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|dentification of a Pathogenic Bacterium, Staphylococcus gallinarum, to Bombyx mori

Gilho Kim, Youngjin Park! and Yonggyun Kim'-*

Department of Sericulture & Entomology, Sangju University, Sangju, 742-711 Republic of Korea
1School of Bioresource Sciences, Andong National University, Andong, 760-749 Republic of Korea

ABSTRACT : Flacherie symptom was found in the fifth instar larvae of silkworm, Bombyx mori. The
bacterial pathogen was isolated from the hemolymph of the infected silkworm and identified. The iso-
lated bacteria caused a significant flacherie pathogenicity to the fifth instar larvae of B. mori when 5 X
108 cfu (colony-forming unit) of the bacteria was injected into each larva. The infected larvae began to
die at 6 days after injection and resulted in complete mortality at 10 days. The bacterium was identified
as Staphylococcus gallinarum based on the morphological and physiological characteristics described
in Bergey’s manual. This identification was further supported by the characters of carbohydrate utility
analyzed from a bacterial identification system (MicroLog®) and also by the molecular structure of
16S-23S rDNA internal transcribed spaces. As an insecticidal action, S. gallinarum caused hemolymph
septicemia by its cytotoxic effect on the hemocytes of B. mori.

KEY WORDS : Bombyx mori, Staphylococcus gallinarum, Flacherie, Septicemia, Entomopathogenic
bacteria

x B : 5ollBombyx mori) 58 FlM 59 4ol wAANG M Wddtel AY
o] galloA Ry, & A7 FAEAT BelE AlFe 2 74’-/] ol 53 f-Zell 5x 10
cfu (colony-forming unit) hEE_ 7} FAE S o, =g 72 2ARS FLAIFY oA F
4" 252 AHE 6 FRE F7] ARl 104 X 5 =T Abgsisie.
Bergey®| Ald5AA ¢l 7]—. d Hefd o A HA Fog o] FFHYM ol Staphylo-
coccus gallinarum© 2 P F) ) o] AAL kA 24 n| A E-FH A (MicroLog®) ¥4 23}
¢} 16S8-23S rDNA internal transcribed space —?-}_Oﬂ sl #elEgle) o] AMiFe] LI sl AlE
2] Aoz, 7Y F ol 5 7o) ANEAA} BE Fo] AYFE FUEtE He=
EREPEY

MO : 3ol Staphylococcus gallinarum, -2, & Z, TZ2HJNF
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£ w33l a ¢)vHRatcliffe er al., 1985). 22} o8
& 25T /AR e 2HAQ] WY A= B
Faia WA mAEES AL o]lE aAow
FE3UA AREY AEHEE fAE o T35
HAA Y] FiE violE A Alw E A
AqFA o o]l27|7A] Trekaiet. ol Eo] TF] WY

£ FEI= WHx o3 7159 B
A& 3F)Ee Aoz RE HFHoz o BA
Hd AAE FEIEE AR Gaksi(Strand
and Pech, 1995; Gillespie and Kanost, 1997).

ohefat 2% wol rol(Bombyx mori)o| A A
AU, o]F WA FEulselA] YubHoE FFH o
7 2 F8E F3 ATHKrieg, 1987). ol LA
e FEHE dubdoz Al 23 Zlo] FelA
ok, ulolg] Ad M= 7]1FeHKim et al., 1986;
Tanada and Kaya, 1993). Hlgrell o&] 2AEE o
o 784 FFE 27 a3 Age) T Y
Z0]| 9JtKPark et al., 1977).

Folld] 437 AFe FEHE oFske Aoz
a3 A gle HTFES Bacillus sotto, B. prodigiosus,
Streptococcus spp. S°] & o], o] & MFo] o
2] 433 qlo)) 7]A WA)3}e] 2 gtchIwanami and
Ono, 1963). 0|83t A3}r] A% Fgxe WA
WA FEY, Y A, $24 8, 20l
AApgsh wAPY Fom FRY 4 3k Yies
FEHE op7[ahe Mol A & kAl
WAL 2o Agte] 2 mi ZM o2 WA,
F2A9) e e ehte 2 S99 gol B
=

Hhdel] pof| 2] HF oA M| FEo| WAste] A3}
t 25 A o] U AYFE sk AT
2 Serratia, Psueudomonas, Aeromonas, Streptococcus,
a8)3 Clostridium<2) #%o] ¢)rtHIwanami and
Ono, 1963). A& =2 AsA3= 3 Bacillus sotto
¢} B. prodigiosus®] 73§ JFA o)1, Streptococcusol
ARE RS Aol oz vepd 53] Jﬂ?’é"

] ZdE Folle F7] H YoM B2 AFE o

& 4 Qo

% Aol M A Rl & AR AAF
F2 5% A719] pollellA wo] AYte] FHeds7te]
& F= Folld] F5H UM " Ay
& A7 HYA AEE BBl o' F
Yapo] wwet
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ol 53 A=

AAEE Y71 MREFARIAA dFAts
2 A" AR EE ARACGHOT X FH08)E 2o ¥
oF ARg3HATh Alfell AR roll= 33RE 23-25
°C, 70-80% A 4=l X B o2 A3 T, 57
o 5 Sl slE ol ARl Mg £

shieh WA Aol o4 el 4L o434
t}.
M =g

5 4l e Fl g A%t 75% slebest
1% sodium hypochloride £} o2 w9 Ar7d 3, 3
AL 1.5ml FHE7)] £AsE £AH R
NA (nutrient agar, Difco, USA) 33l zjol] 2]A}s o],
28°C wjF7lell Al 4812k <t wiF= Aot Aehd
252 747t Hejsle] Alddgd Az BAo] o
AA W72 oA BRH o)

of

M =AL

2a)®) FF: 0.7% NaCl L& o) 10°cfu
(colony forming unit)/ml Fx2] Hetefo g dtEo] ¥
NA AAL HEYdoz Aleslgc) wgA HAL 4
HF 143 ol g olg3laden, §52 & 70%
eleo] F4E RS ol faia wH AFsidH
2o Ao AEL Park et al. (1999)9] wbo) u}
A A7 Feh SulE 10pl g-3k2) njgkFAbr) (Ha-
milton, USA)E o]-§3jA HF vix|et B2 53
Y7loz FALsict Mltte] HEE el 28°C o
71 A 57 AHEE -

Mz S8

_,_a]g .9{_1/1-] M+ _,] ___H = Bergey«] xﬂ—ﬂ-ix—lﬁ
(Holt et al., 1994)2] 7|2« ule}r w)wslgdct 18]
T B AT @R ol AR fI8iA
BUGB ®]X|(BUG agar 57 g)oll X]A}s}e], 28°Col|A] 48
AlZF WjeF&t & MicroLog system (BioLog, USA)e]|
98" Ao} vlaske. 4 9 &‘Eﬂ—‘i 2% phos-
photungstic acid (pH 7.0)o)| 4] S&7} |3 F =3}
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A& n) A (Zeiss E. M. 109, Germany)ol| A 32313
o}

16S-23S rDNA space &4

499 AT BAHY 72 BAE 9l 23
o]7} =2 rDNA ¢33 16S-23S internal transcribed
site (ITS)7} PCRZ ZZF ¢t} o]uf o]-8£-F primerE
= 1659 2359} 7t GelolA 27 ol o) w
2743 DNA 971498 SRk F9lelA4 A9
tH(Jensen et al., 1993). 16S primer:=
A} 5-GAAGTCGTAACAAGG-3'0] 1L, 23S primer+=
reverse primer24] 5-CAAGGCATCCACCGT-3"¢] <}
o} PCR 8FS 2718 94°CollA] 187, 47°Col|A] 13
74 72°ColA] 28z7le 2 AA 353 Z=ZEF Y. FHE
ZZA7]0] 72°Cell A 108 F3F 7‘%’43}04 ul5-2]
DNA §4d o] 715314 fo-

forward primer

EFHE ZA

o #HYA ol ]9] g7} e 7z
o mXE 4 28] A Park and Kim
(2000)94 wat Zhel "]_'*% AE3 & 2447 744

o2 oo AL 10uY FE3te 0.04% trypan
blue A]¢F 10ul9} Zo] Eghsk ¥ 48y w7 (Olym-
pus, Japan)ol| A Al7PHzE Q&I M Es FF
s 42 97 QA Az 2 $Fe
(Ribeiro et al., 1999) #e}3s}9l o).
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AN HAN

=g A Rolk Fel7h RawR AAR
A5 Az oA SRR Sol A5k
WA F& Fo pMes WsHEkFig ). T8
o] ol ol Aol BT AFE 4% 199
vl ABeIRE A 4% F 200 80

thix] ggtedh, 69 o3 Aab m37h Ushteid,
BE F 1020405 100%8) ALEE FA 4 3]
chFig. 2). o8 B3l B Azo) WUYE AAD

T % gieh B4 R A9H 4

o
=2
£ ¥ 28 poBe B wwe Qubdel roo] =

Fig. 1. Bombyx mori: (A) normal or (B) flacherie-diseased fifth
instar larva.
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Fig. 2. Pathogenicity of the bacteria isolated from the larval he-
molymph of Bombyx mori showing a flacherie symptom. The pa-
thogenicity was analyzed by mortality-time course of the infected
larvae. Each measurement was replicated three times independent-
ly with ten larvae per replication.
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e E AR A, 8714 A% ol2el] Staphylo-
coccus %) 8712] A 43} YA shodek(Table
1). Staphylococcus 4e2 2 ERA 5 FFF Bergey Al
FAAAN 7159 S. gallinarum® EA3} v wslgdo).
3 A, oM Belgt Mg S. gallinarums} A
2] EAlo] dx]s}girHTable 2). =3t MicroLog sys-
tem (BioLog, Release 4.0)¢l 23] H2j= M7 gbi
A ol gAE =3 AL S gallinarum} 69.9%2)
$A8 deigich deb 2 AFE oA ol
A Ba)® ANFL Staphylococcus gallinarumo 2 =
SEPE

539 Az ¥AdELd 54 39 99
DNA9] 16S¢} 23S -FHA} Aol &3} internal
transcribed site (ITS)7} ¥4 = g ckFig. 3). A 717
Az & PCR AFE(2100, 880, 570, 480, 380 bp)e]
ZZH 9} o)== Staphylococcus gallinarums) A ribo-

Fig. 3. A transmission electron micrograph of Staphylococcus
gallinarum isolated from Bombyx mori with a flacherie symptom.
The scale bar indicates 1 pm.

Table 1. Characteristics used to identify genus of pathogenic bac-
teria the isolated from hemocoel of Bombyx mori

Characteristics Present isolate Staphylococcus?
Gram strain +°b +
Anaerobic growth + +
Oxidase - -
Catalase + +
Cell size (Lm) 0.4-0.7 0.5-1.8
Cell shape coccei coccl
Cell arrangement clusters/pairs clusters/pairs
Flagella none none
Motility — _

“Details of Staphylococcus were described in Bergey’s manual (Holt ef
al.,1984).
b4 Positive reaction, ‘—’ negative reaction.
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somal DNAS] ITS7} |48 4557 o]Ale] o}3)g »
3k 5 H=Eslx giok

Table 2. Species identification of the pathogenic bacteria isolated
from Bombyx mori

Staphylococcus

Present isolate )
gallinaruma

Characteristics

white or yellow
crenate edge

Colony pigment yellow
Colony shape crenate edge
Growth at 45°C +b
Nitrate reduction +
Acid production from:
D-Xylose
L-Arabinose
D-Cellobiose
D-Fusose
Raffinose
Salicin
Sucrose
Maltose

+H++EH++

+H++H

“Details of Staphylococcus gallinarum were described in Bergey’s manual
(Holt ez al., 1984).
b+ positive reaction, ‘—’ negative reaction, and ‘w’ weak reaction.
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'
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Fig. 4. PCR-amplified 16S-23S rDNA spacer region (‘S’) of Stap-
hylococcus gallinarum. Ten (1l of the product was loaded on 0.9%
agarose gel, stained with ethidium bromide after electrophoresis,
and photographed on UV light. ‘M’ indicates 100 bp ladder mole-
cular weight marker.
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Fig. 5. Cytotoxic effect of Staphylococcus gallinarum on the he-
mocytes of Bombyx mori larvae. The hemocytes, which did not
absorb 0.04% trypan blue dye (1 : 1, v/v), were regarded as living
cells. Each measurement consisted of five replications (=larvae).

Staphylococcus gallinarum?®] 87M %
AL 51

HWaH 7=k BAe] A3tow o] HFY =4 A
A Wroz AFE FABANFE AEz P A
sted A7) ey % 7lnd $AE WASGe S
gallinarumg 48 194 Follo] AE3 T Jo %9

7N ZE 28 29 AT BF F 4T 8
FA Z7F XA A dokAIRE, 6 A HE] oF 20%2) &
FA 27 7% 4o A2z HET 0.7% NaClg}
FE7 Afol7k ] A1l o= (P<0.05), 10U o)
80% = wiR-Ee] FMEEeo] A GHFig. 4). u}
2lA 8. gallinarumo] AZEH Yoll= MIZ XA} 5347}
vepgton, o) gaAos A2y JZ25HGw &
A& 4= A

o #

A AA A bl A st AR &
z3 313 FEel st WA A 7

o et AlalE g} Q zae.i ol2i gt F-51
Azt wpolelzel s st 5

e I R s R S S Eate <
37)9) <13k w}o)e)A(flacherie virus: FV)o)] £]3)
Zasz U &Y erlolla] Fo F=ule] gle
2 A= THKim et al., 1991). e} e 72
ol w3} Algdel 7199 n nnHy YrklIwan-
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o rfu
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ami and Ono, 1963).
FEHE Boln
A8 ol 4] F7dol FUE o FAT T8 WA
<+ Hehich ’Wh o] Aﬂ% A o) F Al AR
& ot A2} 69 FRE FAT AP 2ol
7] Alzbsted 10U7kl Mgt 2E ol 7b Abatad
ok Ao A elrt 2716) FA) w1041 5
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al., 1977).
SN rﬂﬂ» 4 1998 BT FERE o)
= AT el HE Ao duidich =T MFE
o anz 249 A2 A 07| Azl
(Thomas, 1979), o8] ARE7)zt 5 o] Al7|el] WA
B Ao s o) M) el o) FRE A
oz osEn. 0|23 A= FEH Aol ol
ol M FAle] 7h5si, ofeddt F4E T8 #d
E:l = }\é%e:l E-R ul-,A%]-\:},l; e )\])\}:Tsh;;}. qo(}:%} 3}
o)) 43} A|-E-o|(Pseudomonadaceae, Enterobacteriac-
eae, Streptococcaceae, Bacillaceae %) &+%2] HHS %
Bt Qitk(Krieg, 1987). Follol M o]E ol9jel=
Micrococcaceae 9} Achromonadaceaed]] <31 Al FE=
W& 83l gleH(Park et al., 1977).

Hey A FAS $ Bergeyd] AFEFHAN
A%l sl AH 9 Al 2F 9LE 2
oz psgn w3 A7Y Sl oF ¥
Moz ARd nYEEHANE ol slel &
3t A3}t Sraphylococcus gallinarum .2 FA = ¢}
=g Z3F We)7} AAM Staphylococcus 49} F -8
o] o]8% T gl 16S-23S rDNA ITS F2 F-Aol|A]
71&d) »3g S gallingrum®) FAkzt §-AF84A Vel
b dubt ez o] TE &e) 4% ZBL 104771
bp Z7]9} ITSE 1-8/] af3t e Hez vepd
31 9)tiMendoza et al., 1998) 2 dFA delkt
2100bp =718] ZFZE-L o]2]g dnbA 73k A] o
94 wele & + Uk TR A e
2 o ¢ EAHI| AL o ZEEE| DNA
°37V1§ < 9 Fojof 7p5Elc) ool Ha 5 A
37+ ez,

o) FE F2 AEF W3l BAlsks 7
B E gl Holt et al., 1994). o} £ %3t {A}8H
F2A Aol ¥HE $sl= S aureus7) ol 9
Rez FT A7 TR YUAL VI
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sl oi(Kaito et al., 2002). 71&2] AF-AX Staphyl-
ococcus £2] Mol ZdE R A K Galleria
mellonella)d| A AA| HFA E57} 48A17F ghol] F4
A A" oz ®w vl =gk Werner and Jones,
1969; Pathak, 1993). Teju} 2 AlgelA el A7
& AFY T AGAAE FALA AL A7
dE WA Pebd FAVIR] el SHE B
ofFu, ol2l e Gel oA el A% 717% 59
K716l AARSRE o7k e A4 sl wAsE A
o2 AR et 48 o)l P Folel A
3 3ole] =718 A7 Aoz gol A7) dE
o 4% olgel AT ele] A= HApizre]
FAolA 7PeA % 9)E Aoz AztFH

2ela Azl B3 Solrb Ak 45 @
FAES Ae wlmsR role) AEol R ¥
7190 5% 6l AFALA 7 gol Bhais)
Aoz olo) AAe] AP Aoz Wit
o Qados wMAY Aol el U 7
F22] 7l MEA HA vl oz A}
wx zA)gel 23 o5 felarTol A7
& glem, olx Auy Wel rltez AT
Wl Z(]: lysozyme, cecropin, attacin)o] 3 o] A
2] ZA}o] oA FHGillespie and Kanost, 1997). 7L
ot 2 AT Aol ol 717 rele] @
h3E HAAAZIAY, FHEEte] BdEe Lo
Aol WAA 7% A 2ot BAelt ol
3 oAt WlHAe] A Ao 7)ol Atd A
= Al

Ir flo

foan o —{o o
o
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