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Comparative Analysis of Host Insect Immunodepression Induced by Two
Entomopathogenic Bacteria, Xenorhabdus nematophilus and
Staphylococcus gallinarum, with Differential Pathogenicities
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ABSTRACT : Immunodepression can be required for entomopathogenic bacteria to induce their po-
tent pathogenicities to the target insects. Here, we raise a hypothesis that the capacity of a pathogenic
bacterium to induce the target insect immunodepression has positive relationship with the degree of
pathogenicity. X. nematophilus had 1,200 times as potent as another entomopathogenic bacterium,
Staphylococcus gallinarum against the fifth instar larvae of silkworm, Bombyx mori, when they were
injected into the hemocoel. Although both bacteria had significant cytotoxic effect on the hemocytes of
B. mori, X. nematophilus gave faster and greater cytotoxicity than did S. gallinarum. In cellular immune
reactions, B. mori could form =20 hemocyte nodules against the bacterial injection with 5% 10° cells.
The number of the hemocyte nodules was significantly depressed when live X. nematophilus was inject-
ed, but not in S. gallinarum. Activation of prophenoloxidase (proPO) was depressed in the bacterial
injection. The depression of PO activation was significantly greater in X. nematophilus infection than
in S. gallinarum injection. Lysozyme activity was induced by the injection of S. gallinarum at 4 h after
the treatment, but not induced in X. nematophilus at all the time. These results showed that X. nemato-
philus induced greater immunodepression against B. mori and resulted in higher pathogenicity than did
S. gallinarum. Therefore, this study suggests that the immunodepression induced by entomopathogenic
bacteria has positive relationship with their pathogenicity.

KEY WORDS : Xenorhabdus nematophilus, Staphylococcus gallinarum, Bombyx mori, Immunode-
pression, Pathogenicity, Phenoloxidase, Lysozyme, Nodule formation

Z= B e3udee] addew WAse s o A4 239 ddAd a7 4
et B A7 HAEEe] Al %l*ﬂvr—% NEwEd 44 duEde Hee AL
TERUATEE 5% ol(Bombyx mord®] @7l AESAE W, X. nematophiluse & 54

QA8 Staphylococcus gallinarum B} 1,2000] =2 wdaS vl v 2, T 32 AA T
Folo] dFA xz YA B ERE 7FR| 2 QAT X nematophilus= S. gallinarum>} H]_u_?fﬂ
BT WeT o AZSY JPE nolch AEY IR SXI0 FrE AT HERI

*Corresponding author. E-mail: hosanna@andong.ac.kr

— 353 —



354 Korean J. Appl. Entomol.

o
=2
ol A

42(4), December 2003

o, ol of 2070 A= S FAET 53], Aol X nematophilus7t AEE ol
] 4d dAL A ZFASIIARE S gallinarume g A Fhae) o3& F2) U4l F
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Aub-e-2 o] A}, cecropin, diptericin, defensin %
I 22 Ay A e el B 3E ¢ eH(Boman
and Hultmark, 1987). o] Fej|&] glo]4x}Y-S B3] 1
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droxyphenylalanine, Sigma, USA) 1 mg3} 990 ul9]
0.01 M <lAksk38-9(pH 7.0 &3 ¥ PO &AL
195 nme] 2334 = A(Kontron, USA)ZS- o] 83}ed 5.5
Aoz ZA3AE. =3 TEHAATE v=E
(10, 10%, 104, 105, 108 cfu)® AHE3 T 99} TU3)
g oz HAg FE3led PO BA S 431 PO
A2 58T Frxe] Wtz 2yt

MEY Hg ¥ 87 + =4l

TERAAT A AT AEA W 244
=3 £AL o] L3 10°cfu/ml =2
TR AT SulE vgFAPE o8t &
F oA T EAE ge e FAbskie a2m
A AT 5 4A AIHEO, 1,2, 4, 8,12, 16

3
SN AR 2R SE EAIT AP bR
£ olgatoinh 2213 99°C
oA 3087 2A8 74 23AIEE 919 5
B bgen W7l 74D F 1642 5o Aolgle
AEH DA & Aol AT ¢4 v g
& zAbsge,

=3 el o]8d F Fo TFELAMTe] el

#) 4] Park and Kim (2000)2] vh3} zle] M-S AHFE
g & AAAINO, 1,2,4,8,12, 16 A7) Aoz =
ofle] &l 10Ul 0.04% trypan blue A2k 10 ulg} 2t
o] E§3s ¥ F3Haln|7(Olympus, Japan)oll A A7}
M2 JAEZR] ok AolBlE dAFHMEE FAEY
o}

2ol &xte EdZ=AL

Aol olg8 TEEVAE rolsl W el
olanty BHA AT Ge 2] oA
Hultmark et al. (1980)¢] 8}H$& o] L3} AFL 5
ul 5x10°cfu) =2 FARE F dAHAZHO, 1, 2, 4,
8,12, 16A]7h) ZtH 02 Ypol YHE FZ3l3 SE7F
YAE2](4,000rpm, 4°C)ste] 1M 25 A 207 I
s pASIET o] @A 10ule M2 Micrococcus
lysodeikticus (ATCC 4698, Sigma, USA)7} i=o}gl:=
0.01 M QIAkSHE=gol(pH 7.0) 1 mle} &85} 37°Co]
A 3087 AR F 570nme] BAF=A & o4
gl 5% PR R SFA3AT =3 ZSHEMATE
E=(10, 10%, 104 105, 28]3 108cfu)z A3 £
Aot Fd3 WHor AL FEHI|e] goliAtY
F4& EA3lee PO FA42 58 F5xo] Hi
2 33

SH 2

WX ARs R Probit A WS o] 83t LDy, %t



356 Korean J. Appl. Entomol.

Table 1. Pathogenicity of entomopathogenic bacteria, Xenorhab-
dus nemarophilus and Staphylococcus gallinarum, to the fifth
instar larvae of Bombyx mori by intra-hemocoelic injection

Entomopathogenic N LDy, Slope+SE x* df P
bacteria (95% CI)
X nematophilis 50,500 05£01 17 3 02
S. gallinanon S0 s 00 5% iy 0301 10 3 04

< AbE3te Yehf$iHRaymond, 1985). =3 %
Y24 €% PO R sholaned FHE SAS
2] 2] PROC GLM& ©]-83}ed one way ANOVA
2 AT ol Edle AagAA Y B2
7+ v B-A-& 319 oHSAS Institute, 1989).
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Fig. 1. Effect of entomopathogenic bacteria, Xenorhabdus nema-
tophilus (5 X 10° cfu) and Staphylococcus gallinarum (5 X 10°
cfu), on the hemocytes of the fifth instar larva of Bombyx mori.
The error bars indicate the standard deviation of the three mea-
surements. The asterisk above error bars indicates significant
mean difference at Type I error=0.05 (LSD test) compared to the
value of the control at the initial time (0 h).
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—@— . gallinarum

Bro-x nematophilus

20 -

Number of nodules/larva

0 1 2 4 8 12 16
Time (h) after treatment
Fig. 2. Effect of entomopathogenic bacteria, Xenorhabdus nemat-
ophilus (5 x 10° cfu) and Staphylococcus gallinarum (5 x 10° cfu),
on the nodule formation of the fifth instar larva of Bombyx mori.
The error bars indicate the standard deviation of the three mea-
surements. The asterisk above error bars indicates significant

mean difference at Type I error=0.05 (LSD test) compared to the
value of the control at the initial time (0 h).

o2 HAZEE oA vimEA U AF F=
(10° cf) 2. FY=HRE o, F AF Aloldls S8
a3 ¥ 7‘} o] & R9ch(Fig. 2). FH S
gallinarumol] A pof] 53 2L 2AI7F o]F 4
A ol FrtEe] ofF 20719 AgE A7 AAD
Btk 22y X nematophilus2 2] Yol =
av (A o] FEEH Aasted, A F 12212
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a NN Live bacteria
25 - [ Heat-killed bacteria

a a
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Number ot nodules/larva

S. gallinarum X. nematophilus

Fig. 3. Effect of entomopathogenc bacteria, Xenorhabdus nema-
cophilus (5% 10° ¢fu) and Staphylococcus gallinarum (5% 10°
cfu), on the nodule formation of the fifth instar larva of Bombyx
nori. Heat-treatment to kill the bacteria was performed by incu-
Hating the bacteria at 99°C for 30 min. The error bars indicate the
standard deviation of the three measurements. Different letters
above the error bars indicate significant difference between means
at o0=0.05 (LSD test).

o] ZAHs Fof wlEAM ZFUFE HFo) I SRk=
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5HA 71 2g8AdE B9lokFig. 3). 28 S gal-
linarum 2] ol 58 dAx2|z XAlE Aol
T+ Aokl Ml Alelel]l &g A el ol S
Ho|x] ekstt.
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M3} xtof

&0 M=ZA Wy But ol AlAA Hdo) &
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A xE et 74 FEHAAN TS FYT =10 cfu)
2 Yool HEEH-S W, X nematophiluse JE &
BAIZFANAMRE] PO o] AAE7] Alzbslga, S.
gallinarum2- % & QA 71RE 44]7} Alele) PO &
Aol vz F7IsHr) 124788 PO #4d o] o
A = A =HFig. 4).

X. nematophilusZ ol|2] 7}l xxH=z 23}
2 9 PO HHE HE F 2ATA 10%chu 5
HE] A= 7] Alzbele] HE H1 =gl 108cfu X
=AM 71 e PO 84-& e glvk(Fig. 5). wbd
ol S. gallinarumS Folof HE3lgdLS o HE & 12
AlZbl A 107 cfu s =702 PO &Ado] JAI=R] ok
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Fig. 4. Effect of entomopathogenic bacteria, Xenorhabdus nema-
tophilus (5 x 10° cfu) and Staphylococcus gallinarum (5 X 10°
cfu), on the phenoloxidase (PO) activity of the fifth instar larva of
Bombyx mori. The error bars indicate the standard deviation of the
three measurements. The asterisk above error bars indicates signi-
ficant mean difference at Type I error = 0.05 (LSD test) compared
to the value of the control at the initial time (0O h).
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Fig. 5. Dose response of entomopathogenic bacteria, Xenorhabdus
nematophilus and Staphylococcus gallinarum, on the phenoloxi-
dase (PO) activity of the fifth instar larva of Bombyx mori. The
treated larvae at 12 h after the injection were used for the measure-
ment of PO activities. The asterisk above error bars indicates sig-
nificant mean difference at Type I error = 0.05 (LSD test) com-
pared to the value of the control at the initial time (O h).
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Fig. 6. Effect of entomopathogenic bacteria, Xenorhabdus nema-
tophilus (5% 10° cfu) and Staphylococcus gallinarum (5 % 10°
cfu), on the lysozyme activity of the fifth instar larva of Bombyx
mori. The error bars indicate the standard deviation of the three
measurements. The asterisk above error bars indicates significant
mean difference at Type I error = 0.05 (LSD test) compared to the
value of the control at the initial time (O h).

ARttt X, nematophiluse FET FoloA FE3F
A7 ol e glo]| X}l EAIFS HolA] oot}
(Fig. 6). 18} S. gallinarum%& AZ39¢ e A
ZE F ANRE 8A7F Alolo]] B o)Aty A
£ Bl F D2AZIREE gha] 3FAste] gle]4Ax}e]
B40] Bop= e Belc

n

Wl glojA A3 A5E Mol F TFH
AAFel dallA FLE A} 235 ¥ 9
534 vmgel wdel HAdE Hele A
ule} YA e] FEFHAAFE] MY F&
3 H=rt Ao e mels # d37h AAlEA
=0l(B. mori) 58 &3 thallArl X. nemarophilus= S.
gallinarumel} WA Wp2)AL H@eg Bxd o
1,2008] 2 wd=m-e v} S gallinarum-2- AW
ZAA ol E g ARSSE A TAHE 75
el $alA) = A(Kim et al., 2002), 715 ol & XA}
A7lEd #AE F 10d A= Aedd T8y X
nematophilus’= o9 293 WLAA=z 5 &
SAGL o] MlFe] Bpsle A" B E3S A
o2 AANZ dFdM g B2 Aoz RIS
(Park and Kim, 2000). €3] X. nematophilus’= 7}3 %
HApgG 7} weia] AlAA w98 w3 4 71F

42(4), December 2003

Aol A whaA ARk e A A e

T HYAF 25 7ol AFIHE | £F WA
2] A Az M M ZAA 23 2ol
o} o] MEAAL ZdE ATl A 2% ¥ =
o] H¥ZFE FLAIFIA Fk(Park and Kim, 2000;
Kim et al., 2002). 22v} F AN F-S A ZAAL &
=9} Ax wWoA] polr} glew, X. nemarophilus?}
B} 2o M@} 238 Byl B3] X nemato-
philus7} 238 MEXAF E3= o] Aol 7]l
o} FEA M ZAFG XA 2ol 7191" Floz B
K Park, 2003).

F=ol|(B. moriye AZH Aol dsia 2ddAde
2 AlzA "duke-g 13d olddt & ¥A T
of el S. gallinarum-E AANeHE BolA XT
vl X, nematophilus’= W27 22 AR5 & 1Y
o} 92218 X. nematophiluse ©]2|3 HAA3 %
HE 9A FHo] AbolglE Mol 93 71" EA o
2 AL gAdE= S A AEIEk Park and

=

Kim (2000)2 ¢)2]3} X. nematophilus®] Av¢ A o
A=o] FZ9] eicosanoid AZANA S wEA|Zel
el 7)E ot A BT o] X nematophilus
o] wick Aol o)H3 &HE JHAH, F2F &
A o] eicosanoid A3 A| A1) A|PA o] HE= phospho-
lipase A, (PLA,)7} "ot Zw3lgoh(Park et al.,
2003; Park and Kim, 2003).

X. nematophilus®} S. gallinarum-g 58 Y-ol|2] €7}
ol ZEslG& W PO EAo] ol & Al &sliA o
A=) B3] 2 AME= $Y% v22 4 23
AN FE HAE39S 9 X nematophilus= S. gal-
lingrum R} 427y o we] PO 48 AAAF] ¥t
W, ekl S gallinarums 3E Z7)ol ell9
PO 8848 Z71A1 3ok =3 X nematophilus’= S. gal-
lingrum 3o} 2F& HE 2=%(10°cfu)dlA] PO &4 o]
AA)H o] F Aol YeplE PO 49 Al 2t
o7} Q& Aoz FAEE TF = Al
Zz)& o serine proteaseol &J&|A4 pPOE &AI3F A
g]e] POZ 3K Cary er al., 1986). o|Z A &Al3}
2 POx dFAEEo] HPZo &A= AldEH
AgshA AzureS dol £ 9 =SF I, oejgl
e Bl T3 MEA Hodukse st o
ojun] AMFES EF EEAsEo(Mandato et al.,
1997). Forst et al. (1997)2 X. nematophilus®] )3z
o] EAsl= ARG s PO E4& AAA
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N 229 Welml s IRV was) P
A= AR5y o, Yokoo et al. (1992)2 7|53E%
o= Agrotis segetums 0|43t A A X nemato-
philuse} of A2 FAAA e FFHAAE S
carpocapsae7} B-gH o2 PO #A 9] 2754l
¢ v1AA PO BYE ARckn 1 stedct 7o)
v JFFAe S gallinarume et el AEF
BelAE 2N HE 4A7E Ablg] B PO BA
A7) ARBAL o ATl A A
UsEes A%y WAL ATE T Aew
Alg =l AF S gallinarumS AE3tgL o
nematophiluss %3+ 73} v]w3led oF 50% o]
& PO AL B

ARG He oz 223 ol FAL 17
4 Aol dEiA BelHoz S Mol Ao
IHA glom(Pathak, 1993), & Ager = 13
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64170 Abelol BAE woAFe] TgpgTA A
Agge s I8 veplls ez 2AE S 28
v} S gallinarum$ AE30S o AF F 822 o]
FREIE Tholanee] GHo] BhA] Phshe Aow
ulZo] S gallinarumo] X. nematophilusell B3] A
=2 "AgdAE fEdde A& SEHsa gl
o glellA AEdlg] S| X nematophilus= PLA,2)
FAL AAAA eicosanoid A A A E FH3AA
4 sdet. ellell 9ledA] eicosanoidFi= A Hetel=
Ql gol&aAYH cecropin HAA BAFE F=& &
glk(Morishima et al., 1997). &, X. nematophilus]
PLA, ¥4 &3+ eicosanoidF& 35}/“‘ A7) B8l
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