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Abstract

The symbiotic bacterium of the entomopathogenic nematode, Steinernema abbasi Taiwan strain, has been identified as being
Xenorhabdus indica. Its cultured filtrates from the primary form were toxic to SF21 and S2 cell lines, causing cellular necrosis even
after being autoclaved for 20 min, while those from the secondary form were not toxic to either of these two cell lines. In addition,
the cultured filtrates of both forms were not toxic to the mammalian cell line, BHK21. In in vitro assays, the necrotic rates of Galleria
mellonella hemocytes at 24 h after treatment with the cultured filtrates of symbiotic bacteria were significantly different from those
of the control, whereas the rates treated with X. indica lipopolysaccharide (LPS) were similar to those of the control. These results
indicate that necrosis in G. mellonella hemocytes occurs 24 h after being treated with the filtrates. Hemolytic rates of rat and goat
red blood cells (RBCs) as treated with cultured filtrates from both forms of X. indica were not significantly different from those of
the control, showing that the cultured filtrates did not contain hemolytic substances. Inactivated bacterial cells (primary form)
caused serious paralysis in G. mellonela larvae and eventually killed the insects. This symptom was found to be similar to that of
being injected with LPS extracted from the primary form. However, these inactivated bacterial cells were not effective against
Spodoptera litura larvae. Therefore, it is suggested that LPS is neurotoxic to G. mellonella larvae. Hemolytic rates of rat and goat
RBCs treated with inactivated bacteria (primary form) were significantly different from those of the control. In in vivo assays, the
inactivated bacterial cells were capable of causing necrosis and subsequently killing the hemocytes of both the G. mellonella and S.
litura larvae. They were, however, comparatively less destructive to S. litura hemocytes. In in vitro assays, LPS from X. indica (primary
form) was not markedly detrimental to G. mellonella hemocytes compared with the control group, suggesting that LPS is not a
major factor affecting the insect immune system. Therefore, it is speculated that LPS and certain substances when released into the
insect hemocoel from symbiotic bacteria could hamper the insect’ s immune system, resulting in the proliferation of symbiotic
bacteria and nematodes, and subsequently cause septicemia to rapidly kill the insect hosts.
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tk SF21 2 S2 ¢ = w3 (necrosis) > it }Jf i+ f R¥ etk BHK-21 Bl & &
' R 1%@ ~ i 4& (Galleria mellonella) = 3% » %~ 24 h 52 >+
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’F[%ﬁﬁ: WV E s (Steinernema abbasi)
(Nematoda:
Sultanate of Oman (Elawad et al., 1997)
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Steinernematidae) 7% the

Xenorhabdus indica g d" i S A A
%| (Enterobacteriaceae) if'[# (Tsai et al.,
2008) o H & G GRE ] (infective
juvenile, IJ) JB3Eifl1 - ?ﬁ IJs {57 j fé‘ﬁﬁ?g
Pl (s = i Rl ;.Hﬂ ES:TEN
E % Y (Dunphy and Thurston, 1990;
Wang et al., 1994) > r' = JF}EIP [HETE
W27 (R EHP2 Y0 indole derivatives -
dithiolopyrolones (xenorhabdins)
benzopyran-1-one derivatives (xenocoumacins)
= (Lietal., 1996) » I'F[l:ﬁfé FLifGT 24~48 h
['|PRET - (septicemia) 35t (Poinar,
1990; Boemare, 2002) 4 % fxi* pr [ N
A a3 FEER > QU @’fﬁﬁﬁﬁi (lecithinase) ﬁF
iy (lipase) » &7f 1'% (proteinase) = (Forst
and Clarke, 2002) - £ (=5 {77 55 i fLEG
Ao RS RV ETE TR I,
o R EE P 25 (Han et al.,
1991) o P > f % 58U L F PATELERAITY
Y= M Ak (tri-trophic system) o [FH
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Jw ¥4 ¢ (apoptosis) > %J S S
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(inflammation) (Kerr et al., 1972; Hirsch et
al., 1997) -
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BT I SHE *’A"bﬂ]ﬁf” 711 = (Dowds and
Peters, 2002) - FLAFUEIE T » i/[l? pETER]
(phagocytosis) » &% (encapsulation) F%/#
i & B (nodulation) =AW % BB
(cellular immunity) » ' Syt 4 Popv R ue
(Poinar, 1979; Peters et al., 1997); - Fi' | "]
cecropin ?ﬁﬁfl [l lysozyme S AP E =
ﬁ%irﬁ‘l‘iﬁj@ (humoral immunity) - % 54,
Y H LB (Xenorhabdus spp.) f- ] FLEE
PR U U - B
= EIRZ (Brehelin et al., 1990; Dunphy
and Webster, 1991) - [ijH % PRI SRy
I > ==t %E"iél’iﬁifll% £ FTJ (Dunphy
and Webster, 1991) > X [[i ’TF’, 2 g *gg
(lipopolysaccharides, LPS) £ [ K {%5F!
PRS2 Brsb 53 (Nikaido and Nakae,
1979) > ,s[ﬂ A FLAERRTR Tuiif,ﬁug&
GfOpHL - H LPS @R B9t > ATph
POt 5 [ﬁﬁﬁ}‘fl s f 187~ LPS Eﬁéfftﬁﬁﬁ’?ff%
55 o LPS F £ 5! E [ 7 2 e VAR
Ptk o0 E P T PR T [Elggﬁgw
HE AT ,Z]Jrf;:ﬁ[ LPS f#fhi= jfff[ 73 F"T?Fﬁ
o-specific side chain : [lif§-~ (core) [Fljf’/ﬁf
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ek Pro B P = R PO PR AR
B - FESEIRpY Lipid A SIHEES
(endotoxin) ﬁJFu C SRS E A
Xenorhabdus nematophila Jt 5 Fp% Lipid A
ﬁr'ﬁf # ﬁjﬂ U & {~ T (phenoloxidase) iﬁ
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[i*J eicosanoids %l =2 Py f,ﬁ& PPN
WAk (EH ] (Hammond et al., 1984; Dunphy
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Halwani, 1997) - f (IR LR (S,
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0.1% formalin & =G = & - 1A
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RS Ve B il g1 g R Lilﬁl‘ﬁ‘“fﬁ
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¥ NBTA (& H 5 il peptone 5.0 g ~ beef
extract 3.0 g~agar 5.0 g~bromothymol blue
0.025 g & 2,35-triphenyltetrazolium chloride
0.04 g) (Akhurst, 1980) 5 I-» i/ = Fih
FRAT(25£10) ¢ lﬁﬁ% 2~3 %o POV
fEe 1 = TAITE (single colony) » A5 Fgact [~
SN HEH Esl R f{l %lﬁi (primary
form) - }{ﬁ’i’ﬁ (“iVH %l nutrient broth
(NB ; & fA[ peptone 5.0 g - beef extract
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A RUE) |l % pv IPLB-SF-21 AE SF21
(Spodoptera frugiperda cell line, SF21) -
Drosophila Schneider S2 Ufi'ﬁg&ﬁ‘ﬁﬂf'ﬁa’ﬁ
(BHK-21) =7 AFMwkkigoiz il
insect medium (Gibco BRL, NY, USA) ﬁ
10% fetal bovine

Industries, Israel) - Schneider’s medium

Grace’s
serum (Biological

X  MEM (minimal essential medium,
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ethanol % Fﬁﬁi?ﬁ‘%‘ o A Epog] g
£5, E_lﬁs ;fgﬁvﬁﬂf& et (1:5) sterile
antlcoagulant buffer (62 mM NaCl -~ 100
10 mM EDTA - 30 mM
tri-sodium citrate » 26 mM citric acid) 1%
= EREE (Mead et al., 1986) o A EE
(800 x g, 15 sec) 2 & » & ke > it
PBS buffer 20 ul [ﬂ'i?*’ ] yfﬁ[’w’E'ﬁW% E= 3
‘JD * Grace’s insect medium f’ﬂ;[ 30 min

S DRI BT f D e
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O HERRAR R AL RREERRRY
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[ 2 EI (X indica) Higg = - [N
AE IR RS BIpEi R T2h o v BT,
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A5%EA (121°C ~ 1.1 bar ~ 20 min) > F| “[ Gl
A T IRECE Y Wikl 10% ot SF21 5 “E'qu”ﬂﬁ
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1;? 12 % 24 h &l Bt e 5t prar e
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strain) VEL%+ E| (X. nematophila) 7.V ¥k
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Millipore VelJGfiR. > ARGk THII 10% i

* SF2175 ’E'%”?ﬁ%“ 'fl1> ') NB medium £33%]
12 b SR R -
SR SFR1 AR |2 R L
'l 4% formaldehyde - 7+ 4C &l 30
min > I') PBS buffer &% > 'rﬁ?h'i,%\féé?\ & -
1k - 1" 1% osmium acid > @t/ 30~60

n " 4°C > I') PBS &k 'r%ﬁi’n’i’;é‘&f%z
A= o KRS - B ST 5070
80 - 90 * 95% ethanol f‘\ﬁ‘i{'—? 15 min i
8 o FIFRGERP R 15 min s i< 3
o ﬁn&}{vjnﬁ?ﬁp‘lﬁt fEiisY 100% acetone
I'} 100% acetone %! 15 min 3 ¥ VH#S
B ETHRE SR AR SR 4T o
r%&ﬁu,a%@ﬁﬁ’iﬁﬁﬁay@w
ke R = sk o F] ) Field Emission
Scanmng Electron Microscope (JSM-6330F,
JEOL, Tokyo, Japan) 1%/~ #l<s -
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Bk FII') 0.22 nl Millipore i’%ﬁ%ﬁﬁ%ﬁ > fie
LA AR B VTR o [ 3 LA R T
SF21-S2 & F1E€Eﬁ‘af[ﬁwﬁ€ (BHK-21) &
L2 Hﬂiﬁ%ﬁ%maiﬁ B R
Eﬁ["éé gt 10% Yk o I)pt 10% NB
medium FBEHT 53 frJ[JF"F'['F“ 25 % 37C *ffﬁ
HIHIE 5 34612 7 24k SV
I ks (IMT-2, Olympus, Japan) + #!
o MR R RSk o pIOE > TR
=aREHET > L] trypan blue R i > e
SR SR S o

N FEEHEFREA SR RNRESNE
MmEkK SF21 flitk 28
SR E GRS RO BRI I
LSRR N S DI R B
iﬁ% 48 h» V4% ﬁ]%l%% 24 h x> EFEE
= (6,000 rpm) 20 min- & & _FFk- '] PBS
PRI £ 1 10° cfw/ml » 37 il
EYER# 20 min - rﬁ [[ Je BRI S H?}a}{—ﬂ"ﬁ
PREER TR FliS béﬁéﬁaﬁf 5 i Y 2~3 Ay
oAt pg@fﬁﬂ[ | (20 pl/larva) o
7 rf{f& / NB medium £% *a‘:jLEF{ H 2R,
FB3R ’iﬁzlﬁ% garF e NI i 48 h
FAR VIR R R T SRR - b
JEIRIERE 2 BB 1%
B SF21 Bl 1 > 24 he AleRqiidt ™ B
TERR SR lqéuf\L_"Fl\l Y o

+~HEFZ LPS $ SF21 etk - Ko m
B stz g
PUECYi and Hackett (2000) 390 £
s I HGHU DR 2 30 LPS o i e o m?f
BT OB B NB BB L
¥ (150 rpm, 25°C) i‘ﬁ% 48 h % » &
(6,000 rpm) 20 min > [ FEk > IR

A R o EEC U (pellet) (F11 10
ml Es'l kAT ) sp* 1.0 ml Tri-Reagent
(Molecular Research Center, Cincinnati,
OH, USA) F &7 » }?f)&?‘gﬁiﬁﬂ 15 min > "I
7 200 pl chloroform > FZE f%'ii“"fﬁl'ﬁ{‘\gﬁ"fﬂ
™~ 15 min s #% (12,000 rpm) 10 min > ¥V
R R S
%‘jﬁ(l&ﬁ}?[ 15~30 min > F|EES > IW%I

HE 2~3 7 3 S0 AT S
Fln%z' I 33&'7 [ﬂ MW =&y o5 =" g

(Millipore Corporation, Bedford, MA 01730
U.S.A) dfigis > IS RO P&
Yﬁ?‘ﬁ@izﬁ;é Pt 200 pl ddH,0 £ [HW?T’ o [l
¥ 7 LPS fﬁxf"l'“’i@?fglf[l?}’ LAY IR N S TETY
=yes F“Sfi‘ } RNase (8 mg/ml) % DNase (10
mg/ml) {="] 1h 3 [#Ff&-F|I'] Proteinase
K (20 pg/ml) 37°C {="] 1 h & [= RNase ~
DNase BE%I%?EUE’-EI@T" + 65T ~ (BH] 20
min . & Proteinase K ?ﬁ‘l‘% s BN RS R
”ET’ Centriplus YM-3 (Centrifugal Filter
Unit, 3000 MWCO) i * ddH,O Y&y ik
[ JERT R A Pl W e[ 1RSSR > 0T 10%
SDS-PAGE %+ ?ﬂ}*;; 1 o [~ Perdom and
Montero (2006) IV #3k > '] 55 5k 3k % [
(U-2800, Hitachi, Japan) *| 190~600 nm
W R LPS 7078 -
i EEl LPS %5 SF21 ekt

J}{—Jﬁfﬁ =Y SF21 i ek ™ 10% LPS » FFI'I
W25 £ 1C §#lﬁﬁ4 A I”ﬁ Jpt
10% NB medium-PBS buffer [l Proteinase
Ky3TCfEN]l1%$ﬁB@ﬁﬁBﬁ‘Pﬁ%

3 Escherichia coli [V LPS =it ‘iﬂfl
H}HQ]TEJ#L W VA BGER T 5T in vitro (R
it 10% X. indica FUt BV LPS - FREARE
i@l > I'pt 10% PBS buffer = TEF(
LPS S WS iy w ik = 7 g H v
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iV LPS I] 20 pllarva % < risagie]
= fﬁﬁéﬁﬁg‘% He-pI 1 LPS .V NB

J‘»l

medium SRS o

+— 4Im¥Ek (red blood cell, RBC) ;&M &4
B
1FL’~ R RS 2 R A
(blood agar plates, Creative Microbiological,
Taiwan) = kfEA = 7 2GS = 55T (Raw
and Welch, 1994) - i""?[ﬁ%qgj‘ F9 [ Tk 53
i*fi’"‘l‘iﬁw?ﬁﬁi"‘l‘%’xE'% PRV B
R R {’?é‘[ﬁ&'&fﬁ 73 H[Jfgl'ﬁ? 25
% 37c HRA 48 B RERRL
 (clearing surrounding) 1.3 : %J g9t I
FUE B[RS B % RV LPS E'jj?‘?i"llﬁ:%@
7V 20 plidisc f/4° 37°C + SAT B
Lm* i?\\'n’-r:%&[;ry o
ﬁ?fﬁr&ig&”' SRR TRV 7
P » ARSIk 1:10 7 PBS buffer ifif
ZEEe (180 x g) 5 min » Pk = Vi > I
PBS buffer ?ﬁ@%ﬁf' b 2% [~ B4 4 ke
i 2 7R | 0.22 nl Millipore Vi
SR SIS F] ) PBS buffer [fl'if‘ﬁ
B F’*ﬁfl‘Eﬁ ﬁﬁi’ii'ﬁdrﬁ St 10% Rt B
AR S Y LPS W 10% FEIERE B
(A (1 x 10° cfu/ml) » S0 ARG
IS - TVHENEE 500 ul ® 2% 57 'ffﬁgirﬁ
250 ul ?E‘LF['&LWA 37C i 1 % 2 h
R L, ,}{_P{%Zp‘f”“ 'SREES 5> '] PBS buffer
(ERREHR - 20 EIYEE 7 540 nm
Pk ff) (ODsao) (A ok [ Brillard
et al. (2001) ifkn FOTEVERET S [(Asg
TR T T SIS (i — S Asgo 777
T%wMﬁ)ﬁ“¢ﬁT*“:”’iﬁ%ﬁ/AmﬂW
Al ] x100 > FHELY -
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+= -~ ERERE S

FIH] SPSS (Statistical Products and
Services Solutions) %ﬁﬁﬁﬁ"ﬁ%‘ﬁﬁ 5
g RN TS B )
(ANOVA) > & p < 0.05 sféﬁ%?ﬁf‘é"—ﬁff*
20 B VR 14 F 1~ Tukey’s studentized
range test (HSD) 4l ZE IR 1 =2 il o

—  HABFLE R A EBEEERE SF21

etk z 2E

HE R X indica) FLt EJF%I%%?ET?TQ&“E
FISF21 A akk - 72 12 » 24 h & 5] H[Jiﬁ
Y 82.77 £ 9.15 =2 9747 + 2.45% fMwig
Gesk 3 H RS IR AR B [0S 80.28 =
1.10 = 95.60 = 2.5% fv SF21 afja =
o &S NB medium » -5 %+ F'JE%ITSF‘W?P[
%2&1& Moy SF21 gl 9= (-

=) o U B GRRIREERS SR Y v
SF21 sPvjakk lapiaidsok » 52t 5) A B
FEE - E A ﬁ%%%i@ﬂ‘zf[l A*J@F‘/“E'ﬁw
et S BRI PET 5 iEse SFR1 A akk
FERUCIRIEES e Ay @FJ%EIEJEJ%%
VIR APV RO T R i ek o [P
PIRTRE AR o SPTTTRA > ) ;,Fﬁ‘/ Elqwf%%ﬁ
—Kf,ﬂjfi‘—;?t fﬁ,%ﬁp 1S - S el quFJéé
(=)

— + SF21 RIS A RIS E 2 BRRIER
?m}'”‘t S FRATHIE < B

U ) SF21 At 1)

?F’EF[*“ RIS T NB medium S

A=~ X. nematophila 'Lt BNy X. indica

v BIRGR  APA AR R AP A

*Ufg‘% i X. nematophila Flt E[= X,

=



B— H4XE&F (Xenorhabdus indica) $Z&E kYT SF21 #ifRtk 2 &
HIRRRRRRE  EEMEIERIRE - (B) 1€ 10% KAREERNRIEZ SF21 » Bl

10% KEBaREEREREEER 7S
ETEEZOR SF21 MIREMAE IR ~ SR RET o

o (A) #® 10% [REREERRRIEZ SF21 1 &R

°(C) SF21 A

ERAIRRIRSE - (D) B4R - 4§ 10% NB medium 2322 SF21 -

Fig. 1. Effect of Xenorhabdus indica on SF21 cell line after being treated with cultured filtrates. (A) SF21 treated with
10% cultured filtrate of primary form. (B) SF21 treated with 10% cultured filtrate of secondary form. (C) The
cultured filtrate of primary form was toxic to SF21 after being autoclaved for 20 min. (D) Control, treated with
10% NB medium. Arrows indicate necrosis, shriveling, or floating of the SF21. Bar = 10 pm.
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F— 4 E Xenorhabdus indica $E&iE &Y SF21 MERRMER < MRS R

Table 1. The necrotic rate of the SF21 cell line treated with Xenorhabdus indica cultured filtrates

Necrotic rate (%) (Means + SD)*

Treatments

12h 24 h
Filtrates of primary form 82.77+9.15a 97.47+245a
Filtrates of secondary form 0.00 b 0.00 b
Filtrates of primary form autoclaved 80.23+1.10a 95.60 £2.50 a
Control (NB medium) 0.00 b 0.00 b

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

range test.
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B= BEAETEMEES SF21 MR RELER (Xenorhabdus indica) 8k 12 h B2 MBEIERIRER (A) ¥
B24H » #5 10% NB medium fEIE;z SF21 - (B) #& 10% X. nematophila (primary form) j&i&ERIEz SF21 - (C) #&
10% X. indica (primary form) JEAREEIEZ SF21 ¢ 12 h ZPEEMIEERE L HEREEERESL - HiEEE
ZHIZ - (D) 4 10% X. indica (primary form) JEREHEZ SF21 1 24 h BB EIEERP MK - HERECER
B ERAMERLEMSRMIESE - (E) £ 10% X. indica (secondary form) JEi&ERIE2 SF21 » il
KRR - (F) XA ER X. indica (primary form) EiERIE SF21 > HiflfglE T e E A Rz RBES -
FiERF AR R E R EL 2SR - NC RREEHAR - CM RRHlRRE -
Fig. 2. Scanning electron micrographs of the SF21 cell surface 12 h after being treated with cultured filtrates of
Xenorhabdus indica. (A) Control, SF21 treated with 10% NB (nutrient broth) medium. (B) SF21 treated with
10% filtrates of X. nematophila (primary form). (C) SF21 treated with 10% filtrates of X. indica (primary form),
and cells attached to the cover glass. (D) SF21 treated with the 10% filtrate of X. indica (primary form), and
cells floating in the culture medium. (E) SF21 treated with 10% filtrates of X. indica (secondary form). (F)
SF21 treated with bacterial cells of X. indica. Arrows indicate necrosis, shriveling, or floating of the SF21 cells.
Bar = 1 um. NC: normal cell. CM: cell membrane.
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B= #4&E (Xenorhabdus indica) J&T EIARMIE 2 MFIZRTEER
Fig. 3. Necrotic rates of SF21 and S2 cell lines after being treated with cultured filtrates of symbiotic bacterium,
Xenorhabdus indica. Means followed by the same letter are not significantly different at 5% level according to

Tukey'’s studentized range test.
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BPY SF21+S2 & BHK21 #lfatf IR 4 H (Xenorhabdus indica) JER#EE MM/ Z - (A) HERHE A& 10% 2
NB medium g3,z SF21- (B) #§ 10% H4E (FRER) RRRIEZ SF21 A TIER - MPRAEAEHE IR -
TP E BRAR  SERARARSE - (C) HARHE BT 10% NB medium §322 S2¢(D) #& 10% H4£H (&
HR) BRRIE S2  MMFRRETR IR - A HIRRIRTE o (E) #3884 C» 4§ 10% NB medium 23,2 BHK21 - (F)
& 10% #H4H (RER) BREEZ BHK21 » HffgTR7E - STEARTHREL R « $iRkRT o

Fig. 4. Effects of Xenorhabdus indica on SF21, S2 and BHK21 cell lines after being treated with cultured filtrates. (A)

Control A, SF21 treated with 10% NB medium. (B) SF21 cells treated with 10% cultured filtrates of primary
form have produced cell necrosis, and their membrane structure is damaged. (C) Control B, S2 treated with
10% NB medium. (D) S2 treated with 10% cultured filtrates of primary form. The cells have produced necrosis.
(E) Control C, BHK21 treated with 10% NB medium. (F) BHK21 treated with 10% cultured filtrates of primary
form. Arrows indicate necrosis, shriveling, or floating of the cells. Bar = 10 um.
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F&Z HHE Xenorhabdus indica Bg

ZHEEEE (LPS) % SF21 itk 2RIt =R

Table 2. Necrotic rate of the SF21 cell line treated with lipopolysaccharide (LPS) of Xenorhabdus indica

Necrotic rate (%) (Means + SD)*

Treatments

12h 24 h
LPS of primary form 55.50 + 3.06 a 92.03+291a
LPS of E. coli 0.00 b 0.00 b
NB medium 0.00 b 0.00b
PBS buffer plus proteinase K 0.00 b 0.00 b

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

range test.
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BE HEMZEEE (Xenorhabdus indica) FEE¥ AN (Galleria mellonella) (A~C) B4 (Spodoptera

litura) (D~F) hsamEkR SF21 4k (G~I) R3E 48 h A 2HE o (A) HARME A » Kiif4nE7E A NB medium
R MK - (B) RiMishas AXAMERERITRRER - BRMRCAMERS - (C) AHINRTAKEEX
SRALFIBRMKZAMRS - (D) HRIE B » RRIELEIA NB medium fZI22 MK - (E) RHRIELHER
AAFEMERERALREE®  RAVBONRELAM - (F) ZEMEXERLEREIAMNAH L BB E MR
WEAMAEL - (G) $8848 C » SF21 iNA 10% 2 NB medium RIE - (H) SF21 flIA 10% HiEMFEERMLER
1812 - MARIREE AR - EMSAARARIRTE - (1) SF21 MRRFKIIA 10% REMERAERIEREEE 2 ML &
R - SRFRMIREL R MEK SF21 MR ELHRERT - SiEkFT o

Fig. 5. Effects of inactivated Xenorhabdus indica on hemocytes of Galleria mellonella (A-C), Spodoptera litura (D-F),

and SF21 cell line (G-I) at 48 h after treatment. (A) Control A, G. mellonella larvae injected with NB medium.
(B) G. mellonella larvae injected with the dead bacteria X. indica (primary form) causing hemolysis. (C) G.
mellonella larvae injected with the dead bacteria X. indica (secondary form) causing hemolysis. (D) Control B,
S. litura larvae injected with NB medium; (E) S. litura larvae injected with the primary form causeing some
hemolysis. (F) S. litura larvae injected with the secondary form. The blood was not affected. (G) Control C,
SF21 treated with NB medium. (H) SF21 cells treated with the primary form bacterial cells causing necrosis. (1)
SF21 cells treated with secondary form. The cells were not affected. Arrows indicate the necrosis, shriveling,

or floating of hemocytes. Bar = 10 pym.
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Ehay é-tilzl (Xenorhabdus indica) fgZfEERE (LPS)
2B o (A) 7 7.5% SDS-PAGE H¥HZEEY
2Z LPS s Lane 1: 5pl/well » Lane 2: 10ul/well - (B)
$BZEEVZ LPS #Z DNase+RNase & Proteinase K
BIRELL 12% SDS-PAGE 23 o
Fig. 6. Electrophoretic peofiles of lipopolysaccharide
purified from Xenorhabdus indica. (A) SDS-
PAGE in 7.5% polyacrylamide gel, Lane 1:
5uliwell; Lane 2: 10pl/well. (B) SDS-PAGE in
12% polyacrylamide gel after DNase, RNase
and Proteinase K treatment.
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Bt #f4E2PEZHEEE (LPS) #€ DNase RNase & Proteinase K RIB% LI YL 434 190~600 nm 20BN -
E—EEIE » £ 204 nm A& LPS ; @& » /£ 260 nm AR&EE -
Fig. 7. Spectrophotometric scanner from 190-600 nm of pooled lipopolysaccharide fractions obtained in the
chromatographic process after previous RNase, DNase and proteinase K treatment. The first peak at 204 nm
corresponds to LPS; the second peak at 260 nm to oligonucleotides.

K= HAE Xenorhabdus indica IEERIK RIS ZEERE (LPS) AU MIK.2IRIEER
Table 3. Necrotic rate of Galleria mellonella hemocytes treated with cultured filtrates and lipopolysaccharide (LPS)

of Xenorhabdus indica

Necrotic rate (%) (Means + SD)*

Treatments 3h 6h 12h 24h

Filtrates of primary form 6.05 = 1.09 7.99 = 1.54 9.29 = 2.05 14.13+3.16 a
LPS of primary form 6.92 + 1.65 7.29 + 1.76 8.16 + 2.23 10.52 +2.16 b
NB medium 6.87 + 1.70 6.90 + 2.16 8.11+1.79 10.97 +3.43b

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

range test.
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B\ #£4 5 Xenorhabdus indica 1£ MiAIBASFAR £ 2 AMIEAIE - (A) RERFEE 37°C 15E 48 h BEEZAMIER-
(B) RAERVETE 37°C 1% 48 h BMAMIREL - (C) RAEEER 25°C & 72h HIPAELANE A%
BIRRISE - (D) # C FAREZE 37°C #IESE 24 h % RERRPAIEEAMIE

Fig. 8. Hemolytic activity of Xenorhabdus indica on blood agar plate. (A) Primary form produced clearing at 37°C, 48

h after culture. (B) Secondary form did not produce clearing at 37°C, 48 h after culture. (C) Primary form
produced clearing at 25°C, 72 h after culture, but not the secondary form. (D) Plate C continued to incubate at
37°C for 24 h; subsequently, only the secondary form produced clearing.

#M #4E Xenorhabdus indica SBEER © FEZEERE (LPS) REEMHEBHARRIUFAMIkZAME
Table 4. Hemolytic rates of red blood cells caused by Xenorhabdus indica culture supernatant, lipolysaccharide (LPS)
and inactivated primary form

Hemolytic rate (%) (Means + SD)

Treatments Rat Goat

1h 2h 1h 2h
Filtrates of primary form 2.41 +3.78 10.91 £ 6.11 4.35+4.12 6.64 £2.99
Filtrates of secondary form 3.63 £5.04 7.95+244 4.26 +4.20 6.72 + 3.53
LPS of primary form 0.84 +1.45 7.26 £ 4.10 1.83 £2.79 2.13 £2.92
LPS of secondary form 1.37+1.19 13.66 = 17.05 3.90 £5.41 5.35 +5.25
Inactivated primary form 53.22 + 19.19* 62.26 + 18.91* 16.66 = 5.58* 41.70 + 25.95*%

* Means between two incubating times in each animal tested are significantly different at 5% level according to
Tukey’s studentized range test.
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Effects of the Symbiotic Bacterium, Xenorhabdus indica, from
the Entomopathogenic Nematode, Steinernema abbasi, and Its
Metabolites on Insect Hemocytes and Cell Lines

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

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

ABSTRACT

The symbiotic bacterium of the entomopathogenic nematode, Steinernema
abbasi Taiwan strain, has been identified as being Xenorhabdus indica. Its
cultured filtrates from the primary form were toxic to SF21 and S2 cell lines,
causing cellular necrosis even after being autoclaved for 20 min, while those
from the secondary form were not toxic to either of these two cell lines. In
addition, the cultured filtrates of both forms were not toxic to the mammalian
cell line, BHK21. In in vitro assays, the necrotic rates of Galleria mellonella
hemocytes at 24 h after treatment with the cultured filtrates of symbiotic
bacteria were significantly different from those of the control, whereas the
rates treated with X. indica lipopolysaccharide (LPS) were similar to those of
the control. These results indicate that necrosis in G. mellonella hemocytes
occurs 24 h after being treated with the filtrates. Hemolytic rates of rat and
goat red blood cells (RBCs) as treated with cultured filtrates from both forms of
X. indica were not significantly different from those of the control, showing
that the cultured filtrates did not contain hemolytic substances. Inactivated
bacterial cells (primary form) caused serious paralysis in G. mellonela larvae
and eventually killed the insects. This symptom was found to be similar to that
of being injected with LPS extracted from the primary form. However, these
inactivated bacterial cells were not effective against Spodoptera litura larvae.
Therefore, it is suggested that LPS is neurotoxic to G. mellonella larvae.
Hemolytic rates of rat and goat RBCs treated with inactivated bacteria
(primary form) were significantly different from those of the control. In in vivo
assays, the inactivated bacterial cells were capable of causing necrosis and
subsequently killing the hemocytes of both the G. mellonella and S. litura
larvae. They were, however, comparatively less destructive to S. litura
hemocytes. In in vitro assays, LPS from X. indica (primary form) was not
markedly detrimental to G. mellonella hemocytes compared with the control
group, suggesting that LPS is not a major factor affecting the insect immune
system. Therefore, it is speculated that LPS and certain substances when
released into the insect hemocoel from symbiotic bacteria could hamper the
insect’s immune system, resulting in the proliferation of symbiotic bacteria and
nematodes, and subsequently cause septicemia to rapidly kill the insect hosts.

Key words: Steinernema abbasi, Xenorhabdus indica, hemocyte, cell line,
lipopolysaccharide
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