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Efficient Inoculation Method of Beauveria bassiana for Production of
Bombycis corpus and Evaluation of Its Liver Protection Activity

[-Yeon Jung®, In-Pyo Hong, Pil-Don Kang, Sung-Hee Nam and Mi-Ja Kim
Department of Agricultural Biology, The National Institute of Agricultural Science and Technology, Suwon 441-100, Korea

ABSTRACT

When inoculating with B. bassiana 101A for the mass production of B. corpus, the infection ratio was high with regard-
less of the treating time with highly-humidity if the concentration of spore was 1.0< 10° spores/m/, but that was low
if the concentration was 1.0< 10 spores/m/. In the study of the activities according to the conserving temperature or
days of the B. bassiana spawn, the infection ratio of 90% was maintained for 12 days in the temperature of 4°C. How-
ever, the infection ratio was rapidly dropped to the below of 5% after conserved for 48 hours in the temperature of 25°C.
Besides, the activities of the original isolate had no difference after conserved for 12 months in the temperature of 4°C,
so that the infection ratio of 90% could be maintained. In the measure of liver-protectirig activities of B. bassiana 101 A,
the recovering effect was 43.5% and 65.7% respectively in the poisonous treatment induced with galactosamine, com-
pared with liver-protecting activities of Silymarin and DDB in the H,O fraction. In the poisonous treatment induced with
CCl, the recovering effect was 100% and 69.3% respectively, compared with liver-protecting activities of Silymarin and
DDB in the EtOAc fraction.
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o] T2 71FEF2] BIE 3l W2 HAYste] &+
Zo W2 e-g s SAHERE Bl 7R
AARAZI, o] o] WA= SAHEAT 7T ¥
& AT o P05 FEE BeE, oA
7t B, 7R Bl A Y esterase 5 AE B9
E-Aell W8k 9-(Bidochka and Khachatourians, 1987)7}
gt

B. bassiana’= 2 FEAME o 44 FFE® .
oA rollw] B. bassiana 7F@AFe] Heo|H ol pAME A
S 7 9& AT wE2A G oo AdEt Fol
4 A9E X T2 BYdE 53l fYEvIE sl
ARSARS) 2he 29102 U E 3.

T AGe Fre} LE3lA ol (Bombyx mori,
ol Bombycidae) 52| 3|52 3l HAFelm T
F 4-5dolm ol FA FAR L PAHW A HA)
S ez Aol FA Hid o] F& FAE Wt
ZH(Bombycis corpus)°|Bkal g},

B. bassianadel 739 W74 (Bombycis corpusyd 3L
el Bm FFo2 Qg A, of®etel ) A7)
=, —'r:*%]%]i]i A g ol o]&Ho SR
5, 1997) A Bz gnd 9 FAFAE Sl
ol &€ o7} Qi

FT M= W7IZHB. corpus)®] wllEke- 97|29
ik U S22 X F LM 239 2HE E2AF 2F
9] ApelZF=H A= €}o] =(cyclodepsipeptide)S B 113+ v}
N2 (Kwon 5, 2000), =3+ W732H Bombycis corpus)S
Aot FebgF o 2 HE] 9% SAAEAS B3l
(Kwon -, 2000).

LA F o= MA 3TN dlFe AV B
oFoll A Bel- A7 gl i (Doberski and Tribe, 1980)
Selvetd e olel Hgt A3} vzl Aol

E A= g E AREE AL Qe WAA(B. corpus)®)
HFBAS A B bassiana®] Follell Hg T4l A
FHE Tl W] AR 7183 S FARS}
7} $15ted AlAsked et

HE L Y

1. & 22 ¥ 83

B Algoll FAI1ZY WIE(B. bassiana)y> '01 =37] &5
QoA eR AEEY rol g o FAH -
4% AR EeEskdc. 2dE Bojo) By £
A2 PDA(PD 24 g, 33 15 g, 255 1000'ml) ¥ ol
Aske] 10970 Wgshed oich R FEUo2 ALE
3 B TS Gl (250 m/ AHZHEERA )] AYE

- vl

3ted 24°C 3271l 2047} wioksisich.

B. bassiana M| LE A3 HE2FFE= Bk &
AEA AP FEATY oW EFREANE(KACC)A
F-ofaro} 23°C 2ol A 8YUZE PDAMIA A A wlj okat A
< AHgsle

TS A At dEAEFEATY fAR
AE] FAA28el o) F3sle] 7]1£29 B. bassianad )
ITS 971X E & vlwiA siolen 1 Ao Reldo| B
bassianad-S s, 1997).

2. FOlALS

1) A&l A

A7) % w71 A Al Bt ARA
NE e Faidala HAste BErel ARl et
AR 252 el AR 159 Aol 22T (2-3%)
o2 A, el WE 31 AR FEI] FHE o
2447 F W15 S BEOA Y SR ARGl

Table 1. Standard temperature and humidity for silkworm
rearing

Instar Temperature (°C) Humidity (%)
Ist 29~30 90
2nd 27~28 90
3rd 25~26 85
4th 23~24 75~85
Sth 22~23 65~75

2) AFY A 2 relAF

FA e BAEAS ) A] (250 ml AHERRAT )
HEste] 24°C 7)o A 2097 vk B EAE
Tween20(polyoxyethlene sorbitan monolaurate, 0.1 g/500 m/)
22 &3X 7 FFTE 345t 3000 rpmol| A 5E2F
Ao, dojal sMdS FF747] (hemacytometer)
2 FA3be] 1.0X 10°pores/m/ =2 TA 3t 53] o
ol (Bombyx moripel 7+ 100F 3uH-o2 A2} 15 m/
& AXFIL BE o] ARHoR ARSI T

3. H5ollofl et B. bassiana2| SEF HEH

oeF WAL 91 A AR T g6 EAPS
ARt Aejubg-2 g7 507 299 53 7%
5ol A FE=E 1.0X 10 spores/m/5}t 1.0X 10® spores/
m/E st} ¥R 25 mis AESGT. AEE vlFE
vhrel] A F 27°C, 95%°] & - FEF 4 1417,
10417}, 15A17), 2047} SR8t g 27 AbE & 2}
A & FEQRSC, 65%) FHNE FABIH e AT}
WETF BF AE 24417 Fo] S A& 24}



WEH G B ) RS Q3 Beauveria bassiana®) L2 & @ wizkgo) 7k S,

B AE F 2447 PR LR AP AP WAL S9)
4 o)z kst

89 B bassiana®) BEWH ] wk2 HAAL 935}
o] PDAWA|I ik 9 Snjul ] wioFd-& 25°CoAAM 2+
Z} 149, 20497 A= F 4°C, -20°C, -70°CeY 3, 6, 9, 12
MY BES F HFYo2 A8l

4. STISX|ASAH

F2 ks WS BT A ARG R EelA 5
3 7)) B57)S o] 4sle] 124]7b 244]7F Fol] 7}
7} 1.0 10® spores/m/, 1.0X 107 spores/m/ 552 13]¢} 2
3] Azt s AR oL

5. WMZEel 2tHS E#H HA

D) W FE2 Alx

N7FZHB. corpus) ZAEZET 1.5kgS vl e (MeOH)E
3ol A 53], 60°Coll A 33] ubE- F53 F FEA L 7
F T3 1209 WiwRE FEES A vEkE: F
ZE$ E(H,0)0] @A F #ab(hexane) F ool
| o] E(EtOAc)Z. #3311 ZjbsSdte] Ak F-5(55 ),
oldeotAE] o] B FE(6g) F EE3 (59 gr2 AT Kwon
5, 2000). 7+ £3]2] 7RI E B3 ¥= OC,9} galactosamine
S Aelg ] Ak MEoAM wick oz Fe)F
+= glutamic pyruvic transaminase(GPT)2| #4& 7 23

o deht AsleleAE Sl Arekale.

2) 2AF 9] TAHE LA E

3172 7 E H2]x= collagenase FHFH-2 ©]-£3)o]
Estg ). 2FZE urethane(l g/kg)o 2 vF A7 70%
ANetEZ EF-E 453 Fo AEEAH. g 21
gauge catheterS AMEHalal A= olfollA] Bl A&
A2 & 02mM EDTAQ] HBSS 49 55 miZ 30 ml/min
2 £E2 WA 2 2AWe 88 A sk 2
A TS dol AAA Wl 18 gauge catheter A3t
g SAAS Fol 2ale] HrHue Foel T
FE7]|Z HEolE Aeghe] o FAEF . CO,
9} 0, EV|AE FFINFHA 0.05% collagenase(type
V)2 3-8 HBSSE TAE 43l8o)o g 10~15837} A)
T3 XA HEE A2 NE 2T o5, S
o]} HBSS 80 miE 713 & 7Hh-& 7H$IE oA
A E7} FREA & o5 Ae=2 o silv. of 2hy
S 50 goll A 28-7F 23] AAER3 F L pelletS W)
Hog 2k FZAM WAl Felste] AE dAgA-g A
o} o3 A& THE NS 5X10° cellsim/ 22
B A3te] collagens vz SEA|Z] wiF §7]el o} 3}

3 A

ot

Aot wjokd 2 2= Waymouth MB 752/1 medium, 5%
fetal bovine serum, 2.0 mg/m/ bovine serum albumin
(fraction V), 10° M dexamethasone, 10°* M insulin, 5.32
X107 M L-serine, 4.09X 107 M L-alanine, 2.67X 107> M
NaHCO;, 100 TU/m/ penicillin, 100 ug/m/ streptomycin ¥
50 pg/m/ gentamycin sulfate2 T4 ¥ 71-& Al4-slgdo}
AFE= 37°C 2 5% CO, ZANA §=)8tsdc).

3) CCL3} galactosamineo]] 213t SAl F-= 2 A8 Fof

332 ZHEF 1542 T wioksl ol A E2 )
oFN o Zholal thA] 24417t Ft Al&sle] okt &
CCl, o 147k Aol 73T dimethylsulfoxide(DMSO)
2 &N 7 Foll 2 343}l millipore membrane
(022 pmyg o]&3le] AHAA AIBE F3}L 6.6 mM
CC1,E &-Rat vk oz g0 ot HEsled 5L
=819 vH(Kiso, 1983). A 2L media® v} F ohe 54]
7F Fol GPT #A-S &334 Galactosamine] 73-$-
£ galactosamine *]2] 1A]7} Aol A|8E Fod 312 1.5 mM
galactosamine® E 33t media® 144]7F A 2)stdnt. A2
¥+ media® WHHE F 5A17F Fell GPT A& 343k
o dExEdzs 84 2Rs 24 222 AHEHI 9
= silymarin® DDBE AM$-313ich 253 9 7 A8
9] M 3 FI= 100X (reference GPT 4] — sample =]
2] GPT ¥4 )/(reference GPT &4 — control GPT &43) 4]
22 932 #E2EHY silymarin @ DDB 7HE 35 &3}
of cigt Al5e] v&2 EY).

4) 7 E2] GPT 8454

N7VZHB. corpus) B FEES CMC 0.5%cl 3ehslo]
20 mg/kg @ 200 mg/kgel FEZ Fodha, 308 39| CCl,
£ olive oiloll 20% 8] FHEE- s} 1.5 mikeS 35
B W Fodslolet. 2447k Fol HFHE etherZ v}F 3}
I NES o Bt A AYste] S B
zsldeh. of A GPT 8A4e &A3l] 7HW3 &3
E Ssiale GPT &4 32 AZ 54 =4 7
A x2] wiFd g F3te] GPT KitE AHE-3led Reitman-
Frankel®] YW} (1957) 22 GPTEA S &4 st}

5) FAEEAA WA A

7yzA 9] F4Eol 9l3& malondialdehyde(MDA)S] #&
thiobarbituric acid(TBA) 8§02 &4 sle] FAkskA]A] A
A A 92 Fdstedet. 1,1,3,3,tetraethoxypropane S
EFEAE AT #F 9 7HE A Ested Tris-HCI
buffer(0.1 M)ol| Al R eJF32 1go] &AL 10m/e]
homogenizing buffer(8§ mM Na,HPO,, 12mM NaH,PO,,



1.5% KCI, pH 7.4)14 2443l9d, 4°C 2 105,000 gell
202-7F A B2 skl 500 plell 1 mie) 10% TCA
E ¢ 1087 wkAE BE 10000 goll A 287 LAE
stk ASd | mig #sle] TBAPH 7.0, 0.5%)%
Wy 73 sedoh(100°C, 10 min). Ao A 1087F vk 5t
% 535 nmellM FHEE A0 Ad MDA #
< huiAle] g0 2 vire] FEFIg] o A2 bovine
serum albuming EFEAZ 3}e] Bio-Rad Wl o2 &
Al X& &3= 100X (reference MDA %} — sample
2] MDA Z}H)/(reference MDA Z} - control MDA Zh) 2]
22 vehligic

_Y‘mel

Anw g
L WA WAE SIE BN MEY 7Y

1) B. bassiana®] B TAFEE 2 £% FA] A7 79

B x5 mizlabe) gjskAyAlS- $18) B bassiana 101A
o] g9 AHEFWE T3] Slsted AAEAE oY
g =4S 73] YA EAEEE 1.0X10° spores/
m/# 1.0X107 spores/m/2] F =2 o] AHEldd 2
o AEF IFE FRRZ(28°C, 95%)S 127, 10417,
1547}, 20/ 7k 2 o] A2ldt 3} 1.0X 10° spores/
m/e] FAPs e Al FAAZ ] AA glo] EF 97%
olAke] =2 7+d8S Byt ¥by 1.0X 107 spores/m/)
TAFENNE TEE 4212 204 FAAZ AT
o] ZAdgo] 93%E o2 M7 ARG FhEe] ¥
e, AFEE 1AIZ-15A17F FAAR] A= A4
o] 73~79%% RFUTHEE 2). webAd W7 A
ANME 1.0X 10%pores/mie] EAEER A EFo] &}
Aolglem, 1.0X107 spores/m/ FEZ HET HFolE
2 20417 oA fRIsteloF b olgiet. W
W2¥s7Ve] B bassiana®) BE7)7PE 7H9ES HAEEE
2 1.0X10° spores/m/2. 3} ZA] AEG A4 99%2) =
L ZAES By o), EgAAdEE 60 REF AF

Py
alsg

Table 2. Infection ratio of B. corpus by B. bassiana 101A
according to the different concentration by preservation time
after inoculation for the mass production

Time (hr.) Preservation time (hr.) after inoculation

Conc. (spores/m/) 1 10 15 20
LOX 16° 98 97 100 100
’ Control 97(100)
LoX 107 73 73 79 93(131)
) Control 71(100)

3 Times: The 5th instar (spray inoculation).
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Table 3. Infection ration of B. corpus (5th instar) by B. bassiana
101A according to the different preservation periods

Period 30 days 60 days
rvation reservati
(days) Immediately preserv. .1 p % AIOH
Conc. Hulled Mixed Hulled Mixed
(spores/m/) rice  liquid rice liquid
1.0X 10 99% 97%  98% 91%  87%
1.0x 10 75 66 64 58 49

1) Inoculated temperature and humidity : 27°C, 95%.
2) Preservation temperature : 4°C incubator.
3) Mixed liquid : liquid spawn.

ol 87%2 ZAE&S vehidsh AFEEE 1.0X10
spores/m/2 & 7% ZA] AFshd 75%2) #PES v}
ehfigl o), B el 2 60 wikshd 49%] wi¢-

w2 g JetATE 3). meiA A et &
Al ZAPEE 1.0X 10 spores/m/S] AgtA S Z A3l A

23l 7o) ol AEEE Foled ARl Aol A

2) B. bassiana®] EEWPHe] ohE Y 7&"4
Baew 9 ¥y 89 ZA A FFE 4°Cell A

Table 4. Infection rate of B. corpus by liquid spawn of B.
bassiana after different preservation periods

Preservation periods
4°C 25°C
20 days 10 days 20 days 10 days

Division Control

B. bassiana

0,
101A 79.9%

88.0 3.5 5.3 87.6

Table 5. Infection rate of B. corpus by B. bassiana preserved
various method

Preservation method Period (month) Infection rate (%)

Cold preservation (4°C) 3 91(87)
‘ 6 91(85")
9 90(857)
12 88(83")
Deep freezing (—20°C) 3 62
6 56
9 60
12 48
Deep freezing (-70°C) 3 59
6 47
9 46
12 44
Vacum freeze-drying 3 48
6 51
9 49
12 47
Control - 92

*: Hulled rice (preservation medium).
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102 7}7]
(25°C el 10d

HAx 73edgo] 88%E H|wA Egron) ARe
o]} BAloll= FF o] F43)
WTHE 4) o] BE7|7PE &L 4°Cel
12709 EEA| = 2753 &o) Xbeolr} dlolem 7
AE& HA] 90% AL E T RIS 4°CollM 12709 71A]
RBasled = ol = Helr} glATHE 9).

C w3l v

2. HsTtoflAM el R MLt

7} ZholFAl FAAZAY A2 TAEEE 1.0X10°
spores/m/2 2. AF3t ¢ Follo] o] 7] 18 A
ZFA 62%, 23] HEA T1%E 23] HE A2 TolA 24%
A Yeldoh ZAEEE 1.0X 107 spores/m/E 3lod A
F3 79 rolle] A Ee] A3lsled 13 HFA] 45%,
23] AHEA 59%2] &S HeEMAUTHE 6). 7] AHE
Alell= &7 vlsle] Zhedgol °ofzb A3kl o, 8k
2= E71e vlssisln. o ol AbsAlel A 8] AT
ZhelZA Bele HA 2 =7 vebger, FAEEE 1.0
X 10° spores/m{2.2 & 7§ F7] 23] A=]FlA 83%,
7] 23] ATNME 87%2 #49EE VeEATE 7).

Table 6. Infection ratio of B. corpus by B. bassiana at handy
silkworm-raising room of farmers

Treat. 1nfection ratio according to treating times (%)

Conc. One time Two times

(spores/m/) Spring  Autumn  Spring  Autumn
1.0X 10° 620100) 58 77024) 75
1.0X 10’ 45 41 59 61

1) Inoculation amount : 15 m/1000 num.
2) Temp.(min.: 12°C, max.: 36°C), Hum.(min.: 56%, max.: 88%).

Table 7. Infection ratio of B. corpus by B. bassiana at larvae
silkworm-raising rooms of farmers

Treat, l0fection ratio according to treating times (%)

Conc. One time Two times

(spores/m/) Spring  Autumn  Spring  Autumn
10X 10° 69(100) 62 3(120 87
1.0X 10 44 38 61 69
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B. bassiana 101A) 7192 W72 (B, corpus)®] Lukz

AE-S B8 A 2xhlAle] 70.5%, 8ol 7.9%, &
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Fig. 1. Analysis of crude components of B. corpus infected by B.
bassiana 101A.
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Fig. 2. Analysis of amino acids of B. corpus m’rected by B.
bassiana 101A.

HE #3}e) 23t 1l K& oule]] 22 g3} 9=
glycinex} vl o wZ1=m4 ofjdlol] F2br} ¢l tyrosine
o] 7+t 11.7%, 4.7% &1 AATHH 2). Folle} W7t
Zro] oulA ol FTAA R ojr]xAke] FFekd]e| o 3l
ojul 3t AR} ofulieibe] HA 75 FHFE A
Aol A= obH wrelal Zlo] gle Aol ulehA
ol of wiZdake] ofuidt AR e A °] Ao R 7]
4 B35 ehlE Aol At sere] A7t 8

=

Fate] A el CC,
galactosamine 2 2. 5A1-& 132 w7k 2H(B. cozpus)—-
Foidle] 7R B IS 2% *]-‘33\‘;]' alactosamine 22 =
AL 5 A% methanol & FEEA dZEAQ
silymarin DDB ©ju] z}z} 4 %9} 45.9%%°] K3 &7}
2} oAT RE 2REES 2Hee] 24 23 1,0
fractlonf*ﬂ/\i &5 i8] 47t 43.5%% 65.7%2] 7HE.
]_7} Olo—]r;]_(j 8) /\}o‘g }FT_} CC]4)i EH__ Ou,‘__}
AR Ae F FEERIA 322 dib] 47 64.8%9
35.8%2] E¥7} 9lol o] 53] o "ol e o] ERI S
(EtoAc fraction)ol| M= silymarin®.t} 7HE & #Ado] &2
A2 eldTh G 9). In vivo AFA W] & F
EES WSR3l RF EHE JAEAST CCl,
oAl GPT2] Zho] 47.09+9.6(IU/L)NA 166,12 Ab4&}
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ogont, wdate] B FZES 20 Y 200 mgkg FIHL
o) 84.6+17.03 72.8+20.8% o] Z+zt 68% 2 78%
o] ReFIRE HoHE 10). CClE A& FAbst A
A S el ez oA Qv CCl, 793 3
FHoll A wi7zke] 2t s &3y}t AAle| AAsRE A 3|5
7] WA A7) $iste] kx2S AAAAAHEE S
Azl ot CCLE T3S o] MDAS] o] 0.24+0.02

Table 8. Protective effect of B. corpus on primary hepatocytes
damaged by galactosamine

Fraction layer Total Hexane EtoAc H,O
Control extract fraction fraction fraction

Silymarin 24.8% ) -) 4359

DDB” 4599 &) -) 65.7°

“The number indicates the protective effect of each fraction
relative to the that of Silymarin or DDB.
“Dimethyl-4,4'-dimethoxy-53,6,5',6-dimethylenedioxybipheny!-2,2'
dicarboxylate.

Table 9. Protective effect of B. corpus on prlmary hepatocytes
damaged by CCl,

Fraction layer Total Hexane EtoAc H,O
Control extract fraction fraction fraction

Silymarin 64.8” ) 1007 15.47
DDB® 35.8Y &) 69.3” =

“The number indicates the protective effect of each fraction
relative to the that of Silymarin or DDB.
Dimethyl-4,4'-dimethoxy-5,6,5',6-dimethylenedioxybiphenyl-2,2'
dicarboxylate.

Table 10. The effect of water extract of B. corpus on GPT
activity of rats treated with CCl,

Treatment
Control (Before CCl, treated))
Reference (After CCl, treated))
Silymarin (2 mg/kg)
Water extract of B. corpus (20 mg/kg)
Water extract of B. corpus (200 mg/kg)

GPT(IU/L) (%)
47.0+9.6(100)
166.1 +33.0(0)
69.2+14.181)
84.6+ 17.0(68)
72.8+20.8(78)

Table 11. The effect of B. corpus on MDA contents of liver in
CCl,-intoxicated rats

Treatment MDA .
(umole/mg protein)(%o)
Control (Before CCl, treated)) 0.24 £0.02(100)
Reference (After CCl, treated)) 0.69+0.10(0)
Silymarin (2 mg/kg) 0.32+0.03(82)
Water extract of B. corpus (20 mg/kg 0.38+0.05(68)
Water extract of B. corpus (200 mg/kg)  0.3610.01(73)

. 7(;—3£1E \E]-/H -,]
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- el

(umole/mg protein)°ﬂ/~1 0.69+0.1022 oF 3] A= 9]
2at wpAke] F FEES 20 9 200 mgkg S o
0.38+0.05 ¥ 03610.0124 68%2} 73%2] MDA®S] 2}
AR A E7E AT EE 11).
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o] dAF= WMIE(B. corpus)®] TS
}o] 7hR S

bassiana®l EFA ¢l AEFW-L Fdslar wirrzke)

245 2] $lste] AAEAE vt g 2 A
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1. W73z NFALS 8 B. bassiana®l FEA A
FAREEZ 1.0X10° spores/m/Z & A HAEF IF5E
A A zbell FAGle] T2 FHEES vehfigl e, 1.0X
107 spores/m/®] =AM E ZFdEo] Wokoh

2. B. bassiana 18] Bfe® 9 H3d4H €9 A
Aol A 4°CAME 129704 B3A] 78 90% |
A gtod o, A-2(25°C Wi 2l) BHA|ell= 4841 7Fe] A}
o 7rdge] §43] AH5% olshstHe. =3 EdF
HEZ|7ME 8L 4°C] 12719 BEA = 273
o) o]z} gl o™ HHE HA 90% o= T
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