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Characterization of Symbiotic Bacteria from Entomopathogenic Nematode
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Symbiotic bacteria with highly effective insecticidal activities were isolated and compared with their physiological
characteristics from seven species of entomopathogenic nematodes belong to Steinernamatidae and Heterorhabditidae
sp., and three of them were identified as Xenorhabdus nematophilus. Culture characteristics, insecticidal activities,
protease activities and fatty acid contents of various symbiotic bactierial isolates were also examined. In the case of
cell growth and insecticidal activity, XR-PC and XR-MK were superior to other species when cultured in vitro. The
insecticidal activity were highest at the early exponential growth phase, and gradually decreased with time. The
protease activity of XR-DR was remarkable compared to other species. In the case of HE-HY, however the protease
activity increased in parallel with cell growth. Interestingly, the fatty acid patterns of Xenorhabdus nematophilus isolated
from different emtomopathogenic nematode, showed remarkable differences in their contents of 12:0, 14:0, 16:1 cis 5
and 17:0 cyclo and hydroxy and branch factty acids were varied from 2% to 15% among total fatty acid contents.
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Table 1. Assimilation of various carbon sources by symbiotic bacteria XR-DR and XR-MK

C-source | XR-DR  XR-MK C-source XR-DR XR-MK C-source | XR-DR XR-MK
water - - turanose - - D-alanine - -
-cyclodestrin - - xylitol - - L-alanine w +
dextrin + + methyl pyruvate + + L-alanyl-glycine W w
glycogen - w mono-methyl succinate w + L-asparagine + +
tween40 + w acetic acid - w L-aspartic acid w w
tween80 - w cis-acconitic acid - - L-glutamic acid + +
N-acetyl-D-galactosamine - - citric acid - - glycyl-L-aspartic acid + -
N-acetyl-D-glucosamine + + formic acid - w glycyl-L-glutamic acid w +
adonitol - - D-galactonic acid latone - - L-histidine + w
L-arabinose w w D-galacturonic acid - - hydroxy L-proline - -
D-arabitol - - D-gluconic acid w - L-leucine -
cellobiose - - D-glucosaminic acid - - L-omithine - -
i-erythritol - - D-glucuronic acid - - L-phenylala nine - -
D-fructose w + -hydroxybutyric acid - - L-proline - w
L-fucose - - -hydroxybutyric acid - - L-pyroglu tamic acid - -
D-galactose - - -hydroxybutyric acid - + D-serine - w
gentiobiose - - p-hydroxyphenylacetic acid - w L-serine + +

-D-glucose + + itaconic acid - - L-threonine - -
m-inositol - w -keto butyric acid - D,L-camitine -
-D-lactose - - -keto glutaric acid - - -amino butyric acid - -
lactulose - - -keto valeric acid - - urocanic acid - -
maltose + + D,L-lactic acid + w inosine w +
D-mannitol - - malonic acid - - uridine w +
D-mannose + + propionic acid w w thymidine - w
D-melibiose - - quinic acid - - phenyl ethylamine - w
-methyl-D-glucoside - - D-saccharic acid - - putrescine - w
D-psicose w - sebacid acid - 2-amino ethanol - -
D-raffinose - - succinic acid w w 2,3-butanediol - -
L-rhamnose - - bromosuccinic acid - - glycerol + w
D-sorbitol - - succinamic acid - - D,L-glycerol phosphate + +
sucrose - - glucuronamide - - glucose- 1-phosphate + +
D-trehalose + + alaninamide - w glucose-6-phosphate + +
Similarity 0.834 0.728

+, positive response; -, negative response; W, weak response Result of identification Xen

Nem

Table 2. Assimilation of various carbon sources by symbiotic bacteria XR-MO and XR-PC

C-source [ XR-PC  XR-MO C-source XR-PC XR-MO C-source XR-PC XR-MO
water T - - turanose - - D-alanine w -
-cyclodestrin - - xylitol - - L-alanine + -
dextrin + - methyl pyruvate + - L-alanyl-glycine w w
glycogen - - mono-methyl succinate - + L-asparagine + +
tweend( - + acetic acid - - L-aspartic acid + +
tween80 w + cis-acconitic acid - - L-glutamic acid + +
N-acetyl-D-galactosamine - - citric acid - w glycyl-L- aspartic acid - +
N-acetyl-D-glucosamine + + formic acid w - glycyl-L-glutamic acid + +
adonitol - D-galactonic acid latone - - L-histidine w -
L-arabinose w D-galacturonic acid - - hydroxy L-proline - -
D-arabitol - - D-gluconic acid - - L-leucine -
cellobiose - - D-glucosaminic acid - - L-omithine - -
i-erythritol - - D-glucuronic acid - + L-phenylala nine - -
D-fructose + + -hydroxybutyric acid - - L-proline + w
L-fucose - + -hydroxybutyric acid - - L-pyroglutamic acid - -
D-galactose - w -hydroxybutyric acid - - D-serine w -
gentiobiose - + p-hydroxyphenylacetic acid + - L-serine + w
-D-glucose + + itaconic acid - - L-threonine - +
m-inositol w - -keto butyric acid - - D,L-camitine - -
-D-lactose - -keto glutaric acid - - -amino butyric acid - -
lactulose - - -keto valeric acid - - urocanic acid - -
maltose + - D,L-lactic acid w - inosine + -
D-mannitol - + malonic acid - - uridine + -
D-mannose + + propionic acid w w thymidine w -
D-melibiose - - quinic acid - - phenyl ethylamine w -
-methyl-D-glucoside - - D-saccharic acid - - putrescine w -
D-psicose - w sebacid acid - - 2-amino ethanol - -
D-raffinose - - succinic acid w - 2,3-butanediol - -
L-rhamnose - - bromosuccinic acid - - glycerol + -
D-sorbitol - - succinamic acid - - D,L-glycerol phosphate + -
sucrose - - glucuronamide w w glucose-1-phosphate + -
D-trehalose + + alaninamide w - glucose-6-phosphate + -
Similarity 053¢ 0.240
+, positive response; -, negative response; W, weak response Result of identification Xen. N/A

Nl
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Figure 1. Profiles of cell growth by various symbiotic bacteria. -[ }-:
XR-MK -V-: XR-PC - -: XR-NC -Ji}: HE-HY -v-; XR-MO -@-
XR-LC -4-: XR-DR
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Table 3. Insect pathogenicity of symbiotic bacteria cell-free culture broth against Galleria mellonella larva

(Lethal number/larva number)

24 h 41 h 48 h 72 h 96 h

[ 24h  4lh  48h 72h 9 h

Control 0/4 0/4 0/4 0/4 0/4
lday 0/4 4/4 4/4 4/4 4/4 lday 0/4 1/4 1/4 1/4 1/4
2day 0/4 1/4 3/4 3/4 3/4 2day 0/4 3/4 3/4 4/4 4/4
3day 0/4 0/4 1/4 1/4 1/4 3day 0/4 0/4 0/4 1/4 2/4
XR-MK 4day 0/4 0/4 0/4 0/4 0/4 XR-DR 4day 0/4 0/4 0/4 1/4 2/4
5day 0/4 0/4 0/4 0/4 0/4 Sday 0/4 2/4 2/4 3/4 3/4
6day 0/4 0/4 0/4 0/4 0/4 6day 0/4 0/4 0/4 /4 1/4
Tday 0/4 0/4 0/4 0/4 0/4 7day 0/4 0/4 0/4 0/4 1/4
day 0/4 3/4 3/4 3/4 3/4 Iday 0/4 0/4 0/4 0/4 0/4
2day 0/4 2/4 3/4 4/4 4/4 2day 0/4 0/4 0/4 0/4 0/4
3day 0/4 0/4 0/4 0/4 0/4 3day 0/4 0/4 0/4 0/4 0/4
XR-PC 4day 0/4 2/4 2/4 2/4 2/4 XR-MO 4day 0/4 0/4 0/4 1/4 2/4
5day 0/4 0/4 /4 1/4 1/4 5day 0/4 0/4 0/4 0/4 1/4
6day 0/4 0/4 0/4 0/4 0/4 6day 0/4 0/4 0/4 0/4 0/4
7day 0/4 0/4 0/4 0/4 0/4 Tday 0/4 0/4 0/4 0/4 2/4
lday 0/4 0/4 0/4 /4 14 1day 0/4 0/4 0/4 0/4 0/4
2day 0/4 0/4 0/4 0/4 0/4 2day 0/4 0/4 0/4 074 0/4
3day 0/4 0/4 2/4 2/4 2/4 3day 0/4 0/4 0/4 0/4 1/4
HE-HY 4day 0/4 1/4 1/4 4/4 4/4 XR-LC 4day 0/4 0/4 0/4 0/4 1/4
Sday 0/4 0/4 0/4 4/4 4/4 5day 0/4 0/4 0/4 0/4 3/4
6day 0/4 0/4 0/4 0/4 4/4 6day 0/4 0/4 0/4 0/4 1/4
Tday 0/4 0/4 0/4 0/4 4/4 7day 0/4 0/4 0/4 0/4 2/4
Lday 0/4 0/4 0/4 0/4 0/4
2day 0/4 1/4 2/4 4/4 4/4
3day 0/4 1/4 2/4 2/4 3/4
XR-NC 4day 0/4 0/4 0/4 0/4 1/4
Sday 0/4 0/4 0/4 0/4 4/4
6day 0/4 0/4 0/4 0/4 2/4

| 7day 0/4 0/4 1/4 2/4 4/4

3 yL of cell-free cultrue broth was injected into hemolymph of each larva; n=4 larvae for each sample group.
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Figure 2. Profiles of extracellular protease production by various
symbiotic bacteria. - }: HE-HY -V~ XR-MK -(-: XR-MO -
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Apat ghegol] zpo)E vERASITH

7129 e A Xenorhabdus$:9] AMbt ¥ 2 K1)
o ulws] 2 o MAAE Ak AR FEele AR
O} 22 X. nematophilus®] 17:0 cyclo®] gkl o] A
2 gqe] AR FAdEgoks oF 4-15%21 §¥hA 71Ed &
AR X, nematophilus= 21.7% REE B AP A 8" F
Aot Ao stemlE Yehlls 02 IRIFIr: Uyt
Z o 2 Enterobacteriaceact hydroxy 2} branch A|¥MHE
37 2 400 Y wh ZAuE o} Xenorhabdus
xe ama we 240 AT B QTN BeE F4
Helore] A2 hydroxySh branch A A AL
ko] oF 2-15% A=A Fgike Aoz ERIHTE 53
HE-HY®| 7% branch X|¥AHE, XR-LCS 7§ hydroxy A
g Wy wol §eshs Aoz Uehirh

AT TEFHE9Y AES 9FFAT AL HEE ol&d
in vivo 2218 A3} vas)A AP gk JReAM A
o]2 U1 lew, o]Eo] AFe F2E, By, 17
71 Ak ATl wlxsk @dol ol Ao T wuHET Qlrhig.
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Table 4, Composition of fatty acids for various symbiotic bacteria isolates

] 1 Composition(%)
fatty acid T XRPC HE-HY XRNC XR-LC XR-DR XR-MO XR-MK
Saturated
10:0 t - - - - - -
12:0 2,99 2.83 0.74 0.46 0.77 0.72 1.02
14:0 I 7.65 8.05 13.15 8.75 14.02 12.81 10.27
15:0 0.83 0.52 0.43 0.68 0.70 1.97 3.56
16:0 31.26 28.49 32.54 30.47 32.37 29.10 27.67
i7:0 0.27 0.14 - - - 0.32 t
18:0 0.28 0.97 0.30 0.20 0.23 0.32 t
Branched
13:0 iso 0.12 1.04 t 0.46 t 0.12 0.40
14:0 iso - t - - - - -
15:0 iso l t 6.80 1.26 3.55 1.27 217 3.51
15:0 anteiso J - 0.38 - - -
16:0 iso i - 0.26 - - - - -
17:0 iso - 5.16 0.47 1.28 0.25 0.52 0.68
17:0 anteiso - 0.39 - - - - -
19:0 iso | - - - - - 0.20 -
19:0 10methyl 0.49 . - . . 0.41
Hydroxy
12:0 30H 0.39 0.37 1.16 143 0.67 1.39 0.78
13:0 iso 30H - - - 0.15 - - -
15:0 iso 30H - 0.63 0.38 1.07 0.20 1.16 1.58
16:0 30H 0.97 - - 0.80 0.25 0.33
Unsaturated
13:1 at 12-13 0.27 - - - - - 0.15
15:1 iso F - © 039 - - - - 0.13
16:1 cis 9 i - 0.14 - - - - ;
16:1 cis 5 : 0.20 0.55 t - - t -
17:1 iso cis 9 - 2.74 - 0.41 - 0.19 0.30
17:1 c¢is 8 t - - - - - -
18:1 cis 9 - 0.10 0.44 - 0.15 0.16 -
18:1 cis 7 17.30 12,67 10.45 8.25 10.79 9.56 9.53
18:1 cis 5 ’ - 0.10 - - - -
Cyclo "
{7:0 cyclo 4.44 4.86 11.23 14.51 10.55 12.32 10.55
19:0 cyclo cis 8 0.49 - - - - - 0.41

- not detected, t: trace

i) SAuEziol HA) AFF WA 24
of olajA EA A BESPAE 5o el
R glop, L3 o|2 g dFo #4344, &
doll Y vAlE AR dEA Arkls). 1Y
AFs gAuEot dE 4715 2 A
ARl g Ane vEG dAom, F%
77 o FdEool & Fog AlgHrh

e fo rx
L oy

o £ o
Hr
d)
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e o i

41 ok
re
o
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(2
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13}
X
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4

2 o% £ oox 3 o in

ooy opr N2

2

2 o

Steinernematidae9} Heterorhabditidae4:ol) 438h= 7%9 &
FHAY HFo2RE of e 79 BE4e e 3y
ol ®ejste] 1 ¥ 5AE wusck BeE I
Zlole] EW wWjkER AEEA W Ha &

L At g Fol RAMEUG. XR-PC Y
g AFAol MM 4T Aoz Yehton
71 Aol M =& whdel, AlZte] Aol

Ax Hab ZAESY o) 4%544& protease F7tel A ©
do] glgdoer} XR-DRe #H$ tThE X4 H)3 HHOk 37
oF 45419 Ao B4 BHYch 18} HE-HYS F$ #4
o] Aol wl#ste] protease G7be AL “57}0}315}, )
i ghake) A9 53 FAdeEe)ole] FHE 120, 140, 16:1
cis 5, 17:0 cyclooﬂ/ﬁ el gheke] ztolE = UERNgloe
™ hydroxys} branch Zate] A Agake) ok 2-15%7}]
walsle Roz Ueyt
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