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Study on the Inoculation Augmentation of Paecilomyces japonicus
to the Silkworm, Bombyx mori, Using Dexamethasone

2Ys - wedd - YgwE - oldel
Kilho Kim, Youngjin Park, Yonggyun Kim and Young-In Lee

Abstract - Entomopathogenic fungus, Paecilomyces japonicus, has been commercially used as
medicinal purpose. The silkworm, Bombyx mori, as an optimal host for the fungi, has been selected and
used for the production of the fungal fruit bodies. In current method, newly molted fifth instar larvae
should be exposed to the adverse stress environment of high temperature (30°C), high relative humidity
(=90%), and starvation for 24h for better fungal inoculation to the host insects. In this study, an
alternative method using chemical agent, dexamethasone (DEX: an eicosanoid biosynthesis inhibitor),
was tried to get the immunodepressive effect on the larvae to elevate the inoculation rate of the fungi to
the silkworm without any harsh rearing environment. DEX (100 ug) showed significantly synergistic
effect on the hemocyte lethality of the fungus, and was effective to decrease cellular immune responses
measured by the number of hemocyte microaggregation and phenoloxidase activity of the fifth instar
larvae in response to the fungal injection. A detergent of 0.05% Triton-X was effective to increase the in-
oculation rate of the fungi to the larvae and used in all fungal spraying solutions. Without any environ-
mental stress treatment, only DEX (100 ug) injection to the fifth instar larvae followed by the fungal spray
was effective to get the inoculation rate equivalent to the current fungal spray method requiring harsh
rearing environment. These results suggest that the inoculation of P. japonicus can be elevated by the
help of DEX and that the silkworms use eicosanoids to elicit cellular immune response against fungal
pathogen.

Key Words - Paecilomyces japonicus, Bombyx mori, Dexamethasone, Inoculation, Microaggregation,
Phenoloxidase, Cellular immune
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AHEE T glem, 3ol (Bombyx mori)7} o] A HA 7|F2 AwrEo] AAA AAbe] o] 453
SIc). Al o FEe) AL % DAY el 59 F2o] AEFT & (G0°0), Hhr (oF 0%
&%) 24A7F AA 2AAM AEH A o8 WA XH3E FEs FF AFEE i W
Ae FHatz ot B d7= Hdug /e £238 eicosanoid 45§ AA A17]E dexamethas-
one (DEX)& o] &3t Eal® 2=dg2 #739 24 o= Fod Y A FEA7HE
Eron ~d55ct rel 59 $3e] U9 DEX(10upt HRA7e S7H4 52& %ol
o] Z7}AZT}. = DEX (100 pg)x ZeE3 Ao} sutg e vehis 784 Hh-goly,
phenoloxidase 4402 2R rele] AEA WY Wee Folol Az xHH PUAT

etz et m ApAFeto) s}t 54 2352} (Department of Agricultural Biology, College of Natural Sciences, Andong National University, Andong 760-749,
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oo AlEA H AAY Hyos N AEA W
2 d79 AAA ukgo g AFzatg, 22534
! sy Som FRAEWE, AN dode FYE
of &3t A m=x F4 ¥hS-o]t}(Stanley, 2000).

medel F/f A2 A 20-hydroxyecdysone (Gateff,
1996), biogenic amines (Baines e? al., 1992), eicosanoids
(Stanley-Samuelson, 1994), hemokines (Chadwick and
Aston, 1991) Z-2] @2 ZH 2 %o] ¥ UET Q).
Foll HFFE} AP 235 M= &
A9 20002 FA 9 eicosanoid X 3}A|HIAL {7} 1
Aol A F2F F/) L I Lot w5
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F A} (108 spores/ml) & Hof wlo} o] £3lo] EAE of
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ot ®E X2 30ve] 3ubE3lgi)
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HqEge 43 > Asyd A ¥l== (KSDI, 1998)
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2yl et AaAe) 52 Fdsash

Dexamethasone (DEX) 2| 2! &of {3

oAl e 2 FE 24 EAE 58 vFFAt
7] (Hamilton, USA)E o]&sled &7tz Fside
A oFgFe] 7 & O 100ugez 2ul 3
2 FY¥49. =7+ DEX| 47l 50% ol=h&
o] FU=FH

#FxA} =X phenoloxidase (PO) &4 FA} B3
oz goo] AHFUT. g AFHE= BR 4 BX
£ d7¥ 7H9E A2 T oeidu s ¥92F 2}
£(5°C) L5ml Fol Dok} §F 2AE o) F wlz
FAo) o]&Fglort, PO 84 =AM EAe] o]4E
W7kA] —70°Cel) R#AFHAH.

S&sx 27 54

7 eG4 0.75% NaCl) 2plell 573 (65,
6.5x 10!, 6.5%102,65x%x10% 6.5%x10% 6.5x 105, 6.5 %
1069 65x 1002 Y 23HLAE 2AE n)P
A7) ol4ale] 59 390 ol o) 22 Fo
oz AH FASATH AL ROz W Y 8
al2)e] wolg o gatsdeh ol sl HAbgS 25°Ce
A 2477 A % zASS 2 BA0e o
2. 7he 22T W BEE A Fel] (R &
9ol e BRI A 478 BRI

e  MEy s =AL
H7E A2 A P4 (0.75% NaCl) 2 ulel] 6.5 10* 3
=2 EEHAAT ZAE AT F 57 343 rol
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9] BXJo| HF3lct v W EX]E 53 100 ug?
DEX& HZF39ch gz AL M= F 50%
9] dekgnt FYsAc dFHE 5 =AM AIZRE
(1,2,4,8 % 16A17h=2 F&5 2 4L 0.04%°]
Trypan blue2 g2 & 438+&u|7 (Olympus, Japan)el]
A AelSlE T 34 ARG AR HEe g
WHE- ©} 5ule]e] kol B o]gslgirh M EA WY 24}
E AzPE (1, 2,4,8 9 16A1Zh= B3 0]7 (Zeiss,
Germany)ol|l Al 24 75 sto] AW 7 34 F
5 2ABKGICH AP utEo 2 uhE o Suiejl
ol & o] &3

Phenoloxidase (PO) &4e| Mz 3 HM 24

F2d g9 527 9459 (4,000 rpm, 4°C)3}3]
o &4 &40 A BHE ¢ " 10uly ¥
#Arol] 71449l DOPA (L-3, 4-dihydroxyphenyl alanine,
Sigma) 2mg3} 1mle] 001 M QlAbe} 228 (pH 7.4)&
%3} 8 & PO FAE 495nme] £33 =74 (Kontron,
USAYE o483l 5% 7tHeo=z Ao a4 &
A Tunite 1827 4wy} 198 ¥3sl= ooz =
3.

PO &4 A& A7|GF AlA M ZS A
713 %2 0.05M9] Tris-glycine 349 (pH 8.3)
system-g o] 8-3led 6.5% vWHA =7 PAGE (poly-
acrylamide gel)ell A} Zs§ =} A 7]9dF2 35mA 4
A AFoNA GANo] vietel] =FF W7pA| o] Fof
Aot A719% & AL 20 mM Tris-HCL (pH 6.5)01 4]
2087 AX] &, 20mM Tris-HCI (pH 6.5) 1ml =% 1
mg2] DOPA £-9o) oF 2417k F<F 948 AlA3hd
o},

SAIA 7

ERYFFEESA ] 93 PORA BA, 434, ¥
A Z2¢ ZAF}E= SAS program®] PROC GLM& ¢]-4-3}
o B4 A & o ZAiE Jdzz el
(SAS Institute, 1989).

ot 3 nE

1. Dexamethasone (DEX)2| Fof #9 oid| §x}

Z 23} 27 (Paecilomyces japonicus)& Yol 533
o] Yrtdo] FYUFAE A B2 xRN A F
A& B4t (Fig. 1). 48 WpAAsxE 120470
o] Za} (HY =335<LD<4,144, 7127]=1.344+0.39)
2uepdel. o] AL Yn|F T3 JHFE FUAA
7128 X AFA] 7] (Akhurst, 1982; Park and Kim,
1999) 2= A A F2 Xenorhabdus nematophilus& %

dlel] AH 2 HEAZE W, B 4374 AT &
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Fig. 1. Dose response of Paecilomyces japonicus on the
fifth instar larvae of Bombyx mori.
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Fig. 2. Effect of entomopathogenic fungi (EPF), Paecilo-
myces japonicus (1.2 X 10* spores), on the hemocytes of the
fifth instar larvae of Bombyx mori.
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Fig. 3. Effect of dexamethasone (DEX), a PLA,; inhibitor,
on the hemocytes in the fifth instar larvae of Bombyx mori
which were infected with 1.2 x 10* spores of entomopatho-
genic fungi (EPF), Paecilomyces japonicus.

Jjaponicusel] 2]8 H¥|FE ME A4 EA- o &
29 Wel 7152 B 87 Az Ie v
o WA 71F Bi-g Avlspl Wek olelD W
Ag) A7 W 24 FEL oldelx EEUAT
(X. nematophilus)o] B XA} (Dunphy and
Webster, 1984)3} s}yl (Park and Kim, 2000) = 3l
Al Eel=Egar, 7182l A9l Campoletis sonoren-
sis7} VJH]| B 3l Z9) Heliothis virescens?] 7|5 w4
qeke Hsel 714 7138 A "oy wsgc
(Edson et al., 1980)

=3t phospholipase A,2] A8z ¢l DEXE T%
sz 2ol Ae o AF F Aol A
oot AFAE 47} oF 3x10°0.2 FASH as)

A% ¢ 4 Q9SHE ). dY Far HaT
2 et 23HYAS B5Y mdu 27t 1

= AL (F=2335;df=1,15; P=0.0002) &t 4 9le],
DEX/} B3atzel HUd 4514E e 3
° 2 vePgo.

wolel E3ahadel U Waztges TAHe
2 AeA dofube v ¥ 7-8-F (microaggre-
gation) @} oz AAFHA (Fig. 4). & ZAbelA v
tht W72 TlE tedsed doze A7
100 ym o)A}, &% S0um o]3ke] HHE 7.
Y7874 =3 2&-Z (nodulation)E HHA EA ¥
ojg]olch 3 MEEL FuEel o3 @2 52 Al
T = ATt o] Fxel HI|A "o o7
Fege e zAoh} e o Az 24 Dok
ze- g3t 8213 JFele]g]l:= LPS, zymosan, lamin-
arin 3= Q¥ bl el o) §AIH o) e} (Lackie,
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Fig. 4. Microaggragations in the fifth instar larvae of Bombyx mori infected with Paecilomyces Jjaponicus. Observation under

a stereomicroscope at 50X.
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Fig. 5. Effect of dexamethasone (DEX), a PLA; inhibitor,
on the hemocyte microaggregation of the fifth instar larvae
of Bombyx mori which were infected with 1.2 X 10* spores
of entomopathogenic fungi (EPF), Paecilomyces japonicus.

1988). Gunnarsson and Lackie (1985)% o]#gt 1%
Aol AR FFo wet =Z7|7} GefstA et
VA, 2 g3 o] Z glef Aol HeiA = il
(>100 um), B-1,3-glucan®] Lo A+ F7¢
=7], 283 laminarin®} 72+ 439 B A
= 40um °)&Y A3 HF2IE& JAITT Bt
At 2 AFela] vehd ekt =718 8L
Zg 22 W AF o] el vhekst 9zl QA}ellA

71l geha o3 Hdt.

E25 27 Zx9} DEXE o] HF3HE d Al
7z Jehd AzA P99 s £ HE F AR
o] At Zhasle] A2l 8A7boll= B3} ¢F 10
e At BT (Fig. 5). o] A 274
E ok 25709 HF $A4E vl FAMLE &
Azt e g #FUAFE S UG F=11057; df =
3,20; P=0.0001). o]A-& v}= DEX7} HZ7) =A
9] eicosanoids®] AJ&Al 4] phospholipase A» ¥t
o] oA mHE Fid (Stanley, 2000) 7)) HchT
Al Eg.

222 HY ukrgel leiM e Fed ;2
phenoloxidase (PO) &4 xAd| WM FFstxF3
Wz stE2 ¢l DEX®] &a3-F FHA3H. PO+ &
@ 2843} Alglel prophenoloxidase (pPO) Jej 2
ZA)8t2 9c}7) serine protease?] Zhgel] o3 A
33 PO ZxislA o} (Soderhill, 1992). o] H52)
PO7} dFutell EA)3l, 77} Aol Ex T
Busgont HAdFe Aol wpet e 443=
PO2 #Ao] Folxlchtxm H I3+ (Hung and
Boucias, 1996). £ Ao M= FF3xd TAV}F A
23 pollo) 42 AAHQ FAe wve] w9 2
POEA & 2t A& & 4 sl Fig. 6). 553t
ol 799 dA9 e PO #A-L i DEX A
2ol 3] vl ol A £ 9)E&-E B (Fig. 7). °l
r F&3txg IAPL 1A 7159 WgutEe o3
2171 AbElelA] 9194 ¢ 2 phospholipase Az9] HAE
Al DEXE Azt o o] 7|F F3F9 HY L

o
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Fig. 6. Effect of entomopathogenic fungi (EPF), Paeci-
lomyces japonicus (1.2 x 10* spores), on phenoloxidase
(PO) activity of the fifth instar larvae of Bombyx mori. Dif-
ferent letters above the error bars indicate significant differ-
ence between means at o.=0.05 (LSD test).
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Fig. 7. Effect of dexamethasone (DEX), a PLA; inhibitor,
on phenoloxidase (PO) activity of the fifth instar larvae of
Bombyx mori which were injected with 1.2 x 10* spores of
entomopathogenic fungi (EPF), Paecilomyces japonicus.
Different letters above the error bars indicate significant
difference between means at o =0.05 (LSD test).

W37 WEez Ale gk
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o= A 4 U= (Fig. 8). DEX7} =" F+&
A4 Aol vl w3 POZAHE BAFE

= AL AT 5 Ik

o] 48] AFNEL HYF WA}l eicosanoidse] AJgh
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Fig. 8. Inhibitory effect of entomopathogenic fungus, Pae-
cilomyces japonicus on phenoloxidase (PO) activity. ‘S’ or
‘F’ indicate the hemolymph samples of saline or the fungal
injection, respectively. Hemolymph proteins were separated
on 10% nondenaturing PAGE at 35 mV contant. PO was
stained at 0.1% DOPA solution for 2h.

Table 1. Effect of Triton-X, a detergent, on the inoculation
of Paecilomyces japonicus to the fifth instar larvae of Bom-
byx mori

Pupation Inoculation

1

Treatment N (%) rate (%)

Fungal spray on the 2

90 8222+192a? 2.224+385a

mulberry leaves

Fungalsprayon g4 g1 1145092 1.11+192a
the larvae

Fungal spray

on the larvae with 90 7222+8.39a 22.22+3.85b

0.05% Triton-X

! After different spraying treatments, all the larvae were fed
mulberry leaves ad liv.

2Means followed by different letters were significantly different
at o=0.05 (LSD test).

48 Fo2 HUsgt of DEXS] WA} 75
o gste] 7129 FEFxFe 2L AT
9 AHgst7] 1M $3shx AeugEe DEXe)
A5 & An 23 AR

2. DEXE 0|88 S&3tx MEE A &3
Fraaw A5Ee A A9 Py 9
oz #F9 £% =W 32¢ ¥97] 99 TritonX
AHAL] £3E AYSHATH(Table 1). o] FE3h2
F& ALY F A ALF2A (25°C, 70-80% A&
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)l s FAAZT] HEe] BE A TN ohE 2
> AFEE voT $A FEAETE Holol A
H9E A AN 9T 55527 A% 2
g4 ehish 2o 229 Bel AR A4, A
A9 237k FAY wa HAY Ae ved 24

Table 2. Effect of injection method on the survival of the
fifth instar larvae of Bombyx mori for 6 days after treatment

Treatment! N Mortality (%)
Without injection 90 6.7£3.3a°
Puncturing only 90 18.9+1.9b
Puncturing+Saline 90 156+1.9b
Puncturing+DEX 90 16.7+£3.3b
Puncturing+EtOH 90 16.7+0.0b

1“DEX’ and ‘EtOH’ respresent dexamethasone (100 pg) and 50%
ethanol, respectively.

2Means followed by different letters were significantly different
at a=0.05 (LSD test).
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Fig. 9. Dose effect of Paecilomyces japonicus on the survi-
val of the fifth instar larvae and on the fungal inoculation
rate in Bombyx mori. Each treatment consited of 30 larvae
and was replicated three times. ‘DEX’ represents dexame-
thasone, a PLA; inhibitor. Different letters above the error
bars indicate significant difference between means at o =
0.05 (LSD test).
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o ole 229 B mde dazez AN Tr
ton-Xe] W] vsh e % AE goAe 2R o
Aol Wbt ge 3oke S2ol Selo %
o 2AEUE Ped Wil sdLeT A=,
% BE F2z Al B A4 U2
0.05% Triton-X7} A7l= o)

DEX®] H A &) 2Jsf @& Xd '%% A
Al7]8] DEX®] s=¥ &3 9 7]&9 A=A #
Az Azt vwstgw. DEXE 7’431?'5}3]?1 =
9 ¥z F9e] 279, o] & 3l m|FA
AE o] 43l 7t HFF o) 58] FYUY of, £
4 29l €% A E3b} SIS (Table 2). 1
g} o] Azl XA &dE FAF At g 24
Nz AEHA 37 W= 7|5} (Fig. 10).
DEX9] A& thz7ql oehe 22 Fe vl 4%
3] ¥ AEES Jehlg Fig. 9). = 33279
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Fig. 10. Comparison of dexamethasone (DEX) and tradi-
tional stress treatments on the larval survival and the fungal
inoculation rate of Paecilomyces japonicus in Bombyx mori
after the fungi (1.2 x 10* spores/ml) were sprayed on the
newly molted fifth instar larvae. Each treatment consisted
of 30 larvae and was replicated three times. ‘DEX’ re-
presents dexamethasone, a PLA, inhibitor. Different letters
above the error bars indicate significant difference between
means at a=0.05(LSD test).
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£ 9% DEX7l YA 3E fudte F3otad
2] AZ&e AAGE A& HAddo. 22
o}l DEXE AHEshe #AA Loivt: AAF &4l
ol 71EL] AFERTE $5IAE AT o
5 A2 4 e e AAE=gE 71Ee] 533
= AF PHEY 208 ASYE L JsAe
A EI Qet. o] & A FARTT FAtel 23}
2 g3 Qe o8 HEAERE K= 4 Ue F
Ao Abie] FF dAFolA A o & FHolth
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