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Abstract

In vitro culture of the symbiotic bacterium, Xenorhabdus indica, isolated from the entomopathogenic nematodes,
Steinernema abbasi Taiwan isolate, caused ca. 95% mortality of Galleria mellonella mature larvae at 72 h after culturing, and
remained ca. 93% at 96 h, indicating that this bacterium secreted insecticidal substances in its culture medium. After injection of
mature larvae with different condensations of the bacterial cultured filtrates, the larval mortality of G. mellonella was ca. 85% with
the 25-fold condensed filtrates and reached 100% with the 50-fold ones, whereas that of Spodoptera litura was ca. 75% with the
300-fold filtrates. The cultured filtrates could also inhibit some human pathogens tested, i.e., Staphylococcus aureus CCRC12652,
Escherichia coli JM109, Klebsiella pneumonia CCRC10694, and Vibrio parahaemolyticus CCRC10806; a grass bacillus, Bacillus
subtilis; and plant pathogenic fungi, i.e, Peronophythora litchi, Botrytis cinerea, Rhizoctonia solani (from cabbage), and
Collectotrichum sp. (from strawberry). The cultured filtrates screened through 10 or 100 kDa molecular sieves could inhibit the
growth of B. subtilis and B. cinerea while those through 3-kDa sieve could inhibit B. subtilis only. The filtrates sieved through a 10-
kDa sieve caused 85.63 and 98.93% of necrotic rates, respectively, in an insect cell line, SF21, at 12 and 24 h post-treatment,
whereas those through a 3 kDa sieve similarly caused 80.20 and 92.77% necrotic rates, respectively. However, only the filtrates
through 10-kDa sieve resulted in 23.33, 75.00, and 96.67% mortality of G. mellonella larvae, respectively, at 6, 12, and 24 h after
injection of G. mellonella larvae. It is thus indicated that both insecticidal and antimicrobial substances are present in the 10-kDa
sieved filtrates. Proteins in the cultured filtrates were analyzed using SDS-PAGE electrophoresis. A protein band with 85 kDa of
molecular weight was detected in the 100-kDa sieved filtrates while two bands with 22 and 25 kDa were found in the 10-kDa sieved
filtrates. However, none were detected in the 3-kDa sieved one. On the basis of coloration tests, most of the separated molecules
showed an amino acid structure. Furthermore, both exo- and endo-chitinases in the filtrates through 10-50 kDa sieves could be
detected after reacting with different substrates, emitting fluorescence under the UV microscope. The concentration of
lipopolysaccharide (LPS) isolated from X. indica was ca. 3 x 105 EU/mL, causing ca. 23, 43, and 93% mortality of G. mellonella larvae
at 12, 24, and 36 h after injection, respectively. The LPS from X. indica resulted in ca. 7.67 mm of inhibition zone against a bacterium,
B. subtilis and a fungus, B. cinerea, whereas that from Xenorhabdus nematophila caused ca. 8.00 and 5.33 mm of inhibition zone,
respectively. In contrast, LPS from E. coli which is also an intestinal bacterium produced only ca. 1.33 mm of inhibition zone against
B. subtilis. Therefore, the LPS from X. indica could inhibit both bacterial and fungal growth.
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3 kDa & 77 i & 80.20 2 92.77% iw® 7> 5 » iz Xz 45 3 30 2 B SR S
Moo MAP T2 2Rz %% 0 10 kDa Jﬁ%#ﬁﬁ;‘]ﬁ_ P AN N K WIS 612 %2 24 h ¥
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HE i}{ij’f%{?%%%ﬁ? NB medium | 3%~ &
¥ (150 rpm, 25°C) W'Sfﬁ % 48 h 1%4 » HE
(6,000 rpm) 20 min > & = k> ff{
EE - TR e BESLRY pellet (10 mL f%lfﬁ)
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~30 min - F|EE= o FHEREH 2~3 7V }{:J’
I T SR AR
MW =@py55 - &% (Millipore Corporatlon
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NB medium {=EESHPRE - = Erk - & [RECE
20 & > 24 h EEIGISRT
I HEFEEERTNMERREMEEYESE

ZAIE
(=) mﬁéli’“@ﬁfﬁ’l‘%ﬁﬁ
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]?ﬁ NB medium f# 5%
() H & FRROTRIE R S5 055 b 3305k The 3 2
G F VYR

ﬂﬁ%% 72h V4% f%l%%‘?fﬁ »I'10.22 pLL
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Fig. 1. Mortality of Galleria mellonella larvae treated with cultured filtrates of Xenorhabdus indica at different times
after incubation. Means followed by the same letter are not significantly different at 5% level according to

Tukey's studentized range test.
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Table 1. Antimicrobial activity of Xenorhabdus indica cultured filtrates from Steinernema abbasi Taiwan strain

Strains Antimicrobial activity *
Staphylococcus aureus CCRC12652 ++++
Escherichia coli JM109 +++
Klebsiella pneumonia CCRC10694 +++
Vibrio parahaemolyticus CCRC10806 +++++
Bacillus subtilis F+++
Peronophythora litchi ++
Botrytis cinerea ++++
Rhizoctonia solani (Cabbage) ++
Rhizoctonia solani (AG-4) -
Collectotrichum sp. (Strawberry) S+

Collectotrichum capsici
Pseudocerospora sp. (Loquat)
Pythium aphanideratum
Pythium spinosum

Pythium sylvaticum (3)

# Scales based on size of clear rmg “4+”,0.1-1.0 mm; “++”, 1.1-2.0 mm;” +++”, 2.1-3.0 mm; “++++”, 3.1-4.0 mm,;

“t++++7, 4.1-5.0 mm; “++++++7, 5.1- 6.0 mm; “+++++++”, 6.1-7.0 mm. ;

cinerea~R. solani (Cabbage)- Collectotrichum
sp. (Strawberry) Wﬁi“ﬂ]ﬁfﬂiﬁ;\[ ) JJE[ Y
TR ﬁﬁ'&[E'[ G ) o PEHNEES > H
PRI 53 PAETEL RO AP
HIEC O
(Z) % RORORIR S S 88 b 25 T 3 4y

B B

2% P ERTIIRAR 10 ff S EBR,
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W el S PR IR I
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, no inhibition zone.
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Fig. 2. Mortality of Galleria mellonella and Spodoptera litura larvae caused by cultured filtrates of Xenorhabdus indica
at different folds of condensation. Means followed by the same letter are not significantly different at 5% level

according to Tukey’s studentized range test.
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i
Table 2. Inhibition zone of Bacillus subtilis and Botrytis cinerea caused by cultured filtrates of Xenorhabdus indica
through various molecular weight sieves

Inhibition zone (mm) (Mean + SD) *

Bacillus subtilis Botrytis cinerea
S . Stock Stock Stock Stock Stock Stock
ieve size . . - - . -
solution solution plus solution solution solution plus solution
Proteinase K (autoclaved) Proteinase K (autoclaved)
(20 pg/mL) (20 pug/mL)

NB medium 0.00d 0.00d 0.00d 0.00b 0.00 ¢ 0.00 b
100 kDa 433+058b 433+0.58b 3.67+0.58b 633+153a 567+208a 1733+115a
50 kDa 0.00d 0.00d 0.00d 0.00b 0.00 ¢ 0.00 b
30 kDa 1.00 £ 0.00d 0.00d 0.00d 0.00b 1.33+£0.58 b 0.00b
10 kDa 533+058a 5.00+000a 500+1.00a 567+058a 567+058a 800+1.00a
3 kDa 3.33+058¢c 3.33+058c 2.33:058¢ 0.00 b 0.00 ¢ 0.00 b

* Means followed by the same letter are not significantly different at 5% level according to Tukey’s studentized
range test.

K= HAEE (Xenorhabdus indica) IZERIBIT AR FLIEN FEG B ZEH5IE SF21 HRkKZIRIEER
Table 3. Necrotic rate of SF21 cell line treated with cultured filtrates of Xenorhabdus indica through various molecular
weight sieves

Necrotic rate (%) (Mean + SD) *

Sieve size =h oih
NB medium 0.00 b 0.00 ¢
30 kDa 0.00 b 19.90+£5.20b
10 kDa 85.63 +4.60 a 98.93+1.00a
3kDa 80.20 +4.78 a 92.77+2.58 a

* Means followed by the same letter are not significantly different at 5% level according to Tukey’s studentized
range test.

irmT’Tﬁ%‘ﬂ I (g2 AR - 153 B3 A AP A0 12 % T2 h B I
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PAGE B sl s | Ry T 1 o=t 1272 ho %T;"fiﬁéliﬂ'iﬁ’?‘} 30% -

WACAHIAITETTD 5 (W= D) [ 3 kDa G 3 R RPEPITT SRR A 0 T A
Y BB T [n*é PAGE ;#7702 i | %1224~ 36 - 48~ 60 b 72 h e
%ﬂ'%ﬁ%éf ° S35 30 ~ 40 - 40 60~ 70 = 80% -

i 10 kDa 55~ gAmEsE v d & (ﬁ%ﬂ[“l) [P f B [P xﬁ‘rTF Pl -UN

% Native-PAGE TRIEISI7 » WEIRIT P00 ST RISREAy-hsthcs [y 3 feeed [
I P S S P BT SO > AT RS
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Table 4. Mortality of Galleria mellonella treated with cultured filtrates of Xenorhabdus indica through various molecular

weight sieves

Mortality (%) (Mean + SD) *

Sieve size

6h 12h 24h
NB medium 0.00 b 0.00b 3.33+£5.77h
30 kDa 0.00b 0.00 b 6.67+5.77hb
10 kDa 23.33+£5.77a 75.00 = 8.66 a 96.67 £5.77 a
3 kDa 0.00b 0.00 b 6.67 +5.77b

* Means followed by the same letter are not significantly different at 5% level according to Tukey’s studentized

range test.

120kDa
21kDa

! -85 kDa
48 kDa X

34kDa ‘

25%Da
19kDs
9%kDa -

E=

#AH (Xenorhabdus indica) R ZAZENEAE TR ©

Fig. 3. Electrophoretic profiles of metabolites purified from Xenorhabdus indica filtrates. (A) Lane 1: Marker, Lane 2:

extracted from 100 kDa molecular weight (MW) sieve in 10% SDS-PAGE, a band of 85 kDa. (B) extracted
from 100 kDa MW sieve in 10% Native-PAGE. (C) Lane 1. extracted from 10 kDa MW sieve in 10%
SDS-PAGE, two bands of 22 and 25 kDa. Lane 2: Marker. (D) extracted from 10 kDa MW sieve in 10%

Native-PAGE.
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Fig. 4. The mortality of Galleria mellonella larvae caused by two substances extracted from Xenorhabdus indica.

RO HEE (Xenorhabdus indica) HEIERT » ERMBYNERARNEOEZERME
Table 5. Coloration of extracts from cultured filtrates of Xenorhabdus indica by three tests for amino acids or proteins

Extraction products Coloration®
Ninhydrin test Biuret test Xanthoproteic test
85 kDa + + +
22 kDa + + +
25 kDa - + +
3 kDa + + +
CK (ddH,0) - - ;
CK (BSA) + + +
*“1” positive reaction; “-“, negative reaction.
gt P S l@?ﬁ‘}ﬁ%ﬁﬁ?ﬁ% ° HA PR (X indica) ['% % exo » endo

BT W i > % 153 7 50~3 kDa
IO HEFEERZRRERNET S0 REER VRG] (W) > R H T 30 2 10 kDa iy
EMSAE RIRTE I (RS A~ B) o KA BT

sERREIVER ZREB I IEYE 13



4 E (Xenorhabdus indica) JERMZEENME T G EEERIEMRIZE - (A) exo-chitinase RIE » ZAKER
4MU-(GIcNAC)s (B) endo-chitinase JAI5E » 5% BIE & & 4MU-(GIcNAC),2° Tube 1 /& 100 kDa 4 FE5 2 Z2ER¥) ; Tube
2 5 50 kDa 4> F&f 2 ZER4)) ; Tube 3 & 30 kDa 43 F&f 2 ZEW4) ; Tube 4 /& 10 kDa 4} F&f 2 Z2E04) ; Tube 5 &

3 kDa A FEfZ ZEEW4) 5 Tube 6 A¥3FE#H (NB medium) o
Fig. 5. Activity of chitinase extracted from cultured filtrates of Xenorhabdus indica. (A) Determination of exo-chitinase,
its substrate is 4MU-(GIcNAc)s, (B) Determination of endo-chitinase, its substrate is 4MU-(GIcNAc),. Tube 1,
extracted from 100 kDa molecular weight (MW) sieve; Tube 2, extracted from 50 kDa MW sieve; Tube 3,
extracted from 30 kDa MW sieve; Tube 4, extracted from 10 kDa MW sieve; Tube 5, extracted from 3 kDa MW

sieve; Tube 6, for the NB medium (control).

=X FTEEEZHEE (Xenorhabdus indica) BESEEEEH AMIKB L TR

Table 6. Mortality of Galleria mellonella larvae caused by lipopolysaccharide of Xenorhabdus indica at different

concentrations
. Mortality (%)*
Concentration (EU/mL) 2h 94 h %6h
3x10° 23.33+5.78 a 43.33 +5.78 a 93.33£5.78 a
3 x 10* 0.00 b 0.00b 10.00 +5.78 b
3x10° 0.00 b 3.33+£5.78 Db 3.33+5.78¢
3 x 10? 0.00 b 3.33+£5.78 Db 3.33+5.78¢
30 0.00 b 0.00 b 3.33+5.78 ¢
* Means followed by the same letter are not significantly different at 5% level according to Tukey’s studentized
range test.
[dikoi =" I = RrdEfl o FERG (A LPS A SYEL 3 x 10°

EU/mL- {[/I'] 10 kDa 53 7.V Yk & ¢
-4 FZIEZ RS Kt «hE & Bacillus 30 EU/mL - LPS (3 x 10° EU/mL) 5% 3
subtilis Ed Botrytis cinerea &tz 822 R g *ki%irfﬁ‘«ﬁjﬁgﬁgﬁ[ » My fEE | FUpeE=E

14 aEESS=T 65—



B7x A4 E (Xenorhabdus indica) BEZEEES (lipopolysaccharide, LPS) 4 & 1ttE-(A) =T&#MiE 2 LPS % Bacillus
subtilis z LRI © (B) =#&#liE 2 LPS i Botrytis cinerea 2 HiA Al o
Fig. 6. Antibiotic activities treated with lipopolysaccharide (LPS) of Xenorhabdus indica. (A) LPS of three bacteria
against Bacillus subtilis. (B) LPS from three bacteria against Botrytis cinerea.

=t HEE (Xenorhabdus indica) BEZERE (lipopolysaccharide, LPS) #% Bacillus subtilis & Botrytis cinerea 2 3

Table 7. Inhibition zone caused by Xenorhabdus indica lipopolysaccharide against Bacillus subtilis and Botrytis

cinerea

Inhibition zone (mm) (Mean + SD)*
Bacillus subtilis Botrytis cinerea

LPS sources

Escherichia coli 1.33+0.58¢ 0.00 ¢
Xenorhabdus indica 7.67+0.58b 7.67+0.58 a
Xenorhabdus nematophila 8.00 + 1.00 a 5.33+0.58b

* Means followed by the same letter are not significantly different at 5% level according to Tukey’s studentized

range test.
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Insecticidal and Antimicrobial Substances in Cultured
Filtrates of the Symbiotic Bacterium, Xenorhabdus indica,
from the Entomopathogenic Nematode, Steinernema abbasi

Mi-Hau Tsai, Li-Cheng Tang*, and Roger F. Hou*

Department of Entomology, National Chung Hsing University, Taichung City 40227, Taiwan

ABSTRACT

In vitro culture of the symbiotic bacterium, Xenorhabdus indica, isolated from
the entomopathogenic nematodes, Steinernema abbasi Taiwan isolate, caused ca.
95% mortality of Galleria mellonella mature larvae at 72 h after culturing, and
remained ca. 93% at 96 h, indicating that this bacterium secreted insecticidal
substances in its culture medium. After injection of mature larvae with different
condensations of the bacterial cultured filtrates, the larval mortality of G.
mellonella was ca. 85% with the 25-fold condensed filtrates and reached 100% with
the 50-fold ones, whereas that of Spodoptera litura was ca. 75% with the 300-fold
filtrates. The cultured filtrates could also inhibit some human pathogens tested, i.e.,
Staphylococcus aureus CCRC12652, Escherichia coli JM109, Klebsiella pneumonia
CCRC10694, and Vibrio parahaemolyticus CCRC10806; a grass bacillus, Bacillus
subtilis; and plant pathogenic fungi, i.e., Peronophythora litchi, Botrytis cinerea,
Rhizoctonia solani (from cabbage), and Collectotrichum sp. (from strawberry). The
cultured filtrates screened through 10 or 100 kDa molecular sieves could inhibit the
growth of B. subtilis and B. cinerea while those through 3-kDa sieve could inhibit
B. subtilis only. The filtrates sieved through a 10-kDa sieve caused 85.63 and
98.93% of necrotic rates, respectively, in an insect cell line, SF21, at 12 and 24 h
post-treatment, whereas those through a 3 kDa sieve similarly caused 80.20 and
92.77% necrotic rates, respectively. However, only the filtrates through 10-kDa
sieve resulted in 23.33, 75.00, and 96.67% mortality of G. mellonella larvae,
respectively, at 6, 12, and 24 h after injection of G. mellonella larvae. It is thus
indicated that both insecticidal and antimicrobial substances are present in the
10-kDa sieved filtrates. Proteins in the cultured filtrates were analyzed using
SDS-PAGE electrophoresis. A protein band with 85 kDa of molecular weight was
detected in the 100-kDa sieved filtrates while two bands with 22 and 25 kDa were
found in the 10-kDa sieved filtrates. However, none were detected in the 3-kDa
sieved one. On the basis of coloration tests, most of the separated molecules showed
an amino acid structure. Furthermore, both exo- and endo-chitinases in the
filtrates through 10-50 kDa sieves could be detected after reacting with different
substrates, emitting fluorescence under the UV microscope. The concentration of
lipopolysaccharide (LPS) isolated from X. indica was ca. 3 x 10° EU/mL, causing
ca. 23, 43, and 93% mortality of G. mellonella larvae at 12, 24, and 36 h after
injection, respectively. The LPS from X. indica resulted in ca. 7.67 mm of inhibition
zone against a bacterium, B. subtilis and a fungus, B. cinerea, whereas that from
Xenorhabdus nematophila caused ca. 8.00 and 5.33 mm of inhibition zone,
respectively. In contrast, LPS from E. coli which is also an intestinal bacterium
produced only ca. 1.33 mm of inhibition zone against B. subtilis. Therefore, the LPS
from X. indica could inhibit both bacterial and fungal growth.

Key words: Steinernema abbasi, Xenorhabdus indica, insecticidal and
antimicrobial substance, protein, lipopolysaccharide
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