - - - W -
L-Pyroglutamic acid + + + + - + w
p-Serine + + + + + + W
L-Threonine + W - _ W _
Carnitine + - - W - - _
Inosine + + + + - + _
Uridine + + + + + + W
Thymidine + + + + - + -
Phenylethylamine + - - + _ _ _
Glycerol + + + + - + +
Glycerol phosphate + + + + - i .
Glucose-1-phosphate + + + + + + w
Glucose-6-phosphate + + + + - + W

*The characteristics of genus Providencia were cited from Somvanihs et al. [46]. Symbols: “+” when more than 90% of strains are positive, “~” when less

than 10% of strains are positive, “v(+)” when more than 50% of strains are positive, “v(~)” when more than 50% of strains are negative, and “w” at weak

reactions.
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Table 4. Characters for species identification of a yellow colony bacterium isolated from an entomopathogenic nematode, Butlerius

sp.

Yellow

Responses of Flavobacterium species'

Characters

colony aguatile balustinum branchlophile breve greum indologenes meningosepticum odoratum thalpophilum

Cell morphology rod rod rod rod

Gram reaction - - - ~

Motitity

Aerobic

Growth at 37°C

Growth at 45°C

Yellow pigment

Catalase

Oxidase

Acid from carbohyd -ate
Glucose
Arabinose -
Cellobiose
Etaanol -
Lactose -
Mannitol -
Maltose -
Raffinose - - -
Salicin - - -
Sucrose - + -
Rhamnose - - -
Trehalose + - -
Xylose - - - -
Adonitol - - - -
Glycerol - ~ -

Gas from carbohydi-ate

Indole

Nitrate reduction - + -

Nitrite reduction - -

Starch hydrolysis - - +

Gelatinase + - - -

+ o+
+ +

+ 41
+ 4

+ o+
o+ o+
+ 4+ 4+
+o4

!
+
+
+

}
|
i

+
I
|

[ |
1|
i

+
1
I+ & g + 1

+

rod

N

[=N

rod rod rod rod rod

+ 4+ 1+ 4+
+ o+ o+ 4
+ o+ o+ 4
+ o+ o+ 4+
+ o+

+
+

[
i

| |

+ o oo

+ oo )
| |
oL+ o+

[~ N |
+ [
[N |
1 |

|
!
|
+ + + A+

o,
o
|

d + -

d - +

[a%
+ aa +

“The characteristics cited from Holt ez al. [22]. Symbols: “+” when more than 90% of strains are positive,

when 11-89% of strains are positive, and “w’”” at weak reactions.

colored colony sha-ed the highest homology with Providencia
sp., and the yellow-colored colony did so with Flavobacterium
sp. (data not shown).

Further identification for morphological and biochemical
characters followed were as described in Bergey’s manual
[7,21,22,41]. Two bacterial isolates were different in
major bacterial caaracters such as oxidase, catalase, and
nitrate reduction, in which white- and yellow-colored
colonies were similar to genus Providencia (Table 1) and
genus Flavobacterium (Table 2), respectively. To identify
the species, more than 30 different biochemical characters
of each bacterial isolate were compared with those of
known species in each corresponding genus group (Tables 3,
4). The white-colored colony showed the highest homology
{(82.5%) with P. vermicola. On the other hand, the yellow-

@ _»

when less than 10% of strains are positive, “d”

colored colony showed the highest homology (75%) with
F breve, F. greum, and F. odoratum. These results indicate
that both bacterial colonies are clearly different from each
other and that the white-colored colony is P. vermicola and
the yellow-colored is Flavobacterium sp.
Entomopathogenic bacteria symbiotic to entomopathogenic
nematodes include the species of Xenorhabdus and
Photorhabdus, which are associated with Steinernematidae
and Heterorhabditidae, respectively [17]. Because of mutualism
between the nematode and bacterium, each nematode
species has a specific association with only one bacterial
species, although the bacterial species may be associated
with more than one nematode species [30]. This specific
interaction was explained by an observation of the bacterial
initial colonization in the nematode gut with monoclonal
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origin in the X. nematophila-St. carpocapsae complex
[37]. However, there are a number of reports of other
bacteria, such as Pseudomonas aeruginosa, Enterococcus
sp., Ochrobactum spp., and Acinetobacter spp., being
isolated from the gut and surface of the nematode and from
the infected insect host [2, 53]. These studies concluded
that the non-Xenorhabdus or Photorhabdus bacteria do not
play a significant role in nematode infection. P. vermicola
has been initially isolated from St. thermophilum, which
also contains another bacterium, X. indica [46, 47]. Though
X. indica exhibited strong antibiotic activity as reported for
most of the described Xenorhabdus species, it did not
show any antibiotic activity against P vermicola [47].
However, any physiological role of P vermicola was
not known in the infection of St. thermophilum or in
the interaction with X. indica. This study tested for

1000

A in nematode

800

600

400

200

Bacteria (cfu) per nematode

Pro Fla

B Out of nematode

Bacteria (cfu x 10")
per ml culture broth

Pro Fla

Fig. 3. Population densities of two bacterial species associated
with an entomopathogenic Butlerius sp., in which “Pro” and
“Fla” represent Providencia vermicola and Flavobacterium sp.,
respectively.

A. Two types of bacteria were isolated from the nematode and counted. B.
With the same inoculation concentration (2.7x10” CFU), the two bacteria
were cultured together in 1 1 of TSB at 25°C for 12 h, at which the bacterial
growth reached a stationary phase. Three measurements were independently
replicated. The asterisk above the error bar indicates significant difference
of means between the two bacteria at Type I error=0.05 (LSD test); “NS”
represents no significant difference.

entomopathogenic activity of P vermicola and its interaction
with another bacterial inhabitant, Flavobacterium sp., of
the nematode (see below).

Entomopathogenicity of Nematode-associated Bacteria
Two bacterial isolates were maintained in a nematode
host. Direct counts of the isolated colonies existing in the
nematode showed that about 21 times more white colonies
were possessed by the nematode host compared with yellow
colonies (Fig. 3A). However, when these two bacteria
were cultured in TSB medium without nematode host,
both were able to propagate together and showed similar
bacterial population densities (Fig. 3B). Like other
entomopathogenic bacteria [46], both bacterial isolates
showed high antibacterial activities against the intestinal
bacterial population of B. orientalis (data not shown). This
suggests that these two bacteria can produce their own

—@— Pro
100 -—O— Fla

80

Mortality at 48 h

0 10 10% 10° 10° 10° 10° 107 10° 10°
Bacterial concentration (CFU)

—&— Pro
100 -—O— Fla

80 -

60 -

40 -

Mortality at 96 h

20

0 10 10* 10° 10* 10° 10° 107 10° 10°
Bacterial concentration (CFU)

Fig. 4. Pathogenicity of Providencia vermicola (Pro) and
Flavobacterium sp. (Fla) to the fifth instar larvae of Spodoptera
exigua.

The larvae injected intrahemocoelically with different colony forming
units (CFU) of the bacteria were kept at 25°C for 48 h and 96 h for
mortality assessment. Each measurement consisted of 9 larvae with three
independent replications.
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Table 5. Median lethal doses (LDs,) of two bacteria against Spodoptera exigua, in which the fifth instar larvae were hemocoelically
injected with different concentrations of bacteria. Each concentration consisted of 9 larvae and was independently replicated three

times.
Bacterial treatment” LDs, (CFU) 95% CI Slope+SE ¢ df P

48 h after treatment

Pro 1.40x10° b 3.24x10%=5.27x10° 0.37+0.05 2.75 7 0.0925

Fla 8.37x10°a 2.27x10°=3.16x107 0.47+0.08 1.81 5 0.1257
96 h after treatment

Pro 5.43%10°b 1.11x10°-1.75%10° 0.55+0.10 1.96 4 0.2560

Fla 9.92x10" a 2.37x10°=3.24x10° 0.53+0.09 2.79 6 0.1652

*Pro” and “Fla” represent Providencia vermicola and Flavobacterium sp., respectively.
*Different letters follow ng a lethal dose indicate significant difference on the basis of nonoverlap of 95% confidence intervat (CI).

antibacterial substances, which are not effective to inhibit
growth of each other. It is interesting that the host nematode
appears to favor P. vermicola for its internal colonization.
This was supported by an observation of biased population
density of P. vermicola when two the bacteria were cultured
with the nematode: host in TSB media (data not shown).
These results sugzest that the host nematode plays an
important role in maintaining a specific ratio between
these two bacterial population densities during nematode
multiplication. Though their interaction is not clear at
present, it appears that the nematode needs both bacterial
symboionts for its successful parasitic life in target insect
hosts, in which P. vermicola may play a significant role in
killing the insect host and converting insect cadaver into a
favorable environment for nematode development, with
some role of Flave bacterium sp. Based on this speculation,
we enalyzed the entomopathogenicity of both bacteria.
Both bacterial species showed significant entomopathogenic
activities against Sp. exigua larvae. When the bacteria
were injected into insect hemocoel, both bacteria showed
sign:ficant pathogenicity in high doses at 24 h after treatment
(date not shown) and at most doses after 48 h (Fig. 4). However,
there was a significant difference in the entomopathogenicity
between the two bacteria (Table 5). Based on LDs,, P.
vermicola was ca. 60 and 183 times more potent at 48 h
and 96 h after treetment, respectively. Upon experimental
oral feeding of these bacteria to S. exigua larvae, both
bacteria induced pathogenicity, but P, vermicola was more
acute than Flavobacterium sp. (Fig. 5). There was no
synergistic effect on the entomopathogenicity between the
two bacteria because of no significant increase of mixture
treatment in the pzthogenicity compared with P vermicola
treatment alone (Table 6). A laboratory test of the host
nematode, Butlerius sp., showed pathogenicity against Sp.
exigua (data not shown), suggesting a significant role of
these symbiotic bacteria in the entomopathogenic progress.
The entomopathogenic ability of the symbiotic bacteria
is necessary for host nematode development, and is achieved
by insect immunosuppression in at least three successive levels
usually found in several bacteria-nematode complexes [13].
As a passive way, such as an evasion from immunocompetent

cells, Dunphy and Webster [15, 16] found that surface
lipid components of the infective juveniles of Steinernema
carpocapsae, or outer membrane carbohydrates and proteins
of the symbiotic bacteria X. nematophila, could evade

80
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—O~ Pro
60 - —¥— Fla+Pro
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50 |-
40
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Mortality at 48 h
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0+

0 2x10° 2x10% 2x10° 2x10° 2x107 2x10® 2x10° 2x10™
Bacterial concentration (CFU/ml)
110

100 - —@— Fla
90 —O— Pro
80 I —¥— Fla +Pro
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20
10 -

Mortality at 96 h

0 2x10° 2x10% 2x10° 2x10° 2x107 2x10% 2x10° 2x10"°
Bacterial concentration (CFU/ml)

Fig. 5. Pathogenicity of Providencia vermicola (Pro) and
Flavobacterium sp. (Fla) to the second instar larvae of
Spodoptera exigua.

The larvae were fed with diets soaked in bacterial solutions containing
different colony forming units (CFU) for 24 h. The mortality was measured
at 48 h and 96 h since the bacterial feeding. Each measurement consisted
of 15 larvae with three independent replications.
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Table 6. Median lethal concentrations (LCs,) of two bacteria on Spodoptera exigua, in which the second instar larvae were fed
different concentrations of bacteria. Each concentration consisted of 15 larvae and was independently replicated three times.

Bacterial treatment’ LC,, (CFU/ml) 95% CI Slope+SE ¢ df P

48 h after treatment

Pro 3.45x10° b 1.08x10°-1.67x10" 0.38+0.03 3.02 6 0.1940

Fla 1.31x10" a 1.77x10"-5.02x10" 0.32:+0.05 2.47 5 0.2196

Pro+Fla 1.25x10°b 4.02x10°-5.50x10° 0.35+0.04 1.33 6 0.0682
96 h after treatment

Pro 1.50x10" a 5.54x10°-3.46x10’ 0.64+0.08 7.28 6 0.7040

Fla 3.47x107 a 1.16x10"-8.95x107 0.52+0.07 3.71 4 0.5533

Pro+Fla 9.63x10%a 3.55x10°-2.21x107 0.64:0.08 2.49 6 0.1308

*Pro” and “Fla” represent Providencia vermicola and Flavobacterium sp., respectively.
"Different letters following a lethal concentration indicate significant difference on the basis of nonoverlap of 95% confidence interval (CT).

attachment of the hemocytes of Galleria mellonella probably
because of a lack of nonself recognition. Phospholipase A,
(PLA,) catalyzes the committed step of biosynthesis of
eicosanoids that play an important role in mediating immunity,
especially in response to bacterial infection [48]. Inhibition
of PLA, is a common pathogenic mechanism of these
entomopathogenic bacteria [32]. In an active way, the
symbiotic bacteria, including X. nematophila, adhere to and
kill the hemocytes through their lipopolysaccharides or by
release of some cytotoxic factors [9, 16, 43]. Cho and Kim
[10] showed that the hemocytes infected with X. nematophila
followed a typical apoptotic process. From the culture
broth of X. nematophila, three phenethylamide compounds
were purified and shown for the presence of potent cytotoxic
substances [39], where N-phenethyl-2-phenylacetamide caused
apoptosis of human tumor cells by activating cytochrome
c-dependent caspase-3 [20]. At this moment, we do not
know how P. vermicola and Flavobacterium sp. induce
their potent entomopathogenic capacity, which has to be
further investigated to better understand the pathogenic
interactions played between these two bacteria and the host
nematode.
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