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SUMMARY

(FER%E)

A survey of entomopathogenic fungi was conducted in Korea from 1990 to
1998. A total of fungal-infected cadavers of insects and spiders were
collected from varied habitats in different altitudial zones. From these
specimens, 11 genera consisting of 67 species Ascomycota and Deuteromycota
were isolated and identified on selecting media, Among them, there was new
species Cordyceps yongmunensis Sung & Humber and 37 newly recorded species
from Korea, The newly recorded species are described and illustrated., Of these
arthropod fungal pathogens, the genus Cordyceps, Beauveria and Faecilomyces
was most prevalent, 192, 319 and 256 specimens in order, followed in
descending order by the genera Metarhizium, Hirsutella, Verticilliunm,
Giberella, These arthropod fungal pathogens usually had a relatively broad but
differential host range, except Hirsutella which selectively attacks scale
insects, while Gibellula strictly parasitizes spider(Arachnida). For clear
identification and classification, PCR-RFLPs, Isoelectric Focusing and
Sequencing method were conducted, Also, ecological research on seasoning and
geographical distribution for development and use of mycoinsecticide was
discussed.

In order for development of mycoinsecticide, various isolates of
entomopathogenic fungi including Metarhizium anisopliae, Nomuraea rileyi and
Beauveria bassiana were screened to select the most virulent isolate against
domestic insect pests(Spodoptera exigua, Spodoptera Iitura, Plutella
xylostella{DBM), Teranychus urticae, and Nilaparvata lugens). Isolates of M
anisopliae used in the study showed low mortality against all test insect
pests., Nomuraea rileyi 925 with 61% mortality against S, exigua has the

capability to infect larvae of Noctuidae, but continuous collection of this



species is necessary for higher virulent isolate., Among isolates used, B,
bassiana 726 revealed the highest virulence against X, plutella with 86.23%
and LTso of 1.63 days under the laboratory condition. In order to examine its
potential as mycoinsecticide, intensive investigation was made under
laboratory, greenhouse and field environments,

Treatment of conidial suspensions at various concentrations indicated that
the LCso was 4.3 x 10° conidia/ml under the laboratory condition. Assessment
of rigorous dose-response showed that at least 9,800 conidia of the strain 726
should adhere to a single DBM larva to induce successful infection. In the
greenhouse assay, corrected mortality at 1 x 10® conidia/ml was 66.5% with LTso
of 3.61 days.

The efficacy of the strain B. bassiana 726 in the field was 60.5% mortality
with LTs of 4.91 days at 10°® conidia/ml. Persistence of conidia was equally
short on both leaves and larvae due to unfavorable environmental conditions,
Nevertheless, treatment of B, bassiana 726 potentially reduced larval
populations, indicating that the strain 726 has the potential to use as
mycoinsecticide against DBM larvae,

An insect parasite fungi is recently being interested for the development
of microbial insecticide. In this report, we have focussed on the improvement
of insecticidal activity in the fungi through the increasing the insecticidal
spectrum by using the transformation with B, t. t,~toxin gene. For the purpose,
the culture conditions for the fungi, at first, were established. The pure
isolation of the protoplasts was successfully undertaken from the fungi. The
plasmid vector pGDP-Btt and electroporesis method for the transformation were
also developed. The transformed fungi could be selected on the PDB solid agar
containing the hygromycin with 100ug/ml, and the expression of the gene in the
transformed cells was identified by using the molecular biological assays. The
transformed cells were cultured in the liquid medium for 7 days and harvested

for the prepare of the cell powder. A series of biotests with Coleopteran



larvae were undertaken by using the cell powder spreaded on the leaf surface.
The biotests showed that the transformed cell had the insecticidal activity
against the insect larvae. The results indicated that the insecticidal
activity was improved in comparison with the wild type of the fungi. In
addition to the results, we have transformed Beauveria sp. isolated in Korea
by using the method above easily. The transformation results have proved that
the method above may be useful for the development of fungi showing the new
insecticidal activity by using the genetical transformation,

In some developed countries, a biological pesticides made by
entomopathogenic fungi were developed for a practical application. However, in
Korea, it was not established for mass culture technique of a biological
pesticide, This technique should be developed in this country for improving
the productivity and saving the cost. In this study, mass culture techniques
by liquid culture, solid culture, and diphasic cultures were established for
the application of entomopathogenic fungi as a biological pesticide.

In this study, growth conditions of entomopathogenic fungi, Metarhizium sp.
and Beauveria bassiana 726, were determined, Especially, media optimization
and culture conditions in liquid culture(batch and fed-batch cultures), solid
culture, and diphasic cultures were established for the production of cell
mass and conidia, using very cheap substrates such as rice straw and molasses.
Also, the model was suggested for the optimization of mass culture process.

Based on these results of the study, the process for the pilot scale should

be applied and optimized, thus applicable to the industrial scale.
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3te SRAAR dslel ME e WS Mg 2eYsta QO PR-RFLPSE Bo}
oA F MY F HEA M anisopliae var. anisopliae®}t M. anisopliae var.
majus?] WF HolFel fAA ARG WSl wPFe EHAAS HIYsiach
Z3718EE AR ) FES SXAAiYo] ARst Qo BRAM F
thgst Yoz qstel Yeld Rl Y ol o] gloms Ay EMHE 5
HELDIFE(IEF) S o] 83l 2H718F ¥R FAM 3} T4 S vl 53
st 237147 B7] BEZ SIS E A} AP FA APYgo] gle
U ditdos PN dIshs Yo i) alg dgFos wA &
E317] S AL wWigH 4ol Fyslolof gtk nAE Ao AMRHZ g
= TF7N8FL tiFo] U TAYY $HZ AL AU ol AL S
of iyt AAzts dde] glomz Ay Bihlx] AP Bt TAPAY S4u)
A& At 39 25 BE 4dS Agsiyrl

Azd Az o Wy

1. 23713849 =32 &4

7t 3718 FERAAY £33 L 5P Y g3

TE718E 33 I ¥ FAANY @A 9 432 A2 ZaAxdg 3
Aoz AZ 537) QY=o A o] Lo ATh (Fig. 1) HYW 25 Lel: Shavg 7|
2u|R| 238t Z}zZb 200mge] CuS04 - 5H20(Shinyo chemical Co. )2} 100mge]
Gentamicin sulfate(llyang Co.)& 7Rt wix]2} Egtul=x](agar 18g/L), ZA}3H
Huix](PDA: Difco. )& AHEIIA L FAlolA A2E E2E MY ujx|o] 2y
LA FAol Feldt ¥ 26TolN 238 49 uiRAbolA v ¥ EF S5}
dch AP TI718EY FelE AT AR g Ay FAFRE o)
A AYE BYHLFQ Paecilomyces tenuipes(C1601, C1604, C1614) 333,
Beauveria bassiana(C1622, C1614, C1625) 333, =aApdaF5H<el  Cordyceps
bifusisfora(C1602) 1#3& o|&sldltl. AYel AFEE iR S 50% Sabouraud
Dextrose Agar Yeast-extract(SDAY: Dextrose 20g/L, Yeast Extract 5g/L, Peptone
5g/L, Agar 18g/L)E& 7|& wiX|2 3lo] z}Z} 200mge] CuSO4 - 5H0(Shinyo chemical
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Co. )2} 100mge] Gentamicin sulfate(Dong shin Co.)& ¥7}stgen vlaze B3
2 ulx](agar 18g/L)2} Potato Dextrose Agar(Bacto. )& ARE3lo] FAoA AlZ €
XS A2 ulix|o] 2 Uolr] 26TCollM 5UIE vjFAIY F MFol ¥ LA
2 izl BPHE F2UY 2 Aol AW LF4 & P2y Myt AFPe=
&3t viA T 2EE S WEEE vla 43t

2. AP 237182 &, 53 9 el 4¥

7L A" 237134 £F53

1) A2 Hef3Pge] o oE &7

3718432 Beld EF+= FUQu|P(Axioskop, Carl Zeiss, X1000)z}t i@
o7 (Stemi SV-8, Carl Zeiss, X50), JAMAPHu]Z(SIM:Scanning electron
microscope, Leo, Carl Zeiss)& ©|§, E@AIAZe I 3% EAY Hejet A7,
Az, S8xE el ” FAl 53, ujgHy 5450l wet ERsla 2PUAE B
gihe 2dade 24 Z¥ 7154 R, A F7], Yel, 47, 223 o4
T2 FRZA 2] Bel, 271 FAl, B FAY 23, AFY BA, 23X
Atz FdoN, 2xtxe] 7], 2pdzY el 5& 1 V€L et

EI Y EYAETS A UAR 2 PEFUSE 52 o840l Yo Fuld
AFojMe olu] ABER Q= ¥ BeauveriadwF B. caledonica(C1044), B.
brongniartii(Cl043), B, velata (Cl1045), B, bassiana(C331) 4&-& FTAIHXE0ZE &
ol§3l 1 Hely H5Z L WUSIGUL FHEL FHolu PR-RFLPsE o]§3loq &
A e EARERE TAY AFS NIRT AediF YHAR AUEL e uEd
E37183Q MetarhiziundZ2l F, FuUl2] FuEn|F(X1000) BHAAE Ul
A} FY ABE Fvld 2 vAF2A BYE B

=R Sl APYE Cordycepséie] B BUAMUE 2A817] st U A4
Cordycepséid-%& C.  ochraceostromata(C535), C. opioglossoides(C135), C.
scarabaeicola(C252), C. matialis(C1283), C oilitaris(C1281), C
roseostromata(C228), C. pruinosa(C628), C. kyushuensis(C133), C. agriota(C550),
C. oxycephala(C263), C.  spechocephala(C840), C. ishikariensis(Cl471), C.
gracilioides(C1352), Hul7] VI1FFH3I2(¥F1:C1192), C. sp(C1451)F 1639



SVAMTE BB P (Mag x1000)2} FARAAIANZE Bl 2H5E shach
A 1042 7B gol APE I TZVNEFEE HFA dEEEIR(C
sphecocephala)?] Z¥An]732} SMAZE S B¢ EFUHYU 53 HY3] Axrstd
c}.

FARAAIEu 7 BAE 918l SDAY, MEARIR|AFelM 26T 143 vl BAIFE X
27 W B8 Y3l APy 1em®E A3 F Karnovsky’s fixativeollA] 4T
overnightdle] APyt FIE-& ¢35l 1% Ospic acid® x| A 2|5l a2}
T332 Alolof 0.05M2] Sodium cacohydrate buffer, pH 7.22 33 washingdt ¥ 32

S HBEY AE= 50% 75%, 90%, 95%, 100%2] EthanolE Z2Z} 1AM ®©4eAF|3L
Amyl Acetate® 1X|ZH¥ 23] ©eAZict AR A|§F  Critical point
dryer(BIO-RAD, E-3000)% CO:& o] &3} ARA|Z ¥ Gold ion coaterE E£Z3}] &
e Y AEAEE @ogsidch. @A EHTE 8VE 31 wi&-2 200080l A
11000842 3§ FAsioirt.

U 237182 Beld 373 24}

1) ¥F4 25714839 X442 PN E =A}

L3718E L 3312 FU Ay 2R3 dF AUlE wANEE 24}
371 ¢15te] 1980d-F-E] 1997\d7kA] 124 A 537042 AR oA AYH FF
o] Freot AFAZ], 715, AH B4 F& vlolepolaste] Tyt 33 2l
wE F3E gy dPNEE Al 2R 43 Y ARE £ &
Yol AxpAog ARE FAMN Uite T w2, Al 5 dej¥Fo] 7
7] T 4B AHFE ABsld dF iRt A71F PP EE ke zAyge
2N 53A BHY e, ey 27 =8} AJ|of wpE UPYLE FH3 2}
F o] FEAFAY PP AA A LS A3 LFHE IR ARRAE 93]
Zch.

th SEIM RAxtdY '@
HE AR 1A JRATL wobhe 32 ¥ 9 432 54 de
FH 109 2712 ZLAGE FHLE AF F 537] 2PN o]Folzion A



FE BEL2 259 G5 #F2Hol 7Hs¥ wiPHolA Fujtt ¥ AW Ayl
TEY AGEAE Fel§ AY wiRE ol&3te EeFArh. el SDAYE 7))
x| 23} Ztz} 200mge] CuSO, - 5H, O(Shinyo chemical Co. )9} 100mge] Gentamicin
sulfate(Ilyang Co. )5S 3 7IRt wix| 2} E¥tAvliA](agar 18g/L)E AMS3I.20] 24
oA AlEH AGEAE AR wiAo] A VAU FalolM 2 F 26ToA
i Azt E|/AMUY £55% WY oE2E misture cultured A 2ot 3t
¥ n] 7 (Axioskop, Carl Zeiss)} 3|%-¥n|Z(Stemi SV-8, Carl Zeiss)S o] &5}o]
Kobayasi®} Main®] EFAAll dzstd 435t

et. 2371829 gy F54 =l

o3& Aol o] §EHI e TF71EE RS tifo] UY XYY &
HE THAR S ol R AL el iyt AFYs AFHG APV T3
2 7] RES fsiME 22} AP S UIshe FEo] ojA 4% BAxA}
B4E&ES Holt: A wiAE Usty] 13l B bassiana(C331, C817) 233, P.
tenuipes(C810) 145, M. anisopliae var. anisopliae(Cl1068) 1358 FA|FF=
o] PDA, MEA, MCM, HMA, O0A, Czapeks, CMA, PPLO, SDAY, DMEAS-S] 1171¢] E-§}uj
A& ZAI5t PDARRR] oA vl GFd 5708 FF-F Tm cork borerd o|-8-5to] uj
2] 4ol 1748 2] diskE HFstTt (Table. 1) 24T F2Ao|A 14U3 wigE d
T IS Y& microtubeoﬂ Xx1P ol 713 FL o] FARSE 7mm cork borerE
o]&3lo disk 171 ¥ F 1ATEL @Y ¥ Hemacytometer o] 8-5to] Ex}
+& FAstddrt

ol S22 EFAA ¥y
1) SHELZZA(IER)E ol 8% ExE9 &4
7h 371384 & Y FHEL 4
THE AT AN o s diddFEY ot FHEL S XAk
Tl #F= UEFTE AHEsto] PDBolA 15U wliQ e e Ay F&3)
o FRAL EME 95l Esterase, Acid phosphatase, Malate dehydrogenased
AHgstodch
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\}) Metarhiziuwdy, Beauveriady, Cordyceps@3te] H9ii A B4

2 AFE sl fe] UelolM 2Pgstasls 3718 Metarhizun spp. 54
Z9}, Brazil, France, India, Indonesia, Japan, Mexico, New Guinea, Poland,
Philippines, Thailand, Western Samoa, USAE 1278%8] Metarhizusd<-§ Z uie}
oA % Wi, E BeauveriadT & Yol EE AREsidEdY 10853
Canada, Spain & 5703 2] uel A4S & AYol W&3gict (Table 2,3)
WjgzA o2 ZE F3FL PDA plate oA HF A& 25TelA 154 g3tz
ZF 4mm cork borerE AMESl #3-& AF v @ehigE sielch. QeI o
-2 SDB(sarbouraud dextrose broth) ujjx]oj] HE¥t ¥ 25+2T UAtejollA] 100rpme
2 792 viegstach wig® 2o whiA $EE 91519 100rpooll A 7L BEM)
BL FFE 13 FHSE 23 ANY F AHXE T FFTE AAY vhE cell
& @71 $lsiA 47C, 3000rpn, 153 WA Ee 3o FAME FAR F -70C
Fio] 27 BRAUY ¥ 5 AR v JYAALR FANG 22 opl o 3
A} 3F4-§ 0.1g/0.501 7Rt ThE 4C, 12000rpmolld 303t €A & o A
9L 35l AVE%s A EE AHEshAch 795 StegmannPP S HEY 5
HAA A7|¥%E(Isoelectric Focusing:IF) 2.2 R9H4AE B43lgd 6%
polyacryamideoil phamalytes& #7}3led pH & AL vk +3% A7F54
L2 8cm x 23 cm x 0.6mm slab gelS A}E3ldc)t SHEA EME ¢3td &3l
£ (Ca(0H)2) 23}-8o), @Zoli= IM Phospharic acid& AME-3lo] 100vollA 143
AN GENF o A T 200-600v oA HINF5S AN oy EEEANY
of &3l FHELE WYA]ZAch Esterse(EST: E.C.3.1.1.1): 0.2M phosphate
buffer pH7.0:100ml, a-naphtyl acetate 1.5g/100mi: 1lml, Fast blue RR salt 0.0lg
& AV1FFol B gel o B3 el 37T ¥27lolA @MY aztx] F=AIstal
t}. Acid phosphatase(ACP: E.C.3.1.3.2): Na acetate buffer 50mM pHS.5:100ml,
Mgc126HZ201M: 1ml, Fast black K salt 100mg, B-Naphtylacid phospatel®:3ml, & 3
71950l B\ gelol X3 el 37C 7oA U3t (Table 4, Fig.2)
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124" 1&6'@ 158 130° 132"

Fig. 1 . Map of 56 collecting areas

(1. Chuncheon KNU Ex. Farm, Bongmyung Ri, Chuncheon:Kangwon Nat’l Univ,,Chuncheon
iHwupyung Dong, Chuncheon Sangbang Dong, Seo Myun, Chuncheon:Wonpyung Ri, Chuncheon
;Jungjok Ri, Chuncheon:Kamjung Ri, Chuncheon:Mt, Keumbyung, Chuncheon;Mt. Daeryong,
Chuncheon:2. Jiam Ri, Chuncheoni:3, Chugok, Buksan Myun, Chuncheon:id, Chungpyung
temple, Buksan Myun, Chuncheon:5, Yongdae Ri, Yinje Kuni6, Mt, Sorak, Sokcho:Sinheung
temple, Mt, Sorak, SokchoiOsaek, Mt, Sorak, Yinje Kun:i7, Galcheon, Yangyang Kun:8,
Guryongryung, Yangyang Kuni9, Mt, Odae, Pyungchang Kun:Sangwon temple, Mt. Odae,
Pyungchang Kun:10, Wunduryung, Hongcheon Kunill, Sokeuskang, Chunghak Dong,Kangneung
112, Daekwalryung, Kangneungil3. Sambong Forest, Yinje Kun:l4, Mt, Obong, Chuncheon:15,
Mt, Samak, Chuncheon:16. Kangchon, Chuncheon:17, Mt, Kujol, Dongsan Myun, Chuncheon:18,
Chuljung, Hongcheon Kun 19, Hongcheon KNU Ex, Foreat, Bukbang:Myun:Nae Myun, Hongcheon
Kun:20. Chuneun temple, Wonju:2l. Mt. Chiak, Wonju:22. Mt, Yongmun, Yangpyung Kun:23.
Mt. Taebaek, Taebaek:24. Suwon:25, Mt. Myungji, Kapyung Kun:26, Mt. Homyung, Kapyung
Kun:27. Baekryung island, Kanghwa Kun:28. Mt, Wolak, Jecheon:28, Mt. Cheongryang,
Bonghwa Kun:30. Pungcheon, Andong:31, Mt, Chilgap, Chungyang Kun:32, Mt. Kyuryong,
Kongju:33. Haeyin temple, Keuchang Kun:34, Tongdo temple, Yangsan Kun:35. Samrangjin,
Milyang:36. Kimhae:37. Kwangju:38. Songkwang temple, Mt, Chokye, Seungju Kun:39. Hsenan
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Table 1. &F718F2] X2 ¥4 o=l A& AY w248 (PDA: Potato
Dextrose Agar, CDA; Czapek -Dox Agar, MEA: Malt Yeast Agar, OMA: Corn Meal
Agar, MCM: Mushroom Complete Medium, PPLO: PPLO Agar, MW: Mushroom Minimal
Medium, SDAY: Sabouraud Dextrose Yeast Agar, HMA:! Hamada medium, DMEA:
Dextrose Malt Yeast Agar, OA: Oatmeal Agar)

(291 : g/1000ml)

= 4 # A ppa | MEA [MCM|{MMM|HMA| OA |CZAP|CMA |PPLO|SDAY |[DMEA
Beef Extract
Dexrose 20 20 20
Ebiose
FeS0s THO 0.01
Hyponex
KoHPOs 1 1 1
KCl 0.5
KHaPO4 046 | 046
Malt exract 20 20
MgSO4 - THO 05 { 05 0.5
NaCl
NaNQGs _ 3
Qat meal 75 30
Peptone 2
Potato 200
Sugar 20 30
Yeast extract 2 2
FHESFSA :

2 20

o9
gD

10 5

w
W
o~

18




Table 2. Isolates of Metarhizium species studied

No.| Code Isolates Origin Host

1 396 Metahizium anisopliae Wundulong Walkingstick
2 835 |Metahizium anisopliae Mt. samak Walkingstick
3 642 (Metahizium sp. Mt. samak Walkingstick
4 842 |Metahizium anisopliae ARS

5 843 |Metahizium anisopliae ARS

S 538 M. anisopline var anisopliae Thailand Coleoptera
7 1448 M. anisopliae var anisopliae Brazil Hemiptera
8 1968 |M. anisoplinze var anisoplige USA Coleoptera
9 2106 M. anisoplige var anisopliae indonesia Homoptera
10 2156 |M. anisopliae var anisopliae Newguinea Coleoptera
11 2231 M. anisopliae var anisopliae India Coleoptera
12 2468 M. anisoplive var anisoplige Mexico Coleoptera
13 3148 M. anisopliae var arusoplice France Coleoptera
14 3187 |M. anisopliae var anisoplice Philippines Coleoptera
15 297 IM. anisopliage var majus Western Samoa [Coleoptera
16 978 M. anisoplize var majus France Coleoptera
17 1015 |M. anisoplice var majus Japan Lepidoptera
18 1858 M. anisopliae var magjus Poland Coleoptera
19 1859 M. anisoplige var majus Poland Coleoptera
20 1914 M. anisopliae var majus Philippines Coteoptera
21 1946 M. anisopliae var majus Philippines Coleoptera
22 3145 M. anisopliage var majus France Coleoptera

Table 3. Isolates of Beauveria species & C, scarabaejcola studied

2
)

Isolates Origin Host
1 251-1 |Cordyceps scarabaeicola Galchon Gold bug
2 1092  |Cordyceps scarabaeicola Galchon Gold bug
3 251 Cordyceps scarabaeicola Galchon Gold bug
4 829 Beauveria sp. Baklim suenwon Cicada
S 730 Beauveria bassiana Brazil Hymenoptera
6 149 Beauveria bassiana France Coleoptera
7 317 Beauveria bassiana Mt. seolak Larva
8 331 Beauveria bassiana KNU Forest Weevil
G 751 Beauveria bassiarna Vietnam Coleoptera
10 886 Beauveria bassiara Spain Hemiptera
11 208 Beauwveria sp. Mt. Youngmun
12 1501 Beauveria bassiana China Lepidoptera
13 |1017 |Beauwveria bassiara Canada Coleoptera
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Table 4. Electrophoresis gel composition

Stocking solution PAGIF
6% (ml)

1) Acry-Bis(30%T-3%C) 29.2-0.8¢/100ml 6
2) Distilled water 216
3) Carrier Pharmalytes 1.2
4) TEMED 2.2ml/19.8ml 0.8
5) Ammonium Persulfates 0.1g/5ml 0.4
Total 30.0

Prefocusing at 100v for 30 min

Sample application on louding

100v for 30min

< Removing sample application
200v or 600v for 3h

Staning

Fig. 2 Procedure of electrophoretic condition



2) PCR-RFLPs7|®} & o] 8% EAHEF

7}) PCR-RFLPs7]' & ©]-&¥ 371483 #3334 Axy4y

= Aol A FFEE FUolM £33 3 54 n|F PRy ¥
o w2 25 FFE AHEsich (Table 5) ujx R Sabouraud yeast (SDY)(40g
dextrose, 10g peptone, 10g yeast extract, 15g agar, pH 6.5/L)F AMZslg.on]
24CollA gt FFELS SDY agar wiX|oA 24TollA 3-793 ujefsio] Xz}
FAol doUEF 3to], HFY Tween 80 (0.005% in vater)R U Y ExjHE
4g &St ©o]& SDY brotho] 106 spores/ml & A &38}o] 24TCollA 3 200
rppl 2 2R wigstd o uigyt FALANZHE S DNAEElE YoonZ} Glawed] Wy
of uie}l s=3gstqich wjeto] B FARME filter paper (Whatman No.1)#} vacuum
filtration® & ¥ ¥, dgAzdsel ¢ wgapiE 3¢ 7HEE Aot ¢
300mgS 500p128] lysis buffer (50mM Tris-Cl, pH 7.2, 50mM EDTA, 3% SDS, 1%
2-mercaptoethanol )2} $74] 1.5ml tubeo]] F3L 65ColA] 1A]ZHE<QE incubationdt
3, oF 700u1¢] chloroform/isoamyl alcohol (24:1)& W& ¥ 1587 dA &3}
of &g 2]5l4dct. Isopropanol 400u19} 3M sodium acetate 40plS Mrisied 5
B 94 220 ¥ DAE BAAZcL o]& 70% ethanol & Alojuiar Wl ¥ 100
12] RNase§-o1-& YL 37TCollA of 2417 ufPAZc). o] Lo 100mge CsClE H
7R ¥ 44 Eelste] DNE A Y43ttt DVA pellet& 100p18] EF F-H/40l
HA F ADNAE o]-§3te] Ar|gFold F7 sialch PR F{HALZLE ITse} 288
rDNA AuHE9lE FHE317] $35to] primer, ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3')
2} LR3 (5'-GGT CCG TGT TIC AAG AC-3')& AMg3ldict. 2 28 I3EE Hy He
3t DNAE ti4te® PCR £Esjgich, PCR ¥Hg-& 10oM Tris-Cl (pH 8.8), 50mM KCI,
1.5zM MgCl2, 0.001% gelatin, 0.1% Triton X-100, 100uM2] dNTPs (USB), 50pmol2)
2}z}2] primer, ¢ 50ng2] genomic DNA, 2.5 units?] Tag DNA polymerase§ AR&3}
deon BEFE AHEste 2F W8 ¥ F 100 pl2 et =Y, AHRH F
F25¢ S5 PR &R E3 290 o3l $5%E PR ¢HES FE317] 95l
template DNAE ¥#] 92 #hE-8UE 7 PR FFHAZCL +E9 F4& WAs}
7] $i5te] Zb ub-gBolof ¢F 50 ul2] mineral oil® M7t ¥ MJ Research DNA
thermal cycler (Model PTC-100-60)0jl 4] PCR %WF8-& #}glt}, PCR WHE-2 94ToA 5
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£7} predenaturationt F 94TolA 30X, S55TolA 30X, 72ToA 1&UsI=
cycleZ 353 utEStg i olrR|go 2 72ToA 487 extensiong sigct FEH
DNA ¥PHE-S 0.8% agarose gel (Sigma)ollA] 100 bp DNA ladder2} $1# M7|gHo
2 B3 ¥ ethidium bromide® A3ty W transilluminatorofjA] Polaroid
camera(Model DS-34, black and whit film (Type 667, Polaroid Corp. )& o]-&3}4
Zogsigdcl. PR $5% GOl disiAy 1239 APAA(Haelll, Alul, Hpall,
Cfol, Hsp9211, Mbol, Rsal, Taql, Tru9i, Ecorl, and EcorV) Z}Z}-& Promega
Biotech®] whoell oJste] Azlsiadrh. AHPELo] of3le] FTY DNAUHES 3%
agarose gel (2.25% FMC NuSieve GTG agarose and 1,75% Seakem GTG agarose)ollA]
100bp DNA ladder$} 37 A7j@E o2 Ea|3 ¥ ethidium bromide® Al WV
transilluminatorolA] Polaroid camera(Model DS-34, black and whit film (Type
667, Polaroid Corp, )& o]&3}o] st}



Table 5. lIsolates of Metarhizium anisopliae used for this study (a. Obtained

from Department of Agricultural bioclogy,

Kangwon national university, b,

Obtained from Dr. Richard A, Humber, ARSEF., Plant Protection Research Unit U.S
Plant, Soil & Nutrition Laboratory

Isolate host Origin

M. anlsoplise

C 396 Walkingstick Korea

C 835 Walkingstick Korea

C 642 Walkingstick Korea
M. anisopliae
var.anisopliae
ARSEF 538 Oryctes rhinoceros (Coleoptera)® Thailnad
ARSEF 1448 Saaptores castanea (Hemiptera) Brazil
ARSEF 1968 Strigoderma arboricola (Coleoptera) USA
ARSEF 2080 Nilaparvata lugens (Homoptera) Indonesia
ARSEF 2106 Nephotettix virescens (Homoptera) Indonesia
ARSEF 2140 Larva (Lepidoptera) Canada
ARSEF 2156 Oryctes sp (Coleoptera) New Guinea
ARSEF 2231 Zygogramma bicolorata (Coleoptera) India
ARSEF 2469 Larva (Coleoptera) Mexico
ARSEF 2974 Aedes crinifer (Diptera) Argentina
ARSEF 3148 Haphochelus marginalis (Coleoptera) France
ARSEF 3187 Tenebria molitor (Coleoptera) Philippines
ARSEF 3329 Popillia japonica (Caleoptera) Portugal
M. anisopliae
var. majus
ARSEF 297 Xyloryctes jamaicensis (Coleoptera) Western Samo-
ARSEF 298 Xyloryctes jamaicensis (Coleoptera) Western Samo
ARSEF 978 Oryctes rhinoceros (Coleoptera) France
ARSEF 988 Bombyx mori (Lepidoptera) Japan
ARSEF 1015 Bombyx mori (Lepidoptera) Japan
ARSEF 1092 Sail Japan
ARSEF 1858 Coleoptera Poland
ARSEF 1859 Coleoptera Poland
ARSEF 1914 Oryctes sp (Coleoptera) Philippines
ARSEF 1946 Oryctes rhinoceros (Coleoptera) Philippines
ARSEF 2151 Oryctes rhinoceros (Coleoptera) Indonesia
ARSEF 3145 Oryctes rhinoceros (Coleoptera) France




1}) PCR-RFLPs7|®]-& ©| &% Beauveriadgo] 22} 28
njgE A2 AMAYeE 8= 9l Y7F(Beauveria bassiana))
T2 #13 Holg AU sl FUolA 4350 Beauveria bassianal.
= F3d 14745(C-208, 829, 317, 331, 332, 149, 152, 501, 505, 566, 730, 751,
886, 1017)2} uj=; 5F/J(USDA)Oll A RIute 473(C-290, 291, 292, 294)F ciAl
22 3ttt Beauveriadidd] EFHol glold Ezle] Helgprzi BFo glojA
878 T3 I FB BFASL EFol olalgo]l 9e==2 ribsomal DNAUY
ITS(internal transcribed spacer)x}¥& tj4to 2 H & slgdc. PREEYR O
ribsomal DNAU2] ITS9} 285 rDNA AN E FZEAF)7] 95l  primer,
ITS1(5°-TCC GTA GGT GAA GCG G-3')=2} LR3(5’-GGT CCG TGT TIC AAG AC-3°)& AFE5}
A3 PCRFF F HAH DNAAHE] Axt QAR JA 3 &= APELE M8}
7] $13) Cfol, Hsp921, Alul, Taql, Mbol, Rsal, Haelll, Hpall & 8%2] AM|FA A
& AH&3tde

3) €714 E £4& B Metarhizium anisopliae®] Fu| 'HolF3te] EH
7} Metarhizium anisopliae) W 7}3H(Beauveria bassiana)2} ¥ AM AR
2 o3& 432 AMSEHI s Bl HWEE 71X oo O #ej
A tggLeR At ERol ¥ RE F3 Ut Folt}h. 7|29 PR-RFLPsE B¢
Metarhiziund<+2] Mol 7o £4& A5t FejAQl Wolsl Alsle] HE oo
THE oA ke Metarhiziurdy F32 AU TS st $sidct. A
TFEE U5 TEolA £YLE Metarhizium anisopliae 12752} ZUjoll A 23]
® M. anisopliae 2% 2|3l B2 18O 2 Cordyceps scarabaeicola 1332} Bea
uveria bassiana 133§ ti} 22 314l (Table 6) ¥iQPH FFZHE DNAS 3
23t E71MY9 £ 98l ribsomal DNALJR] ITST, ITSII(internal transcrib
ed spacer)X| & o2 slgct PCREFZUPOZ ribsomal DNALEL] 1752} 25S r
DNA AMPR91E F-FA)7]7] 918l primer, ITS1(5°-TCC GTA GGT GAA CCT GCG G-3')
2} 1TS4(5’-TTC TTC GCT TAT TGA TAT GC-3')& ARE-3}4ic}. (Figure 3) ThE o2 2
29 whee] ITST, 12 9g pGEM-THE}o] Cloningstgith. ColoningH5-8 21}
15t A7t A A Ecor 1 & AMEStY] Awksialch, Cloning§5-8 #QIg X oA L
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o|-8-3t] nucleotide sequencingS 435It E{F Sequencingt]o]EFS ©]-&-3F &
A +38& #4131 Mapmaker programg ©]gsto] ITSI, x99 |7 ES vl
PBog 3 FAEEE st

ITS1 ITS I

ITS1

178 5.88 ITS4 258

Fig. 3 Primer sites used in amplification of the ITS in the
repetitive rDNA of Genus Metarhizium, To amplify the ITS region, the
following two oligonucleotides were synthesized and used

ITS1 : 5°-TCC GTA GGT GAA CCT GCG G-3'
ITS4 : 5'-TTC TTC GCT TAT TGA TAT GC-3°
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Table 6. Isolates

analysis

of Metarhizium anisopliae used for ITS region sequencing

Isolate Host Origin

M. anisopliae

C-835
Walking stick Korea(Mt.Samak)

C-642 Walking stick Korea(Mt.Samak)
Coleoptera Thailand

C-842 Hemiptera Brasil

C-843

M. anisopliae

var. anisopliae Oryctes rhinoceros; Coleoptera Thailand

ARSEF 538 Scaptores castanea; Hemiptera Brasil

ARSEF 1448 Oryctes; Coleoptera New Guinea

ARSEF 2156 Zygogramma bicolorata, Coleoptera India

ARSEF 2231 Haphochelus marginalis; Coleoptera  France

ARSEF 3148

M. anisopliae
var. anisopliae
ARSEF 297
ARSEF 978
ARSEF 1015
ARSEF 1914
ARSEF 3145
C-1092

C-730

Xyloryctes jamaicensis; Coleoptera

Oryctes rhinoceros; Coleoptera
Bombyx mori, Lepidoptera
Oryctes sp.; Coleoptera
Oryctes rhinoceros; Coleoptera
Scarabaeidae; Scarabaeidae
Othoptera; Hymenoptera

Western Samoa
Western Samoa
Japan
Philippines
France
Korea(Galcheon)
Brasil




3. &3 ZIEEY g

7t SHAJZRE o] & BEWY My

A7 e FES skim milk 12%9} T ¥ -20C 71| £ -1TE US
¥ -70C71x] <4 52 ¥ $ZARE UF AFPoAM d4ES &% ¥ 1719 4&
2 Aesto BE FFE Uttt A EY PP UFol PD 300E ¥ FAt
o] ®Ety 1002 FF st 237 wigstdrt. o] vigYol Skim milk 12%Q) 30045
F71ste] -20C 742 SZA(-1C/nin) A F HIZ2 -70CE JFA|Uct o|RE A=z
A717] AAtl] FAAZRINE ol &3l ARANF AFelolA &8l AFEE
&3 F A3 EstAct

U AZAZRE o8¢ B3y My

FEUL] AR gol] wiFE FAAE ¥4 R 52 glol AFAEM A=
¥ AZPoNM &8 F AfEst BE /FF Usigrt. aWyPes Sl PDA
3004E Y FAL eSS 1004 FFAA 25 viFT F VFZelol A=A
2 F &3t AZ=E FHsta QA Hstalch



A3 A2} 4 2%

1. 3714849 33 2=l
7t E37148E A 1 9 2eEls3

+ A7 F38F FUE 371842 AF 5670 AAA Gl oF 114 67F 1795
ANE s3stadch (Fig. 4) APV EF718FL 178571417 237-& 7132312
e 10748 AvRE ZIFE 3tz gl BYAEHFS tE3AU B
bassianal= 1997'3¢] 7% 6dolA o] E3l 1971 A= 2970 Aol HAA 319744
7 QAR FAL SPdelM 1672 AFH R g APHAcL e
Coleoptera, Othoptera, Homoptera® W|E%t 137] T3 {3} 1748 cl&R7-89 3y
A Z1FHEYgE Rl edglen Coleoptera® o)X  Cerambycidae,
Chrysomelidae, Curculionidae® ¥IEY 147] THHE 7|FE U= Aog 2y
olch (Fig. 5, 6) €AY YNz, 7Zde FIAF 94, Ve SHE 484 ¢
tioll e S HEE, olFrE, vo)Fe FA Fd YoM YA Bgol ¢
At AP BESES ZAR Ay BF B bassiana® FTAFUCL M
anisopliae?] 7% £AZaoAM e, F2 UAFY F3& 7152 517471 A
A= e Paecilomycesd-& Aol ZA VI £XEBIRAU P tenuipes7t
255742 713 wo] A =gl el P tenuipes 25570A), P. farinosus
5774, P. amoenoroseus 17§}, P. fumoroseus S74M B 4Fo] F8 EXsl= Ao
2 ZAE el 1042k dlojelulolAE AR 81 Paecilomycesde] ] 3
%< P. tenuipes®t P. farinosus®] A71'H £X& Rt B3} thE Fol u3ly
W WGLE e Aeg ZAHACL (Fig. 5, 6) 3714874 ¢AAUE ¥
dshe B33t Aol F2 | 4sin Fio] 3o Xx} Fojelg P
Polycephalomycesd8l 7% 3470717} 2aA=HALn P ramosus 33703), P.
cylindroporus 17442 FRHMACL =Y 2 A7pHe ExJYL 71871 HE
Cordyceps&rate] £X ¢4zt WY VAol UAXS ¢ 4 UMrh(Fig. 7, 8) T ¥
o Hirsutellay 2.2 H  clavulata, H clvispora® u]&sle] 57471,
Verticilliuw& Q2 V. indicum, V. lecaniig& u|Estd 37A7t AAHAR
Nomuraea%y2 2 N, rileyol 17§ A= § ¥ 3780l & d++RAF Fol A



A4 =g

A" 237142 LelE 4 AYuiA] ALEAS e} FPolof] 2Rt ujx|
28-S Yot AT HA/AY SE2E 20008 uS0E H7H5tA& Wl Cordyceps
&S v XY o} EYAAY Y A Eelrt JHestda Aol ¥ uixled
S Yol WHOE HBF penicillinolL} streptomycing ARESIL} 120 %
o] glemg Ajpdto] JHeRt gentamicing ARSIt (Fig. 9) A&t &
olof] ciyl wix]e] L HE&E 2 wiAPEE AbB{ R SDAYS] gentamicing ¥ IR uj
e 6% QA& JPHoZAEA EhlixY] oHd&o] Hisf AlE 2490 A
sotout Fgojo iyt Q&0 26%2 ok SDAYO] CuE HIUIR wixle 4%0] F
o] 2HES VRN Ehuix Y] L&l ul3] YA Wotor) Aol Ty &
d.8o] 23%2 HQT}. SDAYO] CuSOs2} gentamicing 7% wjxls AlFz} Fuho]
SAOTHE Zt2t 3%, 8%9 QP& S JHAERA A THI| 8 Ll Yl
A2 A=Y 4 gt (Fig. 10)
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Fig. 5 Annual & Seasoning occurence of Paecilomyces farinosus
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Fig. 5 Annual & Seasoning occurence of Paecilomyces tenuipes
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Fig. 6 Coleopterian Host range of Beauveria bassiana



Polycephalomyces ramosus

Fig. 7 Annual & Seasoning occurence of Polycephalomyces ramosus
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Fig. 8 Host range of Polycephalomyces ramosus



Fig. 9 23" T34 ZLA Hels 98 Mudulix] /et AP A Paecilomyces tenuipes(KNU1601), B.
Cordyceps bifusispora(KNU1602), C. Beauveria bassiana(KNU1622), D. Beauveria bassiana(KNU1625) (1.gen,
2.gen+Cu, 3.Cu, 4.PDA, 5.WA )
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2. AFPE 237184 &5 53 9 de A4y
7h Y 237183y 27573
1) njHlF23 Pelspde] ol U &+
7h  chaRt 2371834 vy §3
AHE 45 T A3} 2371483 TN Ko AA wPstssl Cordyceps
oo ERIAAYE W 2 A tHEHY SR Paecilomyces, Beauveria,
Hirsutella, Verticillium, Hymenostilbe, Akanthomyces %5-2] <of TAEo Y=
Ao % TA=ACL (Fig. 11, 13, , 16, 17, 18)

W) Verticilliunse]l E8X]AANE 2= Cordycepssiat
Verticilliuw&2 E£42Pgo]l FAFA MY FEHA| gon] FAEXAPEAEE=
SASIAY B o2 FAde] FaEo] ot EAZALP MR oy} Tl 2
oA 6708] EREAE BE0IH FEEAR: FHol TCAXoln TTY FYo
2 EYXAA o= Yeld SIS 71X eled C wilitaris, C, kyushuensis,
C. roseostromata, C. martialiso|A Verticilliums2] &AMzl X ol sh}
o] Wl ERILE S F AU FAMAAIEN R FAolM ulAY PeiF
A zolE WA 4 Ugch EAEEHH A7t 27" (Fig. 12, 15, 16:G,H)

C}) Beauveria, Metarhizium&<+e] Hej&ta 2at

Beaveriadid% B caledonica(C1044), B.  brongniartii(C1043), B,
velata(C1045), B. bassiana(C331)% 4%} Metarhizium 43S FAIAAYHu|Z & o]
€3ld 2 B[ely S S BAUY A3 BeauveriadZ 7147t FIAY &8RRG
oji oE}e] EAPES WEE HEE X At Beauveria bassiana®)
TAXANE FRYOIAY WY, AR 3.5molst oldch B. brongniartiis X}
7} A d¥og MY ¥, 2 2.5-4.5mIAct. B velata: SEMAZF A3} Xzl
F8ol A deid #2 §3= "o Aok B caledmica:s EIIROAN U¥Y
o] XS 4B 4 WEEAM YAt (Fig. 14, 17, 18)

2}) Metarhiziumda2] Feld FAd



A= SERYIL 28AEL WYSHA clumpg o] Fuf HojA Qrh T3] £
QEQSSE FAR2} FPAHEE 2 o] F2th 4L wyod, &8y, xIHy
of ol27|71x] tiatsich o] & F xXxje] e} I Av)e) wiet 2 WES
=Rt M. anisopliae var. anisopliae®] SAXAR= 9mo|stn] A3 EA XA}
HEHEE €0l 52tl M anisopliae var. majus= B XA}7} 11mo)slo]L 7]
F7F &3] FT8olFoltt. M flavovirides XA} HwAog wido]a 7-11m
o HelE Ferh EAAEL Ywelrgoez Eld¥olth (Fig. 20) AW
Metarhizium<t2 SIZANZ chidee} UdAHY 3L 7|FE sfded 2F M
anisopliae var. anisopliae® FARAE| o $AX] ZF2), ZLdx FTAF, 224
B, Aot &34 dge] AN F2 8, 9ol AA A=)

u}) Cordyceps sphecocephaladl ti¥t Bejd J4 g S&IAM iy A

2k 1087 718 wol AYH S 2F71484F 43¢ C sphecocephala?l 3
¥Pn|ZF 2 SEMAF & B3l 0]F2 C oxycephaladt el EFoll Aol FYgH
FoE 3FH A% 3t TIE FLE o Ux hedl wlguiR| gl E
EaHE FEUCEN BEQAME BYHA] U Cordycepset 42 ¥ 2F5
ZAA "ol  Hymenostilbe®] ERAMIE AV Iy iz
Hymenostilbedigt == &l E¥zPgol &E71§ 2] U Zo| FRo|ch. EFyy
C. nutans, C. formicarum, C. tricentri®} 2@ 1Fo 8 2T =0 FAIAAY
u]7Z A7 Azt E42A 9 242184 yeEl, oA ol w3 4 ddd
tl. (Fig. 19)

H}) Cordyceps 42} Beauveriadyd7te] A

w AFNA $=38E B3l C. scarabaeicola(C251, 252, C1092)0] Beauveria<;2]
ERHAAUE Zetie AME 535195 SMEE S B3l Beauveriad2] el
ol P VLS FUY £ At EY B bassiana@ TS AR A 4R
219 A7)& 3.5um0]3lE el A n]F HZAA] globose, subglobose, discoid
Be IE3 43 F/HA FLoE AAFAY €Y A Eae dAHEA
AR HelHel Holof 7R Row AlgHrt EJ C  staphylindaecola

o



(C783)2] 3¢ Beauveriad o] EYAAMUE U= oz w3 o= B
brongniartiioll ool AR-& Beauveriadizte] YAMUYPOET 22T ¥ ¥FHY
t}. (Fig. 21)



Fig. 11 22714989 oIy 2§ A Hirsutella rhossiliensis (KNU1048), B.
Acremonium  berkelyanum (KNU1040), C. Verticillium fusisporum (KNU1062), D.
Beauwveria brongniartii. (KNU1043), E. Beauveria bassiana (KNU1495), F. Paecilomyces
tenuipes (KNUT757) Mag 1000%
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Fig. 12 Verticilium®%¢ #eld EHJ & & CordycepsH 9 Anamorph A O
militaris (KNU1281), B. C kyushuensis (KNU133), C. C roseostromata (KNU228), D. C.
sp{KNU1192), E. C kyushuensis (KNU133), F. C matialis (KNU1283). Mag 1000x
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Fig. 13 Cordyceps&@ e ©gd 243 Moy A. C pruinosa (KNU628), B. C
saarabaeicola (KNU252), C. C agriota (KNU550), D. C. opioglossoides (KNU735), E. C.
sp. (KNU1451), F. C ochraceostromata (KNU535) Mag 1000X
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Fig. 14 Scanning electron microscope of Beauveria A. B. cledonica (KNU1044;, X
4000), B. B. brongniartiic (KNU1043; x4500), C. B. velata (KNU1045; Xx7000), D. B.

bassiana (KNU841; %x4000), E. B. bassiana (KNU33L; x3000), F. B. bassiana (KNU33!;
X 9000)



Fig. 15 Scanning electron microscope of Cordyceps (Verticillium Anamorph) A, C
kyushuensis (KNUI33;, x3000), B. C kyushuensis (KNUI33;, x7000), C. C
roseostromata (KNUZ228, x2500), D. C roseostromata (KNU228, X7000), E. C. matialis
(KNU1283; x2500), F. C. matialis (KNU1283, X7000)
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Fig. 16 Scanning clectron microscope of Cordyceps (Various Anamorph) . G, C
muinaris (KNU128L;, x3000), H. C militaris (KNU106%; %4500). | C oxveephalu
(KRNU2603, X820), ). C sphecocephala (KNUT26; x840), K. C ishikariensis (KNUT471:
< 50005 L. C oploglossoides (KNUT735; X 2000)

..61_



Fig. 17 Scanning electron microscope of entomopathogenic species M. C, optoglossoides
(KNU735, x4000), N. € graalioides (KNU1352; X4000, bar lmm), O. Acremonium
berkelvanum (KANU1040; X4000). . Acremonium roseurm (KNUL042; x 4000, bar L), Q.
Verticillium balanoides (KNU1039. X 7000}, R. Verticillium lecanii (KNU470; X 3000)
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S. Hirsutelia

Fig. 18 Scanning electron microscope of entomopathogenic  species
rhossiliensis (KNU1048, X 12000, T. € rhossiliensis (KNUL048, x3300), U. Hirsutella thompsonii
(KNU1048, x3300), V. Paecilomyces farinosus (KNU1054; x4000, bar lm), W. Paecilomyces
tenuipes (KNU879-1; x11000), X. Metarhizium anisopliae var. anisopliae (KNUI068, ~4000, bar 1)
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Fig. 19 Cordyceps sphecocephala® W3 54 A Cordyceps sphecocepiatu®t %4
%8 A4A B 2hdzt (Mag 200x) C. B4 AldiQl Hymenostilbe sphecocephiiu®) N7
D. H sphecocephila®l ¥R A08 (Mag 1000X) E. A FE A4 (Mag 1000x)
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Fig. 20 Metarhizium& 29 24 E3 A M album (KNUI050), B. M. anisopliage var. anisopliae (KNUI068), C. M. anisopliae var.
majus (KNUBBD), D. M. flavoviride (KNUI1051) Mag 1000X
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(A) Beawveria anamorph of Cordyceps (B) The appearance of Beauveria rachis of
saarabaeicola C-1290 on SDAY culture Cordyceps saarabaeicola C-252 on SDAY culture

(C) The appearance of typical B bassiana (D) The SEM photograph of different conidial
conidia by SEM observation shape of B. bassiana

Fig. 21. Photograph of Scanning Electron Microscopy of Genus Beauveria allies and conidial
characteristics of B. bassiana



U 237183 el 873 =4
1) B34 237183y x4t i

T3718EL BAA e Y F$ 271 7¥H0lA sHAlolof] S WAUEE
2o, EEALY ZF $718§ AXZ A 9UolA 108 4}olo) g URPNES
Byt (Fig. 22) =3 Ul AZo] BM C spechocephala, C. nutans, C.
militaris®] FX&°] ¥%en] C tricentri®] -9 2uj4il, C. yongmnensis®] 7
T+ §EAE FieE EFAYA tie wdsEE REGE BAcl C martialis®]
25 AT getolM Fg4e] FEEo| ARt C gracilioides®] 7§ ¢
A7 A 2322d Aoy A5 ct. S8 Y B$ B bassiana
2} P. tenuipes®] X W7} 71 wtd FFEEI &L 430 TIPY AZ
& TSR UASE 352 B¢ A 8o HUY Yo 27HER §
BAo] AFFHLe AP WA TRVEEE ZY AP B3 Ydos
Aol AA che AP Ach.

th 3E7H RAAEY ©Y

AE, Ao A JHATL wobrhe 5852 ©Y 9 £33 59 e
FE 104 2e71A] ZLAYE F4oE AF F 5678 A GolA Cordycepss; 403
98474 N E 3Bl Torrubiellad 2% 474ME 433t £ & 79 %
oA 21F U Cordyceps yongmunensis(r373:Hul7|V1FFH3x)E Y
T Al 2 2 FUlx $BE SEAAT AAEHE HAY Fo2 7N}
A3, Be=dcrh 532 Sd F 1% wol AFE FL xAAFY TFE 2
713238l C nutans 321704, Hul7lU §3& 7IF23R= € wmilitaris 1927)A],
W& T5& 7/IFE3= C. specocephala 18474Al0l0] min|3& {3 7|32 =
C. tricentri 307\A|, FWo|{FH 7|2 SK=C scarabaeicola 117}A)], x| #}
o e 53 %Y HUJI§ 71F23R= C pruinosa 11743, Wd7|& 71523}
& C martialis 1170A], =388 R3& 71F2 3R C gracillioides 16713,
WnFE 3 §F7IF2 ke C formicarum 11744 Fo] 3= gdct. FH3ix &
oli= C sinensis, C. militaris, C, martialis, C  solbolifera, C,

opioglossoides o]l BEEAE FESK= Il AUolA A2 WS £5L U2 A



on 123 AHEL] o2l Qo) Aslo] go] BaEo Qltl. u|& A o3l
2} AZuigo] 72 EAZE 2oy ojn] 2 Aol AFzhujol 42Y v}
7t Qol BF T FFI2Y JeldU L Bt M2 E 2RI 228 )
Uy AYolct. (Fig. 23)

el 371829 viey &

a4E Aol o] &3 At 2371 E F9 ZA¥E SAAY A A u)
A= HamadaWix| 2 149 F X2} B&o] 6.0%X10%] o}§ FE=2 713 943}
AL WG| Q) SDAYOIME &2 ExIP Y Fo| BAUHU DT A WY &
T Xt ¥yt sHsstAl BTl (Fig. 24, 25) o] 2 Qsjo] 8% A7) BE AYo]
U H3Y dE5 o5 EAEAE o]8she AYel ZEHOE oY 4 A
HAch EX uixlo] whe} wiokFel AHEE AR K-E9) iy L =AY
B. bassiana, B. brongniartii(USDA)®] Beauveriad; 2%&ollA4:= PDAS} Maltuj=]oj] A
RS Cubic, Bipyramid¥e] ZYo| WYL M anisopliae var, anisopliae, M,
anisopliae var. majus, M, album, M, flavoviride, 1128|3 oA HEoute y
taii.®] 5dF AA7E RF PDAIAE  Styloid¥e] MaltwjxlojAL  Cubic,
Bipyramid® | ZAZ A7} BAS ATt £ &3] 2ol £ ALY Ho)
EU3Y o Yol ol WS Bt T371484 B%olol ois] APEE §
FAY] 22 o]fo] Fon ZFIPFY AU FHAgol T =L EHA
ALl 7igo] sbsstelet A2t E SDAYSR|AtoA 26T == 2-3704 u)
ST Foll whel TRt EAAZE UAA AT hEHQ EPa1E HAE4e
X Hirsutella, Paecilomyces, Akanthomyces, Tilaclidiumso] RA}E] <t}
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Fig. 23 a"9¥ $2%29 B4 A, Cordyceps millitaris, B. Cordyceps pruinosa, C.
Cordyceps matialis, D. Cordyceps gracilioides, E. Cordyceps opioglossoides
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- 1. -

Fig. 24

AT §4 eulx] dyg AY A. Beauveria bassiana(KNU331), B. Beauveria bassiana(KNU817), C. Puaecilomyces
tenuipes(KNURLQ), D. Metarhizium anisopliae var. anisoplice(KNU 1068)
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Fig. 25 U%® Bguixose 237143 2% YAH4E  KNU33LBI7 (Beauvera
bassiana), KNU810,818 (Paecilomyces tenuipes),

KNU1068 Metarhizium
anisopliae var. anisopliae)
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ul, ExbkeEe] ERAA ¥y
1) SHEALEHZA(IEF)E o] 8% EAeEY £4
7 L3718 & e SEa ¥4
(1) EsteraseX]g|
53312 F ol esteraseo M= T Hejo] Werl BAson v
2 ci}d & Uepdidct (Figure 26) ZF #552 1-13719] W=g& yehyglon,
Eo|8lAl B. bassiana (USDA M162B)2} V. lecanill (USDA 3257)¢] 7§ Wi=sl AH
e[ Qigtn 7 &telle F3Y ¥ E& HActh B bassiana FFE9
estrase WME QS HZHUSH FUY FUd = EF3ta W=odido] tietsio 13
71l WMe=rt WA 2z FWoAMs LY S UehdA] gkt €317,
€829 fAbdol e Aoz FAE QL C6429 C643= Metarhiziun& O 2 53
HAdw 2ol C7622F 8358 M. anisopliae$} Wiorrto]l A LFeElyiT}. 0419B,
0420B, 0422B, 0423B, 0426B2> =7} USDAOM Q¥ Metarhizium&A O E ThFR:
M=FdE HATh Paecilomycesd Uol M= iyt W=t Uelds SU8 F2
2 ahgE ] Rt 7137 Wzl €825, €709, C7102 <] FAMES B
Adrt.

(2) Acid phosphatase
Acid phosphatase A esterase®} FU3IA| 2} &3toll Tyt M ofabg Lehy
ded A2 U, WAe 97 BEQYE BAch (Figure 27) &3] P
neoaphid(USDA 3459), Tolypocladium geodes{USDA 3276), Arthrobotrys oligospora
var, oligosp(USDA 3369), A. amerospora(USDA 4808)2] A9t W=7} A el
Z] Qtaltt. B bassiana® oM X esterase?} Zo] C317, C8292 A B {AMIS
Z2F HodAwt 5Es] Fdsict guiyt W=gae Holx stk =R
Metarhiziun$;®] €396, C642, C6432 W=7} FUsHA Ueluted ozt g4
Metarhiziumé 2 27t 3hg H W Zlo] €3963 FUY NEQPS B ALg Ho}
M. anisopliaed < Uthe +4& & 4 Arh SHAIT Metarhiziundolls WET} 1
Zigt vehd Zlo] R, & oM & tlgd g 2eden, F3] nIoy =
UE Metarhiziund RF7} iyt vicokAlg B ott. Paecilomycesdy UolA X Tt}
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4|, esteraseg} FUFA Ko HHYIF T2 A5l
FARE HEgArE By B o8 A5 tleddo] goltt B FoA Egue
P. cicada C475% €825, C709%} H]:¥t W= o¥AkS. w ot}

o

(3) Malate dehydrogenase

Malate dehydrogenase2 esterase B.Ul= thaedt wi=orAl S woc} (Fig, 28) B
bassiana ol A e] WMEFYLS TedtaAnt, FUYW WEPYL Kol dstan
Cordycepssy oA % C nutans, C. scarabaeicolad TtT}o¥do]l wiotch.
Metarhiziunsy YollMe W fAbdol Bot=t] FUY VP4 Bolx] it
Paecilomyces® ol 1709 WEZ} YA S3HoE Aol WegdySs B
donf, 1748 M= et €828, C827, USDA 34588 Wi= $jx|& zol& B
drh. SRRt $FolA =UR P cicada®] 79+ €825, €708, C7103} S3FHojA
Hj:3t Meokaty woth 53], V. lecaniid £ T AoME UL Ho|x| ot
A UnR] LEolAE T e @S 24t

L}) Metarhizium?;, Beauveriadi, Cordycepsd;Zte] S-9]13 A HA
(1) Esterase(EST:E.C.3.1.1.1)

Metarhizium spp. 735 esterase oAl Tholyt wiz7t 3 soey 1 W
47t 1-167) BEe] WEJL Hof tiggol &alrh (Fig. 29) ol 21 Cco42
B9t M anisopliae® AV Z H|ZWUE w vf-§ FAIRRE WEQAdo] Hoj Z
& Zo% uittE|n] €842, C2419 = M. anisopliae var. anisopliae® <37}
coleoptera ¢id] 3t wWi=st Velyt, V] M anisopliae var, anisopliaed
chodyt W= oFalo] Wt (Figure 30) SRRt M. anisopliae var., majus 83d-F+=
2427} coleoptera, lepidoptera of] 7] A¥ FFE esterasediA] RFE7} HU§ W
zokrtol Bt ERY C scarabaeicola ¢l C251, C251-1, C1092 79X esterase
o4 B M=okyto] Bolon, B bassiana 2 FAMIET} Holu RE FojA uj
$ &2 thidol yelutch
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{2) Acid phosphatase(ACP: E.C.3.1.3.2)

Metarhizium spp oA ACP H4E A3 UebhdA] Qat3, B bassiana 3¢ WE
oAt g] thedslx] i whedt gAbg By} (Figure 31)-C scarabseicola 7
£ 33F BE7 YR Wotido] Bof, esterasest -2 FAR Uehd BRI}
U Fo2 MR, B bassianadl A= C829, €317, C331, & L2 ME=okito]
Hol3, C149, C751, C886 & TS WMuokate g wojon|, €208, €501, C1017 =g
UL WME gado] Ueh} FUY Fo FEY 4 gtk sAq 7302 Y2
B. bassianadlt] o}F Hol¥t W= oito] Uejylch £ AYE 4L A3} TF
N8 Hagigol Ueha] a4 olf¢et Hrl We FHAALE Miste] Fy
H EF5A A3 fdBAel oy Bl U AEE +38% "art gt
3 zpgr}

2) PCR-RFLPs7'd & ©|-&% EAEH
7}) PCR-RFLPs7| & o] &Rt Metarhiziurd 2] '3 %o |VY A EHY
(1) PCR 5%

M. anisopliae 3 28 7 (M anisoplise 3 d5: M anisopliae var,
anisopliae 13 3 M anisoplise var. majus 12 FF)ERE $SE DNAF
primer, ITS13} LR3& o] &3l PR $FAjzch FHY PR ©HEY 37 100
bp DNA ladder®} w23l Az} ¢ 1.2 kbolojen HMEL E= HE UolA zjo]7}
glglth. =¥ PR $JFE WHE Uizl 1238 HUIL AejA] B 2-4749
AW Eo] Yelulth o|g} Po] F5e] PR THEESY] 2717 P FF/HY A
9] ol A2l length mutationo] A giche & Uehls RolE2 ol £4
Al AYY [AF dBP S vlal 4 dddch

(2) AMa Aol Hhoi¥ 2 (RFLPs)
PCR 3%¥ <Gl tfsto 123¢] AVEAF AW FZ 1159 ATELN
HEZ B 3F oM {33 Holzt AY vehdA] hotrh 31x]u Mol A 2]4]
WHER FRY A A& & 471 el (Figure 32) Fu4¢H 354 M4
anisopliae var. anisopliae= 47]2] A (161, 180, 306, 541 bp)S LEPA ¥k,
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M. anisopliae var. majust 57]¢] W(48, 113, 180, 306, 541 bp)& Liehjgict.
¥ 5 180, 306, 541 bp AHEo| 284¢F RFod REqt 161 bp AL FUFF
o} M. anisolpliae var. anisopliaeol| MR} e}t OB M, anisopliae var. majusol
Me 3 ojal 483 113 bp FMo] HArh oY AN ulRo] E uwj M
anisopliae var. majusoXTt eyt 1133} 48 bp AMELS M. anisopliae var.,
anisopliae®] 161 bp AM ol = s }e] £719H Mool siteo]] 7]Qgici & 47}
it ol PP £ dFol AHEH FFY A" FaU J1F0) RAIGe] ¢F
BtA] Wth. 18|22 M anisopliae var. majusoiAqt LFERG 1133} 48 bp UGS
M. anisopliae var. majus5ol3 < FARAEZ ZH3g 47} Q). six|gt 48 bp
AU A Gl =t 2] %71 wiEel] 113 bp AHo] o KUY A E
2ta A"l o)tz o] & A7t A o8 xd3} tiRt JFolM ¥rH
M. anisopliae®] % Fo|2Q JAAAE YL ¢5} ribosomal DNA (ITS-28S
rDNA) #7dzjol] iRt PCR-RFLPsE AJAI¥ A2} Mbol HEAo)A M anisopliae
var. majus 50| FAAAEE YYshed 4Fstdch ol A3 njPEAL
SAMNEE $13to] M. anisopliaed] &3h= HEES] AYYL ARgol U2 HEio] ¥
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of ¥ Aoz Atg®rh C-3329} C-251FFF A B bassianad-FolM L S
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8517 A" Zo= AzWch (Fig 33)

3) AIIME B4 B¥ Metarhizium anisoplise] F| HolF e ¥+

259 PR ©HES] A7l ¢ 500bp2 ¥ Holen, 422} M. anisopli
ae var, anisopliae= 11 §AIS7} o] w2V M anisopliae var., majus®] 7-$-
aF7 g3 W FASE BAFYT ol ¥t A= Metarhiziwwd] HE
o] ¢H3] A U2 Fwtolzhe A& FHsI gl o2 AR EFAAY
EE ¥Ay £ dddch £ A¥VAI}E M anisopliaed] &3z HEEY FHY
EREEL 2 Aol dolA w2 Kule] Helet JiciHu ¥¥ o WS FF4 N
AR g iAo ® HIS o 77t ltta Algdch (Fig. 34, 35, 36, 37)
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Isozyme profiles obtained from representative isolates of Beauveria species after
IEF and staining with esterase
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Fig. 31 [sozyme profiles obtained from representative isolates of Beauveria species after
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Metarhizium anisopliae Metarhizium anisopliae
var. anisopliae var. majus

Fig. 32 PCR products and RFLPs of rDNA from 28 isolates of M. anisoplige. (A)
primers ITS1 and LR3 were used to amplify the region corresponding from 5’
end of ITS to approximately 600 bp upstream from 5 end of 285 rDNA. The
size of the PCR product is approximately 1,188 bp. Size variations were not
observed in all isolates. (B) PCR products from the 28 isolates were digested
with Mbol. Restriction patterns of M. anisoplicge var. majus isolates were
distinguished from M. anisopliae var. anisopliae isolates. The arrows indicate
the 113 and 48 bp fragments specific to isolates of M. anisoplice var. magjus.
The 161 and 180 bp fragments in M. anisopliae var. anisopliae are not clearly
separated due to similar size and limited resolution of a agarose gel. The left-
and rightmost lanes contain 100 bp DNA ladder.
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(A) Restriction polymorphism of PCR product (B) Restriction polymorphism of PCR product
of ITS region from Genus Beauveria using of ITS region from Genus Beauveria using
restriction enzyme Mbol restriction enzyme Rsal

(C)  Restriction polymorphism of PCR product (D) Restriction polymorphism of PCR product of
of ITS region from Genus Beauveria using ITS region from Genus Beauveria using
restriction enzyme Hpall

restriction enzyme Haelll

Fig. 33. Restriction polymorphism of PCR product of ITS region from Genus Beauveria using
four restriction enzyme. From left to right side : DNA ladder, lanel;208, lane2;251, lane3;825,
lane4; 317, lane5;331, 1ane6;332, lane7:290, lane8;291, lane9;292, lanel0;294, lanell;149,
lanel2;152, lanel3;501, lanel4;505, lanel5;566, lanel6;730, lanel7;751, lanel8;886, lanel9;1017



Fig. 34. Amplification of ITSI and ITSI region of Metarhizium
species

Fig. 35. Cloning of ITSI,d regions of Metarhizium species in
pGEM-T vecter
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Fig. 36 Comparison of nucleotide sequence at the ITS I,Il region

Metarhizum species
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450 460 470 480
r - A N ] 1
292,AGTCCCC-TGTGG -[AC-TTGGTGTTGGGGATC|G[GClG[A AGC|L10.5EQ
k3 :!\iGiTCCCC-TGTGC—‘G}-.C—TTGGTGTTGGGGATCGGC!GAAGC L11.SEQ
358|A!G!TCCCC-TGTGG—AC-TTGGTGTTGGGGATC'.GGCGAAGC L13.SEQ
ZSL;A.EgrcccE}-TGTGG—Ac-':'roc'rc'rrcc-ccATc!cccchAcc L15.SEQ
351ATTCCCC-TGTGG[-]AC-TTGG6T6TT66ocHTc|celninalgeciLie.seo
ZSQEETCCCC—TGTGGLB‘C-TTGGTGTTGGGGATCN_G__C_GAAGC L17.SEQ
315 it ¥ clejefr 6 cje TiT c"r!'r; rl_]c AT Gmcmmcx\acmcl;\rc L2.SEQ
a2 T'TTClGCTGCGT'TC!T:Q RiT T"ICC.\IGIAA-CC}\AGAGATC 120.SEQ
392 ‘!‘TTCGC'I‘(;CGTTCTTC.AJ LIAIT |CCAUAA—CCAAGAAA=TC L22.SEQ
361 TitnicisleT me WT|N c|T{NICAN C A A[T Gic ¢ A A A AN Clc A|A AA A AlT|cf L24.5EQ
104 rt‘rclcjcrcccrrcr,r}cp\. cNaAlT G‘CCANA-GCCAAGA_] c| L27.5EQ
398 T{r T ciglelr 6 cle | clriTicialT|cfelaiT 6lc c Afclaa - clc a \Jrc L3.SEQ
424_G_,'rcccc-TGTGG:E»C-TTGGTG TGGGGATC{_E DN'GC L4.SEQ
132 i1 T cleie{r 6 cle Tyt c(rlTiciAlT[d e A m;qc A2 -"clc Aa caGaT|c| 15580
sesfaleircccc- 16 T60l6fA c-TTGGTG'r'rcGGGA'rcr[cc'GAAGc L6.SEQ
Eaakfyclr__cccc-rc'rccl- Jalrccrorrecccarc|nleclnlaaccl Lrse

Fig. 36 Continued



Percent Similarity

-2 T R B T T

B s O " S
oM b W N s O

1 2 3 4 5 6 7 8 8 10 1 12 13 14 15 16
B 20 937 02 747 895 220 187 219 194 225 218 880 208 S09 894
17 [ 967 946 756 941 231 216 234 243 238 224° 946 221 972 939
17 00 JEM 956 770 953 232 215 230 206 218 227 920 220 946 939
24 10 09 [ 761 956 239 204 227 241 234 234 904 227 927 915
46 45 45 a0 754 198 205 218 200 190 191 739 198 766 750
32 12 12 07 a5 J215 190 204 237 234 208 897 218 918 920
474 457 457 453 471 445 JYB 935 956 504 671 984 228 942 229 217
479 460 460 456 474 448 14 [ 970 563 642 928 218 900 196 208
494 479 481 481 501 474 14 o5 QP si10 538 951 28 914 29 222
527 506 506 505 517 501 179 178 228 751 599 230 s60 222 224
510 488 487 487 505 481 150 150 199 88 [P es7 228 640 245 26
478 458 458 454 473 446 02 12 12 173 148 JJ§ 225 937 229 215
25 14 12 17 48 22 452 458 481 511 486 456 JJJ 218 930 802
476 457 457 454 469 445 15 12 24 200 165 12 453 JJ 224 215
10 00 00 10 43 12 457 460 483 506 491 458 10 455 [ o22
10 00 00 10 38 12 459 463 481 507 488 461 07 459 o0 [N
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
=
58y
e 1448 g
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S G
842 M.anisopliae
— 29
L. 1015 “M.aniso v.majus
978
?@.an&sc V. majus
642 M.5p
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Fig, 37 Comparison of nucleotide sequence at ITS 1 and II region of Metarhizium species
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L11.8SKt
L13.8E:
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3. 259 FriE&y iy

371, APyl wet F3o HEYZ AP, Ay APPAZ AL, A
gle] FFotREH 235FFY BES v Pol 53U 9 AFARE AUAF
o SHAARE 235¢F F 23FFI7t BE] 4Fslo 90x2] HFEE AFIARE
2353F ¥ 222337t BFo| 4@l 9xe] HIEL ¥ 4 U4Lch (Table 7)
SAAZYYo]l VIFAZ YUK} FEG0] ¥ AL ouFHA -20THR| Y ¥
Z}x|Zto] BE ol BE F= Ao WY Hul, 4 P Fiuy A8 FF
(skim milk, DMSO, W) g E=(10% 15%, 20%)S Telste] 23 Eitnje] A4
3} oujdzte] S et Brl 2 ¥ESN 7Y REUPEE &Y 4
ozl Az, AFAR YYL 2719 FEZoNE TAA=R B} w2 4&
&S Jehia glxIwt BE2] 7 & 7|0 BEME FHIAR Pl o &2
712te] BE &L Uehd Ao ncttt, B3| Paecilomyces 48] A Srix) ¢
Y BTN 7MY W2 EES BUo 2 ol&d iz ZIEY Az WHRc)
£ i€ A g 2ol Wasicia Atggcl
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Table 7. Results of experiment of long-term preservation methods of
entomopathogenic fungi

FA¥EF | A 4| A& &0 | 28 dEF

Cordyceps sp. 96 8 95 8
Paecilomyces sp. 71 11 84 60
Metarhizium sp. 44 2 42 53 42

Beauveria sp. 24 1 95 23

£3 A 235 12 90 % 213 #F
FAQREF A} 4 A& &% | 58 adx

Cordyceps sp. 91 2 97 89
Paectlomyces sp. 75 8 S0 67
Metarhizium sp. 43 1 g7 42

Beauveria sp. 26 2 92 24

3 A 235 13 94 % 222 %




H4d IR

2 47 8% v3E 37182 A 5670 APAGolA <} 114 67F 1795
ANE +3stAct AP H71AFL 178570471 T3F-E 7152 st e
o 107l AnRE 7152 st et E8AIHF clEHY B bassiana:
Coleoptera, Othoptera, Homoptera®s 4%t 718 E 7IAI=2 lglct. 2=
E733(M  anisopliae)L <UAAEY /3L 7= S517A7F 2pAEAeH
Paecilomyces&& Aol AX 2 =525l P tenuipes7} 2557082 7}
% ool AR HaAcrh 37182 LAAE BP9 53312 A =2
71831 FHo 23] Xz} Hole]l§ ¥/dSh= Polycephalomycesdiw2] 7% 347}
A7 AAsEld e P ramosus 3370A|, P, cylindroporus 17JA2 SA3 st =§t
3 A7 EX3EL 7IF7t Hl= Cordycepsdie] EXJS WP Aol 9l
N 4= oladct, L wlo]l Hirsutella® .2 H, clavulata, H, clvisporaS B|%
st SAATY, Verticillium&G L2 V. indicum, V., lecaniig H|E5}o 37§A|7} 2
A3 Nomuraead 22 N. rileydl 174 AAHE & F 31F0] & 7+BAF
Foll AFA 2AE ) o]l&2 & d7& ot APHL FFE FLE olg ¢
T& 712235t ge s A7t WUtA A% Lot

APY 2371482 el #3td AU CuS0&E 200mget gentamicing 3
7V8tH Cordycepsdi& HIZY TE BEYAMIgE MYy 2elsl /Bssida M7
of 2 wixled& olForh oA M2 LHE& YI#Sto penicillin
o|u} streptomycing A&l e} o] ot ©hHo] Qe 3V EE
w2l sta ujdsh=t] SDAYO] CuSO.2t gentamicing H7IRE wix|= A2zt F%ol 2
Ao 2HE 27} 3%, 82 LEES JMAE2N H3IHY IFF7|PF LelE AUl
= yuY + Ygch

AN 2F1HRL TR ol AA WSk Cordyoeps@e] ELAAThE
Paecilomyces, Beauveria, Hirsutella, Verticillium, Hymenostilbe, Akanthomyces
T Kol A= dx o] WHArt Cordyceps&dF C. militaris, C.
kyushuensis, C. roseostromata, C, martialisol|A|l Verticillium$2] &AM |7}
asel e Wejety ERTOT £ 4 dalch

Beaveria®at &0l B, bassiana®] EAAXEAN= ZRYJo| AL} it A7 3 5mm
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ol3} olelth. B. brongniartiit Ex}7b 3 YHPOE AUY Yol A 2.5-4.5m
gt a9jolxs Helel S| w2l B velats} B. caledonica® WHs$ Qlil
Metarhizium&g-o| X% M, anisopliae var. anisopliae®} M, anisopliae var, majus
2 EF U 5 Ao ol FelH Aolg ZHIREE ERsia FAINEEH o]
of tigt AE71Y] 4/dol "asicia 4Pl

Cordyceps 4a2} Beauveria®at2] #AE F 0| FE3IRX(C. scarabaeicola)
£ Beauveria%?] EBURIAMUE Zethe AME F33dL SMAFE $3td
Beauveria%ae] HelFQ chFIPALS FHY 4 Al C staphylindaecola®)
3¢ Beauveria%wd] ERAANUE ZE RLE W HCL ol B. brongniartiiol
ojo] A2 Beauveriadiw2] VAMUBPLE 2T g & G4 &2 #Ac
g dFex Pyt Hch

L3783 M d 542 HamadawlA] 2 149 ¥ BAPAEa} H24&o] 6.0x10%]
olE BEE I 3td 2 YA SDAYOINE &2 Ex}HA-{o] BAEG S
22 APE HeuY &4 XA #EI1 He3tA "ol ol Al ¥ A7)
BE Aol 433 AP ¢F EAEAE o83 AHo A&HLT ol
g 4 oA =HoAch =R wiAlo] oel wigFel EE = BFY |fFe clRdY
RAtA2} B. bassiana, B. brongniartii(USDA)&] Beauveriady 2%&ofAl= PDA9} Malt
wj=]ojlA{ BSF Cubic, Bipyramid32] ZAo] V|HUEUID M anisopliae var,
anisopliae, M. anisopliae var. majus, M, album, M, flavoviride, 18|31 3o
A B2 M taii 2] 53F AAMIL BF PDAIM L StyloidB e Maltujr]ol A=
Cubic, Bipyramid®e] ZAB A7} VAR ACL F &9 Aol EFU0 ALY
Holz LAY 4 gldrh olay S ool E37188 Tolol o3y F3FR
d FFAEe] 22 o]Fo o 378 Al FEol AW 2L £
FA ALY 7ido] 7bestelel AbEH L ERE SDAYR|X] oA 26TE] 2= 2-3714
st Sul Foll wel g EAAFE WA B2y A E8AE BAEK
O 8 Hirsutella, Paecilomyces, Akanthomyces, TilaclidiumGo] ZA}s]eich

2o S5 ¥3es FHELIHAA(IER)E ol4% Exlkedd] 4
O F EsteraseX e|ol|A] Beauveria, Verticillium, Metarhizium®}, Paecilomyces;
oz tigyt MErt Uetits 4 $28 3R R3dAT 7137t A




dl7]Q1 €825, C709, C7102 <}zte] RAHd& B4t} Acid phosphatase2} Malate
dehydrogenasedl & %2 AzE Adrt

PCR-RFLPs7|Y & ©l-8% Metarhiziuw§uie] MF % 33 AXYNE sid=
ul M, anisopliae var. majusol At tElct 1132} 48 bp AHELS M, anisopliae
var. anisopliae?] 161 bp A ulol]l & s} S71€ Mbol siteol] 7]Agici &
F7b glth o2yt @ 2 Aol AR FF9 AW Fau 7 Fo @AQlel
UHSHA Wirh ojidzt ol & ARIIL AA A8 X H3} ciPy JFolA HrY
M. anisopliae®] HF Fol2Qd {FAHAXAE YL $5l ribosomal DNA (ITS-28S
rDNA) -3 =z}oll cti¥t PCR-RFLPs& AIA|%t ZA3} Mbol YA Aol M anisopliae
var. majus 5ol3d FAAARE ©AYsh=t] 4Fstsch ol A= njyEA
FANYE 1319 M anisopliaed]] &3hs HMF-S] UYL ARgol] Y Hxio]
gle} 7|cigch

7N E & B Metarhizium anisopliae?] Fuj Ho|Fte] ERHe 37FH
PCR ©tHE2] A7+ o S00bpE ¥l FHoon, A M anisopliae var,
anisopliaes= 1 FAlE7} w9 &Qto\ M anisopliae var, majus®] 29 1§37
of 493 W2 FAEE RoiFch ol HIK= Metarhiziund 2] HFo] &
3] 2EEA 2 Yxtoleles AN S S5t 3lon o2 A ERAMAY A
S Ay 4 At & MA¥ANE= M anisopliaeol] 45h= HESO] AYUY HE
T8 2 A8l dlojA w2 HEjo] Sejel Jvin] ¥ o WS FFo DNA|
q thFde® H2E © 71X 7t Qcka Algdel

7o A71REY pdelME A7, ARPYol wel FF AEYL WA,
o] AAYAE Y, Ao FFINRGF 235358 BEE 2 ol F
A3z 9 AFARE AASI $dARE 23B5FF F A3FFIE BE Y33l
90%2] BFEE VFARe 2354F F 222337t BEof HF5lo] 94xe] HFES
2d& + vk 2 BEES Urhle Paecilomyces?] B-fole the ueldlA
AHESIAL Qs QA LE ol §¢ BEYo| ulshalsA] oy 4w o] A},

2 dFE Bt Fu 2371829 UYL £ 9 Pejol] BY ARE Yy
T dglen thel &5 AR Felo 4Fst B 4uE Ao 383
A AHEE 4 A& Zolth. EY Ha ALl e 4 FAxKY 4+



REE st A% Bz AL Ay,
A5E e

2 dFolMe 2N /LA A8 A 2E 9 ARSI S BN 4
3lo] ool thiyt Feldtd PR o gz], ey PR 25 T3 EEE& vl FE
¢ S EZ3te v E FAANS 4+, 2E ¥ Y 5P S B3 vHed
L2 Ayt BETIYE @7 9 AUE ¥ o] dE A3 2 % 2 4}
ol it 7228 F5E& FJo2 4P 2 QAU TFIIEFY £
o] AA slof A & AR Fu AEKIHI FHYN EFSFL WuAY
& At el Jusidch A" 231482 EF 53 AAT ¥ys
o] 9lx] ¢do} o]lE FFol iRt BelH, nAERYyY G- Bl Fuiat 37
A EF 573 AAY Ho] AlFsie A2 AE, guFes 44 st
B A 237144 FolY LAY B2 £, +U& BN #-&
FAAYE BEo] Wasitt, 2EE REAUY FUY FRAAE FH517] AP
WHeg 2371844 uAT2Y ¥eiyy AR & B3l AAUY 38 EY #
FAAE FEsidch 2 B9AAC Fo iyl WP Aste] Hely EFel
g ool cdermz ANUY [HEF FHEL EMFA(Iso Electric
Focusing) 2t PCR-RFLPs& B3l 237143 HE1Y F M cldd & vz, &
Bt 23714849 37 BES A E 22 AP FA Agel gl
L Aty og IAAPUS MIs YL o XalE Afyo U F
E317] S ZRAA vy Fgdol FEFolof Wt nEFE Mo AHEE I A
£ 3718 FL o] TUY EAYY 5L AR o3 ol A P
of chyt AFdzs dyo] ooz My B3] HdEE F3le TXIYPY Sl
A g sty 4" 23 2E UYL A¥siach



A 3 & 0jd=s 4SSN esHFol 28t A
Ad HE

Y Fg wet ©@A & 47 S Ro] vi2 [FI1YA oot o #
7138 o2 FM7 25E A3 A3 VIR ALI] ojd ApApde] 4
AEE Boled & 38 S sttt 2eu |7188 oo iyt AR89 H3i:
ol &3 uiel Yol AtAA MY FFAE HEY Fet BRHL XY F
F&ol A HAHE W X3 QPO R AUdl QU AU iyt HY Rt o}
Uzl BESE5S FHEH XA ges2d ZefAE mi2siaglct. ol ol%
2 19924 64Y Rio 87 2o & AlLZE 2004d7HA] /718850 AMRakg uto
Zol712 F7I} Yoig MAstAct wely dF ATl E BF A 4
E5e el W2 AFXE % Fol Jon, AY HaFol oyt BEFt LS
frgste] At 3 F7tE vk 28E2E ZEFY AUE FAN fUE B
ofolt &3 FVIES ¥ ¥ AEeUE olul LY I/HEY YR Al
2 Eld S U4S AR odHr) olgt FAY Fel ciA 3] HEMe I 2}
d#Fol A A-EH EA P33 UG uBEY ALHEIL AIFH AdFolr},

2712 ARAFolA Ut F33 5 F 7Y dEAQ Fo| ndE A4S
Addl, xS EShe= o E AAE I ol E3AU nPdEo] R EAS
o] &3l FAEl MG FUSHe 2A4H7HRol, Soll, JRE T HEZ WA
Ed & a3t A Aoz RaFdch ti®HQ FIYo| FF2E Metarhiziun,
Aschersonia, Verticillium, Beauveria®l &¥h= 3$-5& AMS3la oo, 4% A
AFeM e ol2idt FBol& ol &3t udE $4E Must] LEAT A
ojth. x|t AAZ n|PF AFAE AFEHIAE TH3EUY THol= 10659
S3sich ol FA A2 49 Fulo] APFLE o|8FHE FUUL vl T3
g FEolAtd Y] 2t Q3o ALY wiFo|c)t. W] x]|pAtel ¢ 5,0000F
2] TFEYAE FBoI7t ARiti FPEHU Eoll V& £ o 800F0 £33}
sich. Fuie] 23WAE Fole]l AW A3 AP oY EFY ¢A



ToE 3t FY BN wHAF HUY FWolo tEIE 4 Fof EAT A
Bolth. weld & At Fudel +HE E3ELE W0l #F 5 AL
W Rl B4 HE F2 e Y, @ulAMAn WY, siaE Y, s
o] A2 WA 7} ol Hule] goll, ¥ofl M FLY HFU WEF Fo ¢
T A2HE Ad FFE AUAYIA AU ¥ 3 F PHRAE A L 2
Bollq zApon, EY 4V AHAF AF W 4EIBE A%l Fa WY
ARSoll A AFASuAE Adsiact

A2d A= W Wy
1. 23EY8 FHol9 wiY
BEA A ALY Beauveria bassiana, Metarhizium anisoplise @-F= Ztcy
U FEEY AR UAZRE £F LI Nomuraea rileyis AU Y3
Z3tollA miyhvpbo g e Felsidch. F%ole] wiel2 Sabouraud dextrose yeast
agar(SDY) ®vlXx](40g dextrose, 10g yeast, 10g peptone, 15g agar/L)oll FAMNIE 3
3 F 25CollA 227t F4€ wWizkA] st

2. A3 A

AEZR R0 AH&H WHF(Nilaparvata lugens)E ‘547 1adolA 199037
H F¥NE JIFE dAo] xZ2EHA YAl 2612T, HgE 60t5%, FF7|
16L:8D ZZstollA ol AMRIE AFTE AMEstAch.  Fwo]-Zol(Tetranychus
urticae Koch)x 1993\ d & Chiba t¥}2] Motoyama WAL HE] Hof ule Zo g
A, ZdEE J1FE oA =&FAIFIA] UL 2511T, Arigx 40-60%, FF7]
16L:8D, ZW 2500-5000 Lux ZZ3lofA o AR AZE AHEstdch widEy
BE K2 RRE JIFEste 25%1T, AUgE 40-60%, FF7] 16L:8D, =T
2500-5000 Lux ZZolA rofl AHSstden, ©ujuby, @ujAAnvy, iy
AFAEE o83t 25£1TC, FUGE 60+5%, FF7] 16L:8D ZAstoA AHS3t
%t

3. Al BEHEE



7t s Ay

BEBRL thd sl wetd 7] o P& ARgstdct. Eaidetee 0,03%
Triton X-100 o8 Xx15 FUSIA 41-& ¥, hemacytometer& ©|L5}o] Wsl=
At B=2 Azstedch. wEF Huo| ol 10%onidia/nt ExHE] 2meg
Zto] spray towerE o|§ste] T Hz|stdon, HEAFo] AHE Ealdegde
X215 0.03% Triton X-100 & o7 HEIRF th& hemacytometery ©] &3}l =&
10°%onidia/meo] HA stk wiFFuby, wuiuby, sheiAMuuby, spihpbde
2-33 2 s0njeig 10°%onidia/me EAIHEY 30mtE FHulg HE/2 BB Hast
drh v eEF g AlRE2E w2 E ANSStEen O 9 Wi UFARE AHSE
Adrh Eap @¥olo] FFH AHIS ARGALolA 25T Arigs 85xo] oA A}
& stdlen, Ztzte] A& nfd RAPlA AR 5 71&3sH4ch

W AuE 3532 Lo, SAEHY Xz} 2 43&3e] 484, LTw

o] dyelA wjrFZibge] 94 A5 E& Ad YPAE 726339 Lo AlAt
371 918t 10%, 10°, 10°, 107, 10°conidia/mé ExIQEI)S A2 ¥, Ztz} 15m8
& TF Azstdct. MHE 3 += v=H 238 F 28ute]olg ot 25utentg A
SgelA 2RSS stalch UnA] 3ujele SN EH] S Ex} 40 A3 4
B ZAE #I5ld A8 ol& st 28] ¥& 0.01 M buffer-Tween 0.5
né2}t 7 npfsle] ocatmeal-dodine agar ujx|o]] EWURF ¥ 25T FE(colony)
o] Uehd wizix] wjgstgien, Yetd ¥ 43 & X2 2 3F st

W3 726752 wiFEFUbge] oyt Y A&} LT AlMSH] $i3lo
ExPAEle] 50 ml& 2FF 100mie]o] £R F ot SUY YYo= PEFES 2
3] Arlsioict. 2E BEHE MM FAF= EAE AR 0.03% Triton
X-100 &4& ARgsiglen], AFE&E FAT oy RALIEE e S
Abbott’s2 & o]-&3lo] F3talct.



Abbott ‘s corrected mortality

mortality of treatment - mortality of control

= X 100
100 - mortality of control

4. 24 A¥

24 T2 AAUE WA 7262 SABHA L uRFute] oyt U X}
& 217 913t 19979 79 2ol 24 AYES £M¥siAc) ol 3l %7
o] ZEOAM Aulgt v 5o vpF LY G HFY F 23 Fo] H wizx] 24
ol d AMg3tdct. 3o = XYY EF FHo] Ao wiP 1377 50ml2
Expgetel(10%onidia/nl )& Folg BR7IZ R ¥ 1, 3, 5Unjc} 4348
ZArstgch. FAelFE XS A ¥ 0.03% Triton X-100 -§94S ARSslglon,
olg} 2 ME S 28 AAlstdch

5, 2% A%

Y3 7262 XA FAHEIE HA5H #iste] 19983 949 13U ¥E] 74
s AEZ oA AP S Astach AEERY HYL Azt TN 4%
5x 6 mojglon] £ F3e Azle ¢ 50 molol Zzte] FolA w3 6054 =
wistadct. E3 2tzhe] wio] wipF by @& HF3lo 2y Fol © ¥ 4y 7
oA Fagz wiF 30FE AYsid Fo WURE RABBHHch  ExQEY
(10°%onidia/ml )& 1.5% (v/v) tlS-%, 2% HES} Tystgen, 0.55 L/3.3 ool
oo BE My ¥ 1, 3, 5 70 434 2ASIACh

ERo e A} A4 g RABH] ¢t R A ¥ &4 28, 3, 5,
790 AHz|FoA MPFLbY §F 9ulzig} vidd 3FWS A3 ¢ot FUY W

o5 FF & 2ASHAch B TR AuolMe S-S vlas] ¢t
5 Ae ¥ Aelz AT Ao eoutzly 3ste] #of U WPes
AUZAZE AAsHAch AR7I% § A3 3 ARN(300-2800 no), &%, iy
= & 534 74rielA J1&s3toct
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A3d 23 A 2%

L A 82273

7h WERY dEASYIE Y R edd A

F8 g AU AFASUAE FlojMet o] Augosd BERFE
AR dgol NEEFS ¥t ATH 5 AL Fudold £3E 238
3 Fol 3 F A4 W HAFol HAAW HE £ A& sy, EeliAA
njubt, wi3ELby, 2] ofAlZ UATL ol 3 Aol Foll, W dojy Fo
3 B FA WEE Fol Y AFYS A FFE AUAFN AU Azt y
733t(B.bassiana)®] WEE, Fute] gofl, shivky, duuhy, dujAM el
gt A3Eo] AWl o s Azsiodou, WHE 7263 uiFE U] ciME
86.2%2] 33} 1.63YY] WX AMZHLTw)& B spihbdzt ghlAAauy
uro cthsted Ma] ¥ 10¢=jo] 2}z 64%, 25.8%8] AE &L BATHE 2). welA
WA 126757 sl Y HAS 3 EESAY JHs 8 & BTt

5732 (M anisopliae)Z ¥ Aol A BE A Fol oy AZHo] W
BTt A2 S3FE ol 8 ulFELFH ML shsdel S ¢ F
ik 3 FollA wFd €455, C457, C458-5-7} Hutol-ofoll oisted <oF 40%2]
A2¢S JehNATHE 3). Nomuraea rileyi 925%F8] A9 mhihipdo] cidt 4
38| 612 WHF vt oy SRFEChs BUTHE 4). Nomuraea rileyi
& ol-&3te] dufAMuLbY BAE v BEAZA LS AL $43F F30)
W g 5tel e} Atz

o AU F39 Lo, SAEHY X2} 2} ASE}] 484, LTw

ofu] dyolA ufEFZribdel 4 A43YE A WPAF 726379 W At
8t7] $15ted EAgetd g H28(10° ~107conidia/n) XNel¥t A3} Lexo] 6.4 x
10° conidia/ml ojgjlen Fx¥ A3 &L E 5o uvehjarh e Hxold &
HEdo] B 22t =9} A3 &3] BAE Duncan testZ T A} F 50149}
ol 10' ~10%onidia/nt FENoE AFE E= FAEHY B Ex} 47} 3o
7t ggelut 107conidia/mlol & 430l 68%2 WA Frhstdon ol Ay
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= 10°conidia/mloj A S EHo] B ®z} 47} 1800712 S8 F7I5h7] WEY
S o o+ Adch ET AEA 2ol 88x] AFEE A7) HMAME Folx 9800
78] xx}7h golot i wipEibyde] A2 YAE AN E ExHs=7t Ho
% 10%onidia/mlo] Eojolitg £ AHelM & 4 drh ZEAYEY %
10°conidia/mlofl 48] Wb AR ZHLTe)& ZAPSIA] $i8te] wiEUby 234 2001}
2lo]l tidt A38-S 44 AR 43 B 50 Oy 1048} Yo AHER-L 86.2%
ol WHEAARIZHE 1.63U S & 4 AP oY & WAF 126377}

A43HA $& ZEAE § A 2 84S AdS ujstact
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Table 1. Tphihd W ujAA R LY AFrte =4

WL 443
33F 150.0 g
o} 150.0 g
Agar 28.0 g
Ascorbic acid 20.0 g
Distilled water 1400.0 ml
Formalin 4.5 ml
M.P.H 6.0 g
Salt mixture 10,0 g
Sorbic acid 3.0g
Vitamin mixture 20.0 g
Yeast 80.0 g
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Table 2. B. bassiana @32] A& X2}

A 2 &
T aueigel  wEe  spmu  SAMEUR  spaEup
C726 0 0 64 25.8 86.2
C149 20.5 0 0 0 0
C290 2.9 0 0 0 -

Cc291 13.2 1.9 0 - 14.1
€292 9.9 0 0 - -

C294 0 8.4 0 1.6 -
C317 7.1 0 1.8 0 0

C331 0 2.0 1.6 31.5 -

C332 0 23.7 0 0 =
C829 7.6 4.0 5.2 0 11.5
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Table 3. M anisopliae &2 F82 WUHF 3 K30l oyt 43 &3

4 F &%)

+F

Aulolgol  wET  mpuhpw WEHAMuLRE wixEgpy
C396 10.8 16.7 0 0 -
C454 28.7 5.1 3.5 0 0
C455 4.7 3.4 1.6 16.7 -
C456 A1 5.1 0 0 -
C457 47.6 0 0 - -
C458 42.7 4.0 1.8 0 -
0642 27.9 0 0 4.9 0
0643 16.5 15.7 0 35.3 1.0
C728 39.5 5.9 0 0 13.2
835 22.1 6.0 1.8 35.6 0

Table 4. N rileyi 925 @32] Al% # 3}
A4 3 &%)
+ F 3
i aEuhy by wolvhd el ARy
N. rileyi 925 23.5 61 25.8 10.3

_105 -



Table 5. Corrected mortalities of DBM larvae and the number of conidia
adhering to a single larva at various conidial concentrations of the B,

bassiana 726 (mean t SD)

Concentrations Corrected No. of conidia adhering to
(Conidia/ml) Mortality(+SD) singel larvae{ +SD)
Control 4.00t5.6 -

10° 33.33+5.89 18.75+22.16a

10° 33.331+17.68a 36.11+35.60a

10° 25.00+11.79a 83.33+33.07a

10 68. 7512, 95b 1813, 8939, 50b

10° 88.371+3.2% 9861, 11 +3623. 08¢

Numbers within the same column followed by the same letter are not
significantly different at p=0,05 as determined by ANOVA Procedure for
corrected mortality and by GLM Procedure for the number of conidia adhering to

single larvae, The means were separated by Duncan’‘s multiple range test.

Table 5. Corrected mortalities of DBM larvae by B. bassiana 726 in laboratory

and greenhouse assays

Control

Treatment Corrected

LTs
No. of  No. of No. of No. of Mortality (day)
sample  cadaver sample  cadaver (%)
Laboratory 200 33 200 177 86.23 1.63
Greenhouse 154 10 230 157 66. 46 3.61
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2. 24 A%

4 FFE2 AU WPF 726372 ABFIM vipFubiel ubadzle}
Aol A9 4382 uastr] st 10%onidia/mlsES AHEY B2} X 59 2
Y 1042 o] 2HABA AT FI YAHEAE FY 4 A SAojAY
BAHUSL3} WAL 22 66.5%8F 3.61¢0]|qiTh ol Az 2Alo)N
WAF 7260] A% ZASETL AulolA Brl Leln] A3 AYHL ¢ 4 Ade
ul, ol 2A#Zol FYole FRol AYslA U] WEYS 2 4 sholch
Z3Ed ALZY] s Yutdos A ot MKAo] YL AR W
i ¢3A otk ol Y Ex} Uold] &x& Hu&FE 2= oA AFH
th WAFe] B¢ &2 AFEAE AMME 490% oty AuiasEst 27EHUY B
AYS ¥k T¢ 2AUY $E71 FoE eMxolglon &5 E§F FYo]
Aol Belstath. %ol Aol YWY Lx: Fujtt FL2 opFuict thE 4 9l
A YUt o 25CTE YA gloem £ 4AY 5 24U L& 20C-35CE
Zofzt Wolsl Ao fgo] Ftole 35CHR] Alsstol Eaputolo] Hgtsix] o
2 =4t oY HI¥ S8 257 SAoM YPF 126372 Eaplorg:
Aastdeon AAHoR AEE AXE dsigtiz 2" AT u|F 24
o8] A3gol AURTHs Azl Aint BAelol vls) LR 438 Hol|
W Eol o] yEAFAZL] A £ MYl U & 4 Al
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Fig, 1. Cumulative mortalities of DBM larvae in laboratory and greenhouse
after application of 10® conidia/ml of B. bassiana 726, Vertical lines
represent standard deviations of means
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3. X3 4¥
7t. 1=
=3 AY F2] 71823 38 29} Pol ¥ 3¢ =7 BTAA e
Fo& dHoldden HugEs ool 10087tA] elZtovl F ol 30x7iA]
Walzke Az Aol ul& BF &%, 571 4 25T} 80xe] irpsiA|
gh Fo] Aol Ea¥t AlZcirt of gkt

40

30 4

20 A

Temperature{C)

10 4
100 4

80

60 4

Retlative humidity (%)

40

20
15 4

10 4

Totat Solar (x1000 kJ'ﬁ

¢ 1 2 3 4 -3 3 7
Raye after application

Fig. 2. Weather during the field experiment, Hourly and mean temperature{A),
relative humidity(B), and total daily radiation(C) were recorded at the NIAST
weather station. Dot lines represent average temperature and average humidity.
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L Exp x| &4

a3 3& Al ¥ 1, 3, 5 7dzie] vipelizt FMEHL] X2l XG4 & R
Fth. ZARolA T} 2|44 Ztzte] AW ultl FESHA A4EE ¢ 4 U4l
th Duncan testZz} wiPgl W] Xa} xj&gdo] 1, 3, 5U Fof| I 2ol &
By gt FASHA 245 So{(PROC ANOVA; F = 233.46, df = 4, P<0.05), 22
BERME FUd F3 A3NE AUrHPROC ANOVA: F = 166.55, df = 4, P<
0.05). wi3qlzt FA] EHoAL] Ex} &4 3 XA o @aten] 7d ¥
ZA Edol: 7L o ol Woldld UdSS ¢ 4 Addch R olNH =
zte] A|&dol B ol ft thi-E Wl g¥oln tgo] 4EIY 5 yYsta B
H-& A2 3 ol o] o Mgt Algsct

?—5> = Lont
=] - Lurve
O
= 4+t
R
T
€ 3}
1]
o
-
e oL
i3
@
O
E L
31
4
0
[+} 1 2 3 4 5 8 7

Days after application

Fig. 3. Persistence of conidia of Beauveria bassiana 726 on leaves and

larvae., The mean cfu population on leaves and larvae were calculated per
19.625 oo’ and per mg.
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th W3 726952 XRolM e WAL E

YA 726352 ERAA BATN= 783 443 F78to] 60.56%0] 9l 2nf b
TR AP YL 4.96YU lATH Y 4). vlF Auiel oA 2 sABThs WAt of
SoflA 137t A A UMY wl WS 726772 vipFLYe] oY WA EE
o] &th= A& ¢ <+ dden nBE A2 g 727 FEsiclz & ¢+
7¥9ich.

Au e AR W2 PARES St B0 AY X3} +3Y ©F
EE XA} ol xdo] Fa¥ dA Fo shuglrh. At niel o] AHIT
32 2x7} 30ColY mF Alte] wWolen] wof ¥t FAEHS Xz} FEYo
AT F 140 o 70%7} A4t Hoh 4Y WA &S AdNAE Belg ¥
Z3 v 4¥E Y 7 e AMEE ZA AYPPUE Utk Ro] AFsictzn
staltt. 2E njgEL2 BHol ofF orisich §3] XApo AGidol gt uve
B2 AFyolel ¥ 4 glon, Exp A& dol § AL HMAA: 3
¥ &x7F ZxFol FX171 Hojopt frh ol EAFE AFY 4 A
2ol AP slgolel & 4 th wetd WE ARE 4 9o HgE3
FE AYH Jlg Jdel AIFsiria Az€rh. =R A dY U
52 AZol AlFsith. Austd n|ZE AFAEe A UAY AFEo]
7] Aol AAZ srlolA dFA et HYstd AL HAAME ddAd o
e gol AT FF JMPol AlFsich. Y Uit w HEYHANY 2-3d 1F
o2 28 Md¥ychd Br} wi2A wjREbge] UkE H4Y Z0R Algdrt

o

o, off

oo
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Days after application

Fig. 4. Corrected mortality of DBM larvae after treatment of 1 x 10°
conidia/ml suspension of B, bassiana 726 in field trial.
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A4d FHgaHE

= A7 FUBF A Fa Aol iy S A3y AU F
FE& AYsto] n|¥E AFAE Mustr] st £4sidct. & AFE BN F
£ W] HUY AFAuA & Lo 2 JEAFS AT Aol A YRS
WY A 4 A=A, FUolN +HYY ¥BF (Metarhiziuw anisopliae:
Nomuraea rileyi)} W7} (Beauveria bassiana)& iAo 2 mpubuiul whuAMn|
vy, i 3ELY, vl goll, WEF Foll tiste 4% ARYG AU FFE
HAR A3, YF 7126257 AU, S, XA i dESbdel st At
439 AdS ¢ £ At s EAoM e AR go] AU T 24042
AFERTL WA Uelklth ol Eelt 702 At XAl 5] o ®: Ex}
Wote] z|do] F2¥ WA F9 st ojy AAE ¥ u WRIF26 FF7}
o BEASTABA LY A J5& thEl7] HiA, F2 AEHE AL Al JHAY
B Adyol AAsl e7™ch Aw, ol Eale] x)44d(viability)o] ¥Zs}
A solxls AL 2 AYAA HUsidct. wleld EAE WE2EE B3 4 9
£ A= gl Wasich &8, AA HrloMe e AFAE Axsie
2 AR 1260l AE AF Aol € 4 Utk wtd fAF YA o
B 726552 AddA iyt AYEE A Rol aF™ el Am, Ex o
BALE A v So3tAT, Fad BAE A Yo" 4
ot WHE Fasith. olF ML 4 AAE Zx¢Y JAY dMe 714
7t HastAnt op JFujelxe ARY AJeloltt. 726FFF ol&stol nlAEALS
A2 FE2HE Al At Al 7] 3713 dYo] Wesitiae Algdc)
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A5E FHe

2 gFoAE F2 W] YUY AFARENAE Lo JERZS ¢
¥ Aol AlYIS duUs] AHIZE ¢ dAHALH, SN £FY HRF
(Metarhizium anisopliae: Nomuraea rileyi)3} w733 (Beauveria bassiana)& th#4t
o2 apihvpy, duiAMuiuY, sieFuby, Fdo] Sof, wEF Fo tidld &
S8 AZYS Ad FFE YA A3, Metarhizium anisoplise(573d) 3% A
HalZoll oyt d3Yo] Mz3te] ¥AS ol &y uFEAUSA UL 7Hsdol
3jutstoct. Nomuraea rileyi 925332 spihvhitel iy AR &2 61%2 X}t
% AFEHE AU FFAUS MMM &AL EF 430l 23¥rh
Beauveria bassiana(W§7}g) 7§ W7 726837} ujpE& bl coislo] 86, 2%
A3E WA AN ZHLT) 1,634 2 718 28y A5¥S BAch uwhebd w7
& 726355 o8 nAEHABAHEY MUS BFoR AET opel 24zt 2
oM wieZibgol tiyt WAEH S ZASIch AUz SNEH B
EAppet A3Ete] VLS AR F3, 86%Y] AFES #AE o 9800742
ERA7F FAEHo| EoloH S HUUSIAR, A4ABF ZPoM &= 66.5%9] A3Hz
WA A2 3,614 2 AUoMETH: 2 ¢Rlolx]et de] 2A& MY of o
Al B AE3EE U S o 4 Addch B W 72635 EFRZ 2
Mol A3 HES 3 A3 60%2] AFYA WEAAIAL 4,942 Ao} 244
Hrh= && sXolx|ut o8] 273} 13] £578 ALY o g &2 43¥S U
Ebd& o 4 2Adct
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A4y FHIYIYS oS ZHJ|Y2 45T

Ad A E

¥ 34 Ut $ 2& 4 S Rl HiE {18 sefolth. o
771 Y8 92 AU 2FE AFD AF F7IE L) oYW A
BAAPE seled & F8E dlsich. Zau, S1EE o oyt AR W)
3l olnl del U ule} o] xidolMe] GFEIAY FEY TR} BFEE
E3E FF50 AP FAE 9 Asiee] 202 QR A AW AY ¢ 3y
A BE FES FREHA A o224 dojuhs 873 139 oo wE
AefA 32l Fo] ALH AR FE FI7A HAYSHAE o|A AP A7 #A
TAE HASHA 23] Kolof sk AlFell 2} glth. Rio ¥7 3§ A= ¢o
B B73E sixes Aol uisl 4 I/t e ALY A PBol AL Ao o
Hrh 53] £33 AS3AS U4 AUy 4F A3 IFuke ¥y FAsL ol
o], o] W] tiyt 7l Jdel & tisloiof & wioltt. olA] mx| o} R4
3 wae] At @ AR it FAE AlAEYE 2 s oju] & Zo| o4dHc]
JE=2, GAAEAA /7] §8 FAS UAE 4+ As M2 FF3 5 gl
U A ol¢ Fasitla A Aok AARe: £33 43 7MY diERQ
2ol nBE AFAUd, g AFAE nBE AANE Y ol8sAY nYES
EYUN AAE ol&sld I HE T F, Sol, 435 3L A
€l 2ol A3Ae ¥ 4 k. ndE A3AE F2 ezl FWol, ulo]
&, AFTE ol 83t AUFE YA woltt. nBE AdFHo] AHEEHE %
Heloles tf-E 2215 F8ste A2 3 YAE A3 AMEEHE Aoy,
XA O] Bacillus thuringiensis(B.t.)%o| Ql3, JHo] F=2X Hirsutella
thompsoni, Paecilomyces farinosuss A4S U T3 /|BEL o|&3= A
ol stk 2F 78IS 2250 nAE AFHAZAY e WS BHY
ol 3 gle dolth. o #9 FFL RE FTY #%F, Hd, 43
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5o AAVNE AYsiel 23S FALE ol 7IFE 3o FA Aile] AH
AAAE B AU 2xp3E ¥Asted, A AAyes 2o ¥z 800
o Fo] Ruxa grh. iR 2F 7|EFL 2L Cordycepsdol olol 43}
o F2 At Y 2XE garste AdAE 40 A AR &2
ok ¥ AdAZGME A2 2F 71EF S ol 83l £ HIAE WFY W
AE FHoz Ad n¥E g /MY FENst AL dAl Fo 8
o o] HRG(USDA) B4 AF 717 oM B4 2% 7148 I16EFE ¥
Bsln o APolch. ojst At Aol TF JAF IY dFE
A7 ol g £F dHFLR UslY Cordycepsde] R Futo] B F
4& B oloHY dFAE I3 £ FY Aot ol YFeM 2AAH B
3 ® 800Fo] ulstd £ Fol AW IV dF4ES 2y|dAtn shlch
#7 B¥o] oy ANz FFA s L] Ao F gl iy B4
o] &olA, o] FEo Wy FAIUY d7t 4A I dF JVBE FAHL
2 o)Al 243irlof ol23ich ol KA FUA AF: FF AFY ¥y
U A3 dele ¥, T2 FF A U5l off iy ¥ L A
A Aoz o= ok H3] felveis} Pol £ EAE IF += J2
Qo] & ZF Lol WA W Jlg FHo] o]Fojd HA IHF MNYS
o] 8% FF o] n|BE A3 Auel oM Fasicia iyl

- 116 -



Ao AT Ry

1. 4gANe A=

A3 10 EALE 700l of PD brothollA F& 22°CollA 200rpm 40A13t =}e}A|
§t ¥ FALE AF™ Bunchner funneld o])-&3lo] 43ttt OM buffer(l.2M
MgS0s, 10mM NagHPO4, pHS. 8) 2 A3 3lo] 15m1 OM buffer/Novozyme234 10mg/ml-Z%}6}
gl 80rpme E 30°ColA] 2-3A17t wjokslo] ujorFAIA|S Corex centrifuge tubeoi
Y3l 2ml ST buffer( 0.6M sorbitol, 100mM Tris-HCl, pH 8.0)& HJIRicl 2
750g (1800-2000 rpmxr}o] )& 583t A7 Protoplast%o] A7)t o]%% Pasteur
pipetteE ©o]-&3lo] ZAuUch o|F&EE 5ml SIC buffer(IM sorbitol, 50mM
CaClz, 50mM Tris-HC1, pH8.0)oll E§}s}d: 750g (1800-2000 rpm) of 5EE< A
AlZich., 3% Sml STC bufferel 2 M2 3}¢l3L STC buffer(2-3ml) to a final con.
of 1.25X 10%/mloj] Resuspendeds}o] -70°Cef] ®.&s&teict,

2. protoplast?] &4 2] ¥

Eel" JPAANE 0.1% SDSoll Melste] Botrh <o 1A% BE wigviche, ¢
A du]jh ez BAste Bodrh F¥AANE 4 AABAM BE MR nIFH
o] glolzich

3. % 718 F%elFFe B 3w

7h gubyel why
200 ul of 5 x 106 and 1 x 108 protoplast, 2 - 4ug DNA in TE(10/1)¢f 50 ul 25%
PEG 6000 in (50mM CaClz, 10mM Tris-HC1,PH7.537}8tgltl. d-2<ollA 2083 vt
A|#A 2ml 25% PEG sol. Y3l RT 10minvl A CTE ¥ 8000go] 4CollA 585
AEa]8 ¥ 2-4m] (1.2M sorbitol, 10mM CaClz, 10mM Tris-Cl, pH7.5)2 A|23s}9]
t}. 100-200ul on 1.2M sorbitol, 100ug/m! Hyg Boil Plated}gou{ 28<T.ofjAl 2-3
Ut wgsiAct.
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L}, Electroporesis ®}*(total volume of 400 ul)

protoplast cells: 5x108& Applied to the cells with DNA of 10 ugd}s
Electrical shock condition: V=2,500 C=40 R=700 T=282 GX|§+¥ 5 ml of
PDB-mediun 7}3} it 10 mingdF dA-SollA vi}31el 3 the agar-plates(hyg: 100
ug/ml)of] M XE platingr]7]|2ich.

4. DNA fragment endfilling:

kleow fragment 4 unit, dNTP’'S 1,25 mM, 10xBuffer, DNA: lug®} %15} 30°Coj
A 15625t vjtAlFlgdct. .

5. Mini preperation of gemomic DNA isolation

apztet wixpap plg] -20C 2 A AME-Slo] Liquid nitrogeno 2 Z+e ¥
Eppen. tube® &ZIt}. 7t Fungal extraction buffer(FEB) 500ul, 200mM tris-Cl(PH
8.5), 200mM NaCl, 2.5mM EDTA, 0.5% SDSoil YL 3023 H=gA EEC a¥
11600 x golA 3027F YAIEE]sla Aqueous phased A 2-& effen tubeZich
37CoA 1559 RNase 25ul,ofl vj¥A]Zl ¥ Chloroform: isoamylacohol(24:1)
500ulZ 1585 <Qt M3 EEch ¥ 11600 x gold 158-F¢t daliesia
Aqueous phaseE A 2-& effen. tubed o] &8} &It} L% 0.6 vol isopropanol
2 11600 x g B 10259 YA22|314 3L Isopropanol 8 &3] A|A3tETE. 70%
EtOH 1ml &2 M35} Pellet& Uel¥ TE(10/1) PH8.0 500ul for 12hoj] DisolveA] 21
Tl Purified FEB-equilibrated phenol 500uloi] 5&%¢t €5t Centrifuge 11600
X g2 1585¢ ¥l Aqueous phased A|Z-E effen. tubed ARR-3lo] &7
31 2 vol EtOH(100%)3 7}3td 11600 X gollA] 105t W4l e|slgct. 70% EtOH 1ml
ol 7 MH2F wAF TE(10/1) 100ul resuspentionoll A 1241t ¥ -20C
o4 BEstort,

6. Chromosomal DNA of Fungi ¥<¢l

271 Yol ulel Fzisid 4782] cromosomal DNA & 22} EcoRie® A3}y
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t}. z}Z}e] control (restriction enzymeX 2] kx| &)z} Az AL 4
0.8% GelAtol A7 FZUCHS U.V. transpiterE Helstdlc),

7. PCR 4
AY 9 duiyoes oald WU(Sambrook et al.,1989)22 4% sigd
t}. cThul, primer: B t. t.-toxin gene?] 3° 2} 5'¢ DNA g71HES ¢lo] o
15 base B=& ¥/3 BAIstd AH&sidch slo]A dold genomic DNAS] Fe} 0.1
ugS templateZ 3}o] 25 HAAIH £F3tch

8. Western Blot ¥4

AE 32 B4 AMgEE WHos UMl &, folAd &l 7148 %
ojF £ 1g& 41 SDS-PAGE sample buffer 1 mlof 3¢Qi¥| &-& 7}5le] HAEAAN
¥, oF 50ulF SDS-Polyacylamaide GelofA] 2|¥t ¥ nitrocellulose filter paper
of & ¥, S whid YAE o]f3lo WP S AF3tacth

9. AFREAM test,
P33 AuP Yol AHE Fol MY che, dIANUE ofzl A

Aaazich Zea, 2 Aot = elddolAl o 34T Yo Rop AFHe
iRt AlES HAlstsich
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A3 dF 23 9 2%
1. &3 71839 3y ajok =3 Yyl

FA4H &3 J|A¥FES 1B, Standard 1, Standard II, PDB(Difco) ¥jz|% o3
wixlef] wigsied ¥ A PDB wix|7} PR AAY o= ;UdHch o]
PDB(Difuco) ¥ix] 24g & 1L Eoll Q] th, EL3IL 0ol EF30] vjgeje
2 Agsidrh. Foiie 53312 F5ES 47 o 107 sporesE Y Fto] 22°Co
4] 200rpm .2 ©F 40 AJZHE 719 protoplastd] A|3le) ARE-3}oich.

2. &3 714872 protoplast AR why

70 ml2] PDB brotho] 10° spores FE8 HF3slx F3F HIUTRS, 22°CoA
200rpm 2.2 40A]Z A& wjor¥ch WHAE Bunchner funnel & o|83lo #3&F 4
gt oM buffer(l.2MMgS04, 10mM Na2HPO4, pH5.8) &t HFH 23} E5H42 4 A
o] &ct. Novozyme 234(10mg/ml)o] ¥-F¥ 15ml OM bufferE F EYRich

o. 30CojA 80rpm 22 2-3 A| Ax FUgujF Pc}t. Lgo] ol A corex
cetrifuge tube® &A ©ircl 2 ml FXx¢ ST buffer(0.6M sorbitol, 100mM
Tris-Cl, pH8.0)E 7}t 750xgE 55 E¢t ¥4l & AlUch Protoplast7} &
K] % dofl SHsIA XY pasteur pipetted o]-&stoy Fej3] \dcl. 5 ml STC
buffer(1M sorbitol, 50mM CaCl2, 50ml Tris-Z], pH8.0)& 3 o] &}, 750xgR
587 €Al 2] A7lch SIC buffer & 22F HE7} 1.25 x 10%/n1E A et} A}
Samiztx] -70°Coll RAYCE 92t Lol A=Y Mo UBANF phasecontrast
¥ du]F(1,000x) o2 FHste 2 F3 5 I AP LA Aolo] Bejes
thEo] glthe 2& ¢4 4 Atk o]ALZ nfo] Hol oW F¢t AR WY
AAE -70°Co] BF U 4 A& 7Fedo] A& ¢ 4 A2 1)

- 120 -



Al -70°C B3 Heo] AFAA B: ~70°C 2.3 Fo A AA

Fig. 1. A=¥" T35 71379 483y
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3. Protoplast ¥¢Ql

0.1% SISE 2| 2}2Zte] protoplaste] A 2| thE, HnjF(x1000)o2 s}
ort. el 5ol protoplast: 0.1% SDSofl 2j3) mp2E o] Holx| ¢igten,
control 2 A}2-3%} protoplast= filamentous®eje] wAlN|7} A3 AAs9c). o]
A2 AzY AEs 43T {3 S-S o 4 AUk AHSE Novozyme?d]
=10 ng/mlojATH Y 2).

Fig. 2. AZY 33 718FF9Y protoplast ¥l

A: control {%EA HX B: 0.1% SDS A 2|y WY M=
C: 0.5% SDS 2|3 LUy M=
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4. =F 71338 43 BEA AYE H¥
714 %ol IFF Al YA ANYE o¥E Uob EIINNAM, A
Ampicilin, Streptomycin, Carbenicilin, Tetracyclin, Kanamycin,
Chloramphenicol, Bl Hygromycin $& o8 HE=2 st 44Ut A2} Hygromycin ¢F
60 ug/wlo P E APl A ¢ 4 ANMTHE 1, 37 3). ole 2% 7142
A AW ¥E A¥Y FFES Hygromycin(60 ug/ml)ofld AY ¥ 4= glchs 2
< o] 3t Zojrh EY ol ¥ A/ HHE AuUshed AW EA] {ARE
hygromycin %73 §A2RE AN ¥ 4= Sthe AI2&E FAlol AFstz och
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Table 1. #2¥ Z}Z}e] protoplast 100ute otefel A2 ¥4 =71 §5¥ 21
Al wiRiglo] =3 ohS, 28°CollA 447 wjdsio] A MY AUS AAEHA
t}.

++3 20 40 60 80 100 120
Metarhizium 728 ++ +* ++ ++ ++ ++
i 455 +4+ ++ ++ ++ ++ ++
Beauveria 208 ++ ++ ++ ++ ++ ++
i 294 ++ ++ ++ ++ ++ ++
Paecilomyces 827 ++ ++ ++ +4+ ++ ++

A: Ampicillin, Streptomycin, Tetracyclin, Kanamycin, Carbenicilin,
Chloramphenicol { ug/ml ) & 473 agar plateofjre] AR I

++3 20 40 60 80 100 120
Metarhizium 728 ++ +4 - - - -

" 455  ++ ++ - - - -
Beauveria 208 ++ ++ - - - -

" 294 ++ + - - - -
Paeciliomyces 827 ++ ++ - - - -

B: Hygromycin B(ug/ml)& 3% agar plateo]A2] FPF =
(++) : Normal growth (+) Slow growth (-) No growth
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Fig. 3. &% 7133 8484 A% test

1: Cm, 2: Tet, 3: Amp, 4: Km, 5: Cm, 6: Str, 7: Hyg
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5. &% 7|8 #LZ H¥ chromosomal DNAS] 2]

ThHy 2AS] APEolA vf$ 28 EAEEUY Ad3F A4 4 7833 &
25 NAE sk S ¥3) AlA ¥7] #3014, ¢l A ol wjet 2
2l3hd 4708] chromosomal DNAE Z}Z} EcoRIC. 2 A 2]3}o] agarose gel AbollA] ¥Ql
3led Bttt FAloll control 24 restriction enzyme Hz] 3}A] ¢ ARG Y ¥
o] £2|sto] U.V. trnasilluminater® ¥elsigich o] A= T3 7jB¥F o2 HE
DNAE 47 BEe ¥ies {e ¥ 4 don, thdol olojA AW southern
blot £4o] 2|3t DNA detectionol Wol A& Elof A 4= glozg|a} AL},

6. &% 71¥dFe ¥d A%

T 5752 ¥E AR WIS s 4 hygromycin A 3d FA=}

€ AU U= plasnidq] pCSNA3(2¥ 5)F ol &3l B3 ARG Ax syt ¢
A ditye R AREHI 9t PEGE 8% ¥ A whPog, ol FF2o el
A0 =2] 3ol 2)3le] INAZEH MZUZ AQIE A W4 o] 837 Zial), o]
M2 e odg FFEANAME de] ARSI oy, of3] o] whio] &3 74
SHolZolE A& =Hol A 4 A=A €A x| 43 Ut E, t}E wjes
ol ¥ HAl AE, FE NNET HS ok A& £x BEUY A7F 93
A ARgE] A3 Q= geltt. o] FHE ol &3l FA FFU 807 FFE
B4 A3t hygromycin(30 - 100 ug/ml)o] TRE A wix]gjolA. Ayt & Az}
ofel 13 49 o] 30ug/mio] EUH wiAloME W Ao AdE ARG H 4 4
< ibdoll, 100 vg/mlolldE AL 4@stA] Rola 9len, 60ug/mld 73§ Aws}
71 AR o FFEol Ak A& 4 4 Udrh o] A= oM A"
hygromycin A3/ A Ao} vjzfM, Y FF71 L2 HE2 hygromycinoll A
BBE& Rshal gl Wb, F2 244 AReM JAshe FFES piSN3e e ¥
A Aol Hrtn ¥ 4~ ATt EF, o] W HE HA AYY F AU
3 A = hygromycin X7} 60ug/ml 7} APslchs A& o 4 Ugch
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Fig. 4. A7) 33 ol o3 B3 AN 3 712 SYo|FHY hygromycin
Hix] fjofAl o] Ay
A: Hygromycin(30ug/ml), B: hygromycin(60ug/ml), C: Hygromycin(100ug/ml)
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7. 3 714 A3Y BE AT MEE vector?] Y

T2 714 FHolEFY AFY ¥AS AT ¥E Y HEHE AUstr] AAA,
4 3] Eetanl=24 pCSN43z} pBARGPELS ©]-&3tgith( 23 5). &, pCSNd3e=
FEl& hygromycin A3d FAAE £ejsladil, o] #3821 HAH& pBARGPE1S] bar
gene Thil thxisted hygromycinold 4d'de] 7HedtAl stlct. Zela, Yol 45
ol fAz} UEE JHestASHY] Y3} AZEY multicloning siteoli= Btt-toxin
geneg subcloningdle] ¥ 713dolM U ¥ 4 UEF 2t 7oA
Z93 AL hyg. -gened] HWo] AR subcloning siter} EAY31A] 947 wfFol
Qtl o] A U pBARGPEIE %t Po/ 1 ! Ssilo® A S, klenow fragment
& o]83}d 3‘-end fillingS AA|Rct, ligationA]# &vlE AW plasnidF
Adutstojornt 3193, Btt- toxin geneo|® promoter W& MABII] fsid 4
point mutationg MAIste] ARt AT H9§ THE vhe, A A} Hest ul
2 F4EAER] dotry] sisi R A AAR Hslo] agrose gel AolA
Helste] HUTH Iy 6). of A} VY ASY YIS AU ¥ AV 4y &
HIZ 2dEolA S-S ¥ ¥ 4 Adch o] ¥A AM HEH = vhe HAY A7
Aol AAE dEo] ¥A4E ¥ 714 Mdel vl¢ FLY F-E& AAsle
2hal o{AFCh
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puC

pBARGPEL
5.5 kb
unl

v
4 axcision of 24ib band
from the gel
‘
|
the got

| excision of the nighat bands |

!

[ ranstormation in E.co¥ HB101 |

Inhmuml

<>

Fig. 5. ¥4 A% el popD-Btre] A H A3
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Fig. 6. pGPD-Btt2] DNA ARt Hiof 23t AW ¥ql

8. ¥ AH 2F 714FoAMY KA YUY A2Y plasnid A=

2% 7137 3 A 9 ¥ ARA LS A3t S ¥8H AYEE AH
3} 2 A3} hygromycinollq RZAE-E BYrt. o]& Er)E hygromycin A4 3
212} 718 W8 trpC-promoter§ A, 718FY 443Y dHet 9t YA
|3} Btt-toxin S x}o] 7}t promoterQ]l gpdA-promoterE 7 A|FHrl. el3,
HE o] MIXU Al ¥ chr. DNAA}O] integration © 4= QUEH lox-sites ¥-2} 3}
gich. olgt obge E  coliolM plasnid?] FH& SIste] plCl8Ls AE
colEl-repliconS H2}8}d, E coli oA HA AY Ml A2 ampicilinG
AHE Y+ AEF St ad 7). AM=RE plasnide] A& ¢ RIix] AP
HAZ Aot 3t A7 3% E4& Bt HAstATH}8).
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pGPD—Bit
pUC
Onigin

3

|

J
Famus

Fig. 7. Restriction site of the transformation vector pGPD-Btt

1: pGPD-Btt digested with Bamil
2 " Hindl11
K i EcoRl

Fig., 8. M. A/HindlIl marker
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9. Electroporationof 2]3t T3 JjAaZe 83 AY

Electroporationo] &j&t &3 7|43 ¥ VL §l3] ¢4 7183 Ly¥AA
& Azstdz, glolAd pEY ¥3A AUE plasnidg o3l 23 7Y
electroporationof 23 FA AW 2AL {YYsidch o] 2de2 ¥ A/ A
&% 71¥83-& hygromycin ¥F PDB wiR|ofq AUyt Az} o 100 FF/plate/ug
DNA && 48 + ddich

10, % 718742 chr DNAE €]

Ytz og de] AHE: genomic DNA Ee] ol ofgte] HY-E sl £ 3}
et HEH FES £ A AL HEEE HIchE, phenol/chlororform/
FEB-bufferZ A 2]8}3l, RNase 5-& ol&€3ldcr}. o7joja] Hel® chr., DNAE
agarose gel’dolld £M3) 222} of Zug/ul F=Eo], thio] olojF &2 HEY
3 Adgol o Aol AMEE] A 4 A& A= ¥ Hrh

11. PCR &40 23t H4& {32} ¥l

A AVN FFY chr.DNAE £elsle, F4 A 18I Y HAE=A
¥elst7] f13lA PR WH S ol 83t S2fHAxt EXE HUdsidch 4 0.1 ug
chr.DNAS& template® 3}o], HJ4& FHA} Ho| £ o} 1.0 kb ¥¥-& FZsj4ct
28 9 oM R ulgl Zo] H4A fAA AAE 5 ¥ A AL Al N2
DNA oM = H4& 32} bandg ¥ ¥ 4 Qldich
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lane M: A/HindIll marker

lane 1: PCR with only buffer

lane 2: PCR with the DNA fragment of
B.t.t,-toxin gene(marker)

lane 3: PCR with DNA of wild type of the fungi

lane 4: PCR with DNA of the fungi transformed
with pGPD-Btt

Fig. 9. Identification of the B. t, t.-toxin gene by using the PCR-method
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12. 54 fAxe] 4d AF

FA ] A AUB H4& {3 UP S #}Astr] A, total
proteing Eej¥ thE, ©lF & 50ugd 3] SDS-PAGES AAlstact ez,
semi dry blot ®H-& o] L3l nitrocellulose filter papero] proteing & ¥,
54 A A} AY AA 4 oA {AAY GdS ¥ stk ¥ 10
oA Ei= uie} o] FA AR 2F 7148F0lA B.t. t-toxin FAR} Fola UPA
A H4 whio] A4 Ha glgo] ¥l Hch

Fig. 10. Detection of the B. ¢, t. -toxin protein by using the western blot

assay.

lane 1: B, ¢t t. -toxin protein (marker)
lane 2: Wild type of the fungi
lane 3: The fungi transformed with the plasmid pGPD-Btt
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13. FAAR 25 71AEF A H4 Ud ¥4

BAAY L3718 10001 wigdell A& Wi ¥ FFEZ dejuo] A=
A1 ThE, wAp APEE o] 83te] JHRE Azt JHRE A2Y AN 4
A S FHASI] AN, #ollxel o] total proteing Fel¥ ThE, 10mg/ml &
AR A7 ¥ SDS-PAGES AMAlsigich. o] ZHzt BAAY 3714 Ao &4
o] P AUSS HAstATHIY 11).

Fig. 11. SDS-PAGEE ©|-&% ¥ AY FF9 Aol F4& ehal ¥l

lane 1: Wild type of the fungi
lane 2: Total protein of the fungi transformed with pGPD-Btt
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14. BARY 2371482 A=Y 439 A4

A AR 2T IBEY AP S AU fMAM =2 s $3ES ¢35

o test& AAISHACE 1A 100l vigoye] AT vt ¥ FFES A
of A= AW thE, At APt ol §3lY JIRE AM&zsigch ARE AXNE o
10mg/m 2 AF 2] F 22t Qo] vpE the, |FEE stolF HAsHA st
A3 F 29 Foll A4S A1E € 23 Y #3850 BF Fo S #¥UI3
tH 2y 12).

Fig. 12. B4 A% 23 742AAE ol 8 439 Ad

A B ABY 7 AAAE ol 8 MY
B: ) FAEFS AAE o8 AlH
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15. Beauveria sp. @52 3 A#

Al dAHLR v|gE AFAHZ 3 MU= A Beauveria sp. FF-5 0|43l
oM s A AV e ALY S AR ax shgct ofke, & ¥A
28 ol golstA AAEY A Z9, o 7Y ¥ AUS T M2 A
28L& A Beauveria sp. #F& /Ushed E =20l FHelel ojAZT] o] AY
= 571 YA 2 dFHol FolM Ee|¥ Beauveria sp. & AHEsiglch ¢
A sl dFE UHUE JPAAE o LW F, AU 3y ¥ ¥4
ARE AAstoch. o] HA¥E HA £ dFeAN iud ¥A A8 wyesw
Beauveria sp. &F& o5 §olI3tA A AV AL 4 ASE ¢ + dAtH2Y
13 9l 14). 2E2, & d7d4 Aol g3 3P P doE IF NNFS
EUY AMEL FPo] 55 BA AUl 2L H4& Austed mig #8351
A *H&E o] = elet JAZc}
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B8

Gea
SRR R
% S /Z'V%} 5%
S

N
\,} g

Fig. 13. Fu Beauveria sp. T3¢ P AUA ¢« &l ¥

A: Be|¥ Beauveria sp. o2 Y¥F AN,
B: 0.5% SDS§ Mzl stAE o) |¥¥AA
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RS

5

R

s

S

s

.
7%

/é;s“

2

Fig. 14. Flollx £2|¥ Beauveria sp, 252 A7l $4 whiol 2§ g
A 2] Add(hyg. :100ug/ml).
A: Beauveria sp. o3¢} wild type, B: 82 M¥¥ Beauveria sp. d.
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A4d FY 2E

% 7183 25 n4dE AFARANY Ao W2 FAHL tiyel
Hi e Folth. £ dF6ME o] 3 J4Fed A yHElol H4& 43
A2 Z o8 B t.t.-toxin gened AUt AFH He HUdEF BTY 4F
& PAA7In el ol A 4 EF J4EFY Y 23S ¥y
std, ¥4 AR A AL 9 A 3P dAo] oY ¥ AW/ PHg
gstach ole AHSE 5ol UIolM El¥ REolL, ofF FYUYR F
Bol <Eo] AL UAZ plate AJoljA2 ujjgo] B 72 2t oy
Zolth tgolu, ¥A AN wHY Ay ojn] I} U PECE ALY W
HEE ol% ¥ + Aoy, sl AF¥E vk} o] FAfolA UFHE 44
3 FFoln, F&stxo] ot FA AR AFRIANI} g el B A
Bsl7lol= njEY AEo] U VAR ditFos &4A o]8 ¥ 4 A= W
Hel A7 74 ddS Ay sidch 3 AN FF AUs A€ AL ez
£ hygromycino] ¥-F-¥ PDB wix|7} A RAeg uveiytct ¥ AVH F
Fo] Fxp BENH EMS Bt ¥A AP Helo] XUY B L.t -toxin
gened} {Aze] UL st YAH FFE G ¥, A=Y oS,
U2 Azt o] £ A& Bol M3t At el wiE ¥, A
dE(EHg HaE) {52 s A3y AJES AAstact o A} &
3 1R AAY 29 AAold L veiux] dud zxat ddeE {Fol o
Addgol ¥4 ARY F3Y MM Ee el lgo] HUFAUC o2 A
% N1RFY AFFel 3 FAH Pyl 3] ¥LHUASE ¢ ¢ At
a2, ¥E AUE F3E5Y A KA g8 F=Ub e Aol PojHe
utel A B4stE S ¢ £ dden, FAA QAT g HoE olo] I}
A Bl e AL 4 £ Adddrh ole ointx, EUE RFAAI dHA
DNA]l integrationo] QtE|o] Qltie A& WAL YAlsl: Zolet AAA
. &, 25 UMY =¢ fAxY ¢Pgol ofAL njFsjrie Holr). o
2 Az HEA o) tistdME HER W AFI Westejat g AAC],
ol 9} ohZal 2 ol HYW A PP AEE S AU A3A
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FUollA EelY MEE T}E Beauveria sp. S ¥ AY AAHc) o] Ao
A Beauveria sp. 37} ol §olstAl B3 A¥Exo] I 4 AXZ Ykt o=
2 dFold dEeld Yoz IF J¥IFS YUY }E FWo| FFE ¥E
ARste] 2L 5F S Ushed ol -85t ARgE o] Aelet ARt ol
A dFE o8 A3 AAES A7 AYML FYAoS vjasie] iU B o, &
A dEd ZRct Y2 dF FAE dgcin & 4 YAk 22la, ol o
F AH}EL MEL FA2E o8 u|BE A3A 3 AP 1w 253 AP
<% 71339 73 AL, JU $AE 29 7 o FAY Ay, a3 a9
Aol 7la& olWslq FEFHI = ¥E ¥ 4 ledle} AL

AsE H Q

23 718FE HIE ndE ABAZAMY el WS FAHY o] F

[}
=

A3, A A| dEl g 9 AJ] FF Yo g A AR P ¥
Htach ¥A AHH FF A4S AY AU wixl= hygromycino] K€
PDB uix] 7} 2wyt 2oz Ul uich, ¥3A A¥Y 79 4 YEYH 24
& B3l ¥ AN welo] XYY B ¢ t.-toxin genex} KHxY] WH S ¥
Astoct. HAH FFE WY F, ARY t}L, FEUE AAsigcl. o £
4 AAE Soll FHAste Al gl uwiE F, A EHG(HE HAE) ¥
& ez A3Y AHEES AAsch o] A TF 78T XA B A
Aol s UGERER] kot ZEx} eEeY fBol iy AFYo] ¥ ARH F
F2 Azfol A= vehtal glZol ¥AFUT o]2AM TF J¥FY HF ol
3 FEA el g3 VAHISES ¢ 4 Uk =Y, & Aol Ay
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H ¥4 A% WY OS2 Beauveria sp. F52 FA AYo] o}F Lo|51A Hof A
T ASS At ol & dRoN susold whjog I IS UL A)
2 FYo] ARt ML §AH& Jdshed v]9 88314 AHL-H

ol AT AL AMELE FAAE o8 nAE A3A
2 AF I FE3 PE T3 /143 /3 AW, 23 agAle Jlas
ol M3t FF st VE #& + doelal HAAC)
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s & ZE7YD Ui =g
AEd ME

Y B 84S AU A YA e siFolu Hx F& $AsA] A
g A AAAes de] AMREI oot e Ueke 1970d ik s uA
of whel d3FAe] AMgFe] A& FIIsia o, ol AR A3A Y njE3] {3
RS FRIJE S8 A U Bl FEA 0] HEHA {3 242 g 9l
th. et o] Jle +ALYE, +34EHA M3 F o x| BREAE Al
712 it ol ¥ AFA= thEE HE F Ayt S HYY F2E Fol o
StALL HEsolA FejAo] R FUR A[Hch Euto] ohjet FUHY
AFEAE dsl Holrkaol ¥ xdZoln ¥F VAU 2FL ¢ of3NA
il it =T AFIAE AMFUSTF 32 A3 ol S8 ZHY A
FAE AR&3tofof Bta, 32 WAE T3 HFAE 2o Yt 29U wE
of 2J3t IS ol &3 ol BAE WAY ¢+ UL AT FYAUrL

] BEE o] 8 AF FULEA ITF HUET FUY s Asl W 4
F7F Aol gom, ole] tiyt Aol 1=H3 grHQuinlan et al., 1983). &
% B8 28 A3 LA ol 8Y Fe W olAEC] =, HHELY FFo|
AL, I A™d Q A&A4olo] glen, o] HAEE FEE & F U
th &3 848 I¥oly AF VAT AFojre] HUPelolni(Kajek et al.,
1994), 2% B8 2 £4 XA} (conidia)7t 3 ol EolA PolstdAM FHE|
E%< &t EUAd &S shed, orlels ¥ AY FEIESS Btk
chitinase, protease, 12|31 lipase5?8] FAGo] AALsH= ZHos dax glr}
(Rapp et al., 1992). ola|¥ AAEL VX AHAUdA T35 HYd ¥4 4
%Y A=E TAFeE & 4 de $& AEI € 4 glrHHawukkala et al.,
1993). 23 uifol AT FPole KA B 3o 3 UFE =2 §
29 mlojetg AP, FEOIU LEF B 2 2P| HE T3 FE
E3S B 3e® Ui 4t Y Fele i Y M e
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ARG Gatsteo] ulglolu B 54 F4873& ol &3l ¥2x9Y e &3
& 7t Al fIcH(Moore et al., 1993).
olE TF BUAELEE A3 o] &Y FF vhaH AL UdMEo] AUt AT

IBRE, olF FE Bl APFY =& HUESHY 33 52 TS MY
faa4rt glol ¢Agol &2, FFIN= N MEAL T HAY 4 U= AY
gol cleni, =¥ AFA AKgdo] RAIF o] WEAQ nPF A MRE
#A3teg Zd 4 glcHSamuels et al., 1989: Milner et al,, 1991: Zoberi,
1995)

o] AE A3AE 2ANG e dAajgel] Eal, FAlN, Tl Xz}t FARA
o] EyAY] Hel2 Py 4 olch dutxog Aol Expgste] e
A7sa glont oiFRse] BAE oifo] JApiYE AEEI orh. dajsjdel
A Az FA S A w7 AP F A EES 2Ast ExE AiF
Ay 4 glch

] E ARAE ddFLoR o317 HAME o= Aol ¥ EAIF Yol
ok AL YA A ndE AL AEAE A " =242 o)
&2 ZrHRoberts et al., 1992). AHzl ciFuidol YUY FPol& Addsjof
ok oigeigel] AU TY HFS wE 4%, FHE A8 FEER s
3|3l 2B A3EE Bojo gl Fuxle ujdE A4S HFih|8-& Ao}
At olE ¢i3l At wiRle] Mol Wasty, wixle R/go] AW, digeR
o]§o] 7Hs3la, AibEgel HA HA™ 4 A& wixlolojo} Ycth AHAE EFF
she EFET Fd5 AEF AYsolok Y} ulx|to R ApdAef} ojet {4}
3 BN AEEU S A gAl 4L BV Mol THsIEF AP
oo} Rich Aolth. Roberto 5(1993)& Metarhizium anisopliaed wi¥ste] FA}
A& F2l3t ¥ maltose, sucrose X dextrose 10% RS FApjo] BAg ¥ A
ZAFAAN 4To| 4507 RAY ¥ B2FY 189 3.59 - 5.32 X109 &S X
2o} 48 Y43, Beauveria bssiana®) maltosed H A}l ARAZIFE 4Tof 45
gzh B ¥ 8.62x10°8) BAXAE Jorin Baslgt). Stephan 5(1998)2
AAu ol BEY EALE spray-drying 7| &-& ol-83te] HYA3tH o], Hassan
5(1989)-2 =xMg Akesty] He] nje] vt FxE Bol €Il $2o2H

g de

Ak
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germination time& Fo|i o|& F3 mortalitygG &Y 4 Arlx B Iasidct. ¢
oA AFT 471 =3 Fold 8 71 58T A2 AU A3 PSS AL A= 2
Z7184S il gE shs Rojcl

dutn oz ZF73e] ciBuldS A3 ANl gANulF e|a olxtAy
% (diphasic fermentation)o] FZ o]-gE|3 qltt. IAujYS Aol 7y B4
225 ol Bd¥uthkes HAS 7R Atk 2y @A Japuigx gol d3H
2 ol ol Al vl qAujgo] FriF L2 A scale-up B4 Y&
Aol 7]l wiEelth. gAuige] TWHoRE itjFos B|AHM B4R
blastospore7l @ojthk= AHolth ol& JFH37] ¥ sporulationd FEst3ie
Y2 A7t Adch Delatorre 5(1996)2 F71d4de] AYY Aefollds Faj2
dAtojiL} Xxje] Ado] o9 gt B33, microcyclic sproulationg o]
g3t} ExpEz 24X} v 2 88.8%712 F7tAIZT] Roberto $(1990)2 i
ZZ0IYt AR 5ol whel YAPfFA] conidiad P4t 4 dcia F35%ch
e Z71MEE FAR e BFE uiREAY, iU e FIMITIAY,
calcium, copper3-& HIIIFIAU, FAAE FEHLZ ARAIAY, FANE
A4do] g wiAZ o] FAIFIAY st WU L8 sporulationo] F71YE YE3}
715 ZcH(Claude et al., 1965). Kleespies 5-(1998)2 adamek u§Z|ol lecithin,
collagen, lactic acid, polyethylen glycol& M7ZIslod A Rz} 48 Hol7le
3tadch. ¥t blastospored o] A-331A 33 A2 blastospores FEZ
Z3to] 770H T 4TAHA BF Fof 60%0| 2] viabilityE ¥Usida, o Eal
£ air-drying & Zfolls 22 2ol 90U AA Fof 25%0]81e] viability&
#&stch(Jackson, 1997). ole} 2 A-E F3l blastosporex 432 FHoe
A& 4 A HAch oA Y gAYt A WAE BE o]&3h=
Aoz A, dAlujotels FFY FAAE ARG 32 B fol AN X}
A8 & FEshe Yot

Beaveria sp2} Metarhizium sp= n|E Al&A|e] 258 Qe x|&Hog o
TFEo| Zey, ol &3 BUE I& AYH 22 o83 AN Y FLY F
A 23 A4S FASHEA dBuldE she AAd, FAA 2 2219 ofg
GS ¢l chgdt v RAE UFAFHo} FER F ol AYY 259 pHE HY
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s, gl dute wixlet dighuig 23& ¥3Mob YrkSneh, 19910 Jenkin
and Prior, 1993: Butt et al,, 1995)

£ dFoME TF 7I8EE udE AFAHE el o83ty 3 gAujed,
Al ela olctAluigel ¥ tiFugraR ¥l 2 KAolth ©l& ¥
8] Metarhizium sp®} Beauveria bassiana 7262] AAZAS ¥Ystm A4 viz|Qd
Rz AAeE LS ol &3l FAY i} AL S AT wixE HF
st FAbAY] oAyt el ot FIYY 2YE MAsln 1§79
scale-upoli} Tizk)l 1] FFe A3 Fof ol8H RS AHAIsHAch

AH2d A= L ¥y

R

22 vl sutole] dZ ¢l Beauveria bassiana 726, Metarhizium sp.
ARS 2231 12|31 ARS 978 § 3 ¥4FF ZIduyz s H4EUA W & AFYyog
B £& ol & AyelA AREsach

2. wjix]

FFER YA ARRE AbHuix]= DPA (dextrose 2.0%, peptone 1,0%, agar
1.5%) ¥iA|E AMESIAaL, FFiAIZ= DPA wiA|oA] agar§ AHAY Juialg A}
g3t 4348 HAdE A APE AR & chitinase HAS $j3] 4= Table 2
o} e 2MHow nts9gon, protease ¥Ql R 2= dextrose 1,0%2} skim milk
(MR EF-chd 35% §F) 1.0 22 agar 1,.5%F E¥sted wtEgch
Lipase®] #<¢lujx]+= tributyrin (Sigma Co.) 1.0%, potato dextrose broth (Difco
co.) 1.0% 12|31 agar 1.5%F A ZT§stod 283 wo{E ¥ homogenizerE o|-&3}
of #3AAA THEsTHRapp, 1992). 2E ulxlE 121T, 15714004 1583 2
sj4 13§ petri disho] 4 mo] A2 E£535te] AMgstHct

7 718w #3
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TG U2 3% TF HUEE Tl 4ol AYUY 1A Yt HHY
HPG2EE dotRy] fdste] Fole] sHF dWbAA AMguRAIY PDA (potato
dextrose agar - Difco) vl2]2} SDA (Sabouraude’s Dextrose agar - dextrose 4, 0%,
peptone 1.0%, agar 1.5%) vix] ¢jo] U2 FF& WI A& o] &3l FF3tAct

. F uld aiA] 28 ¥y
DP broth& peptone & 1%{w/v) & A3} 3, dextrose & 1% (w/v) ¥E
5% 7x] 1% 9|2 w2} gkEc)h  of7lof} PDA ApHulR|( cap tube, 16.5 X 125 mm)
of i} Fold #& HBFF 10 nlE |83l XAl  FAME Eesta, ol§ 3
FalodM HiQT F FALE B3 F vidol P AYY viAlE dEstal
=2

3. vz HY

7h A Y 22 ¥y
N F5& agaruliR]o] FZ3slo] 25C, 28T 28| 30T ZAnjch 2744 wjed
o 14d=l 7ix] GRAelE BASIAL, FFY AFS & FAY 4¥S
Barstodt. E AR U S 712 R §) Beauveria bassiana 72623 73-$+= 23C,
28°C 2] 33ColAq WiEE 5.0% bacto peptone 1.0%8] A wixlo] YEsled F
AN =& FYsiAct

U #F 27] i §7%

E b A3 71 2uiRe] 27 phE Hesle], 2] P HALEA
wjadstel FFol FANY JBEEE FAsI HF pig FAIUCE
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4. gy

7}, A wjeg
Al FFe) 8RS 533 iR 71 98 AR A Fepadel
A2l dAujeL 250 nl AZtEetATo] XYFu]7} 100 nlo] HEF gNujAE T
FolA4 28T, 180 rpm &2 RIS} siich AANY IdUS 71HE ¢ FRol:
250 ml HZtEetAaTolM 2GR E 50 nlE St 28T, 180 rpm 2 ZElujoFsial
tl.

Lh el o oA}

H2EetsIol e IAPLE 2.55% 5.08 71WE VIELE SEURSE
70%, 80%, 90%% ol 250 ml MZEeiA oM 28TolA ujgsiddct of wl F
32 sml 2 AMEsHch

Bench-scale LA} oA uiRE ¥ 7] A EAME ground N3, chopped
HE 23 Urlg & O Ll ZUste ARgslglen], £EUPS §, WY 2
2|3 tryptone §4 o2 zAslgct AP FFJog: FFuPulxlo) A
B g g Mgt en, oA GE FudiAloM BT FYS YAl
wiz]ofl 10%2 HF3t] WP FAS AHE3Hdct 7)do] £ERFS RS
2 F zpzte] FAE 102 JFSo] 28TolA 6 - 104 vigstadct

5 71dAAz

7}. Colloidal chiting] A&
Chitin2 ¥]4-8/doln Bl $4AYL2 Aste ¢ iyt 22§ 74
L 9l7] wiFof Atolu} Hiof oM A B A gt 22BZR chiting o]
AxLE Bol BAA]HA chitinaseZ} LY 4 QlE colloidal chiting A 2sl] &
A2l 71A8 A}g3ledct. Crude chitin (Practical grade from Crab shells, Sigma)
100gol]l MR d4t 2,000 ol & 7P§}°4 4Toll A 24A13 B¢ AT glass wool 2
ozistadct. AZYE 4C FFFol VI8l LAIFIE B8] colloidal chitind]
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B35 g2olA colloidal chitino] 7jelekS wiztx] Wx|s}e] A5 Wt
o] & 7,000 rpmoilA 15%3t WAEel® ¥ PAEE oA SHaol B4 ¥ N
NaOHZ FEAch 918 ZPPollA 48 NaClE A ASH | A 3~43] FH=2
AHE F QAR esld VHES ¥4, colloidal chiting A ZRs} )

L e AAel.

Sl JIAE2E AGAT dAFHNAM AFLL FUE ARt 2 A
Hol] A3 o] RAJ.2 30 - 35%2] sucrose, 10 - 15%8] AN Xz} 3ot)
JeEla AUy 1ZEY s T0x(ww)old HEY s 10.4%5t). 713
= U AT FBE 517 ) ol MMz sto]  Beauveria bassiana 7262
ufogell Ag3tdch. ol& F & o]&3lo 4ule HMsta Pato T pH 4,002
WE F 121, 1.57]%00lA 30833 dAe] stach. dA2E FUSE 15,000 rpwoi]
A 3027 dadgel F 2old A& F50lelM Aol AHE-stach

714 F 7ix] gges AAe stact shue 2o & lmBEE 383
chopped strawglil ThE shihe YAufgdo] AMEHAW 3 B2 ground strawd]
c}l.

6. &4

7h BeEe] &%
et} sucrose?] HE&= Modified DNS Method(Miller et al., 1959)% &

Astolct

Chitinase, protease 2|3 lipase &3A{ ulx] o] HZFY
paperdisk(ADVANTEC, 8mm, thin, Toyo Co.)& &¥¥il, WBEE 20 u % HEFs}
o 28TCollA vt ¥, 2z} wix] #19] halod] AZF& 2¢=2} 4Ux] F 8 &3}
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A54e A=E BHH R HAstdrh

th. #AF &3

FAY ZAL dry weight 2} PMV (Packed mycelium volume)& AMR-8to] &3
8ledth.  Dry weightt ujo¥e]& filter paper (Whatman No.1, Whatman Microfibre
Filter GF/C)& ©l-&3lo] ¢ o3} ¥ FHSFE o] aix] &5 AN ok
80TCollA ol ¥ wizix] A=zsl AYE 5ot PW & BEE 1AL 4}
319 of Z3shoh HZ2 wiAlE BEAM shile #& FAFA] UL e
oM, tie shte F& widY ¥ G 30 ml A FYI] B2 Gg sdch
15,000 rpm 2.2 2083 HAREE ¥ F 459 FHUE FYsio AAEY ¥y
E F¥ch AAEY FuE YEE ¥ F 5 iV RoA wjgsir] 42 A&
wjFold Fojt ¥3 & F%, A IFE Fladch

PMV (%) = A - B A uigue] ZpAzt FAle] Ful(x)
B : wix]ufe] FjEwke} Fuj(x%)

2h. dAjuforolly HEH XA} vx &3
Y 7 A4 7] (haemacytometer) & ©]-&-5lo] wjorEe] XA & &3 sldch

uh. aAjujalzt olgiAuj ol ] Ex} = A
ZAE A S wis TGS IS 100nl& 713A rotary
shakeroflA] ¢t 300 rppB =2 30 FE FWAIZ ¥ samplingdtod A AL
A3t

7. A% 24 9 v A &% (Specific growth rate) &%

AR A wjg RALE 250 ml 4z ZetA o] 100 m1e] AAuix| S
SHE kg 1A wiA] 9o FFE IR 1l am X A2 1 oo AJE WAS Axhsio
o 71e] Z2 wixle] Rz FFArh olF 180 rmoE Y vjetsie
U717 mict FALE FF8 4% FAH 9 v =& okt

-150..



HAR & (p) = —;%—

(X: FAY &, t: AP

8. TRt 7170l Uiy 9% =4

7t7] ohE oyt g, A, FIIEHF S0l ¥ 4% R 24 9
7t 2zl Exe] B4 SYoA njAs d¥E Atk ol Y H4ES Al¥
7Z1do] vid injrt Al HEFHO 2 HAEdct

-yt

7t Aol 4%

79 cfPgujde] YUY T2Y S AE317] $13te] Table 1o Yehtt Qe
Che Bt g o] &3lHrt. olF &xl7] AR E(distiller’'s dry solubles)2 4
AU & ARF oA AFdold AR F vzt U Z7](mesh No.
35)9 A= ZeM ARgstden, 3t (yellow sugar)Zt X545 H&(corn
starch), W7}F(wheat flour) $2 A|FolA FYst] ARE-Slgict. DP brothe] &
g0l A dextrose thil 2z ©r4AUE 1.0x¥ 2] X2 WA E TEolM wjgY F 2
g, A3d 2z 22 F2E &Yt YUY ©LY S AEdct. 4 FFo)
Tl AEE A4S o] 558 WA agste] 2H xtide HxF Yl
gt AAYL peptone 1.0%(w/v)2 ASIACE Rujor 250 ml] AAgeiAd
of 100 m18] Z2PFIE HdAstden, F4 FEDL 102 3pHch AN &
Ug 7|AZ AR uliQol & 250 ml AHEetA 3ol 50 12 FI 2 AABIGL
o 32 FEFL 102 siAct

v R dade 8%

AEE ool Table 1of Uehd tiyg BI1A4d& 7t wjgd ¥
ZAZ, 434, A $EE sl §U] ALY I¥E vl 4
Fojch AEE A4 & gl e ¥ A {7 ALY w2F HYst
ok Bujg 2L uiA] 2P AStne ©ade] ¥S A AYs BF

2 zAo=w stdrl.
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th #7 4de 3%

Ad" Etiglo] Table 1o uehd Tt f71A48E WSt wigyt ¥
AL, A3, ZX BEE sl AN /7] L& dEsidn. 4 2
Fujtt AHE YL£H9] & ol LY ¥ Y {7 2 =& {Y
drh AlE 2 F A7 ARES BAUE ol Aade s AgSiER
EPA AL gRALS FrELE3 P

F % 57t ¥3H wiRjo] Table 18] FI4FE H7t
st ujgell wlA= F¥E 47 FAYsIAc oluf $2 HAE Uehlo] WEY F

71g7E 55 Yste] 1 9¥E &8t

9. FNFA] HkgloA 8 uje}

827} (3+2 A7) o B.brown Ltd. ) 8Q2A] LE&= 28T, sjokeye] 27
pHE 5002 gt3olA 300rpm, lvvne] 2L wjPstgct. Hydrolyzed casein&
SZRRE A ujz] o] A9, fed-batch AYA| FJFuiAE F7IAE ARt L, wix]
£ 283 oz o) Fodch WA= BAH(10%)3 EHF Folx, o} WA
£ BAL(10%), CSL(2.5%), KHPO(0.5%)& XYY & AME-stadrh. Corn steep
liquorE X33t HHuj=e] 3¢, fed-batch AHA| FFuAIZ F7HA & AH&-31a
AlE Eeg s Fodch WA BVUZ(10%)T TP oz, r}
IRl BUAP(10%),  CSL(2.5%), KHPOL(0.5%)& XY A& AHEstAch
Ground W& I HAujz|l Z§, Fed-batch AHA| FIFuix2 v A
Aol AN A2 YRV I E YUY L2 YIStk

b

rlu
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Table 1. List of wvarious carbon, organic, inorganic nitrogen

sources and inorganic salts for liquid cultures

Carbon Organic Inorganic Inorganic
source nitrogen sources nitrogen sources salts

rice straw

bact t 0 CoS04.
{mesh No. 35) acto peptone NHetiaPOu 1. THO

distiller’s dry
solubles proteose peptone (NHq)2HPO4 « 12H:0 ZnS04, TH:0
{mesh No. 35)

saw dust corn steep liquor KNO3 CuSO04. 5H:0
rice bran tryptone NaNOq MgS04, THz0
wheat flour hydrolyzed casein NHNO3 FeS04, TH0
corn starch yeast extract (NHyq )2504 MgCls. 6Hz0
dextrose NHC1 MnCls, 4H0
lactic acid CaCl,. 2H:0
citric acid CuClz, 2H0
sucrose FeClz. nHz0

molasses KoHPO4

yellow sugar KH2PO,4

pretreated KCl

molasses

NaCl

CaCly

InCl,
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A3d A3 A 2%

1. Yajufofeilr] 2F7] 82 wia] Q wjg2yde] ¥y
7}. Metarhizium anisopliae ARS 9782] tialujor-& ¢I¥ wjx]2] 42}

1) wjpexe] g%

M. anisopliae var, majus ARS 978-& PDA%} SDAujx|ojA wid3igw] =iz}
= gelol ZaY JEFxE v FFol wel Aolst qlgdch. M. anisopliae
ARS 9782 T wiA|oM BT $2 H3g Hgn, wjdE 25T} 28CojE okt
o e zole gy & 432 Aol UehtA] ¢stcth uixje] otE Gy
PDA wix]ol A= Xxl] Adito] o] & Iusigdon, SDA wixleldes FAY F2]o]
o8 it ol#igt A= SDA uixjojl= PDA uixjo] ul3] MrjHo® &2 X
dextrose®} peptoneo] XEJE|o] glo] JEY Gl FFEHI Wi AR 23
EHoch AAMZ In 5(1988) ©AU ALUY FFHol wel 3714832 FAMA
Ei= X2} Adso] ettt Bastgdony, E{F Jenkind} Prior(1993)E A4y
o] nZteol ulel 2F7|EF EAYFol AWt Busiych A YL
=& QolE A3} 25T - 28TollA] 2 AolF Holx] ggtont F wix] 2F 28°Co]
A A 239 RS 2Yeng HALEE ZAY3tgriTable 2).

2) &7] pH¥] ¥
TFe 27] pHoll B FPE AR 23}, pH 4004 A= 43S
B o}, pH 5.0, 6.0 2|3 70004 FERE F3& UehfsicHTable 3). ¥
ZAE Evlg 359 QA B3] 2] phE RAFA] ol A= Ui
21}, tigd 7AE AMEdle] MAE UE FE 44 pHrt BF dejns ot
o2 glo] 203 ol pH 5.58 Wi o] Forh
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Table 2. Growth of M anisopliae ARS 978 at different temperatures
in Potato dextrose agar(PDA) and Sabouraud dextrose agar(SDA)

medium,

Medium
Temp
PDA SDA
25°C ++ 4
28°C ++4+ +++
30°c +++ ++

colony diameter : +; <5, 0cm, ++: 5.0 - 6.0cm, +++; 6.0 - 7.0cnn

Table 3. Growth of M. anisopliae ARS 978 at different pH in potato

dextrose agar(PDA) medium,

pH Growth rate
4.0 ++
5.0 .
6.0 +++
7.0 +H+

colony diameter : ++; 5,0 - 6 0cm, +++: 6.0 - 7.0cm
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3) Ao %

AYY ©BL2JE AE317] 93 ol 4 FASINE £ AEMIFANE
55 2HslA olf JHeAdS AR alcl Table 4= M, anisopliae ARS 9782] tis}
S 93] iy 'IAKE oB3ASu FAR, T VY I XAEE S
ZA2E BojErh Molasses?] 795.39 g/LZ AMSH ¥4YUE 3 71 &2 IAP
& BoiFln, 37Xl 249 Aol 1% Ul Xxe 6.23 X 10° /nlE A
stder, AlRY ciE Z1AER vlag o P e Z1ME Ueludth Rice
straw, saw dust, rice bran, 12]3l 4} oA AR Faako] o] XA}
olgiglont, f4e] Y W X ik Ueluth wlely ©gaddoz A A
SS o 4 algdrt. 9]0 dextrose®} sucrose &= FAM|aFo] ¢F 2.3 - 2.5 g/1 %
58 H|xe3dled molasses® T} Y3, protease B lipased] ¥ 7ZhAstgch
Sucrosed] 79 ujje}F wall growth?} v & RAo=T JAx|gic). Lactic acid
¢} citric acid®] B9 FNZE Wi, F3] proteased] ;go] Yehtx] Qislrh.
uteld ol F WAULEA molassesE AF3ALT, molassest 7HHo] An| F
4#-2 sucroseo|3l, 4% EY Asgdo] Ejo] drH njBF viPdl F
< 1A= d8A glvh. 53] sucrose Rt} WA &2 FAP} XA} Y BAF

o) c},’

A

Table 5% molasses ¥ 5& 1 - 4 #%(v/v)E B2 Z2}olr]. Molasses
8 FEZL1 - 2 w(vv)dule FAP} T4 o] Aoy, ALY pEE o
20 ¥ 371¢S o 4 Addch Molasses?] Hx7} 3 - 4 %(v/v)E F71jo] wtet &
AL AL FIBtdeY, LY BES 1 - 2 x(vv)Y] 9ot Bl 53] 4
w(v/v)e] e EAe] Hx7 thE wol v ¢ 28 F= FIRNE B Erh
a1 s(v/v)e] sEAAT B FA L HBYEHE HAFAL, 2 %(v/v)o]
ol vidge] YEFEE X7 UF ol A4 FefdolA s S 9
T HEE AYA 4SS 4 5 Uk B 4 #(vv)elAM MR &2 12.21 g/19]
AL B0, ol AFE olf uiEe] &N M & FRAA 2
A B33Pl E viebd 1 #(v/v) molasses& =2 WAsoch
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Table 4. Effect of various carbon sources on =mycelial mass,
enzyme activity and sporulation in the cultivation of M. anisopliae ARS

978

Carbon Mycelial Diameter of halo Sporulation
substrate mass Chitinase Protease  Lipase (ml™)
rice straw ND + ++++ + 1.10 x10°
saw dust ND + +++ - 3.00 x10°
rice bran ND + +++ - 9.00 x10*
dextrose 2.29 g/L + + + 1.50 X 10°
lactic acid 1.45 g/L + - +++ 1.00 x10°
citric acid 2.42 g/L + - +++ 5.30 x10°
sucrose 2.58 g/L + + + 9.10 x10°
molasses 5.39 g/L + +++ +++ 6.23 x10°
Dos” ND + +++ + 5.00 x10°*

Culture was carried out at 28C in the basal medium containing 1.0% (w/v)
carbon source.

+ and - mean halo size (-: Ocm, +: <1,0cm, ++: 1.0 - 1.5cm, +++: 1.5 - 2.0cm,
++++<2.5 - 3,0cm)

ND : Not determined

*DDS : distiller’s dry solubles
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Table 5. Effect of molasses concentration on mycelial mass,

enzyme activity and sporulation in the cultivation of M, anisopliae ARS

978

Molasses  Mycelial Diameter of halo Sporulation
%(v/v) mass Chitinase Protease Lipase (a17)

1 8.2 g/L + +++ ++ 3.30 x 10°

2 8.1 g/L + +++ ++ 4.55 x 10°

3 11.17 g/L + +++ ++ 4.25 x 10°

4 12.21 g/L + +++ ++ 8.75 x 10°

Culture was carried out at 28°C in the basal medium,
+ and - mean halo size (+: <lcm, ++:1.5 - 2.0cm, +++; 3,0 - 3,5¢cm)
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4) e 3%

YUY FLLE AE5] Hd Pl ALY R4 HY d¥S AnE
otth.  Table 62 714 FYS Bl FrH4LYE ol 88 F¢ U3
T FAPFolM Xt} B8-S F7MNACta RS dcHFeng et al.,1994). 2@y
2 A8 2 (NHi)2S0s, NHNO3, NaNOs, KNO3 52| #7713 44S F7HNE o 24
B, B ¥4, XIxPE sl BF A4S ¢ 4 Addch dAAFe=z FiA4
K] Hrbe FAF 371 € AP 23]8 2 43E F= Ao Uelydch
At oz RIAAYE {714 vl AdFog I YFo A =&
F2] Bt Aoz o8A gt

Table 72 §7]1M 449 4UE REch FAPY F fr1d4ades
tryptoneS ©|-83ME ol 9.63 g/12 7P wA UElRtz Zie] Y= YT
U, Aatg ®=x}e] % 7,00 x 1012 nj$ yolth Hydrolyzed casein®] Z$
STl 8.98 g/1E BUNL, ALY VYE FITPH, Ex}Y] FEE 1.00 x
10°/m 2 Uetytth, =3 Fute] FoE FAF0] 7.50 g/12 $53igon, Hao
Y= G3sin Exle HE& 1.08 x 107/m2 71g A Ueidch a8y
tryptone®} hydrolyzed caseing AMGulA| 2 ARE-S}7lol= UF 31712] njxlojBE
W 1A Fie AAE & o Jhsidol deB2, tryptoned}t 7 x4 Y
< AW E Tt

Table 82 tryptone?] % To] W AMZ tryptones] %HT7} E7 o] u}
g} FAgdo] F71sto 1.0 s(wv)olM 7Hg wokal, FAe] YL Seoidx|et £
2] wEE A3 W sEoldrt. Fo] Fwxo] o FR= Table 9o HoAE
th. Fe =7t Frigel wel Aol F/ISIARL, 1.0 %(wv)sxolM ¢
9.12 g/18] FANFS Ao, FLe] VP Bxpe] s It ol &
e 53] ZAlIF 9 Ex}2] 57 tryptoned] FREL} FrSIgleng, ZiRhujx]
A Fug AxYe R ARstded UL v 1 %(wv)oldrh
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Table 6. Effect of inorganic nitrogen sources on mycelial mass,
enzyme activity and sporulation in the cultivation of M. anisopliae ARS

978

Diameter of halo

Inorganic Mycelial Sporulation

nitrogen mass Chitinase Protease Lipase (m17)
None 8.2 g/L + +++ ++ 3.30 x 10°

(NHy)2S04 5.54 g/L + - + 9.90 x 10°
NH4NO3 4.94 g/L + + - 7.00 X 10
NaNO; 4,53 g/L + + - 2.30 x 10°
KNO3 6.04 g/L + + - 1.00 x 10°

Culture was carried out at 28T in the basal medium containing 1.0% (w/v)
inorganic nitrogen source,

+ and - mean halo size (-: Ocm, +; <1, 0cm, ++:1.5-2.0cm, +++:3,0-3.5cm)
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Table 7. Effect of organic nitrogen sources on mycelial mass,

enzyme activity and sporulation in the cultivation of M. anisopliae ARS

978

Diameter of halo

Organic Mycelial Sporulation

nitrogen mass Chitinase Protease Lipase (a1™)
None 8.2 g/L + ++++ ++ 3.30x 10°
soybean meal 5.60 % + + ++ 1.96 x 10°
corn steep liquor 5.78 g/L + ++ - 6.00 x 10°
proteose peptone 7.34 g/L + - ++ 3.00 x 10
bacto-peptone 5.70 g/L + + ++ 4,00 x 10°
tryptone 9.63 g/L + +++ + 7.00 x 10°
hydrolyzed casein 8,98 g/L + ++ + 1.00 x 10°
DDS 7.50 g/L + + ++ 1.08 x 10’

Culture was carried out at 28T in the basal medium containing 1.0% (w/v)
organic nitrogen source.

+ and - mean halo size (-: Ocm, +: <1.0cm, ++ 1.5 - 2.0cm, +++:2.5 - 3.0cm,
++++:3.0-3. 5cm)

ND : Not determined
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Table 8. Effect of tryptone concentration on mycelial mass,
enzyme activities and sporulation in the cultivation of M anisopliae

ARS 978

Diameter of halo

Tryptone Mycelial Sporulation
%(w/v) mass Chitinase Protease Lipase (m17!)
0.2 5.34 g/L + ++ + 3.40 x 10°
0.4 6.98 g/L + ++ ++ 2.40 x 10°
0.6 6.82 g/L + +4++4 ++ 1.90 X 10°
0.8 8.15 g/L + ++4++ +++ 2.20 x 10°
1.0 8.25 g/L + +++4 ++ 2.50 x 10°

Culture was carried out at 28C in 1%(v/v) molasses medium containing

differenttrypton conc. ,
+ means halo size (+: <1.0cm, ++:1,5 - 2,0cm, +++:2.0 - 2,5cm, ++++:2.5 - 3.0cm)
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Table 9. Effect of the concentration of distiller’s dry solubles

on mycelial mass, enzyme activity and sporulation in the cultivation

of M. anisopliae ARS 978

Distiller’s Mycelial Diameter of halo Sporulation
dry solubles mass -1
%(W/V) Chitinase Protease Lipase (.1 )

0.2 5.26 g/L + ++ +4++ 1.89 x 10°

0.4 5,70 g/L + + ++++ 3.50 x 10°

0.6 6.90 g/L + + ++++ 3.35 x 10°

0.8 7.70 g/L + + ++++ 4.75 X 10°

1.0 9.12 g/L + + ++++ 8.05 x 10°

Culture was carried out at 28TC in 1%(v/v) molasses medium containing
different distiller’s dry solubles conc.

+ and - mean halo size (-: Ocm, +: <1.0cm, ++: 1.0 - 1.5cm, +++: 1.5 - 2.0cnm,
++++; 2.0 - 2.5cm)
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ARE a3 A4YY HYS2E 7|2 Rl Py FIERS
A7t Am R oIcH(Table 10). TR FrldFGo] Atyes L] UY ¢
2ap] Aol £ At USRS ¥ 4 AUddch ol F CaC0s, MgS04, ZnSO4, T
< 2R} 52 FAF AL S Ve 28y Y] B9 &
ALz of-¢ $1 T4 VP s Yepdx] dsich ol& £ Calhe] -7t
10.94 g/12 718 & FAFE Jeplidz, 4o ¥4 W Xxje] A4x 8.75 x
10%/m 2 9434t}

Table 112 CaCh?] SE& WA Ajolrh. Catdse] HEF 0.05 -
0.3 %(w/v)E WA AL uf CaC0; w7t 57130l wlet FAgo] F7istdct. 0.3
%(w/v) CaCOsolM 718 &2 11.46 g/12] FAFST Ao, HAQ g 49 Xzl
BEE 2319 0.3 %(wv)E AYY CaCl X2 APt

A}H O M anisopliae ARS 9789 tiabuierg 1% AFuwxIA 1.0
%{v/v) molasses, 1.0 %{w/v) F32}, 18] 0.3 %{w/v) CaCh¥E FAE ctheulz] 7}
FA g, Hao] ¥ g ExP] FES ZAUE wl YR wixE MAFHUAcC} &
3] of ujxle) HEEL s1Ho] AWtk 2 B FHo) Y Aoz AW
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Table 10. Effect of various inorganic salts on mycelial mass,
enzyme activity and sporulation in the cultivation of M. anisopliae ARS

978

Mycelial Diameter of halo

Inorganic Sporulation
salts mass Chitinage Protease Lipase (ml -t )
CoS04. TH20" 7.76 g/L +++ + +++ 8.80 x 10°
ZnS04. TH,0" 8.86 g/L + +++4+4+ 4 7.60 x 10°
FeS04. TH.0 6.84 g/L + +H+4++ 44 1.17 X 10°
MgS0,. 7Hz20" 8.80 g/L + +++ +++ 1.08 X 10

KCt® 7.66 g/L + +H+++ 4+ 1.40 x 10
CaClz. 2H,0° 7.64 g/L ++  HHEEE H44 1.17 x 10
CuCly, 2H0" 4,38 g/L - - - 4,65 X 10°
MgCl 2. 6Hz0° 8.08 g/L + +H+++ 4 5.80 X 10°
MnClz. 4Hs0° 7.88 g/L + +HH4+ 4t 7.85 X 10°

CaC03" 10.94 g/L + +H+4++ 44 8.75 x 10°

NaC1°® 7.36 g/L ++ +++++ 44 5.75 X 10°

KHzPO4" 8.34 g/L + +H+4+ 1.43 x 10
KoHPO4" 7.36 g/L + +++4++ 4 6.70 x 10°
None® 8.74 g/L + +++ +++ 2.55 x 10°

Culture was carried out at 28 in 1%(v/v) molasses, distiller’s dry solubles
1.0%(w/v) medium containing various inorganic salts,

a : mean 0.2 %¥(w/v) conc,

b : mean 0.5 %(w/v) conc,

¢ : No inorganic salt was added.

+ and - mean halo size (~: Ocm, +: <lcm, ++; 1.0 - 1.5cm, +++ 1.5 - 2.0cn,
+++4; 2.0 - 2.5cm, +++++; 2.5 - 3.0cm)
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Table 11. Effect of the concentration of CaC0; on mycelial mass,
enzyme activity and sporulation in the cultivation of M. anisopliae ARS

878

Mycelial

CaCO03 Diameter of halo Sporulation

mass 1

%(w/v) Chitinase Protease Lipase (ml™)
None® 7.12 g/L + ++ ++ 3.55 x 10°
0.05 8.46 g/L + ++4+ ++ 3.00 x 10°
0.1 9.34 g/L + +++ ++ 4.75 x 10°
0.2 10.04 g/L + +++ ++ 7.45 X 10°
0.3 11.46 g/L + +++ ++ 7.40 X 10°

Culture was carried out at 28 in 1 0%(w/v) molasses, 1.0%(w/v) distiller’s
dry solubles medium containing different CaC03 conc,

a : No inorganic salt was added.

+ and - mean halo size (-; Ocm, +; <lcm, ++ 1.5 - 2.0cm, +++: 3.0 - 3.5cm)
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U}, Metarhizium anisopliae ARS 2231¢] ciakuljok& $i% ufx]2| A ¥}

1) uigese] 4%

Metarhizium anisopliae ARS 22318] B& g HFo] TS HARAS
dotR okt Table 12v= 2o k& #AY 478 Z2E Hoj&Ech PDA wix[2} SDA
sizlofl A FF2] Aol g AALe)E vias] B 28Tl AL Aol g
A gt 25Col A= SDA uix|ollM ‘g3-Fol PDA wix|Ech o Fotth wix|e] F-Fol
o} 2 o332 PDA wixlolME XA AdAto] Husigon], SDA wixolHE FA B
3ol ot HAZALEE 4 2xoA A Aol Holx] gker} 28T oA
Hol FE9 A% R3S Urhdeld HYPPLE Fsiych

2) 27| pHe] F%
Table 13 PDA ujx|ofld 27] pHol wld FA8] 4%g HojErh. pH
5.0, 6.0 22|32 7.00]A = o] g oL}, pH 4.00]4 = Arjor we g3t
& BoFocth ola¥t AR & of FA vjUA]| 5.0-7. 0840 7] pHE %
27 glolx ¥ Aoz wtuiziglont, iR JAE oY AF$ pirl 2 Y
4 olomg Qutaog ylo] o|x & pH 5.52 @it

3) AU 3%

ditg ez njdE ARA e AU TBLYO2E glucose,
sucrose, lactose, corn syrup, corn flour, dextrin, wheySo] o]&¥1 it}
(Soper and Ward, 1981). $-& ¥4 A 2 4 A3 71Fo] AN, &2
&g vehlz, dAAe 5o AW AP & Y 4 glojof Ul oy =A
&3 ®¥7 M anisopliae ARS 22310] WA ZF& ALY o ME2L A FRE
Z3 dE 7IAE FE3] ARRY 4 glee]el Ak

M. anisopliae ARS 22319] thgulid& $13] YUY ©2UE& dEsiach
Z1EAo R gfo] A2 & &% Ul 4 Ut $gHIIE 5ol $3E& Forh
Table 142 ¥4 F-Fol o2 FAY, AL YPE W AP HolE
t}. Rice brang& o]&3t 739 FALES 11.306(PMV)Z 713 &al, 3719 LAY
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2 BF 314 el Exle] v2E 3.5 X 106/m1 ojdich 2yte] @Ak
distiller’s dry solubles, rice straw, molassesSo|Ax AgAo] Foton HA
o BP=E AT F2 Hojdrh 2y AL e ANFoE Y FYS
BojFa olct. I P} T2 =, 2ela IAFY T4 BTN HE v
d5tx] 9U2S BoFEcrh AMRE 7]ASE corn starch, saw dust, wheat flour,
dextrose, lactic acidg-2 E42 VYT oI Yehiz EXHPHE 5 |
T, FAPo] 2.0%(PMV)ol3tE Ueht} AR Aol ofdE& o 4 qth Tyt
B4 UF rice brano] 71 943l enzg o] whE GY¥S AW RATHTable
15). #AN%, H4¥Yx W Xxpe] P45S 3y o 3%(w/v) rice brano] Ayt
¢ Zozg vieputh AAFL 21.50%(PMV)e]glen], 371A] f4x I1F s
BoFo, X2 %= 3.72 X 106/nlo]gitt. M anisopliae ARS 22318 ¢ 32
Ajujto A boiled riced gAY OR 3t XxF ¢} 106 conidia/mlE ATh=
B3 o, AAujeos corn steep liquor, glucose, yeast extract $-& ©]
| Alee EaHART Aiks d8A AR UThHMcCoy et al., 1983). 13y}
HAZ AMEE Al Aol gt 71 whdol, £ AYolA AL rice bran
2 3 w2 A Fado] ot} 3h3lch
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Table 12. Growth of M. anisopliae ARS 2231 at different temperatures
in potato dextrose agar (PDA} and Sabouraud dextrose agar
(SDA)} media.

Growth
PDA SDA
Strain
25T 28T 30C 25T 28T 30¢C
M. anisopliae ARS 2231 ++ +e4 ++ 4 +4+ ++

7 :) :)means the diameter of cell growth(+: < 5.0cm, ++: < 6.0cm, +++: <
.Ocm

Table 13. Growth of M. anisopliae ARS 2231 at different pH in
potato dextrose agar (PDA) media

Growth
Strain
pH4.0 5.0 6.0 7.0
M. anisopliae ARS 2231 ++ e +++ +44

+ : means the diameter of cell growth{+: < 5. 0cm, ++: < 6.0cm, +++: <
7.0cm)
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Table 14. Effect of various carbon sources on cell mass, enzyme
activities, and sporulation in the cultivation of M anisopliae
ARS 2231

Carbon Cell mass Enzyme activity Sporulation
substrate (% PMV) Chitinase Protesse  Lipase (1/=l)
xrice straw 7.00 + +++ ++' 9.30 x 10°
:;S;;ii::e: 9.18 + +E o+ 5.50 X 10°
xsaw dust 1.00 + +++° ++ 1.13 x 10°
*rice bran 11,30 + +++ +++ 3.50 X 10°
#wheat flour 1.00 + +++ ++ 2,70 X 10°
%corn starch ND + +4++ ++4+ 9.20 x 10°
dextrose 1.93 + +++ ++ 3.7 x 10°
lactic acid 1.72 + ++ ++ 3.87 x 10°
citric acid 2.24 + + ++ 1.10 x 10°
sucrose 2.00 + ++ ++ 9.10 x 10°
molasses 7.25 + +++ ++ 6.90 x 10°
yellow sugar 5.55 + ++ ++ 2.33 x 10°

Culture was carried out at 28C in the basal medium containing 1.0% (w/v)
carbon source, + means halo size(+: < 1.0cm, ++:< 2.0cm, ++:< 2.5cm, +++; <
3.0cm, +++:< 3.5cm). ND : Not Determined. % : Insoluble substrate. Cell
mass was measured by Packed Mycelium Volume (PMV).
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Table 15. Effect of rice bran concentration on cell mass, enzyme
activities and sporulation in the cultivation of M anisopliae

ARS 2231

Enzyme activity

Rice bran Cell mass Sporulation

(%, w/v) (xPMV) Chitinase Protease Lipase (1/m1)
%1 11.30 + +++ ++ 3.86 x 10°
* 2 11.34 + ++++ ++ 2.47 x 10
* 3 21.50 + +++ ++ 3.72 x 10
* 4 11.34 + + ++ 3.96 x 10

Culture was carried out at 28°C in the basal medium. + means halo size (+: <1
cm, ++:' <2 0cm, +++; <3.0cm, ++++: <4 0cm). #:Insoluble substrate. Cell mass
was measured by Packed Mycelium Volume (PMV).
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4) AAade %

£ A¥YolAl= (NHi)2S04, NHINO3, NaNOs, KNOz 528 F71ALUE A7t
AR, Eal] ¥y, EAYESS ASRodtHTable 16). (NHi)2S04, NaNOs, KNO3
g HRRY Be FAPo] AAasigon, A48 YAPEX proteased} lipaseZ} Wop
FE& BFI gl NHNOsE AL woblou a4l By =st astdrt

o BE ARA Pabe AT BAY {71ALU 2= soybean meal, corn
steep liquor, brewer’s yeast§ol| o] o]&H%Ld], olF W tiugt #71d4d
& ol o] &3] Balth Table 172 R7]1ALUY FYE BAEc) AH8H |7
H 2% hydrolyzed casein®] 7§ FAIFo] 17.37%(PW)E 718 A Vehded,
FA0 BHERE BF35ldT) Tryptoned] A5 FAako] 16.87%(PMV)E &4l Vie}
Wourl, lipased] ¥io]l uehtx] ke Exale] Fyxx Zhastdcrh 4l
distiller's dry solubles®}  corn steep liguord] ZA-$= Jajjsko] 21z}
12.17%(PMV) £ UE}NCE Yeast extractt™ Fajao] 13.17%(PMV)E g3 sled on},
lipase2] #do] gl5& Roj&ET}

atebd  AYPY  {KI1HALYLE  hydrolyzed caseing AR IAR,
hydrolyzed casein wxo] =g QYL AMHRUTHTable 18). 0.2%(w/v)2}
0.4%(w/v) hydrolyzed caseindllA= FAlgkal Expddso] yoton), Ao U
2 BHAe2 AT F3] 0.8%(w/v)olM ATl 26.84%(PMV)E ul-¢ &
veldon T4 ¥ 9 TAYEEE FFSATE 2 1.0s(w/v)olA s FA
o] 16.50%(PMV) S 0.8%(w/v)oll HI3| o 40% AP HojRch $71W243
hydrolyzed casein TUHFL® FAg, HiA¥do]l AAsta Fro] wjp 2
distiller’s dry solubles§ HEHE AYsIP O Table 1904 R uie} o
hydrolyzed caseinof u]3] 2G5 715t e FAR, HLHdo] FH3A
2rA%ES o £ ololr), uwhakA  0.8%(w/v) hydrolyzed caseing AR AAHdo"

dstalct
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Table 16, Effect of inorganic nitrogen sources on cell mass,

enzyme activities and sporulation in the cultivation of M, anisopliae

ARS 2231

Inorganic  Cell mass Enzyme activity Sporulation

ni trogen (%PMV) Chitinase Proteasse Lipase (1/m1)
(NHq)2504 4.47 + ++' ++ 5.58 x 10
NH4NO3s 16.17 + ++ ++ 4.17 x 10
NaNOs 7.47 + ++* ++ 1.28 x 10’
KNO; 8.47 + +44 ++ 1.33 x 10

Culture was carried out at 28T in the basal medium containing 1.0%{(w/v)
inorganic nitrogen source. + means halo size (+; <lcm, +"; <£1.5cm, ++ <2.0
cm, ++;<2 5cm, +++; <3 0cm). Cell mass was measured by Packed Mycelial
Volume{PMV),
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Table 17. Effect of

organic nitrogen

sources

on cell

mass,

enzyme activities and sporulation in the cultivation of M anisopliae

ARS 2231

Organic Cell mass Enzyme activity Sporulation

nitrogen (¥PMV)  ehitinase Protease Lipase (17al)
%soybean meal 7.37 + + - 2.44 x 10
corn steep liquor 12.17 + ++ st 3.62 x 10"
proteose peptone 1.17 + ++ ++ 4.84 % 10
bacto-peptone 7.47 + ++4+ ++ 4,12 x 10’
tryptone 16.87 + +4++ - 1.86 x 190’
yeast extract 13.17 + ++4+° - 5.16 X 10’
$hydrolyzed casein 17.37 + 44+ ++ 1.53 x 10
*distiller’s 12.17 + ++ ++ 3.65 x 10

dry solubles

Culture was carried out at 28C in the basal medium containing 1.0%{w/v)

organic nitrogen source. + means halo size (-: Ocm, +: <lcm, +:
<2 0cm, ++'; <2 5cm, +++; <3, 0cm, +++; <3.5cm). * :

Cell mass was measured by Packed Mycelium Volume (PMV).
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Table 18. Effect of the concentration of hydrolyzed casein on
cell mass, enzyme activities and sporulation in the

cultivation of M. anisopliae ARS 2231

Enzyme activity

Hydrolyzed Cell mass Sporulation

casein{%w/v) (%PMV) Chitinase Protesse  Lipase (1/ml)
0.2 14.84 + +++ ++ 5.15 x 10°
0.4 12.84 + +++ ++ 5.80 x 10°
0.6 20.84 + 4+ ++ 1.24 x 10'
0.8 26. 84 + 44 +4" 1.52 x 10’
1.0 1650 + 4+ 4 121 x 10/

Culture was carried out at 28C in 3%(w/v) rice bran medium containing
different hydrolyzed casein concentration. + means halo size (+: <lem, +: <
1.5cm, ++; <2 Ocm, ++:<2.5cm, +++: <3.0cm). Cell mass was measured by Packed
Mycelium Volume (PMV),
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Table 19, Effect of the concentration of distiller’s dry solubles
on cell  nmass, enzyme activities and sporulation in the

cultivation of M. anisopliae ARS 2231

* Distiller’s o1y page Enzyme activity Sporulation
dry solubles
(%, w/v) (%PMV) Chitinase Protease Lipase (1/ml)
0.2 4.00 + +' ++ 1.28 x 10°
0.4 8.17 + + ++' 3.68 X 10°
0.6 7.00 + + ++ 2.36 x 10°
0.8 4.50 + + ++ 2.15 x 10°
1.0 11.84 + + ++ 2.31 x 10°

Culture was carried out at 28C in 3%(w/v) rice bran medium containing
different distiller’s dry solubles concentration.+ and - mean halo size (+: <

lem, +: <1.5cm, ++ <2 Qcm, ++':<25cm). % : Insoluble substrate, Cell mass
was measured by Packed Mycelium Volume (PMV),
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5) #7197 €%

Table 20= ¢iollA] MAA 3%(w/v) rice branz}t 0.8%(w/v) hydrolyzed
caseing Z]Eujx| 2 3l Py FIEFES H/MYS dY F}E BAEch
KC12} KHPOLE H713E o FIIdR/E HIPBA 942 7ol uis] FAe] 7t
S RoFcrh KHPOL] ZHS97 34.17% (PW)E 7HR &3, KC1e A=
32.17%(PMV) o] A tt. Mol CuCl2e FASE7 ulg Yol FAEZS Adste A
L2 Uelsch T4¥/d F chitinase} lipasex= F7|8/2 F-fol wel Ao 4
ol 9o}, proteased] VAL AYE U AL® Yelulrh KC1Z MgCl: 2
AL FZaA"gol AR wA JEla, I thgol KHPOE UERNC) Protease?
B3 EabsEE KHPO, MUt KC19| Z97t woteud, HAtgt Xol7t gz o
o= FAFL =7t MY FRIEE KHPLE A4 Ees Hd3siqct
mpetA KHPOE s=HE AYY ZE Table 210 Jehdglct. FAFE vlas)
& of 0.3%(w/v)XT} 0.5%(w/v)7} &t FA 2L protease] VAL 0.3%(w/v)Y] 7
71 okl vt w7 A S Y of 0.3%(w/v) 7t E}RRE Zeg Bl

AZ2 0 3F 3%(w/v) rice bran, 0,8%(w/v) hydrolyzed casein, 0,3%(w/v)
KHPO,7} chgul S ¢1%F 2Rt wix|2 MP=E . H}Y wixls /1&g A3
ol A ©BAUES o]-§¥ dbdoe], ZH4 rice brang ol-BUOTH AAFS
o} 30%(PMV)7h2] & 4 ) ol VAl RS #3 Yol A7 A=
Beauveria bassiana 7262] Wiz A 3E H3] A& 6%(PMV)ol u]5}H (Moon et al.,
1997) ¢} 5v) FE 2 FANFLE I § EXE A o|&3AU, E& o] HY
H uliR| & o] &3l Rt widE RN EPNS PN + e Je
ol Byd + A& Aojrh.

#2442 12} 20| A Metarhizium anisoplise ARS 9782} ARS 22312] uj}S 9%t
WA & HA XSS, e A28 30lM = Beauveria bassiana 726& ©]-&3}o] ul
2 A5t 9 iR AS HYsidch A HdEAE F LAY Jl&dolA 3
¥+F ¥ B. bassiana 7260] 71% 4380l & ZAoE Aol qNuj, A
g 2| oltAMIGSE ol&sto] ciFuld A& HYsiAR EALE AHBHSA

c}.
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Table 20, Effect of various inorganic salts on cell mass,

enzyme activities and sporulation in the cultivation of M, anisopliae
ARS 2231

Inorganic Cell mass Enzyme activity Sporulation
salts (%PMV)  chitinase Protease Lipase (1/m1)

CoS04. THy0* 19,50 +* +* ++ 5.70 X 10°
ZnS04. THO® 27.50 + +* ++ 2.37x 10’
FeS0s. 7H0 25.17 + ++4+ ++ 2.00 x 10’
MgS04. 7Hz0" 26. 84 + ++ ++ 1.44 x 10
KC1® 32.17 + +++4 ++ 1.85% 10’
CaClz. 2H,0° 16.84 + ++ ++ 1.39 x 10
CuClz. 2H0° 1.50 + +* ++ 6.90 x 10°
MgCls. 6Hz0° 22.84 + ++++ ++ 1.24 x 10
MnClz. 4H20° 10. 84 + ++ ++ 3.86x 10
CaC0s" 23.50 + ++' ++ 9.50 X 10°
NaC1® 23.34 + ++4 ++ 1.43 x 10
KHzPO® 22.17 +* +* ++ 1.48 x 10
KoHPOR 34.17 + +++° ++ 4.80 x 10°
None® 31.00 + ++4 ++ 3.70 x 10°

Culture was carried out at 28C in 3%(w/v) rice bran, 0.8%(w/v) hydrolyzed
casein medium containing various inorganic salts. a : mean 0.2 %(w/v) conc. b
: mean 0.5 %{w/v) conc. ¢ : No inorganic salt was added. + means halo size {+:
<lem, +: <1.25cm, +; <I1.5cm, ++: <2.0cm, ++:<2 5cm, +++ <3,0cm, +++"1 <3.5
cm, ++++; <4 Ocm),

Cell mass was measured by Packed Mycelium Volume (PMV),
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Table 21. Effect of the concentration of KMHPO; on cell aass,
enzyme activities and sporulation in the cultivation of M. anisopliae

ARS 2231

KHPO4 Cell mass Enzyme activity Sporulation
(%, w/v) (xPMV) Chitinase Protease Lipase (1/m1)
o 20.17 + ++4° ++ 1.38 x 10
0.2 25.67 + ++4+ ++ 1.81 x 10’
0.3 29.17 + +H++ ++ 1.81 x 10
0.4 27.50 + +4+4 ++ 2.88 x 10
0.5 30.17 + ++4° ++ 5.54% 10’

Culture was carried out at 28C in 3.0%(w/v) rice bran, 0.8%(w/v) hydrolyzed
casein medium containing different K:HPO; concentrations,a : No inorganic
salt was added. Cell mass was measured by Packed Mycelium Volume (PMV).+ means
halo size (+: <lcm, +": <1.5cm, ++ <2 0cm, ++; <2 5cm, +++: <3.0cm, +++: <3.5
cm, ++++; <4, Ocm)
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T}, Beauveria bassiana 7262 thul}-& $1¢ x| A2} q vjzd ¥
1) H3& Az ¢ 3%

(1) 259 4324 43

Beauveria bassiana 7268] B.& W AHFo] A}Ho =2 ALR3F}7] Y31
8ol AUY 2AE ottt FHo| FFo|22 PDA 9} SDA wixlolA ZAR
< 2 Aol glol A% A& BAUAY 4 ddou, =ik Heleh Ex}o 44 A
=& uiA]e] FFol whe} 2lo]7} lgdrh. PDA wixjoAN o & RS Hoju, uj
PEE 25T 28Tl 2 QR xlolF Rolx] gt} uixlo] whE g3 PDA
mixloll = Eape] gito]l O sl on], SDA wix|olxs FAF F4lo] ¢
5 Fokrh oyt ZHapk= SDA wiA|of= BtAY OB AMEEHE glucosed] BET} &
olx FEXU FPzol TFH WEY Rez 2AF AL AH Y LEE do}
2 Z3} 25T 30Tl & ol F Bolx] gtor} 28TM o) F3o A% 7
B& Benz (Y P22 FAstAcrHTable 22),

(2) 7] pHe] 4%
59| 7] pHoll A Y& ZAE A3}, pH 4.001M = 23 42
Halorl, pH 5.0, 6.0 223 7.00]4= 23§ F4& UehfTHTable 23). 4
B 435 Ed= 359 wi@A 5E3] 27) pig UNFA glolx @ o
HE o), TRt 71AS ARSEle] wiAE 9E B 2] iyl 2R dalxe
£ PDA ¢} SDA vl & A3t BE AlY viX| 8 pHE 5.58 @Po] ¢t}

(3) 3= wig =239 ¥y
32 uigel FFY FF71 DA AbduiAolN 43 B FHRY Qo
MR8 2 Wil Exp] el A dojuix] gtth. =2 DPA ApRulx]
(dextrose 2.0%, peptone 1.0%, agar 1.5%)& AME-3}gcth. E¥F DPA Aldujx|o] F
= FEY Folx 10 ol wP7|AE FolM 3838 XAl BPHES ¢ ¥
F viG& vix|o] JF-& st} Dextrosed] HEF Wa|sld FF vy A}
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. 1558 5ix 557 71U4S FARE FIH1A0U 1.0-4. 0k E 2
£ Uehix| ogtom 2 dextrosed] FEE AUAA] gowy 2¥siA BAaQg
g 4 ot w5 %2 ARSI, Ao 249 wAE 2FE LY oo
ZAR EE £ B2 AwuiNe A WF4S Balsha g 2t
A7 e 4Ag olgsio] Ral, FEsact. of 3 Ealwtes wjuside
o 2o} 3500 ZAR 27HE g 4+ Atk

=
—
o]

fr oH
¥
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Table 22. Growth of B. bassiana 726 at different temperatures in potato
dextrose agar {PDA) and  Sabouraud dextrose agar (SDA)
media

Growth
PDA SDA
Strain
25T 28T 30T 25T 28T 30T
B, bassiana 726 ++ ++ + + ++ +

+ means the diameter of cell growth (+;: <£5.0m , ++: <6.0cm)

Table 23. Growth of B. bassiana 726 at different pH in potato
dextrose agar (PDA) media

Growth
Strains
pH4. O 5.0 6.0 7.0
B. bassiana 726 ++ 44 44 44

+ means the diameter of cell growth (++;: <6.0cm, +++ : <7 0cm)

- 182 -



(4) &4 4%

T3 7132 AP ugS A AP BaPg MEsiqrct §2 €
292 dA I £ AU FHFo] AYn], &S £&& VeI, AN 59 &
AT AEE BYY 5 dolok sin], WY F o HHIEY AMels} golsioio} B}
€ T TS AL FF ZAFolo} stAch ol ZAE} A, dFFFIL
HAFFA B 2 of cellulose?RE 72 & 71AE 388 AU 4
o zle} ziviE|gict

Table 24 TIYY ©t4AL S AHgsto] wjdet ANE HoErl, BRI
ol g3 BE AT U T4 VPSS 1Y uf thE Ao visiA 3/ TA
ol BT 434 YelWtn, ExY HEXE 1.96 X 10002 el
B bassiana 7262 2 71HollA pelleto] opd uvix] Halo] 27 H=AA z}5lon|, Fol
¥ A8} saw dustel corn starchol M foamo| o Wo| WAISIHIL, foamoll= ¥x}7}
ol alodct FAR2 rice straw, %7 AZE, rice bran, molasses, wheat flour L
2|3 yellow sugar &ol Wo] FA¥on, FAFo] 715k Exl T F/RIE #
2 4+ ek T2y FAR} Ea0 WYl FAsigicl. Hae] WP JA
2] F5ot Aol gicl. Dextrosed} sucroses A9l Ad3o| uulsiglon], Exle] &
= Ao, lactic acid &} citric acide §tA{OZE= HAAsiyc]. o]l & @i
YO = rice straw?} molassesF MRSt 23 ST & &AL A3} rice straw 2%
7t AR 2cHTable 25). Bl F¢ Ao VHYTIF YR WA UeRY vtad
22 AHg3trlols F3Y3tATHTable 26).
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Table 24. Effect of various carbon sources on cell mass, enzyme
activities and sporulation in the cultivation of B. bassiana 726

Carbon Enzyme activity

substrate Cell mass Chitinase Protease Lipase Sporulation
& rice straw 3.00% ++ ++ ++ 1.96 x10° /ml
* saw dust ND ++ + ++4+ 9.32 %10’ /ml
* rice bran ND + - ++ 2.96 Xx10° /ml
* wheat flour 3.00% ++ - + 4.28 x10' /ml
% corn starch 2, 00% ++ - ++ 2.95 x10° /ml
dextrose 1.17 ++ - ++ 2.75 %10 /ml
lactic acid 1.41 + - ++ 5.50 %10’ /ml
citric acid 1.63 + - ++ 1.81 X10 /ml
sucrose 0.90 ++ + ++ 3.72 x10" /ml
molasses 5.51 ++ - ++' 2.63 x10° /ml
distilers Y 400 + - ++ 6,51 x10° /nl
yellow sugar 3.81 ++ - ++ 8.32 X10’ /ml

Culture was carried out at 28C in the basal medium containing 1.0% (w/v)
carbon source.

+ and - mean halo size (-: Ocm, +; <lcm, ++ <2 Ocm, ++': <2 5cm, +++; <3.0cm,)
ND : Not determined

* : Insoluble substrate, Cell mass was measured by Packed Mycelium Volume
(PMV).
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Table 25. Effect of rice straw concentration on cell mass, enzyme
activities and sporulation in the cultivation of B. bassiana 726

Rice straw Cell mass Enzyme activity .
Sporulation
%(w/v) (%) Chitinase Protease Lipase
% 1 3.17 + + ++° 3,00 x 10° /ml
%2 7.00 + ++ ++ 3.80 X 10° /ml
* 3 8.17 + + ++ 1.44 X 10° /ml
x 4 4.83 + + ++ 1.50 X 10° /ml

Culture was carried out at 28 C in the basal medium.

+ and - mean halo size (+: <lcm, + <1 ,5cm, ++ <2 0cm, ++;<2. 5cm, )

¥ ! Insoluble substrate, Cell mass was measured by Packed Mycelium Volume
(PMV).

Table 26. Effect of molasses concentration on cell mass, enzyme
activities and sporulation in the cultivation of B. bassiana 726

Molasses Cell mass Enzyme activity .
Sporulation
%(w/v) (8/L) Chitinase Protease Lipase
1 4.70 - +* ++" 1,06 X 10° /ml
2 5.30 - +* ++ 1.00 X 10° /ml
3 6.40 - + ++ 5.69 X 10° /ml
4 6.90 - +* ++ 1.47 X 10° /ml

Culture was carried out at 28C in the basal medium.
+ and - mean halo size (-: Ocm, +: <lcm, +"; <1.5cm, ++ <2.0cm, ++; <2 5cm,)
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(5) 4] 4%

Feng$(1994)2 77| ALY & o] 8Y Z-F B. bassiana 7262 FAN T2
Z71RcHe Expe] Yol =&S €tz Easigch. EAd 2 Ad¥ddAME
(NHs)2S0s, NHiNO;, NaNOs, KNOa2t & F7]1W2U& HZIslel 2P, R A,
EAR3 S AR Table 27014 & uiel o] Ao g FrdLUS
M o FAY W@ A4 Uyo] 23 HARE ¢ 4 Udch FAHeg: F

7] 24U 370 RYUT FALojehd FANY T @ XA gate] A £&0)
Hz e A& o4 4 oddrh

Table 282 H7]H4de IS HA4grh A #71344%
tryptone?] -9 FA|ako] 7.67%(PMV)E Z1A A Ve, X4 M g
I8 5E& 1Y u YUY F1ELHEeE Yeldth a8yt corn steep liquor,
bacto-peptone, hydrolyzed casein W distiller’s dry solubles$& Xx}AAdgol
P33 WMojglon), FAFPo] Wl FAUEEST wEFAZA] REatgch ubdof
protecse peptoned AMR{ ZA9:= AL VHEE F2Holglonl FAjgko)
0.97%(PMV) 2 ul-9- W9t EXMEEeE 718 WA Uelkith. mhetd AU $71d
AQ0% tryptoned AASIA I, tryptonel] o] whE g3rS Abvyolci(Table
29). Tryptone?] wXot TAglel ANFoE FH4L VTl ExPPYso] 5t
Rol 5RolAdx, EAMEE L 0.2%8] F¢7t o Ao} FIFFLee ALY ofF
AR 18 FAFE Y of 0.6% tryptones] F-¢7F YUY A2 viepulch

ok
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Table 27. Effect of inorganic nitrogen sources on cell mass, enzyme

activities and sporulation in the cultivation of B. bassiana 726

tInorganic Cell mass Enzyme activity .
R Sporulation
nitrogen (%) Chitinase Protease Lipase
(NH4 )2S04 0.97 + + ++ 3.04 X 10° /ml
NH4NO3 0.47 + - ++ 1.15 X 10° /ml
NaNO3 ' ND + + - 1.03 X 10° /ml
KNO3 5.87 + ++ - 3.17 X 10° /ml

Culture was carried out at 28 in the basal medium containing 1.0% {(w/v)
inorganic nitrogen source,

+ and - mean halo size {-i Ocm, +: <lcm, ++ <£2.0cm} ND : Not determined

% : Insoluble substrate, Cell wass was measured by Packed Mycelium Volume
(PMV).
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Table 28. Effect of organic nitrogen sources on cell mass,

enzyme
activities and sporulation in the cultivation of B. bassiana 726
*0rganic Cell mass Enzyme activity .
nitrogen (%) Chitinase Protease Lipase Sporulation
soybean meal 2.20 - ++  7.16 x 10’ /nl
corn steep liquor 4.97 + - - 2.43 x 10° /ml
proteose peptone 0.97 + ++ ++ 4,80 x 10° /ml
bacto-peptone 1.37 + ++ - 2.19 % 10° /ml
tryptone 7.67 + ++ +4 1.57 X 10° /ml
yeast extract 2.97 + + 1.60 X 10° /ml
hydrolyzed casein 2.37 + - + 2.37 X 10° /ml
detllers W g + + - 2.28 X 10° /ml

Culture was carried out at 28C in the basal medium containing 1.0% (w/v)
organic nitrogen source.

+ and - mean halo size {-: Ocm, +: <lcm, ++ <2 0cm)

ND : Not determined

% : Insoluble substrate, Cell mass was measured by Packed Mycelium Volume

(PMV).

_188-



Table 29. Effect of tryptone concentration on cell mass, enzyme
activities and sporulation in the cultivation of B. bassiana 726

sTryptone Cell mass Enzyme activity .

Sporulation

%(w/v) (%) Chitinase Protease Lipase
0.2 3.67 ++ +++ ++ 3.49 X 10° /ml
0.4 1.34 ++ +++ ++ 2.70 X 10° /ml
0.6 6.00 ++ ++4+ ++ 2.56 X 10" /ml
0.8 2.50 ++ +++ ++ 1.39 X 10° /ml
1.0 5.00 ++ +++ ++' 2.58 X 10° /ml

Culture was carried out at 28C in 2%(w/v) rice straw medium containing
different trypton conc.

+ and - mean halo size (++; <2.0cm, ++": <2, 5cm, +++: <3, 0cn,)
ND : Not determined

% : Insoluble substrate, Cell mass was measured by Packed Mycelium Volume
(PMV).
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(6) 71 &2 4%

AEE AU AL Y 5§ 7|2 AR sl ey 771 &
FES A7l 3 43S AvidcltHTable 30). ANAoE F/IER/7 B
bassiana 7262] §%%& W3she AeE Uehudrh wj} Jel& BE MgCly, KC1F
2 ¥l MgS0s7} 6.67%2] 71 w& FAFTS B, o] A= FIIERE Ast
2] o4& gl ul3l o 0.67%2] 4T w2 S BAch 2 B HEE
5.76 X 107/nl2 thd W& "olgirh 1 el 7] ARGl 4Pl E =8
FA Rt Aoz UL CuCl: Wi A3t 2318 49 4383 A 24
AEE Asishe Aoz uelulth B7] 4F5S HUsl M 2 vt b
S MeS0E FEEE AIY wjgd 2 Azie o2 FAY, T4 VK,
ZAEE S Y o dizFEcE 3A YLEA] QokrhTable 31). ZAAo=
B. bassiana 7262] ciarullotS 1% A el 8 A 2.0% rice strawd} 0.6% tryptone
22 FAY Tzt FAE, BAEEE I AP ANeS Y o FPY
A2 Z2F= At o] Aol v FE XAPPAE 3l B rice strawst HY
3 gtades vephd A2 FujE Adoint. o] AE ErjE iy wbgref

A EHEA 9§71 s R8stk
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Table 30. Effect of various inorganic salts

on cell mass, enzyme

activities and sporulation in the cultivation of B, bassiana 726

tlnorganic  Cell mass Enzyme activity Sporulation

salts (%) Chitinase Protease Lipase

E;SO4.7H20’ 4.34 ++ ++' ++ 9.28 X10° /ml
ZnS04. TH;0* 6.00 + ++° ++ 1.07 x10' /ml
FeS04. 7H,0° 3.67 + +++ ++ 6.32 %10’ /ml
MgS04. 7Ho0 6.67 + +4++ ++ 5.76 X10' /ml
KC1® 5.84 + + ++ 2.02 x10° /ml
CaClg. 2Hz0° 4.84 + ++° + 6.59 X10° /ml
CuCle. 2H,0* 1.67 - - - 4,00 x10' /ml
MgCl2. 6Hz0° 5.67 + ++ ++ 2.01 X10° /ml
MnClz. 4H,0° 0.34 + +4+ ++" 3.74 x10' /nl
CaC0s* 5.00 + ++4+ ++ 9.68 x10' /ml
NaC1° 3.00 + +' ++' 1,31 x10° /ml
KHzPO,° 1.84 + ++' ++ 1.90 X10° /ml
K-HPO4® 4.17 + +++ ++ 3.10 x10' /ml
None® 6.00 ++ ++4 ++° 2,56 x10° /ml

Culture was carried out at 28T

medium containing various inorganic salts,
a : mean 0.2 %(w/v) conc.
b : mean 0.5 %(w/v) conc,
c : No inorganic salt was added,
+ and - mean halo size (-; Ocm, +; <lem, +': <1.5cm, ++; <2 0cm, ++; <2 5cm,

++4+; <3 Ocm, )
ND : Not determined

# ! Insoluble substrate.

(PMV).

in rice straw 2%(w/v),

tryptone 0, 6%(w/v)

Cell mass was measured by Packed Mycelium Volume
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Table 31. Effect of the concentration of MgSOs on cell mass, enzyme
activities and sporulation in the cultivation of B. bassiana 726

*MgS0, Cell mass Enzyme activity .
Sporulation
%(w/v) (%) Chitinase Protease Lipase
None 6.00 ++ +++ ++' 2.56 x 10°
0.05 3.67 + ++4+° ++ 1.29 x 10°
0.1 4,67 + ++4+° ++ 2.20 X 10°
0.2 6.34 + +++ ++ 1.84 x 10°
0.3 5,50 + ++4° ++ 5.84 X 10

Culture was carried out at 28C in rice straw 2%(w/v), tryptone 0.6%(w/v)
medium containing different MgS04, 7H20 conc,

a : No inorganic salt was added.

+ mean halo size (+: <lcm, ++ <2.0cm, +++": <3 5cm)

% : Insoluble substrate. Cell mass was measured by Packed Mycelium Volume
(PMV).
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(7) aita) g7jolAe] IA] W el g4t

AtztEetA 3 wiolA]l MBY B, bassiana 7262 HAujz] ZAQl 2.0%
3, 0.6% tryptoneS o|-&3to] muba whgrjolM R al YAk HESHYCH
55 WEIl(Airlift)ollMEe A A el 3] sigy A=t YT o}
= Xate] ciPEArE Y 2 AYX Ystch

AHEA ¥ES7)(1.5 L, 2.5 L)olA 300 rpm, 28 T, 1.0 vwnd] RJoT
ujoF3t A3} ujRsNAl F 484]3 vbo] Xz}l S5} o 1.85X10°/0lE UEbRtoL}
ol F uigo] ¢ uwl 7iA] EAtex HMHIL 32| Ysltch o] Aas MzEeA )
goll ulsl A wkg7loA Jitdo] WA H&E& RAErh EY SRS o8&}
of ZaLg chBBAIstet 2 ZRol W AR EAAR ¢ JHEHE AY
star gabdol &2 43 7122 S35 et

XA E F7MAF7] A5t 2.0% BlA3} 10% tryptoned TFuix| 2
A&t {714 uigE 85t FFuiA Y FFRIele EAPsEot 4% 2
£33 ol F ExpeErt FH3] SISt HEA W {H wjel Y Azt
of ME EAYYL Fig. 1o BAETh 7MY g o= HEA ujgdo
vis] Fatd Ho) Exbs=g ¢ 39 BE F7HA4 Agdch ERE 10% tryptonekt
& FFRAZ AR (7 gl RAZ tryptoned FFuiXZ AR F
7bA wigdRTl Expsl thd ®wOITHFig. 2). olziyt A2 ¥ o EApeed
F7HA717] AT {7 e YRt f71ALde] E 4%E njcl o
B2 2x} gL fUA4Y neEr 2AY 4 d= deyH FPoz 2

2d& Adeh
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—@— Fed-batch cultivation
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Fig. 1. Batch and fed-batch cultures in the optimized mediuam
containing 2.0% rice straw and 0.6% tryptone in the stirred tank

reactor (arrow: addition time of 100ml feeding medium containing 2.0%

rice straw and 10% tryptone)
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Fig. 2. Fed-batch culture in the optimized medium containing 2.0% rice
straw and 0.6% tryptone in the stirred tank reactor (arrow: addition

time of 100m]l feeding medium containing 10% tryptone)
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2) d4& 7|42 ¥ Fe

(1) Beauveria bassiana 7262] 78 %}

PDA uiz]oflA BZFolYl FAE DP(2% dextrose, 1% peptone)uizjof 3
Fotod Ao whE FA Y] Y& BHY H2H(Fig. 3), lag phaseZt A ¢l-3ol
UELsith, o] A3 lag timed Fol7] ¥ Fduldo] & o] AZS el
o #A 4FE WP A2 Fig. 49 Uk FAE iy 5 - 6 A Alojo
stationary phaseol =ESIGITh. 6AIME AL FFIAlL EAP F2 9oy,
X7} wdolsliA BHE FAAE BAFH, 24 FANIT S8 BFS R
o&th == XA 5 RH(Fig. 5), ALY sHE7Als 2y} A4she
ol olules ExP7} FARZ JRAshes AFPolBE ExLY 47 Ayt Tzt
#AH7t 483 F sporulationg SPHA] 36 A &) FEl= PPl AEHE, 5
d B wig Folle XAt $21 A FUSHA {271 "Hel ojul ExjY £
1.49X107 /miolgiTh. Hche] FAe=E 126A135] Yriten], olufd] AXsE:=
10.97 g/LY}

(2) 3 dus=e 23
HAAM2Y gU FEEE 1% - 4E WRo] 1.0% bacto peptoned F¢
sto] APSIAT Table 32014 RS uie} o], Ao FAexet XxHsx W
oM Bexrt 2% F--(12.57g/L)el 718 2 AAE BAch £UME &
27t 150 B971 0.942 7HE &2 & RStk #AY &2 1% XA
718 A Jsteu, 2% ZfolAd Hrie] A} Eaje] 2§ Eoli, &%
AA Hol7t UA] steng of AEE B3 3 27 G5t %2 5L

o}

3

(3) A A2 X 5= 2R
(7h) #71d498] 3%

Table 330j|A] BojF= v}l Zo] hydrolyzed caseing ©|-&%¥ 9=
o2 {714 249E A BeEc] FAlsxr) 19.558/L% ¢ 28) B &olch 7t
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2 F2 AL Hel {§71AALAUL hydrolyzed caseinolglil, Z%E corn steep
liquor: ujee] ZHAIEE Aygsle FALPeR aYsigich. Bacto peptone,
proteose peptone, corn steep liquor®} yeast extractX® A E7} 10g/LojAto 2
2 ZA2E Bt

3
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Fig. 3. Spore concentration during cultivation of Beauveria bassiana 726 in DP

medium
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Fig. 4. Microscopic photographs of Beauveria bassiana 726 after

6 hours (upper photograph) and 24 hours(lower photograph)
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Fig. 5. Spore concentration during cultivation of Beauveria bassiana

726 in DP medium
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Table  32. Effect of total sugar concentration on cell

concentration, sporulation and cell yield of Beauveria bassiana 726.

s ) Residual
Initial Sporulatio
Cell conc. Total .

Total pH n (e/L) su Yus

sugar{g/L) (x10%ml) & gar

(g/L)
1% 10 6.92 1.04 7.3 2.22 0.94
2% 20 6.50 1.88 12.57 3.96 0.78
3% 30 5.23 0.69 9.43 8.84 0.48
4% 40 5.35 0.80 8.60 20,38 0.44

Culture was carried out in the medium containing 1% bacto peptone as a
nitrogen source,

Yos ¢ cell yield(g dry cell weight/g carbon source used).
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Table 33. Effect of various organic nitrogen sources on cell

concentration, sporulation and cell yield of Beauveria bassiana 726.

cell conc spore
P (/L) (x10"/m1) e

Control 4.52 4,72 6.56 4.72

Bacto peptone 4.23 10.81 0.44 10, 81
Proteose peptone 4,18 10,32 1.58 10.32
Corn steep liquor 5,06 11.68 3.92 11.68
Tryptone 4.75 6.75 0.68 6.75
Hydrolysed casein 4,76 19.55 2.8 19.55
Yeast extract 4.47 14.26 0.74 14.26

Culture was carried out in the medium containing 2% total sugar and 1% organic
nitrogen source,

e ¢ cell yield(g dry cell weight/g nitorgen source).

Control @ nitrogen source was not added.
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(W) 718442 4%

NHHPOs2}  (NHi)oHPOs « 12H:08) 739 A7t 42 8.33, 8.41
(g/L)Z The 77144 AR gl ul3) WA &2 FA 43& Bycl
NH4H2POs 2} (NHq)oHPOs - 12H08 A% chE BI]AAHE S AR vjdo e oz
o] uls] We FAEEF HojFErHTable 34). Xx}e] Mol = NHHLPOS AHR
B H97 e RBrjAAdo] u|3) 1.56x108 /nl 2 WEE] W S Qasig
th Feng$(1994) FrlA Aol FAZY Frtichs X2 4o =& &l
2 3tgon £ AYeye df FrAALoMY 2xpe] Bgo] FUlsie o] B3
o} UX|3tA= Qhotrh whebr NHAHZPO4E Aol Lo g MAs oA
292 Fxe] 93 MYsie ALY 25 HAAol & Ao B
cl.

(t}l) Hydrolyzed casein %2 43

T}okgt hydrolyzed casein®] FEof wal Fajako] IAA o7} uich
(Table 35). 21 & 7F¢ FL2 #A2 43S B 27] hydrolyzed casein®] %
£ 1.5%@33, Xz7t 713 ol A4HE BEE 0.5%%th ZAMY 88 B 27)
S5t 1.0%Q) ujdelld 7HE &2 FAY 4£8S H.4cH39.3g DCW/g nitrogen
source). XEz}¢] MM Ho| A= hydrolyzed casein®] X7} 0.5%¢1 Z-$ofl ¢ 4.36
X108/ml2A 718 &2 Xaj] A4& Bich 0.5%9 27| HEE wjQP FolA
o] #AIY] 4832 2 ozt U] ¢, 0.5%2 7] BEZ ujgtt Aoy Ea}
o] F=7t wig A Uit FAS £23 2] Y& 38sled, hydrolyzed
caseing HAULE ¥ wjgolA e HAALUY 2I1eEE 0.542 AR sC]

(2}) Corn steep Liquor wX2] A%

TRt corn steep liquord] EXolA AL Hix{t HAl8 & ¥
dtHTable 36). I F 78 $2 FAY 4AL AU 7] corn steep liquord]
TEE 303, TP $2 Xxle] 42 2719 7} 0.5%¢ ujdolAd 0.76X
10012 Uelgdth Zxpe] M-S B hydrolyzed caseino] u]3) 3 Mg o
4 9lodrh MY £8% Bl RIS} 0.5%Q ujjgeolA] 713 & FAY &
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2 B otH44, 64g DCW/g Nitrogen source). Wha}A] corn steep liquorg AALNOE
& oujjdollA HFHe| 2] ALPYHEE 0.5 APt

(oh Fr1d4d =8 9%
#H3o Rrlasdos HFE MHIPOLE ALYOE slo] 27] &
€ delsle] ujgd¥ ZAxH(Table 37), vl 7] sxolld AY 2L A9 v
o 2zt B4& etk 1R & Zate] 44 7] NHHPOS] X7} 0.5%
Q oA 1.7x10%ml 2 Uelstrh eisle] FMe 483 XAl w27 AR &
2 0.5%7} #H9 27 A4d =R el
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Table 34. Effect of various inorganic nitrogen sources on cell

concentration, sporulation and cell yield of Beauveria bassiana 726.

Cell conc Spore
i (g/L) (x10"/ml) e
Control 4,52 4,72 6.56 4.72
NH4H2P04 3.22 8.33 15.6 8.33
(NH4)2HzPO4 « 12Hz0 6.38 8.41 1.84 8.41
KNOs 5.92 5.13 5.4 5.13
NH4NO3 6.22 4.59 2.88 4.59
(NHa )2S04 4.52 4,58 5.98 4.58
NH4Cl1 4.50 4,53 3.78 4,53
NaNO3 5.80 5.55 5.36 5.55

Culture was carried out in the medium containing 2% total sugar and 1%

inorganic nitrogen source.

Yo ¢ cell yield(g dry cell weight/g nitrogen source).

Control : nitrogen source was not added,
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Table 35. Effect of concentration of hydrolyzed casein on cell

concentration, sporulation and cell yield of Beauveria bassiana 726.

Hydrolysed Cell conc. Spore
casein pH (g/L) (x107/ml) e
0.5% 6.27 9.36 43.6 37.44
1.0% 6.56 19.65 0.44 39.30
1.5% 6.26 19.68 2.64 26.24
2.0% 5.21 14.57 0.90 14.57
2.5% 4.84 13.73 0.50 10.98
3.0% 4.94 14.40 0.60 9.60

Culture was carried out in the medium containing 2% total sugar and various
concentraitions of hydrolyzed casein,

s @ cell yield(g dry cell weight/g nitrogen source).



Table 36. Effect of concentration of corn steep liquor on cell

concentration, sporulation and cell yield of Beauveria bassiana 726.

Cell conc. Spore

et oA (L) (x107al) T
0. 5% 5.0 11.16 7.60 44.64
1.0% 4.65 11.85 0.12 23.70
1.5% 5.16 13.65 0.32 18.20
2. 0% 4.57 14,03 0.48 14,03
2.5% 4.51 13.11 0.20 0.16
3.0% 4.55 14.83 0.38 0.25

Culture was carried out in the medium containing 2% total sugar and various

concentraitions of corn steep liquor,

*Yus ¢ cell yield(g dry cell weight/g nitrogen source).
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Table 37. Effect of concentration of NHH:PO4 on cell concentration,

sporulation and cell yield of Beauveria bassiana 726.

Cell conc, Spore

NHaHaPOs eH (g/L) (%10"/m1) e
0. 5% 2.94 8.43 17.00 33.71
1.0% 3.55 6.52 12.40 13.03
1.5% 3.69 6.84 10. 50 9.12
2. 0% 3.75 6.80 13.34 6.80
2.5% 3.84 7.15 1.60 5.72
3.0% 3.89 7.24 7.98 4.828

Culture was carried out in the medium containing 2% total sugar and various
concentraitions of NHsH:PO4,
*Yos : cell yield(g dry cell weight/g nitrogen source).



(vh) FrldRel 9%

(D Hydrolyzed casein® A4LNOCT ¥ ujjoke] AL

2% 2} 0.5% hydrolyzed caseinol] o8] 7}x] 7|4/ 0.1% 5%
B Rzl FAY Bt Expe] 44& Bl Table 380]4 RojFRo] 7}
g FAY $EE B v, KHPOE ARSY Z993(10.98:/L), F714
FE &SR] 4 uid(9.91g/L)3 A9 vyt AAF vehdch Ex}Y sEE
FNERE YA U2 dizIolN ug $& A2V URTH4.07X10%01). 22)%}
o] hydroylzed caseing HAANYLE b ujPolrs BIIGHIE FAe Aol ¥

EEE F FBola, ZAY P4E Plidchs FEE Jds Adch

@ Corn steep liquor& A YOoR T ujode] AL
2% 23} 0,5% corn steep liquorel] T}t BI|A{HE 0.1% 558
FAsted FAe] ZA3} ®ale] P4 BUSHATHTable 39). FMY =&
KoHPOs, KHPOSZ SR Apold 2tz 11,19, 9.15(g/L)E A Uelylch X2z
Aol RZ(1.01x10%ml)o] 71} FL X P uehien,
KHPO4(0. 98 X10%/m1), KHzP0s(0.64X10°/m1)g§ FU 752} 2 zpol7t Uz gt
th uhebA KHPOs, KHPOSE S=HE2 AUsid 3o =& s

@-1 KHPOS] A9 o] 43
0.05% - 0.2% KHPOS wiR¥¥t A=HTable 40), FAY HE:
8.4 - 8.8(z/L)E F714FY wxof wiat A WA gatz, Eape] B4 1.36
- 1.75x10%ml 28 RIEFY kol wel ZA HskA Qatrh LM KHPO
A2 HEE olF JMF F MY B4} Exjy A4 Bl 0.05%3 Ueldt
t}.

@-2 KHPO.2] 2}3 2] sx2] HE

0.05% - 0.2% KHPOF SEEE vy F2HTable 41), YA
ZA2 FEE 6.0 - 8.4(z/L)E RIIEREY =0 wel 2A WA dsdet. 2z}
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o] MAT 1.49 - 2.00X108/n12.8 B7d4He Exo ule} IA #HskA] 9elct.
a2 K2HP04S] A o] B2t olF 713 e dAY Bz ExpY] A4S v
0.05%% uEelyict.
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Table 38. Effect of

sporulation of Beauveria bassiana 726

hydrolyzed casein.

inorganic

salt on cell

concentration and

in the medium containing

Hydrolyzed Cell conc Spore
casein(0. 5%) pH (g/L) (X10"/m1)
Control 6.02 9.91 40.70
ZnS04. TH20 6.55 10.32 16.95
FeClz. nH,0 4.88 5.68 1.65
NaCl 5.45 9.76 9.10
ZnCl, 5.01 10.66 7.80
CuS04. 5Hz0 4.53 2.77 0.90
CaClz. 2Hz0 4.14 1.46 7.00
CaC03 5.85 7.64 2.55
MgS04. 7H:0 4,93 10.03 7.10
FeS04. 7H:0 5.26 6.07 3.15
NazC0s3 7.16 8.04 5.90
KzHPO4 4.63 10.98 6.70
CoS04. TH0 4.01 4.97 0.60
CuClz. 7TH0 4.90 10.72 0.30
KCl1 4.53 10. 56 6.05
MgCl2. 6H20 4.73 10.22 9.05
KHz2PO4 7.00 8.83 35.50

Culture was carried out

in the medium contaning 2% total sugar, 0.5%
hydrolyzed casein and 0,1% inorganic salt source.

Control : inorganic salt source was not added.
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Table 39. Effect of inorganic salt on cell concentration and
sporulation of Beauveria bassiana 726 in the medium containing corn

steep liquor.

corn steep liquor oH Spore Cell conc,
0.5% (x10%/m1) (g/L)
Control 4,18 1.01 7.7
KzHPO, 4.15 0.98 11.19
KH2PO4 4.31 0.64 9.15
CoS04. 7Hz0 3.97 0.11 6.61
ZnCl, 4.13 0.66 8.50
CuClz. 7H0 4.27 0.02 0.95
MgS04. TH20 4.69 0.59 7.41
ZnS04. TH0 4.22 0.45 10.24
NaCl 4.45 0.59 8.95

Culture was carried out in the medium containing 2% total sugar, 0.5% corn
steep liquor and 0.1% inorganic salt source,

Control : inorganic salt source was not added,
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Table 40. Effect of concentration of KH:PO, on cell concentration

and sporulation of Beauveria bassiana 726 in the medium containing corn

steep liquor,

KH,PO, oH Cell conc. Spoare
(g/L) (X10°/ml)
0.05% 4.44 8.46 1.75
0.10% 4.53 8.45 1.40
0.15% 4.70 8.53 1.75
0.20% 5.02 8.82 1.36

Culture was carried out in the medium containing 2% total sugar, 0.5% corn

steep liquor and various concentrations of KHzPOq

- 212 -



Table 41. Effect of concentration of Kz;HPOy on cell concentration
and sporulation of Beauveria bassiana 726 in the medium containing

corn steep liquor,

KoHPO. " Cell conc, Spore
e (g/L) (x10%/m1)
0. 05% 5,25 8,08 1.71
0.10% 4.76 6.20 1.58
0.15% 4,98 8.03 2.00
0. 20% 4. 86 8.41 1.49

Culture was carried out in the medium 2% total sugar, 0.5% corn steep liquor
and various concentrations of KHaPOq4
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(4) 2 Huj=]o] =4
HFHoz 27128 A=t AP

Pretreated molasses Pretreated molasses
Carbon source
1% 1%
. Hydrolyzed casein Corn steep liquor
Nitrogen source
0. 5% 0. 5%
KHPO.
Inorganic salt None !
0. 05%

(5) 3 wixlollq HdEFetL wj

7}) Hydrolyzed caseino] A Aql 7L

gtolld ZA3E F 719 AR Ao ol e FAsE, XY
B BE & B8 AdAEelAIoA wgstdrt. Fig. 60lM R 23t ol
hydrolyzed caseing& HAYOE § 9 ¢F 50A7t FzoA FA 42
stationary phased] T@SIH I, 713 2 A2 5Lt 10.44g/L)dch XEx1e)
SR 80 - 12047 AbololH 18] E(1.67X108/n1)& UElT 71Ae Ae
AlZbe]l wWE 1x19] ZA F¥E RAL, FAY =& ZIAUS st Azt o}
ghA 3xte] B¥o® F7HS ¢4 AUAUrHFig. 7). ol& EtlE 71Ee sxof v

_I(s
S

D=1 paxe

BAEEE fitting®t Az} ot 2z} dAUE ¢4 AU%AcrHFig. 8).
s : Substrate concentration(g/L) u - Specific growth rate(/hr)
gmax : Maximum specific growth rate(/hr)

Ks : Utilization constant{g/L)
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1}) Corn steep liquor7} HAUR AL
Fig. 9 crn steep liquorg F4AYLE § vjPo]Me] Ao mpa
profileg Bo{Ecr} ¢f S0AIL FxoA FAM9 4L stationary phaseo] T@s}
A3, Xz} =& 120 oAy e & Ueldch /AL A A
of we} 1x1e] Z4 F¥E AR, FAE HEF AR sk Ao wepy
3xte] F¥eoz FIEE o4 AMAcHFig. 10). ol& EUE 742 49 ujg%
SEE fitting® 23} 9o Bz}t dx¢E ¢4 AdcKFig. 11)
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Spore concentration(10 8/ml)

Total sugar concentration(g/L)

Fig. 6 Batch culture in the optimized media
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Fig. 7 Cell growth and substrate utilization
of the batch culture in the optimized

medium containing 0.5% hydrolyzed
casein in the shake flask.
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Fig. 8 u vs 1/s of the batch culture in the
optimized medium containing 0.5%
hydrolyzed casein in the shake flask
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Fig. 9 Batch culture in the optimized media
containing 0.5% com steep liquor

in the shake flask.
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Fig. 10 Cell growth and substrate utilization
of the batch culture in the optimized
medium containing 0.5% corn steep
liquor in the shake flask.
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optimized medium containing 0.5%
corn steep liquor in the shake flask
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6) 2itA] whg7lof e FA W Expe] it
7}) Hydrolyzed caseing LYo ¥ A$

© &4 uidoll A Hydrolyzed caseing& HAYULR ¥ F§

Fig. 12004 by whg7joA Alte] wbe wjgduie] W2AE B
oAgth 1AL ¢f S0AIT AxolM IUPS ¢ 4 AT FAe} B A
£ 77} 8.80(g/L), 2.8x10%mlolgth. FAY HE& AAFetaIcdq AEN
& wjol] wja] HolHn, ExlY] & AGEetAIolM AYPUS whol vl
L5u) 3% &A usich 713 vEE dAEet23 AYel] uis) FHsHA R4}
£ o ol dzZEelAa wigRct ¥ iAsb A FFEHAY] wWEY A Falch
o] uhe] 7]Ael 24 profiled B thef 50| FE7X & AY Aol uletA 1
A2 ZAES & ddch HEY Qo A9 et /1A A4AE 3349} 1
x}=2 fitting 3t} BOttHFig. 13). ol& B3l Az&etad wjPoite] g2 B
Wzt 2 ggg o4 AdckFig 14).

H1

@ #7714 uigol M stanhg XY FuAE A B

oo} B wiPolM &FFY J1AY BLEEE o83l s
SEE 4 - 6(g/L)E HAIBHAch o] uiPolAl: 614 71 =& Uk &
=2 A7) $Iste 47ol8] FEuiAE T Foich ¥ Hnt FFI & olf:
7142 sx7t Ak FETELE UL3NA] QoY) wiFoldrl. AE BR(Fig.
15), FAY F7te A& wigolMet opRslRR 50A] golFole FAY =7t
5.78(g/L)E 271512 doteS ¢ 4 gtk Zela Ezje] M= 0.79X10°/ml
2 F78h dotee o 4 ok FAA o2 FAMN Xz PyolE Had
= "oy Zoletn 44Y 4 adrh

Q 714 ufodolld Tt LU XU FFAE AHE ¥ BE

Fig. 16014 243} HAA4EE XY FFAE o1& /714
wiorel Axpe wAUntE FFuAZ € K7HH ujgol) v WA 2 AAE R
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et o] gl 69.54 o] o] ¢ 12A1Amit} 71A Y & Wths v
F2l517] 213t 47018 FFuAE TN FAch ¢4 FAP ol vaLY
S ZFAZ  F9(5.78g/L)o] HI3] 9.84g/LE <} 2vf F}Pe] w2 AN P
A3, Expe] FYHIME 4.05x107n12 o $2 A2AE vehidrh ©ad
I A7 ol M Exle] sx7t Sl dx, ©aY2 L
S 71 vl gollA A} x| Bt FIIY RS vaQ} F4

T R wjgold frld4Qo]l FEIA FFEHAY wFoleln ”gzl”al' T
1t} AXA OS2 B bassiana 7262] A9} Xz} Bgoj= AALUY G o] ujf
FLUS & AUdch
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Fig. 12 Batch culture in the optimized media
containing 0.5% hydrolyzed casein
in the stirmed tank reactor.
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Fig. 13 Cell growth and substrate utilization
of the batch culture in the optimized
medium containing 0.5% hydrolyzed

casein in the stirred tank reactor.
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Fig. 14 u vs 1/s of the batch culture in the
optimized medium containing 0.5%
hydrolyzed casein in the stirred tank reactor

- 226 -



10

25

®
1

20

o
T

15F

a
T

10}

Spore concentration(1 @/ml)
[
1

i
Total sugar concentration(g/L)

Cell concentration(g/L)

Time(hr)

Fig. 15 Fed-batch culture in the optimized medium
containing 0.5% hydrolyzed casein in the
stirred tank reactor.

Feeding medium containing only carbon
source was added at 61 hrs.
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Fig. 16 Fed-batch cuiture in the optimized medium
containing 0.5% hydrolyzed casein in the
stirred tank reactor.

Feeding medium containing carbon and
nitrogen sources was added every 12 hrs
after 69.5 hrs.
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L}) Corn steep liquord A4 Ko ¢ AS

®© #F4] vfQolA corn steep liquorg AAYSE ¥ 3¢

Fig. 170]M 7182 <f 72412 FxolN 2zSU A2 Hs
TE 6.03(g/L) 2 Jelgton ¥x18] 23 HE& 2.80x10°/n12 Ueldch FA
FEE AdztEetATolA HYUBE woll ujz] "o, EalY & AAFA
TN AHEHES ool v3M o 1.58] I= A Usich JEY BEE=
hydrolyzed caseing HAYOE § 3E4] wjofoie} o] iz&elAa Yo
vls) FASHA Zashe Z¥S BAch o] wje] 7]He 4 profiled RAE o
60417t A=t AL Ale] whetA 12 R4S 4 4 Adch HEY wjg
ol FAe] sxot 71 HAE 339} 1R fitting 3te] RITHFig. 18). ©]
€ B3 HgEetaa wigolete e BYat 3 23S ¢ 4 AdckFig. 19).

@ R7H wigol M BAURE XU FFuAE AL B¢

7149 vx& W3 == KA f15te] 46.547] 34ml 9
3R E FU3M FAch Fig. 20004 HojF= uiel ol et Exle Arls
=& 7}z 5.45(g/L), 1.65X10°%ml2 354 ujoko] uls] Z7pshx] ket ez
hydrolyzed caseing AANOE {t G714 ujdolre} Yol eti Ut FTI3) &
25 FA 2219 F717F dehdA] d&S ¢ 4 Ach ol& ¥3 B bassiana
7262] A2 4R} Xx}e] BEE& MM L2 ¥V FouS oA &
e 4 glolch

@ #71A] uljgolly ¥rAY, ALY, FIEFE UYL FFuAE A}

£ B¢
Fig. 21 ©44d, 44, IEFE ZUY FTFAE AL
744 wjoke] AzE Ho{ &t} Hydrolyzed caseing ALHYLE § {714 njo]
A8} o] feeding¥ Aol wiel AL R, FANY = W Ex} 27 571
TS o+ ddth MR & FAY SEE 4 12.69%/LAR, ExI2] FE= 5.34
x10%/m1o]¢it}. Hydrolyzed caseing AAPUOZ ¥ 714 ujdolA] ErAz A
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298 YIS 39 7 &2 FAHY vEE 9.84g/LA5, EA] X 4.05
x10°/miolgith. o1& B3 /714 wigAl AadogE o] Am, FA 2t XAl
23’30] FL corn steep liquor& ¥z o] ulghasich= ZES U 4+ AUd
th. Aoz xxjet FAY cfFAP4itelE corn steep liquorg WAoo ¢ &
7H4 wigol 7b8 f4dichs ZE2& Ud 4 gt
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Fig. 17 Batch culture in the optimized media

containing 0.5% comn steep liquor
in the stirred tank reactor.

~-&— Time(hr) vs Total sugar
-4 -+ Time(hr) vs spore(e +8)
~& - Time(hr) vs cell conc.

_231-

Cell concentration(g/L)



In(Cell conc.)

Y
-
L
-
(=]

Time(hr)

Fig. 18 Cell growth and substrate utilization
of the batch culture in the optimized
medium containing 0.5% corn steep
liquor in the stirred tank reactor.

_232...

Total sugar concentration(g/L)



14

12F L

A0

u(Specific growth rate)

0.00

0 ® 10 12 14 a6 1
1/s
Fig. 19 u vs 1/s of the batch culture in the
optimized medium containing 0.5% com
steep liquor in the stirred tank reactor.



N
1

14 6
? ‘g A ? T\ 15
s | € LI W -
% 2 1w} o | =)
118 ! ;" x 14 §
S | E Coy b " A S
R tuoa Ty 5
= £ yhrets, 20 1 %

Q e SR ; B

3 O s i\{ i X“ "“\\t §
= © e g
% 0l g} i b }i “\\ -2 g
s |'® ! ., O
Y o 2 ~ !
o | ° o

0 : . . . ' 0

0 S0 100 150 200 250
Time(hr)
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2. A} X oA QNN Beauveria, bassiana 7262) wjetz ¥

7h. A vl dol %t g xa} gat

1) dztEetaacAe) 243

94 I+ MAH B bassiana 726 wlPZ Ao WS YA XEx} At
89 WIS RI] 93 chopped strawd 7] AE st N w3} wjsA N
ratiof 312 33 27 +EUFE tl=A sto] Tz} A& ulasigct. 7
A2 2.58% 56 7|EOR 3t o] 7] £EYUFVL 0%, 80%, T LRo|A
HzpERAT0A 28Tl wigstgct. o] w) FEFPL Sml 2 AMESigIT) o]
8 zt z2of we} Ach Ex} FAE B 6Ux] AL Ao Tz} YArg Koy
2.5g9] 71A& AHER B9 80%o)A 1.14X10°%/go), 90xoll A= 2.05%x10%/go] Adat
HaAch 5go] 71AE ARRR H¢E 70 %0 6.29%10%go), 80xoJME 1.27X
10%gol, 90%oll A& 3.57x10%go] YArE|QlcHTable 42). WYX} Aag AL 3
Az 7o) chopped straw 5g& 27] $EUY 70508 U AT AR} o
714 344 E2g wlastd $EEo] 70% A= F2 conidiaZl AHE Q3L
9% Be= ALYz JI7t A F2 blastosporest BArE At} o 7] 4
7 A 27 +F $FE /N3 ground strawe] g3 B A3} 10Us] 9,49
x10°/go] @olAr}. o] Az} ground strawZ} chopped straw®.rt} I3t o] ¥4 E A}
8ol 2l RAeg APt 2y oiFEe] wio A= ground strawe] 7
T 719 Aol YR Z&3AN BI17t 4493 U o oAHo], oA
chopped strawZ} S-2|& ZHo g uichg e},

2) Bench-scaleol| 4] 2] 2|2 3}

HZtEetAT uigdold YUY HAZ ¥tAU o2 519 bench-scaleol) A 2]
BEXAE] e +F UBE AAAM A3g wastdct. o5 WAL 100g
= 7|AZ st EULE 50 - 80x2 HIAIAM UL Exlo] MalHg BASY
th TEURLT B2 %E 217 dAMYeNY wixlE @& H-$(diphasic
culture)?] F 71X 2 siglch. 7H $& BYXA}] Palg B 2L EBE 4



THTES UFAS di= 60xollA 7 2 W Eate] itz #o] 43L& BA,
diphasic culture?] 7ol ¥lX]| 24 molasses& ©|-8%WE wf 702 =FatolA
o8 224 F /1B F2 49 4F3 B EAL] Pabg Bt AT a9
772} Ho) Eapsol ol2& AN} 27)& ZIUCHA UX LAY VA=
o]-&3 R Zo| nEARA AH2IIHS UE 4+ U ¢ YYo= 4ZHAUr
(Table 43).

A} 2h= el chopped straw§ Aufetel] AMSY wie B Jix] £l
o] thFHcL Ax, tiE 7123} o2 vaNUS o 7t YR AN ©y @
A Babdo] "ol EAl, Fust AW UF widE ARl Fho] AAA
TFEFUl AA olFolxBnR +ExMo] YUETE A, ©4AU chopped strawd]
ol-fo] =22 ujetr|to] Hojct olyt EAHE A #sto] chopped
strawo] U7 && HItste EAPF4LE A ESIC) Chopped strawg} W7l&2] ¥ &
& 128 9E ¥ £EUPE 50, 60x2 ZH3e wlL3AE o 60%olM o F2
EAIZE HAPLBg olF MYoME 60x ¢-E5EE /|E2= st} Chopped
straw2} W71 &9 vl &(1:1, 1:2, 1:14)& U4d ¥ ¢EUFE 662 Wl wjQ
3192 o, wiQgEol 3Unte] FAE MUK 5AT uige] Fi} ujyr]ztol
Atoldte R o 3 do] A dojubAl gtct. ez ExPPARL 1:2
o] H]&o] 2x10° conidia/gL 2 43t on §i /TS sk U U
w 7.6X10° conidia/go] Ag4tElo] nf¢ Azl H2E UelddcH(Table 44),

Ll ofdA UGl 2%t Y E2} P4t

ojtANIYE AFFAL FFuMPuRR|olN =gt v PGS ]8I Ho] o}
Uzt dxpioz Fduix|olA 3t uiPt uiPESE ol H AR gAjufguy
xof 10x2 FF3to] 3UL wiPY vl YEE FFIFYLE o] gyich

WA Ee BHol HRHE gApfguixoly At FFAFYE FEUT 62
Z3¥ chopped N3} W& EUF HFYL ¥ 28TolA vidsiact. Rl
A 2Rt JEFFAE AR SIS we, 3dTe] ARV 2ANjYES Hdden §
U7 it & wl 3.8x10° conidia/gran® 2 FFuixlolA At FEZAE o8N
< o Brp Expgate]l 18t S At FEFLAE AHSUS die 2gw



of FAZ} wiRFES HPEon 5UL PN uf 5.4%10° conidia/gran® T 7}
3 Zofch. ol AR RE IAuSA] JFF Yol W blastospored XYY
£8& Xapdito] 43tz AbR €]

th OB E AFH Az

AJuore] 79 AEGIIONA oI sy Ex} gl FAM, ez B84
71d¢ S dAuigyat et F ARSI powder® Easted dF ]9
mesh® AZW, g AUz v]BE A& AZY 4 Adch aujeol % 2
HEE 22 ol o2 Az 4 ) Powder: E-84 71AQl HANEI X
gslo] o] Zxt 9 FARE AT $2 @At Hgden, powder Tl g7 10%0]
o] xzprh Zapstdct.
Fig. 22= i s A= 2ig AgAlRoelct



Table 42. Conidia production by solid culture in the shake-flask

Moisture Maximum spore conc. ( X10°/g)
Straw
content (%) Chopped straw Ground straw
80 1.14
2.5g
30 4,21
9.49
70 6.29 .
4910
5. Og 80 l. 27
90 3.57

% Jitial moisture content was 70% and adjusted with only inoculum

(inoculum size of the others’ :

5ml)




Table 43. Conidia production by solid culture in a bench-scale

Straw Moisture content %X10® conidia/gram
70% with molasses medium® 6.4
50% only with water 1.7
60% only with water 2.7
100g 70% only with water 0.2
80% only with water 1.1
50% with DP medium’ 1.0
60% with DP medium’ 0.3

a

! Pretraeted molasses(6.0 % reducing sugar) and 2.5 % tryptone

B: 2.0 % dexrose and 1.0 % peptone

Table 44. Effect of wheat bran on conidia production in a scale of solid

culture (moisture content : 60%)

Chopped straw : whet bran conidia/gram
. 8 x 10°
e 2 x 10°
. 8 x 10°
(Nolaerat:izon) 7.6 X 10°
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Figure. 22. Photographs of a formulated conidia
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AH4d T
ote] Aol UL ¥ vhet Yol FYHA AEL WL4 Aok

1. Metarhizium anisopliae var. majus ARS 9782] cizhjor& 93] gAjuiyr =2A
< H3islach 3w AW %9} pHe 242 28°Cet pH 7.0 ojgdch M
anisopliae ARS 9782] IA%, HAFL Y U X210 PHZ=& Y o] Y
I HAux] 2 A 1.0 %(v/v) molasses, 1.0 %(w/v) F9}, 0.3 %(w/v) CaCO37} AR
s alch

2. Metarhizium anisopliae ARS 22312] tizlujel S 9%t Yajujer AL A sin
b stk #HA wigE A 2= pie b2 28°Cet pH 5.0-7.00]%dch M
anisopliae ARS 22318] A=}, A, Oeln ¥e] AHAEE 2y wf 3
313t dorRE o g 3Iw(w/v) rice bran, 0.8%(w/v) hydrolyzed casein, 0,3%{w/v)
K:HPO.7t A3 = et

3. ARl eHoA Y APl wel ¥ 43483} Tttt 53¢ HHE 7L
2|51 Q&= Beauveria 4] TZF HUAE FHolE B YAiYG 2A& HYs]
deh. FFe 22 FA FA oY UL 25T 0THAME FAFA e & A
e gdddert, 28C7E MY HAY &x2 APEUC RI] piE 4.0 MY
5.0004 7.071x18] W2 HeuolA H 8 Aolgle]l BAHY ¥AE Al
Beauveria bassiana 7262] d#AM&, XA VAR, Jzja X1 B4 A 5§ 1
A o2} vferS ¢8RN Haj viRIZAM 2% rice strawd} 0.6% tryptoneo] ZAF
ot F dHa] #ix]EAME= 2% total sugar(pretreated molasses), 0.5%
hydrolyzed casein, 2|3 A] Mz ujx]2A] 2% total sugar, 0.5% corn steep
liquor, 0.05% KH:PO,& Z7¥slgict

4. ool A3 Azl i F o] &sto] by WETjolA HEA W {7
g st A Ha wixlolA {71 wPE foBH HEA wige] v
jEEe] Ao EapsE(8 X 10001)8 €& 4 k. FFuA2A typtone
& FF3he 210] strawg} tryptoned ¥l FFshe RAEch U4 ZEAAS ¢
sladct.

L

= ws) QA A wjAIE olgslol AlZtEalAs} TNy Wl vjor
3}, 7 HHulxlo|N 2] B, bassiana 7262] 2N HBEE 7129 ZAL o}
e 4002 yrhd 4 gtk

o &



N = Paax exp(- Ke/8)

6. F Hal Y A mn Wix & of-§3te] Eale} FAY cizdabg ]3] kA ulb
S710A HEA R {74 ulgE ¥ A3, gAY ALY TY FILS FY
&AL F WH diR|ol = 3] el ule] FAjet Ex}e] Bito] ztz} 10%e}
40% 33|, A Hzl wixlold e HEA] wido] vs] A 85%, 110% VAHE
d 5 A } w}aw Al Wz wix]e] F-e {7y wjdollq ZA} AL X}
2}7} 12.69 g/L, 5.34 X 10°/m12 ul$ A Eputc)

HAHE o] 8Y A QolA HA4-LEYTS 60%, chopped straws} W72 ]
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