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Development of microbial pesticides
using entomopathogenic fungi
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SUMMARY

Entomopathogenic fungi, Metarhizium anisopliae and Beauveria bassiana, are a
natural pathogen to many insect pests, so it can be used as biological control
means, alternative to chemical insecticides. In this research a chitinase,
presumably recognized as a virulence factor in insect mycosis, was investigated
and transformation systems for M anisopliae were developed to improve
mycoinsecticidal activity by recombinant DNA techniques.

A novel chitinase was detected in extracellular culture fluids of M
anisopliae grown in liquid medium containing chitin as a sole carbon source. The
chitinase was purified to near homogeneity by DEAE-Sephacel, CM-Sepharose CL-6B
ion-exchange chromatography and gel filtration through Superose 12HR. The
molecular weight of the enzyme determined by SDS-polyacrylamide gel
electrophoresis was approximately 60 KDa and the optimum pH of the enzyme was
5.0. The high chitinolytic activity against colloidal and crystalline chitin of
crab shells as well as several chemical compounds, p-nitrophenyl-g8
-D-N-acetylglucosamide (pNP-NAGl), p-nitrophenyl-8-D-N, N’-diacetylchitobiose
(pNP-NAG2), and p-nitrophenyl-N, N’, N”-triacetylchitotriose (pNP-NAG3),
indicates that the purified enzyme has both endo- and exochitinase activity.
Thirteen N-terminal amino acid sequences of the chitinase were determined as
N-T-G-G-S-W-N-N-G-V-N-V-Q. Comparison of the N-terminal amino acid sequence of
the purified enzyme with those of other chitinases pointed out that this enzyme
seems to be a new chitinase of M. anisopliae.

And then a chitinase was characterized at a molecular level. For this, the
cDNA library was constructed with RNAs isolated form M anisopliae mycellia
collected from 24-hours culture broth. The chitinase clones were directly
screened from cDNA library gwown on NZY agar media containing glycol chitin
[0.01%(w/v)] by staining with Calcofluor white M2R. The chitinase gene, which

was fused into the lacZ gene, was functionally expressed in Escherichia coli and



the molecular weight of the fusion protein was about 70 KDa judged on 10%
SDS-polyacrylamide gel. And the chitinase gene appears to be a single copy in
the M. anisopliae genome by the result of Southern analysis, It was found that
this gene had one open reading frame which could make a chitinase including 522
amino acid with a calculated molecular weight of about 58 KDa. The amino acid
sequence of the chitinase showed low sequence identity with those of Bacillus
circulans chitinase Al (36.4%) and Saccaropolyspora erythroea 1,4-8
-N-acetylglucosaminidase (22.4%), but has remarkably conserved regions at two
middle parts of the protein (residue 295 to 314, and 337 to 356).

We investigated the optimal condition for the production of extracellular
protease from entomopathogenic fungus Beauveria bassiana (ATCC7153). The optimal
induction medium is composed of 0,5% polypeptone, trace elements and 50mM potassium
phosphate (pH 6.0). In this condition, the production of extracellular proteases
increased rapidly after the 24hrs, peaking at the third day. We purified the
extracellular alkaline serine protease, Bassiasin I from the culture filtrate of B.
bassiana by precipitation with ammonium sulfate followed by DEAE-sephadex A-50,
(M-cellulose and hydroxyapatite column chromatography. The enzyme has an optimal pH
for activity at 10.5 and is stable over pH 5 - 11. The maximum activity of the
enzyme was at 60 - 65C, and approximately 20% activity remained at 60C after
120min. The protease was inhibited by phenylmethylsulfonyl fluoride (PMSF). This
Bassiasin I cDNA was cloned from the cDNA library by hybridization with
oligonucleotide probes on the basis of N-terminal amino acid sequence determined
from the purified Bassiasin I. And also the genomic DNA was cloned from the genomic
library by hybridization with the cDNA. The Bassiasin I-coding regions were
interrupted 3 introns consisting of 69, 62 and 68 NT. An ORF, contained between the
first ATG and the termination codon, is 1,140 bp long and encodes 379 amino acid
residues. The amino acid sequence deduced from the DNA sequence is highly homolog
with those of the subtilisin-like proteases. The calculated molecular masses of
the precursor-bassiasin I and mature protease are 39 and 28 KDa, respectively. When

the Bassiasin I cDNA was expressed in E, coli under tac promoter, a halo around the



colony on the LB-skimmed milk agar plate was observed,

We also cloned Metalysin I gene from another entomopathogenic fungus M,
anisopliae, The Metalysin I-encoding gene is contained a 96 NT intron as a result
of analysis with the cDNA cloned by RT-PCR. The ORF is 1,599 bp long and encodes
533 amino acid residues,

In this view, we have developed transformation system in M, anisopliae for
molecular breeding of M, anisopliae. To establish the host system in M
anisopliae, we have tried to isolate auxotrophic mutants(lUra5’) in M.
anisopliae. we had to treat the cell with mutagen(U. V., 5-FOA) under quite
severe conditions. In the cell, 5-FOA chemical was known as a mutagen which
induced the mutation in URA5 locus of pyrimidin synthesis genes. Thus, we were
able to isolate lower growth mutants than wild type strain in minioum
medium(uracil”). And then, we have cloned a gene from gene library of M,
anisopliae that complements the mutants(lUra5’). Using PCR method, a URA5 gene
encoding orotate phosphoribosyl transferase (OPRTase) of M. anisopliae was
cloned and sequenced. Entire nucleotide sequences were determined and analyzed
as compared with other fungus URA5 genes. The urab5 gene was identified to be a
single copy in the M. anisopliae genome by the Southern analysis. The 1.1 Kb of
urab gene had one coding region, 702 nucleotides, which could make a polypeptide
including 234 amino acids with a molecular weight of about 25 KDa. And deduced
amino acid sequence of the ura5 gene showed high sequence homology (83.7-87.5%)
with those of other fungal organisms. There was no intron sequence between ATG
starting codon and TGA ending codon.

M. anisopliae would be transformed to be benomyl-resistant by introducing
pBRG-4, which contains a SB-tubulin gene of Aspergillus flavus conferring
resistance to benomyl and a pyrd gene of Neurospora crassa. Transformants
occurring at a frequency of 10 colonies per 50ig DNA, grew on the 5 g/ml
concentrations of benomyl, while the wild type was inhibited by 2.5 /g/mé. From
the Southern analysis using genomic DNAs isolated from M, anisopliae

transformants, the positive signals suggested that the g-tubulin gene had
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integrated in the M. anisopliae genome by homologous recombination.

To express the cloned chitinase and protease genes of B. hassiana and M,
anisopliae in fungi, we constructed the expression vectors containing the cDNAs and
genomic DNAs and could express those genes in M. anisopliae.

This research was also conducted to study the screening of entomopathogenic
fungi and the development of microbial pesticide using it. Several subjects were
studied : (1) the mass cultivation of entomopathogenic fungi in liquid or solid
media, (2) the isolation of their spores, (3) breeding and feeding of pests(Diamond
back moth, Two-spotted spider mite, Brown plant hopper, Rice weevil, etc.) in
artificial breeding room(temperature : 25+2%C, humidity : 50%5%), and (4) the
biological efficacy test in laboratory, greenhouse and field,

Etomophathogenic fungi were cultivated on artificial agar media(PDA, SDAY) in
incubator(temperature : 28C, incubating period : 2 weeks). The spores of fungi
were isolated by manufactured solution, This solution was composed with 0,1% Tween
80 and 0.0025% surfactant contained polyoxyethylene alkyl ether and filtered off
impurities to the paper(Kim wipers) and were recovered by centrifugation (Hitachi
centrifuge CR21, rpm : 4,000, time : 10 min., temperature : 4TC). In consequence,
several diluted spore suspension were prepared and their pest control activities
were evaluated. The results were as follows : (1) Two strains (No. 310 and No. 520)
were finally screened from among the 11 entomopathogenic fungi strains and the
activities of pest control were tested extensively for the all pests prepared. (2)
The direct spray method by sprayer was more than effective than the leaf dipping

method in spore suspension.
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2T 1045 T3 242 ATet L7 o) iyt Asje} R gty @
WustA ol FojFrh 29 E¥(cuticle): chitin® 2 S| glonl 3 FYF
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slo] A;sla, YoM colonization}BE AX T3E& S UcHSamon et al
1988; Eilenberg et al , 1986: Latgs et al , 1987). Xu A% Bu|gl: #HLAZL

)

chitinase, protease, lipase %°] 2l&ul L ¥ H3] chitinase} 3| HFo] T
¢ 3= Ao ¥Ia¥EcHSamuels, 1989).

¥H Bt SAUF HYog PaE 22 193840 572 Ak iR AT,
AAefoll A x&71to]l B 2tz A2 Fol SRV F HHEY] =] ot
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B 3ol o271 glgltH(Feitelson et al, 1990: McGaughey, 1985, 1990).

upebr] &3 BLAFY Bacillus thuringiensisZH-E] 4F4 ¥4E 232 & Bt
S£FA2RE L2ste], ¥AARS X U3¥ IAE sde] AEHR k. w3 gl
glot @83 HHAE visishs BI1& WASHY] A3 B.t H§LF Bicillus 42 FET o}
Uzt MEE &5 714830 #A2E =Ustd Hoh 2y A43aE Yehie F§3A
B FA9 o] Al glch(Poter et al, 1993: Thanabalu et al , 1992), 2}
B. thuringiensist A|@ol7] wiFo] xlAdelolls A3 Y- ARG ofHAol
SUAABle] ol 8ol W2 VAE R gtk el AlFo] oid EgolF B
thuringiensis thil &2 ol& HAY + olt H5F WAl £U08 ol o]
1Z=3 glch

2 AL T3 788U 3 Metarhizium anisopliae, Beauveria basiana@ 3]
M348 ¥8& Uehd« chitinase, protease 5-& Zel3t, I FAAE ©Asiq A3
4 J%ol oM 1XEE YYo= 94y IFF UY 4 gon, Aoz
BRAER BA +LLE ]84 4 A= ALE o gyr)

1. 7Zlay &4

- YA 3 YAHERE oy HEY WAHE o83t F tYEE A=Y
tEo] B3 BEY AHES wU=2HN T3 5AE dao] s

- 32 WAsks RATY /S =Yt BFEEY nPES o8 Y
A7t 483 H 4 s,

= R71%8 el it Agog AR gz HFY dAAYY FUS A
3 ¥AY Jedyol AN

~- Al 83 nlPF ( B. thuringiensis §)9] BAE A7) $13] FHo|§ o]
€5l FUA YAE ARFo ¥ 4 U2

- I3WYFYU Beauveria bassiana, Metarhizium anisopliae, Hirsutella

-16_



thonysonil 2 ‘WA oA i 4 93, 71F U7t oo, zdAdE
go] £X3h= FF2HA host7l obd Wit FHF viAIZ o] &3l TP Pato]
7Hsgto] 3o HadogH U 4F 7Hsdol &

— Metarhizium anisoplisex 237|833} o]fo] HISYLF ¥BL JAAIE

17t .

. BA -AH &4

- 5o AMge Ao = Ay Az 733 sitE AL

- AZ2E 5 U= §9 Y5 9 +F Fd 7149,

-3 A3 AULR AR kFY &GS 34

. A - B3 &9
- 30F AR 2% gjHoTHE U A BIY
- B3] FAREE Aalsio] An|xlEHE fBodukg

- Holrkg R} o] EQ W AU F AE T Ad dEjA ¥
W AE B8P By
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Az A7NYL WS Y 8
A 14, 1xdx

- oM 38 Bl Y W A

- A 5o oiRt EARIS(uieELPY, SRS, viET, wiEula))e] AddEst 3

- 238 APdeH{entamopathogenic fungi ) S24E] 23 auticled: 3ot AP H4 (chitinase,
protease) ¥ &%

- Quticle-degrading 0] A8 & IRt 438 ARl 23 A= W
- Abgvgat B o] Hel A4

- AFvd B4 chizle] N-terminal amino acid®] AEAAR

- %378 F%el| genonic library2Pd W probe 3P

- 4382} TP AR chitinase, protease)?] cloning

- E3A71E Ak F A R eiREuPY, SR §

- APdEE& $1RE cloning vector?] 3%

-t @ APSFol okt shuttle vector 72

- Host-vector system®| 7Jt : auxotrophic host 7' % selection marker@A] ura5 gene

9] cloning

_18_



- A3 AP S S AT viRIRA o UEEPe 23

A 24, 2xpd=

- M, anisopliae chitinase 3 X}2] cDNA cloning X DNA g7]Ad 43
- M. anisopliae chitinase 2 2}2] genomic DNA cloning Q! H7]Ad AR

- B, bassiana protease?] N-tgt oluji4t @ Z A2} BNPS-skatole ik o] o}
o4t M A3 3 DNA probe§ ©]-831] protease F+H=}2] cloning

- B. bassiana protease?] ¥%$] primerE ¥}/d3}o] PCR WJ © & DNA probe 2}ig
3 DNA €714 4E 8%.

- Protease At ZoljA] ujed ¥ mRNA 2] W B bassiana cDNA library A3}

M. anisopliae genomic DNA library2%¥ prl §3A} cloning ¥ 471449 A3

M. anisoplise?] H¥AA Mz Q PAAY J|a Y

- Selection marker gene22A] ura5 A28 cloning X J714dE 43

A28 A A gak(conidia) M) R W duFY A

ZAFe chF AWARS: AA 3

- A3 APSEe] AU 43Y HF
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- A8 AP Al Yot AdeY A3

A 34, 3Adx=

- A3 A E FRAEE AT AR AL FAxY AMdFY TuUE 7S Ay

Axg F59 YnFY Ay

ofa] A|%}g sl Foll iyt tE A}

A3 APEe BrRdS AT 43 Jle Ay

A378 AHEEe Hbsotel iyt Y A3

AldQollshe2oiM ZHHF(Sol, ATHRO] ol tigt YA} Ay

X0l oA MY EA 3ol i YARY AY

Carrier £x}2] M3 Q A=z} A7



A 3&. daa d4

A 138, A4 e I3

Ui At 234 AeEa F FEY dold] ESS 22ste] BERAELy
(Galleria mellonella)?] 32 A2 ¥ 1Y AL AlojA Wx|gc}t, o] §Fo] A
4 Aol ZEEE 39 Hyjo] #A7E B4Rt o] FAE €4 Bt F& A
Hyhch, 23 8E YSIA Petri dishol 1xMAE® F32] £A4=Hconidia)& 1.0x10
spores/ml X8 ZA3}o] filter paper (Whatman No, 1)7} 253 AEE Yo Fr}
of floll BdFAF LYY F52 YL AAA AHS AWl |Fol ArBIHA o] FF
§ 22 8gch(Fig. 1, Fig 2). o|dollq B8yt Adywyel we} F340U& %3l
A3 AR 132 E EQosty Eestact. EEFFQ) B. bassiana (ATCC 7159),
M. anisopliae (ATCC 20500) &3} X2} W FAte] Bel§ vlay Az AUdF FolAM 5
A= Metarhizium sp. ©j¢leny, Uma] 638 F~ Beauveria sp. ® ¥ X i}

A 23. Cuticle-degrading 4 2] 23 24l

1. M. anisopliae chitinase®] 2|3 284t
M. anisopliae= TIZ ¢ wix|Ert FUt @442 F4YOR chiting Rk

basal salts mediun %ol AP 4RE ASIHAY chitinase® THY BAHYE Table
13} Fig. 3.9 22HE Fotol & 4 vk,

2. B. bassiana protease?] 3 34t

Beauveria bassiana protease?] 2|3 AJAN2  trace element®} basal salto] 50mM
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Fig. 1. For second screening Metarhizium sp. 101, entomopathogenic fungus isolated
from soil, was infected to Galleria mellonella larva. The photograph was showing that

G. mellonella larva was killed by the fungal infection and covered with green
mycellium.



Fig. 2. For second screening Beauveria sp. 102, entomopathogenic fungus isolated from
soil, was infected to Galleria mellonella larva. The photograph was showing that G.
mellonella larva was killed by the fungal infection and covered with green mycellium.



Table 1. Effects of carbon and nitrogen source on the production of M. anisopliae
chitinase.

. Cell dry weight | Chitinase activity
Media
(mg/10me) (mU/m)

2% colloidal chitin + basal salt medium 42 8.66
1% yeast extract + 1% peptone

+ 2% dextrose 38 1.25
2% colloidal chitin + 2% dextrose 20 0.16
2% colloidal chitin + 1% yeast extract 73 0.55
2% colloidal chitin + 1% peptone 89 2 05

+ 2% dextrose
2% colloidal chitin + 1% yeast extract 67 0.42

+ 2% dextrose
2% colloidal chitin + 1% yeast extract 87 2 24

+ 1% peptone + 2% dextrose )

¢ M anisopliae was grown at 28C for 4 days in each medium, Chitinase
activity was measured with the culture supernatant,

% Basal salt medium contained (.5% NaH:POs and 0. 05% MgS04 + 7H:0.
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Fig. 3. Chitinolytic activity of enzymes secreted by M. anisopliae(l, 4), Rhizopus
oligosporus(2), Beauveria bassiana(3). 1, 2 and 3 were cultivatied on the medium
composed of KHoPOs 5g, MgS0s 0.5¢g and chitin 200mé per liter, 4 on PDA medium.



MES(pH 6.0) buffer§ A7l AL 7|€2e = 3lo] 7] BSA, casein, gelatin 9
polypeptone& 242} 0.3%2 3713t protease?] ¥/d-& vyt F2} polypeptone H7}A|
713 w2 BAEPE Jvehdo] BsA Fe-Rch o 1.11u), gelatinBths of 2u] &2
L VS A& 4 AUArHFig. 4). EX glucosed H7M ol FA B P83t
Z| gt protease?] ;g2 A Uehpx] Qglct. o] ¥ HHZ polypeptoned 7|AZ 3l
syt

iz} 2] pHoll WhrE F A 2] AAtH = 50mM potassium phosphate buffer§ o]-&3}o]
pH 5.5014 7.57}x] 0.5 (P2 ZApsiglch. 2 Az} pH 7.0 ool A &4 A
AtE 27 Qlolen] pH 6.0 buffer§ ARSAl I Hido] 71 waten, wie} 4d7Hx] vl
2 pH7F A 6.0& FAIBIGTHFig. 5). MES buffer(pH 6.0)3 AM&% Z$olx pHrl
A Aoy XA Fix vy A ooy 50mM o4 phosphate bufferytd &
£ 2B =HA ekgdrl.

A4 PHE AT HF pH A dA B Zo] YAy phosphate FF5& BT W&
Al7le A3 5§ 4AS7] $43] potassium phosphate(pH 6.0) bufferS 10mM3-E]
100mM  7}x]  ejstdM  HAMPE RABIZTh 50mM MES buffer (pH  6.0)°]
KHPO((7.35aM) & A 7HAZ 7|12 A& 2 FE AMESte] vlayt AAE Fig. 60 e}
wgdrh. 3 Z3} potassium phosphater} 40mM oJ31e] X2 H7Mr ol pH ¢33 2HE3}
phosphate FgFo] FEA| Rl ujgqe] pHrl 7.0 o4 g Fepzton H4 Fatazl
T AL YehdA| gdgich. =R 20mM ojslel B9 FA ASE APE] Asigolct &
42] AAHS potassium phosphate(pH 6.0)& 50mME MJlstdg o 713 &aton 1 o
22 sxoMs L3]8 <t A Aito] AL EJE controlE o] -8 50mM MES
bufferoj A= HA4 AL 4351921} 50mM potassium phosphate A 7}A] Bri= e
U8 Harl o] AA=RE FA Kol 10mM ]9 phosphatert ARt 2o zt
ctEth EXF MES buffer& AHE35lo] phosphate & ZA3H= ZHch= g} njodx| g
7 #|’4(MES7} potassium phosphateRC} ¢} 58} 7}Zo] H|a) R Alge] o]y wojy
potassium phosphate buffer& o]&&sh= Zo] ulgtalsjcla zgtdch 50mM potassium
phosphate (pH6.0) bufferg ©]-&3}l 32 7]AE XA polypeptone?] FE& 0.10]A
1.5%712] 242} wjizlo] H7lste] 714 HAsxE RABKACE 2 Azke Fig. 74 &
th 71d =7 W2 Z9E AL e dojtont Aoz s Qgtn 23
3 ¥ 552 Y7Mrol: polypeptoned] N £3] AhEo] FA| Kol FEI A4
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Activity (U/ml)

Fig. 4. Effects of different substrates on the production of extracellular protease from
B. bassiana. Each substrate was 03%. V-V, polypeptone, @-@; BSA, O-O;
gelatin, ¥-V¥; casain,



ACtivity (U/n)

0 1 2 3 4 5 6 7
Dry

Fig. 5. Effects of pH on the production of extracellular protease from B. bassiana. 0.3%
polypeptone was added to culture broth containing 50mM potassium phosphate (@-@;
pH 55 O-O; pH 60, ¥-¥; pH 65 v-V; pH 70, -l pH 75 or 50mM MES
(O-; pH 6.0).



Activity (U/ml)

Fig. 6. Effects of phosphate concentrations on the production of extracellular protease
from B. bassiana. Substrate was 0.3% polypeptone. @-@; 50mM MES, O-O; 10mM
phosphate buffer, ¥-V¥; 20mM phosphate buffer, V-¥V; 30mM phosphate buffer, ll-ll
40mM phosphate buffer, [J-[[]; 50mM phosphate buffer, O-<O; 75mM phosphate buffer,
&-9; 100mM phosphate buffer.



Activity (U/ml)

Fig. 7. Effects of polypeptone concentrations on the production of extracellular protease
from B. bassiana. @-@; 01%, O-O; 03%, ¥-V¥; 05%, V-V; 0.7%, -l 1.0%,
O-0 1.5%.



AAHR= AL UehdR] e e woigodch. ¢ 0.7%2 HIMAole wlYg 44
R 4 Yol FEs| A= FAYL RAon ol fatd AHAAME LS AAS
Lt o] xRz 4AHE proteaseo]] 23] TP AtFo] FAPFe] FEIL 239
T4 g dAshe o= Ukt olde] Ao AL P4t BIN= 0.3 - 0.5%2
A7 wA BAHALH 0.5% AL vixoA P w2 ZLUEE RATH

vjotodele] A VS metalloprotease?] inhibitor® EDTA, serineAlprotease
inhibitor2 PMSF 9 DFP 12|31 thiol protease inhibitor® DITE AM23dld VHS &
Zstdch. Z inhibitore 0.5 - 10aM71] S & ©el M7l pH 8.5, 37TolA 20&
WSAIA zAsiglel. O AS Fig. 8ol Uehllch B bassianaZHE BAAF =
protease®] WS PWSF W DFPo] o3} A#iSIgl:L DFPMCHS PUSF A7hA] SR AsE
7}&&tc}. ol 2 Y-e] B, bassiana’7} B48F= protease= serineA] proteased& ¢ 4 Al
th. ¥ EDTA W DITE: H4 o] nAe F%o] gt

2 38, A3HAS FL0 B I U =4

1. M. anisopliae chitinase®] #e| 33 Q Fi4

M, anisopliae chitinase& 80% saturated ammonium sulfate precipitation,
DEAE-Sephacel (Fig. 9), CM-Sepharose CL-6B ion exchange chromatography (Fig. 10)2}
FPLC Superose 12HR gel filtration(Fig. 11)& F3ld &¢3iAl Feistsch B3 <
AAHA 892 Table 29} Uth.

M. anisoplie chitinasel= SDS-PAGEo|A 60KDa2] A& UEIACD, gel
filtration @2}9} ¥|Z & u] monomer® AMSHC} (Fig. 12). BAH AL BAHS 4t
BEE o] HAE pH 50004 HciRdE Yehd pH 4.02 pH 6.004E & W3S
F218& Fig. 1304 HojFa ol E chitinase?] 7] AHol/d-& AR Z2HTable
3) o] AAE chitin 2YA|9} oligosaccharide?l chitobiose®} chitotriosed|® &2 ¥
4& 23 9= 2122 Ho} endochitinase®} exochitinase ¥d& FAlo] = o=
Atz €},
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Fig. 8. Effects of various inhibitors on B. bassiana extracellular protease activity. Each

inhibitor was added from 05mM to 10mM, respectively. @-@; EDTA, O-O; DTT,
v-v, PMSF, V-V, DFP.
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Fig. 9. Elution profile of chitinase activity in a column of DEAE-Sephacel. A
sample(5.15 mg) of the concentrated and dialyzed extract from M. anisopliae was
applied to the column(25X15 cm). Elution was performed with a 0~0.5 M gradient of
NaCl for 300 mé. Flow rate was 100 mé/h. Activity fractions of the former peak were
pooled for next purification.



A280 o Chitinase activity
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Fig. 10. Elution profile of chitinase activity in a column of CM-Sepharose CL-6B. The
former activity fraction(1.14 mg) from DEAE-Sephacel column was concentrated to 20
nf and applied to the column(1.5X15 cm). Elution was performed with a 0-05 M
gradient of NaCl for 150 mf¢. Flow rate was 100 mé/h. Activity fractions corresponding
to 80-150 mM NaCl were pooled for next purification.
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Fig. 11. Separation of chitinase by FPLC gel filtration. The activity fraction from
CM-Sepharose CL-6B column was concentrated to 2 ml. An aliquot(90 ug) of the
concentrate was injected into Superose 12HR column. Flow rate was 24 mé/h. Fraction
size was 1 mé. Activity fractions were pooled for subsequent analysis.



Table 2. Purification table of chitinase isolated from M. anisopliae.

Purification Protein Total Specific Yield Purification
step (mg) mU activity(oU/mg) (%) fold
1. Culture fluid 18.07 8,659 463
2. Ammonium sul fate 5.15 5,272 1,024 60.7 2.21
precipitation
3. DEAE-Sephacel 1.14 2,081 1,825 24.0 3.94
4. CM-Sephacel CL-6B 0.35 807 2,307 9.3 4.98
5. FPLC Superose 12Hr 0.11 564 5,127 6.5 11.03

gel filtration




Fig. 12. SDS-PAGE of activity fraction from each purification step. Lane: 1, ammonium
sulfate precipitation; 2, DEAE-Sephacel column chromatography; 3, CM-Sepharose
CL-6B column chromatography; 4, Superose 12ZHR gel filtration by FPLC, M, molecular
weihgt standards from top to bottom, phosphorylase B(97,640), bovine serum
albumin(66,200), glutamate dehydrogenase(55,000), ovalbumin(42,700), aldolase(40,000),
carbonic anhydrase(31,000).
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Fig. 13. Effects of pH on chitinase activity.



Table 3. Enzyme action of the purified chitinase from M. anisopliae on chitin and
chitin oligosaccharides.

endochitinase activity® exochitinase activity’
Substrate

(NAG nmol ,ug"min'l) (NP nmol yg'lmin")
colloidal chitin 5.14
crystallin chitin 1.32
pNP- 8 -N-acetylglucosamide 3.63
oNP- 8 -N, N'-diacetylchitobiose 7.8
pPNP- 8-N,N’, N*-triacetylchitotriose 4.53

*nzyme activity was assayed by method of Tagaki et al. (1992).
I’I:‘nzme activity was assayed by method of Havukkala et al, (1993).
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2. B. bassiana protease?] T-e|FA P H4

Beauveria bassiana proteased BA|317] $13lo] ¥ AHolAN AEY AH Pituj]
oA 33U ui}(9.1£)F FAME filtrationdt] A At 2 ufde{d (8.49¢)F
ammonium sulfated 95% saturationdlo] YilFel F VAES HEst 5oM potassium
phosphate(pH 6.0) buffer2 {35} DEAE sephadex A-50 column (2.5X10cm)ol loading
Slal thE elution®H protease ¥AdY(185ml)&M-cellulose column(2.5X18cm)ol|
loading®}o] pH gradient(10uM Borax, pH6.0 - 10.6)¥ 10mM Borax, pH 10.6 step, pH
11.0 stepg HolFArh ol& Fslo 670 <A FY[FI(pH 8%2), FII(pH 8.8%
<), FOI(pH 9.5%2), FIV, FV(pH 10.6 step), FVI(pH 11 step)]& AU o|F FV &
Yol 7H¢ &2 protease Y& HATrHFig. 14). ©o]§ Z fraction® protease
inhibitor® DIT(thiol proteae), EDTA(metallo protease) ! PMSF(serin proteae)& 3
7i8te] & Abstol HgitHTable 4). 2 F2} RE fractions PMSFol oj3f BF
ol Hashe §4& Hglon] FIIY B¢ DITH7o ) *do] I F7ishe 53
< Bqch =W Z} fraction sampled 0.1% gelatin SDS-PAGES 425l ¥4 AME
¥ A3} FVolM SR8 proteolytic activity§ Bgon ojeh= the ¥/ band& T2
fractionofl ] ¥QIstATHFig. 15). &, FI oA AEx}P2] proteased H|EY 2ZF-F2
proteases HIstgis FII | FVolA S1E=}}e protease’t e o2 RRIE|Qlch.
u}eta]  ©o|2Rt chromatography patternzl ¥ GMe ZHAAZHE B bassianat o
2] 2 proteased A= A& & 4 At olF P EYHFoM M &2 ¥
42 ehAdE 2= FVEYS 23t hydroxyapatite column (2.5X2.2cm, 1M MgClz)
chromatography& 435It o] Ao thi-Z2lprotease ¥4 A2 elutions]o]
Uex|qt A= IM MgCL0llA elutions] gl o] £ H-EE A/gA2E FUW R
o2 IHE| Q). Hydroxyapatite columnofs MEZ elution® sample SDS-PAGES %8}
o] ¢Us FAEHASE HAstH o] AL ¢ 28kDacldic). ol gt FA AP Fig.
16 ¥ Table 50 Lepjict.

A|¥ protease(Bassiasin 1)8] o7 72| A Y& ZAls}Qlc). Bassiasin
18] 2|3 w3 phg FAsI7] ¢13iA pH 5.0004 pH 12.02] Tl pHYELNo|A 483
¥ xaAPEe] &3 A= Fig. 179 Uehddeh 48 pHollME tiNg ZA%/go] W
om dge]d pHolld &2 B9 Bch pH 10.5004 HAW8& Jix], pH 7.5 3
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Fig. 14. CM-cellulose column chromatography profile. O-Q; proteolytic activity, [(J-[]

protein concentration.
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Table 4. Effects of protease inhibitors on the proteolytic activity of B. bassiana
proteases derived CM-cellulose column chromatography with pH gradient.

Relative activity (%)

Inhibitor

F1l F 11 F III F1v FV
None 100 100 100 100 100
1mM 100 200 100 142 100

DTT
10 M 193 1,000 100 152 100
1 aM 100 104 89 107 93

EDTA
10 oM 100 144 88 166 94
1M 36 26 71 0.5 0.3

PMSF
10 oM 8 4 54 0.1 0.09
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Fig. 15, SDS-PAGE(A) and gelatin SDS-PAGE(B) analysis of the CM-cellulose
fractionated proteases. 10uf of fractions were loaded in a 12% polyacrylamide gel
containing 0.1%6 gelatin in the gel matrix, and elecrophoresis was performed at 5T for
35 hrs. The gelatin SDS-gel was soaked in 2.5% Triton X-100 for 30 min, washed
with distilled water for 1 hr, and incubated in 0.1 M Tris-HCl (pH 8.5) for 5 hrs at 3
7TC. The gel was stained with 0.1% amido black. [Ref. Lee S. H. Yi, Christine M.
Runion, and Kenneth L. Polakaoski (1992) Demonstration of a boar testicular protein
band that is immunoreactive to proacrosin and proacrosin binding protein antibodies.
Biochem. Biophys. Res. Com. 184, 760-764.]



Fig. 16. SDS-PAGE analysis of the samples of purification steps. lane 1; protein
standard marker, 2; (NH4)2:S0s 3; DEAE sephadex A-50, 4, CM-cellulose, 5;
Hydroxyapatite.



Table 5. Purification of B. bassiana protease(FV)

. Total Specific
Volume Protein L. .. Recovery
(n2) (ng) Activity Activity (%)
(U) (U/mg)
Medium supernatant 8,490 28, 300 5,310, 495 187.6 100
(NH¢)2S04 precipitation 155 1,224.5 2,691,188  2,197.8 50.7
DEAE sephadex A-50 185 573.5 2,270,875 3,959.7 42.8
M-cellulose 98.5 364.5 1,896,125 5,202.7 35.7
Hydroxyapatite 30 93 720, 501 7,747.3 13.6
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Fig. 17. Effects of pH on the proteolytic activity of Bassiasin I. The reaction was
carried out at 37T in the following buffers. @-@:; 50mM potassium phosphate, -l
50mM Tris-HCl, A-A; 50mM glycine-NaOH, ¥-V¥; 50mM phosphate-NaOH.



< HAUge 50x& Yehygich

Bassiasin 12} pHoll ui¥t ¢4 HHS Zze] pHollA 28TolA 2 A2, 4TolA 48
AT T A7 PAY F B AAEE S $HW Aoinf A2t Fig. 180]th. pH 5.0 -
11.02] H{lolld TEHEY 90x o]dE FABIRE o] pH HHolM: Hus] Hysta
th SEAIT pH 11.00] Joll = & X A9 HAdo] 20x0]312 FZ3] Asi= qch.

Bassiasin 18] 2t R4 YHLEF YolBy] $3) 20 - 70C HejolA 10T {Fe
2 AAUES 33T F2AS Fig 190] Uehjlch HoiWL 60 - 65Toln 70THA
t ¥gol F43] A4 ALeg Yelytct

Bassiasin 18] dUFEE RAISI7] $8] 20mM potassium phosphate $43-8-<§ (pH
6.0)oll4 30 - 60T7HA] 10C TP o2 dAe|stdM ZFA|o] w}E LYY S JHY
A= Fig. 203 Ath £ FLE 40ToM 1208 Aeslo{s AAUYZ Ol §=]8}
U, 60Tl 502 Aelrjof] Hx AP 50%7} AR 1208 AHe|sidg o 2 ¥
o] o 807t A}

Bassiasin lof 27} o]29] HAHAYe] tiyt P CaClz, CuClz, MgSOz, MnCly,
InCl;, FeSOs 5% HF=5x= 1 oM} 10 sME HAfof YISt ARSIt 37TolA 14]
LAY F AAULE FFC A AL o] Gl gl

Z] 48, M anisopliae chitinase -2 x}2] cDNA cloning

A3 A 434 EFY cuticled S £33 AYol MY Fag Ao
ada]A alct. Cuticle®d?] 23l chitinase, protease 52| extracellular enzymeof 2]
3] dojdrt. uwhepdy ’d’%"g AP FAFHY £35S A 28 cutlcle E3 &
42 F2 W [FAA} cloning 5 2PPo] Wasin FIAHOoRLE: ol FAAE A3
Aol YU AA AZEAE wole dl ok £ AF& %3] Y F oy
T-F8 M anisopliae (ATCC 20500), Beauveria bassiana (ATCC 7159) H&| ¥4-3F& o]
&3ldrt. M anisopliae?] T3 EI| AFA FolHo g WYIN= chitinase FA2NE &
2|3t7] $I3l cDNA RAxt 2%& AdstAdrh. cDNA FAx} 289 efficieny= 5.8X105
(pfu)olelen chitin 7h-Ealo] Y HLF XYY 20T ALRHTE. DN 3}
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Fig. 18. Effects of pH on the stability of Bassiasin 1. The pH treatment was carried
out in the following buffers for 48hrs at 4T(closed simbols) or for Zhrs at 28C(open
simbols). 25mM potassium phosphate (@-@, O-0), 26mM Tris-HC! (H-I8, (O-0)),
25mM glycine-NaOH (A-A, A-A), 25mM phosphate-NaOH (Vv-V¥, V-V),
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Fig. 19. Effects of temperature on the proteolytic activity of Bassiasin 1. The enzyme
activity was assayed at indicated temperature in 50mM glycine-NaOH (pH 10.5) for
10min.
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Fig. 20. Effects of heat stability of Bassiasin 1. The enzyme was diluted at the
concentration of 1.0ug/ml in 20mM potassium phosphate buffer (pH 6.0). After
incubation at 30T (@-@), 40TC(l-W), S0C(a-4A) and 60C(V¥Y-V¥) for the indicated
times, the remaining activity was assayed.



23 o2 HE glycol chiting ¥3¥5H= chitinase§ direct screening ¥4 92 cloning
slgloni(Fig. 21), ©| clone pCHI 112 Hw3ledch. pCHI 11§ E coli XL1-Blueo] ¥
AAY3AE wl, IPTGo] &3l REE|glon], 2.5% SIS §olA 100CE 585 $%
P& o] chitinase BVFF FAIBIAATE 2% f-mercaptoethancl & FEIIAS of
chitinase ¥/do] ®A3] A six]dcHFig. 22). pCHI 11& restriction mapping>} DNA
sequencing A} (Fig. 23, Fig. 24) & 2kb2] nucleotide§ X {5t 29.C2ui, open
reading frame 1,5697§2] nucleotide, 522718} olnjx4to g FAdElo] Qo3 o] 4
B $3" L2132 58 kbao| gict.

M. anisopliae chitinasex T}FE: A}#2] chitinaseS 2 AHEA & v|2A¥ Z=2HTable
6, Fig. 25) A& Adol 20x Y& of$ uglch. T2 active site §ZolAE= tld &
2 30~50%2] AlEAHS 3 qglen] 53] serine 307, glycine 309, glycine 310,
aspartic acid 342, aspartic acid 344, glutamic acid 46F 25 T %02 23 9lad
th, E=X Xt MPA LT AMe|slo] M anisopliae genomic DNAE Southern analysis¥t
A3} clone V chitinases= M, anisopliae genome Aol 1 copy® ajgte] ¥s=lgic}
(Fig. 26).

I

#} 538. M, anisopliae chitinase -8 x}2] genomic DNA cloning

12pd=e]]l ¢4 e BAHY chitinase®] N-terminal ofa|iedt AN EZHE
degenerated oligonuleotides(Al, A2)& §}/4319] primers® AFES}YcHFig. 27).
Wit primer2i= ofefe} S ZAP express vector®] T7 promoter primerg ©|-&3}
gt

T7 primer: 5’ - CGGGATATCACTCAGCATAA - 3’

o]l primers2HE] M, anisopleae?] genomic libraryollA] £z2|§t DNAG F8og
slo] PCRE %8}t Z2H(Fig. 28) 300bp2] M1 Y 580bp2] M2 bands& ¥UY 4~ gl3lTh

2}Z}2] bandg Sanger?] dideoxy chain termination ¥}Hol w}z} DNA sequencing®t
A2}= Fig. 29, Fig. 300 Yehjgich
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Fig 21. Screening of chitinase clone from M. anisopliae cDNA library. The phages of
cDNA library were grown on NZY Agar plate containing 0.01% glycol chitin and
20mM IPTG at 37 T for 8 hours. The plate was incubated in 500mM Tris-HCl (pH
8.9) containing 0.01%(w/v) Calcofluor White M2R for 5 min, destained with water for 1
hour at room temperature. Lytic zones were visualized by placing the plate on UV

transilluminator.
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M Ct Ti C2 T2 C3 T3

Fig 22. Chitinase activity after electropheresis in a 10%(w/v) polyacrylamide gel. Ci,
Cs, C3 were extracted from E. coli XL1-Blue(host), Ti, Ts T3 from E. coli Xi1-Blue
transforamated with pCHI 1l(transformant). = Samples were boiled for 5min in
15%(w/v) sucrose and 2.5%(w/v) SDS in 125mM Tris-HCl (pH 6.7) with (Cs, T3) or
without (Cz, T2) 2%(w/v) B -mercaptoethanol. A, stained with Coomassie blue R-250,
00B, after staining with Calcoflour White M2R. Band with lytic activity appeared as
dark zones on UV transilluminator.



100bp

Accl
Kpnl Accl
EcoRl Xhol Kpnl| | EcoRV Kpnl  EcoRl Yhol
A
chitinase [\
P
—
—_—— » »> —
«— «—— < <
: > R — ——
<« < -~

Fig 23. Restriction endonuclease map and sequencing strategy for chitinase gene of
M. anisopliae (pCHI 11). Arrows indicate the length and direction of sequencing. (1),
deletion point.



tcctgtttecgttaagecttataataatggeggtgetg
tgactccggttgatccaactecggaaacaccggtgaccccaactccggataacagegagecatcaac
accagcggataggecttaacgattactcattgcaagtgtggagegecaggaaggtagegaaatttace
ATG TTA TTT TCA ATG GTA ATG TTT ACA GAG CGC TGG TGG GTT GGG TCT AAA
M L F S M VvV M F T E R ® W V G S K
GAT TGC CCA CGG GTA CCA GCG CTA GAA AAC TCC AAT AAC CCA TGG CGT CTC
b ¢ P R V P AL E N S N N P W R L
GAG CGT ACA GCT ACC GCT GCG GAA TTG AGT CAG TAC GGT AAC CCG ACT ACC
E R T A T A A E L 8§ W Y G N P T T
TGT GAA ATT GAT AAC GGC GGC GTC ATT GTT GCG GAT GGT TTC CAG GCC AGC
c E 1 D N G G V I VvV A D G F Q@ A S
AAA GGC TAC ACC GGT GAC AGC ATC GTA GAT TAT AAC GAT GCA CAT TAT AAA
K 6 Y T 6 D S I vV D Y N D A H Y K
ACT TCT GTC GAT CAA GAC GCA TGG GGC TTT GTC CGG GCG GCC TAT AAC CGT
T 8§ v D @ D A W G F V R A A Y N R
GGA AGA AAT ACG AAC CGC CAA AGC AGT GGT CCG CAT CCA CTG TGT ACG AGA
G R NT N R Q S S G P H P L C T R
AAG TGT ATC GCG TGG TTG TTG ATG GGC AGG CTT ATG AAC GCT GTT CTG ACG
K ¢ I A ¥ L L M G R L M N A V L T
CAA AGT GAC AAC CCT GCT CTG GTG CCC AAC CAA AAC GCC ACC GGT AGC AAT
e S D NP A L V P N Q N A T G S N
AGC CGC CCG TGG AAG CCG TTA GGT AAG GCT CAG AGC TAT AGC AAC GAA GAG
S R P ¥ K P L G K A Q S Y S8 N E E
CTG AAT AAT GCG CCG CAG TTT AAT CCA GAA ACG CTT TAT GCC AGC GAT ACG
L. NN A P Q@ F N P E T L Y A S D T
CTG ATT CGC TTT AAC GGT GTG AAC TAC ATT TCT CAG AGT AAA GAG CAG AAA
L I R F N GG V N Y I 8§ Q S K E Q@ K
GTT TCT CCT TCT GAC AGC AAC CCG TGG CGT GTT TTT GTIT GAC TGG ACC GGA
v § P 8§ D S N P W R V F V D W T G
ACC AAA GAG CGC GTA GGT ACG CCG AAG AAA GCG TGG CCG AAA CAC GTT TAT
T K E R v 6 T P K K A ¥ P K H V Y
GCA CCG TAT GTC GAC TTT ACG CTG AAT ACG ATC CCG GAT CTG CGT GCG CTG
AP Y V D F T L N T I P D L R A L
GCT AAG AAT CAT AAC GTC AAC CAC TTC ACG CTG GCG TTT.GTG GTG AGT AAA
A K N H NV N H F T L A F Vv VvV § K
GAT GCG AAC ACC ACA TGT GGT ACC GCT TAC GGT ATG CAG AAT TAC GCT CAG
D A NT T C G T A Y G M Q@Q N Y A Q
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TAC AGC AAA ATC AAA GCT CTG CGT GAG GCT GGC GGC GAT GTG ATG CTG TCT 918
Y § K I K A L R E A G GG b v M L S 306
ATC GGT GGT GCT AAC AAC GCT CCG CTG GCT GCT TCC TGT AAG AAC GTA GAC 969
1 6 G A NN A P L A A S8 CK N V D 323
GAT CTG ATG CAG CAT TAT TAT GAC ATC GTT GAT AAC CTG AAC CTC AAA GTC 1020
D L M @ H Y Y D I vV D N L N L K V 340
CTG GAC TTC GAT ATC GAA GGC ACC TGG GTT GCG GTA CAG GCA TCT ATT GAA 1071
L D F D I E G T %W V A V Q A S 1 E 357
CGT CGT AAC CTT GCT GTG AAG AAA GTG CAG GAT AAA TGG AAG TCA GAA GGC 1122
R R N L A VvV K K V Q@ D K W K § E G 374
AAA GAT ATT GCT ATC TGG TAC ACC TTG CCA ATT CTC CCG ACT GGC CTG ACG 1173
K b I A I ¥ YT 1L P I L P T G L T 391
CCG GAA GGG ATG AAT GTC CTG AGC GAT GCC AAA GCG AAA GGT GTT GAG CTG 1224
P E G M N V L 8 D A K A K G V E L 408
GCG GGT GTG AAC GTG ATG ACA ATG GAC TAC GGT AAC GCG ATT TGT CAG TCT 1275
A G V NV M T M D Y G N A I C Q@ S8 425
GCA AAT ACC GAA GGC CAG AAC ATT CAC GGT AAG TGT GCA ACG TCT GCG ATT 1326
AN T E GG Q N I H G K C A T S A 1 442
GCC TTC CTG CAT TCA CAA TTG AAA GGC CTC CAT CCC AAT AAG AGC GAT GCA 1377
A F L H 8 Q L K G L H P N K S D A 459
GAA ATT GAC GCT ATG ATG GGT ACC ACG CCG ATG GTIT GGC GTG AAC GAC GTT 1428
E I D A MM 6 T T P M V G V N D V 476
CAG GGC GAG GTG TTC TAT CTC TCT GAT GCT CGT CTG GTC ATG CAG GAT GCG 1479
Q 6 E v F Y L 8§ D A R L Vv M Q D A 493
CAG AAG CGT AAT CTC GGT ATG GTT GGT ATC TGG TCA ATC GCG CGC GAC CIG 1530
Q K R N L G M V G I % 8 I A R D L 510
CCG GCC GCA CTA ACC TGT CTC CGG AAT TCC AGC GCC TGA ctaaagaacaggctc 1584
P A A L T CL R N F T A = 522
cgaagtacgcatttagcgaaatcttcggecgtttactaagcaataaatgtgttggegataccttcca 1651
gtatccggcattttttgtcaatgggctacttitggtagcattatttttattcatatttcttattett 1718
tgcttaaaaaaaa 1731

Fig 24. Nucleotide and deduced amino acid sequence of the chitinase of M. anisopliae.
Amino acid sequence is shown in one-letter code beneath the coding sequence.
Lower—case letters indicates 5' and 3’ untranslated regions. Putative polyadenylation
signal sites are underlined. Termination codon is represented as asterisk.
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Table 6. Comparision of deduced amino acid sequence of chitinase from M. anisopliae
and other microbial chitinase.

Chitinase Organism Best match()
1.4- 8 -N-acetylglucosamimidase Saccharopolyspora erythroea 24, 4%
Serratia chi A Serratia macescens 25, 0%
Bacillus chi A 1 Bacillus criculans 36. 4%
Str. Oli chitinase Streptomyces olivaceoviridis 33. 9%
position 10 20------ 70 80
M, anisopliae 295 ALREAGGDVMLSIGGANNAP------ NLKVLDFDIEGTWVAVQASI 413
Saccharomyces 95 TCQSLGKKVLLSLGGASGSY------ VVDGFDFDIENNNEVGYSAL 167
Rizopus Chi 1 105 KCQDKGVKVILSLGGAAGVY------ VIDGVDLDIEGGASTGYAAF 176
Serratia ChiA 260 KQAHPDLKILPSIGGWTLSD------ FFDGVDIDWEFPGGKGANPN 325
Serratia ChiB 82 KAHNPSLRIMFSIGGWYYSN------ GFDGVDIDWEYPQAAEVDGF 154
Alteromonas 258 KQRYPDLKILPSVGGWTLSD------ FYDGVDIDWEFPGGDGPNPD 323
Bacillus ChiD 251 YLQSQGKKVLISMGGANCRI------ GFNGLDIDLEGSSLSLNAGD 313
Str, ery 65 AIRGAGGDVIPSIGGYSGSK------ GLKAIDVDIEATEFENDASE 126
Killer a 434 FLKVTSSKKIPSFGGWDFST------ NLDGIDLDWEYPGAPDIPDI 505

Fig 25. Amino acid sequence similarities between chitinase of M. anisopliae and other
microbial chitinase, sequence segments shown here are from Saccharomyces cerevisiae
chitinase, Rhizopus oligosporus chitinase I, Serratia macescens chitinase A and
chitinase B, Alteromonas sp. chitinase 85, Bacillus circulans chitinase D, Streptomyes
erythraeus chitinase and Kluryveromyces lactis Killer toxin @ subunit.
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Fig. 26. Southern blot analysis of genomic DNA isolated from M. anilsopliae. DNA
samples were digested with EcoR 1 (E), Sal I (S) and Xho 1 (X), separated on 0.7%
agarose gel(left) and hybridized with [®Pl-labelled 05Kb Kpn I fragment of the
chitinse(right).

1 2 3 4 5 6 7 8 9 10 1 12 13
N-T-G-G-S-W-N-N-E-V-N-V-Q
Al

A2

Al : 5 - GGNWSYTGGAAYAAYGA - 3
A2 : 5 - TGGAAYAAYGARGTNAAYGT - 3’
RAG), Y:(CT), W(AT), SS(GC), N:(G A T,O

Fig. 27. N-terminal amino acid sequence of M. anisopliae chitinase and nucleotide
sequences of synthetic oligonuclotides



|« M2 (580bp)
@<« M1 (300bp)

Fig. 28. Gel electrophoresis pattern of PCR product with M. anisoplize genomic DNA
by using Al primer(lane Al) and A2 primer(lane A2). Lane M is 100bp ladder and the

arrows indicate major PCR products.

43
17

97
33

145
49

TGG AAT AAT GAG GTT AAC GTC CAC CCC AGC AAG GTC ATA CCA TTC GTT
W N N E v N v Q P 8 K v I P F v

ATA GAG GAG CAC GAT CTG CAA AGA ATC GAC TCA CGA CGG CGT CCA ATT
I E E H D L Q R I D S R R R P I

GTA CGC AAT AAG AGA TGT TTC TCC AGA AGG TCT ATA GTA GGG AGA ATT
\Y R N K R C F S R R s I A G R I

CGA TC
R

Fig. 29. Nucleotide sequence of M1 fragment and deduced amino acid sequence.
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1 GGG
1 G
49 AGC
17 S
97 GTT
33 v
145 AAT
49 N
193 "ATC
65 I
241 CAT
81 H
289 CAT
97 H
337 TGC
113 C
385 TGC
129 C
Fig. 30.
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Nucleotide sequence of M2 fragment and deduced amino acid sequence.



ZolA & 4 a%o] M2 chitinase®] N-terminalz} 100%U X3l oL}, M2ojA=
chitinase?] N-terminal 2%€ 13H $JR]2] olmjxx4t @7} PE X|8H RS A2§ Lz
BFol As] UAFIYct M anisopliaze= 8] 72 chitinasesd BANY 4 917]
o] & A¥eMe ¥F8el me &2 F FFY PR productsE AR HF
screeningS $|¥ probes® &3l M, M2E 212} probes® ©]-R5}o M, anisopleae
9] genomic DNAE Southern blot analysis¥& uwfe] ZAz}= Fig. 31, Fig. 329} U}l
Southern #4%H-S genomic DNASE AT H A A2] ¥ 0.8% agarose geloja] H7/|EE§
F UdE Yo AHojrlZit). DNAZ Aol UYUE uS hybridization £ (6XSSC,
0.5% SPS, 5XDenhardt’s solution, 100 pg/ml denatured salmon sperm DNA)ollA 24} 7}
AAF [“pl2 EAY probe DNAZ A7MAIA 65ToIM 20413t ubg AT Fig. 313}
Fig. 320]M Ro F= uiel o] Mo thaiMe M@ MPRAL] FFol wa} 3-4719
fragments7t ¥AEglon, M2 chi#id = 1719 fragmentTt ¥elx it

Southern £ ojlA] positive signals& Zt:= Zt2te] DNA fragmentE ZAP express
vectorol] AZAY the, Gigapack II packanging extract® AJ@¥# ujollA] packagingslo]
E. coli XL1-Blue MRF'o] infectiond}%it}. o|2X-E| plaque hybridizationS <485}
M. anisopliae chitinase geneg screening 3}em 1 AzR= Fig. 33o] vehjgch
2}Zk2] A clone&d APAL Az|sl A7]9F W Southern blot analysisg 4383}
ojFoA] Ml-1 clone& Aws}gic}. o] clone& Apa I, Kpn I, Hind III, Sal I, Sac I,
Xba 22 Zgls}o] Southern £ ¥ A= Fig. 349} rl

M1-1 cloneo]l ti¥t H-Z3 Q] DNA sequencing®] FAIp= Fig. 359 ¥oun, uynjzx] {
o]l oyt dr7iMd Aol FYFol Adck EY isozymess] 7Fsgol w2 oFE FF2
cloneso]l tH3A] = DNA sequencingd AA|Y o R ojt}.

A 64. B. bassiana protease FAA}2] cloning

E A3 F 93 B bhassiana (ATCC 7159)2 %8 A 2-& proteaseq]l Bassiasin IS
wel, BAst N-wgd olmjxeat MEE AAMstgcl. VAW#A| B bassiana?] THE
straing! B. bassiana (USDA 331275)o]lA Prl protease7} BA|%]¢l om cDNAZ} cloning
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F1g 31. Southern analysis of M. anisopliae genomic DNA digested with restriction
enzymes by using M1 fragment(300bp) as a probe. B; BamHI, E; EcoRl, H; HindIll, P;
Pstl, M; size marker. M; size marker.

MB E H BEH

223
94
6.6
4.0
23
2.0 -
05 -
£

Fig. 32. Southern analysis of M. anisoplize genomic DNA digested with restriction

enzymes by using M2 fragment(580bp) as a probe. B; BamHI, E; EcoRl, H; HindIll, M;
size marker.
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Fig. 33. Plaque hybridization to identify the A phage recombinant clone containing
chitinase gene. Genomic DNA library of M. anisopliae was plated, plaques were lifted
onto nylone membrane, and hybridized with a [*?P]-labelled M1 fragment(300bp) or M2
fragment(580bp) as a probe. A, first screening, B, second screening.

M A KHSIScX A KHSIScX

Fig. 34. Southern analysis of Ml-1 clone digested with restriction enzymes by using
M1 fragment(300bp) as a probe. A; Apal, K; Kpnl, H; HindIll, SI; Sall, Sc; Sacl, X;
Xbal, M, 1kb size marker.



5!

10
CCACCGCGCG
70
TCATCTGTAT
130
TACTAATTTC
190
TTGCACGAGA
250
AAGTAAAGAA
310
CCTTCAGTGT
370
CCAGCAAGGT .
430,
CACGACGGCG
490
GAATTCGATC

20
GCCGCTCTAG
80
AAAATGATGT
140
AAGATTAATA
200
AGCAGTATGG
260
AGAAAAGTGG
320
GTCACAAGAA
380
CATACCATAC
440
TCCAATTGTA

3."

Fig. 35. Partial nucleotide

30
AACTAGTGGA
90
AGAACATGGG
150
CCGAAAAGAA
210
CAATGCCCTA
270
CAAGCATGGC
330
TAGAGAAAAG
390
CATTCGTTAT
450
CGCAATAAGA

40
TCCCCCGGGC
100
ACCCTAGCAA
160
CAAGAATGCT
220
GTTTTGCATT
280
TGTGTAAACT
340
CCCAATAAAC
400
AGAGGTGCAC
460
GATGTTTCTC

50
TCCAGGTCGA
110
GTGTTTGTAG
170
ATTATTTCTA
230
CTGGAAAACC
290
CCGATTTCCG
350
CCCACTCGTC
410
GATCTCGAAA
476
CAGAAGGTCT

60
CACTAGTGGA
120
ATCTTGTAG
180
GAGTGTCGCA
240
GCTCAAATCA
300G
CCAGAAATAC
360
AACGCCCAGC
420
GCBABATCGACT
480
ATAGTAGAGA

sequence of the chitinase gene from Ml-1 clone.



¥ol QIth B, bassiana (ATCC 7159)2%E AJS 2@t TAe| N-Te ojnleil HAS
Z33 A3} Ala-lle-Val-Arg-Gln-Pro-GlyQl & 15t cTL ojAate] A2 L. Joshi Sof
oJ3 R B bassiana (USDA 331375) protease2} Hl 2 ¥t Z-$ Ile2} Prog A3 U}
oA ofulieit Aol W3] UA(71.4%)3HHATHFig. 36). EX B bassiana(B. b)
proteasex= M. anisopliae (M. a) Prl W proteinase K&} Atw}s] R-Alsith= Zo] =iy
] alct.

B. bassiana Bassiasin I F-22}2] cloningd $13jH WA 44 B B. bassiana
Bassiasin [2] N-Utt oAt M A& vl o2 3o mixed oligonucleotided 343}
°|§ Bassiasin 1 {AxE ©AsI] AW probe DA o] gsich  YULY
oligonucleotide?] H7|M AL Fig. 37z} Yr}.

{8 genomic DNA library #|2h& $18] WA B. bassiana genomic DNAS YPD wj=]oj]
Al 3UZt wigY mycellium® 2HE &8}t 100ug?] genomic DNAS A YA A SaulAl
22 PR SaudAl FEHYS AHPALY serial dilution BPY& o] §std e
o FEECRE genomic DNAE sucrose gradient(10-40%)E 2314 @4l%2](25,000rpm,
24hrs, 20T)3loj <f 10-20kb FwichHTrE 4sigch o] FE A TG ADASHII
HE]2] Bam HI site®} ligation(4T, 20hrs)¥¥ in vitro packagingdl®d E  coli
XL1-Blue MRA(P2)o]| infectiond}gitl. o] 2%¥| 1.8x10°pfu/ml 2] libraryd A|2}s}dct.

EY cDNA library:= protease?] Z|HHitzFo T wjPgt ZFA ] mycellimo sy
B A|ztsiqct. o] mycelliumojlA] LiCl/Urea WJ O 2 total RNAE 338} oligotex
bead§ ©]-§3le] oRNAE &e|silct. #2|% oRNAoAM StratageneAle] cDNA 4 W
packaging kit& ©|&3}] cDNAG AZAPII B0l ligationdtd in vitro packagingdt ¥
E. coli MRF’o] infections}o] ¢} 3.5x10°pfu/ml2] libraryS = 2}steic.

ojuj genomic DNA H cDNA cloned ©43}7] #13) 4%t probe DNAS WAld 59
f4 [ y-¥PIATP (7000Ci /mmol )2 T4 polynucleotide kinaseS o]-&3}o kinationoT ¥
AT F Sep-Pak Cig cartridges2 B3lo] AMg-3lglrh. LB ujz]doll plaqued B4
¥ nylon membraneo]| lift3}o] plaque hybridization& 4=88%t Z 3} cDNA libraryollA] 5
719 clone& AWy = Qlrh cDNA clones in vivo excisionS E3l plasmid AMe] &
4 3tgdch ojul]l AUyt 5702] cDNA cloneZ® 7} insert size7} 3 cloned pEXBSN-2&}
i PP o|RRE oy JlA] HVALE olflo MPUAL AEF ZAgsiact o=
Fig. 380 yehfglct.
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B. b.(ATCC 7159) protease FV PES

B. b.(USDA 331275) protease v AKE
M. a. PRI GE TE G SR
Proteinase K AQTN AR

Fig. 36. Alignment of N-terminal amino acid sequence with the related enzymes.

A' 1 V R @ P G A P ¥ G LGRISHR®
primer 1: 5°-GCI A'r;r: GTI CGI CAA CCI GG-3'
G

primer 2: 5’-CAA CCN GGA GCG CCN TGG GG-3°
G T T
¢ C

Fig. 37. Mixed oligonucleotides based on N-terminal amino acid sequence of Bassiasin I



Bassiasin [

S ————p >
< < > —
— * >

Fig. 38. Restriction endonuclease map and sequencing strategy for the Bassiassin I
cDNA clone, pEXBSN-2. Arrows indicate the length and direction of sequencing. B,
Bal b P, Pst; S, Sal I, X, Xho L.
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o] AUJAAL AEF J|RXRE sequencingS HI subcloningd $3sledct. Z
subclone Sanger?] dideoxy o Z DNA 7N S ZAAsIg e olF Fig. 399] U}
Eladct. cloning® cDNA: 1629 bp® 850l <9l9loun] precursor-Bassiasin I1&
1137bpE 379 aa® F4Eo] QI3 mature Feli= 840bp2] 280 aa® FAElof alrh.
Bassiasin 12| olnjx4l A S alkaline serineX] protease®} A% ujadt 4z}
precursor AE}E = B, bassiana {isolate 252) Pr12} 82.6%, M, anisopliae MEl Priz}=
64.6%, T. album proteinase Ko 62%2] A4S Bgon, mature AejE: 21z}
76.8%, 73.2%, 64.6%8] A54& Bt ©lF Fig 400 Jehigict.

¥t genomic DNA R3=x}2] cloningd B, bassiana genomic library2XE] cloneH
cDNAE probe2 3}o§ screeningdiith o|2X-E 127] cloneg AWsiden o|F 374
clones®] ADNAE £2|5}% southern hybridization& ¥ Az} BEFHo T <F 0. 7kbY
Xhol AvichkHzt ztzt of 2.8kb, 1.5kb I 1.3kbe] EcoRl/Xhol A%k trHoj
hybridizationS}gItHFig. 41). ol% < 1.5kb®] EcoRl/Xhol ATIcHHI} 0.7kbe] Xhol E
gichH & cThA] cloningdle £24slgdtt

olzf cloning®t } 1.5kb®] EcoRl/Xhol HuichH 2} 0,7kbe] Xhol VIR Y3}
HUBAE o] ®3}d trlA] subcloningd}il sequencingd =35ttt DNA sequencing A
3= Fig. 420] cDNA M@z o] Yehilen] cDNA sequenced} wiay A} 3744
introno] Eastn] ol= 74 71, 62, 68NTZ g o] Ao o] FAAY intorn5L
t] 522 eukaryotic genez} ARt [5° (exon) / GTAN ......... YAG / (exon) 3°1¢8] &
A AE& 7R3 et

# 78. M. anisopliae protease -§M=}2] cloning

M. anisopliaed| M+ YaR7}R] 471X proteaser} KXt} o] FoilA Prl protease
7} cuticle £3fo] YL E Fojshz AT Ui 2don 1 cDNA EriMEE B3
solch weld £ Ao WA Prl §AAE cloning 31920, o|& HsiA PR ¥
S ol 835totl & Leger Fo| UHER Ma Prl protease R-xte] cDNA HI|MEE niet
L2 PCR primer prl-N % pr1-CE& ZZ Y4dstach(Fig. 43). Primer pr1-N& Pr19]



ctbcatccagcaagcaaagtcttttcgacaacttacttacaaaatcctcaaattctcatcacctthcaaat -298

R L s I 1 A A A L P L A I A A P V V E -8
A'IUCGTCI'ATCAAT’CATCGCTG(IIGCTCYTCDCCIGGCX:ATTGG)GCT(IBGTCGFTGAG -
P A P L I E A R G Q T 1 G K Y 1 L -60
QZTGCFGTFCI'CATCGAGGCCCGCGGGC&GACFATTGOSGGCAAGTACA'ITG’ICAAGCI‘C -178

T G 1 D S K VvV P N T E H - 40
MGGACACIZG(I;ACC A'ITGGTATCA'IGGATGCTG(I}T(XJ AAG GTT CCC AAC ACC GAA CAC  -118
vV Y EN V L K GG F S A T L N Q E @ L D R -2
GTCTATGAAAATGTCCICAAGGGATI‘CTCGGICACCCH’AACCAAGMCAACITGACC{?T - b8

+
L R H D P D V E S 1 E Q D A 1 S I N 1
CTC CGC CAC GAC CCT GAT GIC GAG TCC ATC GAG CAG GATGCCATI‘GITAGCA'IC AAC(T}(XZ 3
1 R Q P AP W G L G R I S H R A R G 21

A'I'I'GTCG}GCAAGZCGGAGCI'(IX:TGGGG’I‘CTAGGI‘(I;CATCTG;CACAGGGCAG}AGGC 63

AT T Y D Y D S S A G A GG T C V Y V 1 D 41
GCG ACC ACG TAT GAC TAC GAC TCG AGC GCC GGC GCG GGT ACA TGC GTA TAT GTC ATT GAC 123

T 6 v Y D S H P E F E G R A K Q 1 K T F 61
ACT GGC GTC TAT GAC TCT CAC CCT GAG TTT GAA GGA OGT GCC AAG CAA ATC AAA ACC TIT 183

vV § 6 T T DGMH G HGTHTC A G T I G S 81
GTC AGT GGC ACT ACA GAT GGT CAC GGC CAC GGC ACA CAC TGC GCC GGA ACT ATT GGC TCC 243

K T Y G V A K K A s 1 L 6 VvV K vV L E D S 101
AAG ACT TAC GGC GTA GOG AAG AAG GOG TCC ATT TIG GGC GTC AAG GTG CTC GAA GAC AGT 303

K 121
363

S R P C S K 66T vV A S M S L G G G Y S A 141
TCC OGT CCA TGC AGC AAA GGC ACC GTC GCC AGC ATG TCC CTT GGC GGT GGC TAC TCG GCC - 423
T V N Q A A A R L Q A S G V F V A V A A 161
ACC GTG AAC CAG GCC GCC GOG OGT CTG CAG GCT TCG GGC GTT TTT GIC GOC GIC GCC GOC - 483
G N D NR D A A Q T S P A S E P S V CT 181
GGC AAC GAC AAT AGG GAT GCC GOC CAG ACC TCG CCC GCC TCG GAG CCG TCC GIC TGC ACC 543
AT D S S DR RS T F S N F G K A V 201

GTC GGA GCT ACC GAC TOG TCT GAC OGC OGC TCC ACC TTC TCC AAC TTT GGA AAA GCT GTIC 603
b 1 F A P GG T 66 I L § T ¥ N N G G T N T 221
GAC ATT TTC GCA CCT GGC ACT GGC ATT CTG TCG ACC TGG AAT AAT GGC GGC ACT AAT ACC 663
S 6 T S M A T P H I A G L G A Y L L A 241
ATC TCG GGC ACT TCG ATG GOC ACT CCC CAC ATT GCC GGT CTC GGT GCC TAC CTT TTG GCT 723
L 6 K 6 T A G N L C T 1 @ T L S T K 261

CTCGGCAAAGGCACTGGIGGCAACCI’CTUCCAAACYATCCAGACTCTCMA(IIMGAAT 783

v L T 6 V P S 6 T V N Y L A F N G A T = 280
GTC CTT ACT GGC GIT CCT TCA GGC ACC GTC AAC TAC CTG GCA TTT AAC GGC GOC ACC TAA 843

tattgactagcagagtgtttctcagecagtataaggteggtttttgatgeoctettoceeggegteggocgttecaatg 922
tagctacagaacctcacagacctcgtggt tacctggganatcaggacgggtatcatctttttgotttecatcttttgeta 1001
cacattgattttcgasataagnttgctttcagttatactatgactgtgaattagtgagaccttgggaaagtgactatat 1080
tgtegecacaactgegetgtogtogt tgaggggntcatgcattcat ttggttatataccggtggaataangggegtgtt 1159
tactacgagttanatacasngatcaatgagt t 1t gt tannasanaanaRaARARRACARARRRRRARRRRARRACARAR }%
88A888AARRARANARKRARARRAA

Fig. 39. Nucleotide sequence of the cloned ¢cDNA and the deduced amino acid
sequence of Bassiasin I putative signal-sequence cleavage site, { , prosequence
cleavage site, 1.
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Bsnl MRLSII1AAALPLAIAAPVVEPAPLIEARGQT---~--- IAGKYIVKLKDTATIGIMDAASK -46

Bprl MRLSI1AAALPLAIAAPVVEPAPLIEARGQT--~---- ITAGKYIVKLKDTATIGIMDAASK -46
Mprl MHLSALLTLLPAVLAAPATIGRRAEPAPLFTPQAESIIADKYIVKFKDDIARIATDDTVS -48
Prok MRLSVLLSLLPLALGAPAVEAAPLIEARGEM------ VANKYIVKFKEGSALSALDAAME -48

+
Bsnl VPNTEH-—VYENVLKGFSATLNQEQLDRLRHDPDVESIEQDAIVSIN:IVRQPGAPWGLG 13
Bprl VPNTEH--VYENVLKGFSGTLNQEQLDRLRHDPDVESIEQDAIVSINAVVRQAGAPWGLG 13
Mprl ALTSKADFVYEHAFHGFAGSLTKEELKMLREHPGVDFIEKDAVMRISGITEQSGAPWGLG 13
Prok KISGKPDHVYKNVFSGFAATLDENMVRVLRAHPDVEYIEQDAVVTIN?AQTNAGAPWGLA 13

Bsnl RISHRARGATTYDYDSSAGAGTCVYVIRTGVYDSHPEFEGRAKQIKTFVSGT-TDGHGEG 72
Bprl RISHRARGATTFDYDSSAGAGTCVYVIETGVDASHPNFDGRAKQIKTFVTGDS-DGHGEG 72
Mprl RISHRSKGSTTYRYDDSAGQGTCVYI IETGIEASHPEFEGRATFLKSFISGONTDGHGEG 73
Prok RISSTSPGTSTYYYDESAGQGSCVYVIETGIEASHPEFEGRAQMVKTYYYSSR-DGNGIIG 72

Bsnl THCAGTIGSKTYGVAKKASILGVKVLEDSGSGSLSGVIAGMDFVATDRKSRPCSKGTVAS 132
Bprl THCAGTIGSKSYGVAKKASILGVKVLEDSGSGSLSGVIAGMDFVATDRKSRPCRKGTVAS 132
Mprl THCAGT IGSKTYGVAKKAKLYGVKVLDNQGSGSYSGI ISGMDYVAQDSKTRGCPNGAIAS 133
Prok THCAGTVGSRTYGVAKKTQLFGVKVLDDNGSGQYSTI IAGMDFVASDKNNRNCPKGVVAS 132

Bsnl MSLGGGYSATVNQAAARLQASGVFVAVAAGNDNRDAAQTSPASEPSVCTVGATDSSDRRS 192
Bprl MSLGGGYSVTVNQAAARLKASGVLVAVAAGNENKDAAQISPASEPSVCTVGATDSSDRRS 192
Mprl MSLGGGYSASVNQGAAALVNSGVFLAVAAGNDNRDAQNTSPASEPSACTVGASAENDSRS 193
Prok LSLGGGYSSSVNSAAARLQSSGVMVAVAAGNNNADARNYSPASEPSVCTVGASDRYDRRS 192

Bsnl TFSNFGKAVDIFAPGTGILSTWNNGGTNT I SCTRMATPHIAGLGAYLL-AL-GKGTAGNL 250
Bprl SFSNYGRVVDIFAPGTGILSTWIGGGTNT ISGTSMATPPELRRDPLDIVAL-RFRRPREN 251
Mprl SFSNYGRVVDIFAPGSNVLSTWIVGRTNSISGTRMATPHIAGLAAYLS-ALQGKTTPAAL 252
Prok SFSNYGSVLDIFGPGTSILSTWIGGSTRSISGTEMATPHVAGLAAYLMT-L-GKTTAASA 250

Bsnl CQ-TIQTLSTKNVLTGVPSGTVNYLAFNGAT 280
Bprl ELSTI--LSRRG 261
Mprl CKK-IQDTATKNVLTGVPSGTVNYLAYNGA 281
Prok CRY-IANTANKGDLSNIPFGTVNLLAYNNYQA 281

Fig. 40. Homology between precursor-Bassiasin 1 (Bsnl) and the cuticle~degrading
proteases B. bassiana Prl(Bprl), M. anisopliae Prl(Mprl) and Poteinase K(Prok).
Arrows indicate cleavage sites for the signal and pro-sequences. Identical amino acids
between Bassiasin I and other proteases are indicated by grey boxes. Dark-shaded
boxes indicate the active-site residues.
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Fig. 41. Southern hybridizaion pattern of B. bassiana A genomic clone. ADNA was
digested with EcoRI and Xhol. 15kb EcoRl and Xhol fragment and 0.7kb Xhol
fragment of lane 2 was subcloned. Lane M ; 1lkb ladder, lane C ; Bba genomic DNA,
lane 1-3 ; Agenomic clone.
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mwmttttww&tmmmtmmwt

ATGCGETCTATCAATCATORC TG T T TOOC TRGOCAT TROGGC TOCGG TOG T TGAGCC TGCTCCTCTCATOGAGGODCGCGGECAS
M RLSIIAAALPLAMIAMAPVVEPAPLTIEA ARGSGAE

ACTAT TGOCGGCAAGTACAT TG TCAAGCTCAAGGACACCGCGACCATIGGTATCATGGATGCTOOGTCCAAGG TTCOCAACACCGAACAC
TI1AGEKYIVELIEKDTATIGIMDAASIKVYVPNTEH

GICTATGAAAATGTOCTCAAGGGAT TCTCGEOCACCCT TAACCAAGAACAACTTGACOGTCTOOGOCACG A CTGATg taactgectgt
VYENVLKGFSATLNQEQLDRLRHDPD———

totoctoggacttttttgtgact tetttactaatgasatogtgtoocacgogaa AGC
—— intrco 1 VESIEQDATI VS

+1
ATCAACGOCAT TG TOCGGCAAO UGG AGC TOOCTGEGG T T AGG TOGCATC TOSCACAGGGECACGAGGCGCACCADGTATGACTACGAL
I NAI VRQPGAPWCGCLGRIGSHRARGATTYDYTSD

TOGAGOGOOGOGCGGGTACATGOGTATATGTCAT TGACACTGGCGTCTATGACTC TCACCC Tg taageceacacatact tgoggtgece
S SAGAGTCVYVIDTOGVYDSHTP

occcacgagaaagecactaat tgaggeatcaatagGAGT T TGAAGGACGTGOCAAGCAAATCAAAACCT TTGTCAGTGGCACTACAGATG
~— intron 2 EFPEGRAKQIKTPFVSGTTD

GTCACGGOCACGECACACACTGOROGGAACTATTGECTOCAAGAC T TACGGOGTAGOGAAGAAGGOS TO AT TT TGGGOGTCAAGGTGC
G HGHGTHCAGTIGSKTV YGVAKEKASILGVIKYVY
TOGAAGACAGTGECTOGG T TOBC TCAGCGGCGTCAT TGOUGGAATGGACT T TG TCBCTACGGACCGGAAATCCOGTOCATGCAGCARAG
LEDSGSGSLSGVIAGMDT FVATDRIEKSREPTCSEK
GCACCG TOGOCAGCATG TOCC T TEGEOGGTEGCTACTORGOCACCE TG AACC A B0 GOGCGTCTECAGGCTTOGGECGTITTIG IO
G TVASMSLGGEGYSATVNQARARAARLOQASGVYFVY
CCGTOGOOGO0GECAACGACAATAGGGA TGO AG A TOS OGO TCEGAGCOGTOCG TCTGCACCS TCGGAGCTACCGACTOGRT
A VAAGNDNRDAAQT SPASEPSVCTVGATTEDS
CTGACCECCGCTCCACCT TCTOCAACT TTGGAAAAGC TG TOGACAT T T TCGCACC TGGCACTGGCAT TC TG TCGACCTGGAATAATGEG
SDRRSTFSNPFGEKAVDIF FAPGTGILS ST WNNG

GCACTgtgagtttotgtttigeateacgoogttcaaatasaacctogasgeottacttttttttgocatoetagAATACCATCTORGECAL
G T intron 3 NTISGT

TTCGATGGOCAC TOCCCACA T TEO G TC TOSG TGO TACCT T TTGGCTCTCRGCAAAGGCACTGOOGGCAACCTCTGOCARACTATICA
SMATPHIAGLGAYLLALGEKGTAGNLCQTTIO Q

GACTCTCTOCACCAAGAATG TCC TTACTGGOG T TCC TTCAGGCACCG TCAACTACCTGGCATTTAACGGCECACCTAA tat tgactage
TLSTEKNVLTGVPSGTVNYLAFNGA AT :»

agagtgtttcteagocagtatasggtoggt ttttgatgooctot Looooggogtogaorgt tocaatgtagotacAgaACCtCacagace
togtggttacctgggasatcaggacgggtatcatotttttgotttoatotttigetacacattgattttogaaataagattgotttcagt
tatactatgactgtgaattagtgagaccttgggaaagtgactatattgtogocacaactgogetgtogtogt tgaggggatcatgeat te
atttggttatatacoggtggeataaagggogtgtttactacgagttaaatacasagatcaatgagtttttgtt

162
- 70

- 40

- 14

-3

612

1152
217

1242

1332

1422

1512
1602
1692
1765

Fig. 42. Nucleotide sequence of the gene encoding-Bassiasin I and its deduced amino
acid sequence. The Bassiasin I c¢cDNA was cloned from the cDNA library by
hybridization with ®p-radiolabeled oligonucleotide probes on the basis of N-terminal
amino acid sequence. With the cDNA clone as probe DNA, the genomic DNA was
cloned from the genomic library. Nucleotide sequences were determined by the dideoxy
chain termination method using an automated DNA sequencer, The nt sequence of the
protein—coding region are given in capital letters. The putative signal sequence and the
prosequence cleavage site are indicated by a downward arrow and a upward arrow,
respectively. A possible polyadenylation signal in the 3 -noncoding region is

underlined.
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Primer pr1-N(25mer) : 5'-ATACAGAATTCACTGAGCAGAGCGG-3'

Primer pr1-C(2lmer) : 5'-GGGAGTAGCCATGGAGGTACC-3'

Fig. 43. Sequence of the PCR primers.

mature form2] N-Ukt DNA H7|MH3} UA st pri-C&= C-Uktol] $JA|sh= B4 ¥
F918] DNA d7lM ol BRAA Mol o] F PR primers& ©]-§3ld 94T 1&, 5
6T 18, 72C 18£8 £AME 30 cycles ¥slgch. o ZHa} <} 750bpe] PCR product7}
A4E4S gdstadch A2 5'-wxt 9 3'-Uete] noncoding regiong HIFL 2 Y4Y
primers2+ PCR product7} AR A] ¢tol7] wFo] AlE coding regionolA primersS
§t4dstadct. oF 750bpe] PCR preduct& plasmid pUC18¢] blunt-end ligation ¥ E. coli
JM107 #-3o] transformationd}od cloningd}git}. ©] PCR product cloned - DNA g7]
Ad& A3t EI¥ prl cDNA sequenced} H|aslgch 1 A 5'-UORRE
148bp(49 aa)x= BYsS] UASIL 2 o]F H7/IMEL intron MEE RgEE GOV} 3°-
ek 58bp, 53bp, 2%bp7t YR} L1} intron F-Eo] ohyd 18bp, 38bpZt URIEHA] ¢
gttt uwhetr o] PCR productt isozyme®] -R-HXlo]| AL} pseudogened 7Hsdol alth. o]
{t ZAH 2 PCR productE AA] Prl protease?| genomic DNA xS d7] $I¥ probe
DNAZ o] 8% 4 glaich whebd cDNA fragment& probe DNAZ o] 83}7] $18lo] RT-PCRS
+835}9tl, RT-PCRY total RNA E= mRNAZHE| reverse transcriptase® lst strand&
388laL o] F uiZ PCRY templateZ ©o|-§3h= 7I'jolth. £ AYolA = total RAF o]
4319120 total RNAE protease AJ4liA|oflA] 14 v YR myceliaBHE 2|5t
Reverse transcriptaseol] 2%} ¥}-8-2 PCRof| ARE-%} primer prl1-CH o]-&38to] 42TCojA 1
A 3t A 20 1Y F 3uE PR o] A8t primer pri-N B prl1-C
& o83l PR W& %It of ZH3} oY 27U o} 700bpe] THU cDNA
frageent & ¥I3Iolct.

a2y o] T HA] il cloningdlel @7IMES AR A3t drIMEY o
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H7} kS iosenzymeo] AU} pseudogene] ¥ M oltl. whelA alkaline serineA] protease
o] BT dI1MEE vige2 A E priver [PRI-His(F)$} PR1-Ser(R)]1& A Zslgo
H, ol& o]-&3}o] ¢} 500bpd] PCR product& Y53ttt 2tzte] primers] 7] HE2
otell Fig. 442 tl

flollA 24% primerE o]-£38ld M. anisopliae genomic DNAZX-E PCRE ZE§t
¢} 500bp8] serineA| protease?] histidineZ} serine ™3¢ Alole] {Aa} whHE [a
-*PJdATPE random priming WHOE A ¥ o]F probe o] L3} plaque
hybridization& 48 sl2lcH(Fig. 45). 3 A3} 2718 positive cloneE LA °o|F o
3 AUEAZ HAY F3} YUY clonel s HAF oo Manprozt FHsITE A
Manpro® 4-E] protease FAXGF X§sh= o 2.2kbe] Bam HI whH2} of 3.5kbe] Banm
Hi/Hind 111 ©H8& cloning®t ¥ o|& o8] 7[x| AHYALEF o] &l AVAL 5§
A/gstaL(Fig. 46) DNA A71MES ABY 4 UEH subcloningg +¥3tgc). o] gene
2] DNA g7|M ¥ €482 9 4 ¥ protein coding region Fig, 470 Yehy2lct.

FERF cDNAE cloning 317] $18le] o]4tolld ZFH Prl genomic DNA F7IMHAEHE
5-992 primer?} 3'-9H9| priver§ 22 WdstArh. o|& primerd] DNA MEL
Fig. 483 Zth o] ¥ primer§ ©o|&3t M anisopliae?] myceliumO ZHE &I
oRNAS RT-PCRE 3 <} 1.5kb2] cDNAS cloning 3l on], o|2ZHE DNA G7MES
ZET At Fig. 479 exon ¥-9{9} P3| U siyct.

A 83d. ¥y AN (protoplast) A= @ FAAH

Cloningd |AxE 4434 AAF M anisoplise o] ¢FHo L w9, UHAF)
7] #1351 benomyl oAl A3H-& Zl= Aspergillus flavus f-ele] B-tubulin RAAS
ZHe pBRG-4 plasmid@ o|§ste] o] FFo] iyt FUAWAEG YYsiary. APwPL
M. " anisopliae®] conidia( X10®)& YPD(Yeast Extract 20g, Bacto peptone lg, Dextrose
20g/L) ®ix] 100m¢ (250me conical flask)oll ZE8lo] 28TollA 4823 vjY ¥ FAANS
H @ Mira cloth(Calbiochen) 2 H2}sto] 4%t tha 0.6M KCIZ F 1 A¥sict. A1y
¥ @& 8mg/me Novozyme 234(Novo Biolabs)& E¥SH= 35me] 0.6M KCl1<roll ©Ets}o]

-74_



His Gly His Gly Thr His Cys
PR1-His(F) : 5° - CAC GGC CAC GGA ACA CAC TGC - 3’
T G T

Pro Thr Ala Met Ser Thr Gly
PR1-Ser(R) : 5° - GGG AGT AGC CAT CGA AGT ACC - 3’
G 6 6 G

Fig. 44. The sequence of PCR primers on the basis of active sites of alkaline serine
proteases.

Fig. 45. Plaque hybridization with M. anisopliae genomic DNA library in A DASHII.
(a) 1st screening (b) 2nd screening
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Fig. 46. Restriction endonuclease map and sequencing strategy for the genomic DNA
encoding alkaline serine protease of M. anisopliae. Arrows indicate the length and
direction of sequencing. A, Apal ; B, BamHI ; E, EcoRl ; H, Hindlll ; S, Sall ; X,
Xbal.
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teacgeagect ttgeacctogtt ttgogt tegegtegeaggtagaccaac
getcggegt ttgegeagettgeocgattetegetoctaccaagacaatcageatcact teaccaget tectecageaccaccatacteate

ATGCACACTCTOGTTGOOGOGGTOGCACTCTOOG TG TGGG TG TOGCTCAGGOGGGATTTAGCACTGAGACCATCCACAGGGAATCAGCT
MHTLVAAVALSVVGVAQAGFSTETTIHRESA

OCGATTCTCACCCATGTOGACGCTGAAGTOGTTOCTGACTOCTACATCATCAAGT TCAAGGACCACGTCAACGAAGOOGOGGTCAACGAC
PILTHVDAEVVPDSYIIU KFE KDHVNEA AAVND

CACCATAGCTGGATTCAAAGCATCOCACAAGGATGGOGAGGAGCAGOGTTTGGAACTTOGCAAGOGAAGTCTGGGATCCTCACCAGTGGAG
HHSWIQSIHKDGEEQRLELRKRSLGSSEPVE

GCTTTCGOOGGCTTGAAGCACACGTACAACATTGOCAACGGCTTCAAGGGCTATTCOGG TCACT TOCATGAGTOOGTCATOGAGAAGGTC
AFAGLKHTYNIANGFKGYSGHTFHESVIETKHY

CGAAATCATGGCGACgtaagtctggeatecat t tecatgageagagactocatgatgeacatgacgtct teteggocatecaateattge
RNHGD--—---mmmmmmmmmmmmm oo intron ----------eoem e

tgatctaaocctgetgaatagGTOGAGTTCATIGAGAAGGATACCATTGCTOGCATTCTGOGOCCTG TOGOOOCOGACGAGTCTGTGCAG
-- VEFIEKDTIARILRPVAPDESVDAOQ

GAGGACTGCACTOOOGAGACOGAGAAGCAGGOCOCGTGGGGCCTTGCTOG TG TCTOOCATOGCAAGGGTCTTTOCT T TGGCACCTACAAC
EDCTPETEKQAPVGLARVSHRKGLS SFOGTTYN

AAGTACTTGTATGCTGOOGACGGOGGOGAGGGCGTTGATGCTTACGTTATTGATACOGGTACCAACACCGATCATGTGGACT TTGAAGGT
K YLYAADGGEGVDAYVIDTGTNTIDHVDTFESEG

OGTGOCAAATGGGGTAAGACCATTOOOGCTGGAGATGOOGATGAGGATGGCAACGGOCACGGTACTCACTGCTCTGGAACCATTGOOGGC
RAKVWVWGKTIPAGDADEDGNGHGTHCSGTTIASG

AAGATGTACGGTGTTGOCAAGAAGGCAAACGTCTATGOOGTCAAGGTTCTCOGCTCCAATGGCTCTGGCACCATGGOCGATGTOGTCAAG
KMYGVAKKANVYAVKVLRSNGSGTMADVYVK

GGTGTTGAGTTOGCTGOCACCAGCCATGTTGAACAGGTCTTGOGTGOCAAAGACGGTAAGOGAAAGGGATTCAAGGGTTOOGTOGOCAAC
GVEFAATSHVEQVLRAKDGKRKGTFIKGSVAN

ATGTOCCTOGGTGGTGGTAAGACACAGGCTCTAGAOGCTGCAGTGAATGCTGOOGTCAAGGCTGGTATTCACTTTGOCGTOGCTGOOGGT
MSLGGGK KT QALDAAVNAAVKAGIHTFA AV AAG

AACGATAACGOOGATGCCTGTAACTAT TCOCCTGOCGO0GCTGAGCTTICOOG TCACTG TOGGTGCCTCTGCTTTOGATGACAGOOGTGOC
NDNADACNYSPAAAELPVTVGASAFDDSRA

TACTTCTOCAACTATGGCAAGTGCACTGACATCTTTGOOOCTGGTCTCAACATCCTG TOCACCTGGATTGGCTODOCGACTGCTGTCAAC
YFSNYGKCTDIFAPGLNILSTUWIGSPTAVN

ACCATCTCGGGCACCTOCATGGOCTCTCOOCACATCTGOGGOCTCCTOGOCTACTATCTCTCTCTOCAGOOGGCTGG TGACTCTGAATTC
TISGTSMASPHICGLLAYYLSLQPAGDSETF

TCTGTOGCCTCAGTCACCCCTAAGCAGCTCAAGGATACTCTCATTGAGATCTOCACTCAGGG TG TOCTGACTGACATTOOCAATGACACC
SVASVTPKQLKDTLTIEISTQGVLTDIPNDT

OCCAACAAGCTGGOCTGGAATGGTGGOGGTTGCAGCAACTACTOCAAGAT TGT TGCTGOCGG TGGCTATATTGGCAAGOCCAAGACTTCT
PNKLAWNGGGCSNYSKIVAAGGYIGKPKTS

50
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1040
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1130
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1310
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1400
388

1490
418
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GAGOOGAAGOXGGTTGGGAACGCTGTOCAGGAAGAGA TGAAGGTTCTTTCCAACAAGGTCTCACAGGGOGTCAAGGACTTGGGOGACAAA 1760
EPKPVGNAVQEEMKVYVLSNKVYVSQGVKDLGDSK 58

ACGGAGAAGTTTGTCGAAAAGATOCADGACGTOGTTGATAAGGAGATTGAGCACT TCATCTOOGAGATCTOCATG TAAgagetagact te 1850
TEKFVEKIHDVVDKETIEHTFISETI]ISMET S 533

cactttgactgggtittattattattattggcagggattacacatgatatgeageatagggatcgggtttggocttattttgggtaacge 1940
Entgtgtatigaggectaagtgtiggatgacattat ticat tgggtctgggct ttatggt tocaatotggtatacaatogteagaagee 2029

Fig. 47. Nucleotide sequence of the gene encoding alkaline serine protease of M.
ansisopliage and its deduced amino acid sequence. About 10000 plaques from the
genomic library inserted into ADASHI were screened by hybndization with
¥p_radiolabeled probes containing the M. anisopliae protease gene fragment(500bp).
This DNA fragment was amplified by PCR with the mixed primers on the basis of the
sequences of the active sites of an alkaline serine protease. Two positive clones were
selected and Southern-blot analysis of these clones showed a common restriction map.
The M. anisopliae protease appeared to be located in a 2.2kb BamHI fragment and a
3.5kb BamHI/Hindlll fragment, which were subcloned into pBluescript SK-. The cDNA
gene was cloned by the RT-PCR with the primers designed with the sequences of the
translation initiation site and the termination site. Analysis of the nuclectide sequences
of genomic DNA and cDNA revealed that the gene contained the only one intron by
the size 96nt. The nt sequence of the protein—coding region are given in capital letters.

Manpro-FN : 5’-TCATGCACACTCTCGTTGCC-3’

Manpro-FC : 5°-TTATAAGCTTGATCATTACATGGAGATCTC-3’
Fbal

Figure 48. PCR primers of M. anisopliae protease gene. Bold letters are the
translation initiation codon(ATG) and stop codon. '

_78_



28CollA 4~6A12 uhERE F WojF & B3l YA Az A=AE HAsIACKFig.
49). A B2 NE UPFAANE Eelsly] Y3l HEH Mira clothE 4722 3l
AABIL, o4& 3,000xg2 5% FU HA Felsled 0.64 KC1, 10mM CaCle2} 10mM
Tris-HC1(pH 7.5) €9 <ol 1x10%/n¢ =2 Wesloth. 2elsl pBRG-4 plasmid DNA[50ug
/508 TE buff(pH 8.0)1%} 50u22] 25% polyethylene glycol 8000, 50mM CaCls2} 10mM
Tris-HCl (pH7.5)(PTC)& A HA] Vet 200utoll EYsIA, 158 T AT oA WA
st o] UFAAE 2.5me2] PICE H7ist A2elM 30 23 BA¢ ¥ dilde] &
¥ 500428] 0.6M KClof| V&Sl 10044 Lhe Th 5~10mee] §2i¥ Ay ghaujx] (A uw)
Z]+0.9% Agar, 0.6M KCl1)oll 4jo] petri disho] o] 2% thd 28TollA 4~5¢ S iy
stadet. 2 A3 570e] transformantsg Y53} onf, o] transformants®] chromosomal
DNAS &3l B-tubulin FHAE probe® ARZ-3lo] Southern analysis® j¥I¥t Z
2} Fig. 500|M Roj3= uie} o] positive band7} ¥elx|gjc}. whelr pBGR-4 plasmid
= M, anisopliae®] protoplast® ¢ %o] host UelA AR o g UHH 4 Qo] ¥
A= gdct.

ERE electroporationg o] §sto] To] FAABE YAt A=W ABAA
& 1.2M sorbitol o2 23] AN thd 1.2M sorbitol} 1% PEG -B-o<o] HEts}of
1.0 m¢ cuvette(Bio-Rad: inter-electrode distance of 0.2cm)<ol 400mTF Y31, 1.5kV/
cm field strength®} 254F capacitance, 800Q interal resistante] ZZA o & FHA MUY
¥ ABAANE 24P viYY(YPD2} 1.2 M sorbitol) 1me<sol] BElSl] 28T A 2412 vl
gste] AUty w2 &Zict

A 98, M anisopliae chitinase -§Ax}2] WUH

o] fAxE AMFH ciFdFUeld HEHo= WUWsp| Hst] WA Rt
expression vectors& -235}gict. ojuf AFR3}} vectors= Fig. 513 Jow Mtz Uy
vector2 4= Aspergillus nidulans ¥2]2] glyceraldehyde-3-phosphate dehydrogenase
Algdp A) +2AA} promoter§ 2= pAN8-1 U A nidulans &) trpC promoter 2}
terminater& 3t pBFI01S, Ci¥F UV vector2A4 = pET-32a(+) W pET-3a F9¢

vectorg o|&sldch
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Fig. 49. Preparation of protoplast (X400). Left; before enzyme treatment, right; after
enzyme treatment.

C T1IT2T3 14 CT T2T3 14

-
‘z

-

Fig. 50. Southern blot analysis of genomic DNA isolated from transformants. DNA
samples were digested with EcoR 1 (C, control; T1, T2, T3 and T4, transformants)
and hybridized with Kpn I-Hind Il fragment of pBRG-4, a vector containing A&
-tubulin gene of A flavus.



Fig. 51. Vectors used in this experiment for the gene expression of M. anisopliae
chitinase gene.
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1. E. coli JyollA]2] UH

Chitinase §Ax}2] tiaF WHS 3 vector #H2}b: Chitinase A3 JA] IEY
¥ 32 3E7A] FAAE 5317 sk CHI, CH2, M3 primer& A|Z(Fig. 52)3}o]
PCR J2 g F-HF3sisrh

ool FHH chitinase FAAHE blunting®t ThE 242} pUC1198] Sma I =}e]o
AZAstgcH pbG3l, pDG32). pDG 329y RamH 12} Nde 1, Bamdi 1& A e|§} chitinase ¥+
2}2t& PET-32a(+) BamH 1 Z}e|®} pET-3a Nde I, BamH 1 x}2]ol @738 cH(pDG33,
pDG34). o]4de] HAAQ expression vector 743 Fig. 530 29}s}ct.

ol dollA A ={t pDG322} pDG33Z E. coli BL21(DE3)pLysSol A d|slodct &=
AV AL IPIGE FEUF 257 24J)2 dyd 35S d2 s, 0.01%
glycol chitin& X &K= 10% polyacrylamide geloll H7i§t ¥ Calcofluor whiteZ @A)
B}lo] chitinase ¥/ 3 HAsI4cHFig. 54).

2. APgE dolA9] ud

7}. TrpC promoterd ©o]-&-3§t AtAtd U¥ vector # 2}

Blasticidin S *|8}4 §-H=HBSD)E X USH= vector pBFI01ZEE EcR 1S A a|s}
o BSD f3ANE M AsAcHpDGl1). pDGlloll BarH 1& A 2jsto] TerpCE HAY ¥ tiA
AAstATHpDG12). #ollA Zebd TerpCE blunting®t ThE, pUCIL9 Sma 1 =}2jof A
sto W APSIAcH(pDG13). pDGI3& Xba I, Sac I& Helslo] TerpCE AR the
pDG128] Xba 1, Sac 1 A}2]o] AAsIATHpDG14). o]4te] HA|AQl expression vector ¢
&332 Fig. 550 Q.efstach

2 EZ2HOE trpC promoterd ©|£R¥t chitinase W vectorE #3517 51
PDG31ZH €] Banll®E chitinase R-AANE TR ThE pDG149] Bamil =}ejol] AAYE
W& A3stcl
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CH 1 : 5'-GGA TCC CAT ATG TTA TTT CAA TGG-3'
BamH 1 Nde 1

CH 2 : 5'-GGA TCC CAT ATG AAC ATG ATT ACG CAA A-3’
BamH 1 Nde 1

CH 3 : 5'-GGA TCC GTG ATA CCA TTA CAA AG-3'
BamH 1

Fig. 52. PCR primers for the amplication of a ¢cDNA encoding M. anisopliae chitinase

Fig. 53. Construction of pDG32 and pDG33 for E. coli expression.
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Fig. 54. Chitinase activity after electrophoresis in a 10%(w/v) polyacrylamide gel. Lane
1, 2 and 3 were extracted from E. coli BL21 containing pET32a(+), pET32 and pET33,
respectively. A, stained with Coomassie blue R-250: B, stained with Calcofluor white.
Band with lytic activity appeared as dark zones on UV-illuminator.



Fig. 55. Construction of fungal expression vector using trpC promoter.



L}, GdpA promoter& o] &%t AMdF U™ vector M3z}

PANB-12] gdpA promoter 3'Utto] ©hilA FPAIEQL ATCE A3t EcR 1 zE|E
ghS7] $15te Gl, G2 oligonucleotideS | 2HFig. 56)% Th, PR Mog ZEsjglo
o 2 A= Fig 573 rcl

ol ZF{E oF 2.3kb DNA ©¥HH-E bluntinggt TR pUC119¢] Sma 1 xlejoll QAs}
ith(pDG21). pDG2IolA Hind M, EcoR [& Helsld pgdAE ARG 13,
pBluescriptSK(+) Hind I, EcoR 1 ZA}elol @At CHpDG22). pDGI3o] Xba 1, Sac I&
Helsl TerpCE AW Thd pD6222| Xba I, Sac 1 #j2lo] AA3IATHpPDG23). °]4e)
AA) A Q] expression vector = HL Fig. 580 2<}stgc}.

&2 O% gdpA promoterd ©o]€% chitinase WY vectorF A|&517] ¢3}o
pDG31 2 %8| BaHI 2 chitinaseGHAFE AT TS pDG22e] Ball A}zjo] A ¥
WS AAstach

ojdolla] A2 chitinase HFHZLY W vectorES AP Ulold ¥aAARSLY|
2I8}ld benomyl A3 JFAAF EUSI= pBRG-42} chitinase WHE Y vector
pDG19 -2 pDG25E 3:1 H|&E 42 v PEGHA AR HAAE cotransformation 3}
AAcHFig. 59).

I A2} PEGHOoE HAHPSAE wi= 1-2(transformants per ugDNA)S] HAAH
AE&S Ve, electroporation®® FAAH 1S wis 7-139 A LS Vel
tl. wetA PECH R HAAYIAS wl Kl electroporationd o]-&¥E wl & 7vf o
U PAAB/AE At

ol’goll A A2 FAMBAY chitinase B FH G A2l ok¥B M anisopliaest
2} PAABAN G2 conidiaF 0.5% yeast extract®} 1% glucoseE XEUSH= ujjz]o]lA 48
A2t v gRE F chitinase ¥/dS& A A3} trpC promoter& ©]-8-%t chitinaseo] ¥
AN 52 oY 2} Hledleal gpdA promoterE ©]€%t chitinase ¥ AAR|A|L] 23, 5%
7t op¥B K} 2-3u19] &2 ¥ & el AcrKTable 7).

#] 1038. Protease -§A=R}o] utdd



G 1:5-AAG CTT CTT GTA TCT CTA CAC ACA-3'
Hind I

G 2 : 5'-GAA TTC GGT GAT GTC TGC TCA AGC-3'
EcoR 1

Fig. 56. PCR primers for the amplication of gpdA promoter.

Fig. 57. Amplified gpdA promoter from pAN8-1 using Gl, G2 primer(lane 1)
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Fig. 58. Construction of fungal expression vector using gdpA promoter.

Fig. 59. Selection of benomyl-resistant transformants.



Table 7. Comparison of chtinase activity of wild type and transformants

] Chitinase activity
Promoter Strains

(mU/me)
wild type 0.25
Mmoo o
A2 0.29
A3 0.27
A4 0.59
apdA A5 0.48
promoter A6 0.68
A7 0.38
A8 0.45
A9 0.24
Al10 0.28
C1 0zr
c2 0.19
trpC
promoter a3 0.32
C4 0.34
C5 0.23
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1. E coli oA 8] Bassiasin I -§-M=x}2o] wH

Bassiasin I cDNA®] E  coli UJoiAe UEYAE AEI]  H3lH
precursor-Bassiasin I c¢cDNA #32F Fig. 609 primer& o|£3}o] PCRE ZE35}3 A|§
X4 Eco RIZ} Hind IR AQY F o|F Jacl® §A2LE Eisto tac promoter§ e
plasmid pKSPe] T $iXloll ligationdle] U HE] pBSNG F&3iAI o2 RAsL:
Fig. 61¢] uehjgict. o] pBSN& E  coli DH5aell transformation 3t 100xg/mée]
ampicillinz} 1mM2] IPTGE X Y3dh= LB-skim milk agar plate A}to]A] protease ¥4&
ZApsigich. 2 2} skim milk proteing E3ldte] FHEY FPcirl AUy o|F
Bassiasin I #3xhg EYUSHA] @2 pKsPrt FUAUY E coli DHSa%} vladlo Fig.
620 Jiehdigich M2 IPTGE HH31A 4L wixloM = IPTGE 7% ujx|o e} u]
BHA] protease V& Rtk A uwigolMe UHE F=E Al Hsle] 1.5%
bactotryptone / 1% glucose / 0.5% NaCl sjx]ofjA 0.D 60004 1.07}x] wjiyt FANE
LB ujx|E #A ujo¥slo] total cell, periplasmic space, membrane, cytoplasm 3 uj%}
Y fraction?] protease ¥4& casein 7|AZ XA A} wjokdo = protease ¥
gol AL A2 cell EYM S Bassiasin | FHAE EUSHA] ofUR celld} vl
Al & ol Rolx] skoy} A total cell lysateoA= <} 28] & protease ¥4
& B9l welM Bassiasin 19] E. coli Uolld HESE A2 HaAsigd o) ofW ¥Hej
2 processing®|o] ol Fgof HA|sh=Al& o RAlsjof yict

2. XM ol 2] Bassiasin 1 -8 =}e] Wy

AVSE dolAdel wHE 913 fungi WEIZA pAN7-1 B pAN 8-1& ARg-3sldich o] ¥
Bl A. nidulans glyceraldehyde-3-phosphate dehydrogenase?] promoter(Pgpd)& X5}
3 glch. Bassiasin I cDNAE Fig. 63¢] primer& o|§3}o] PCRE ZFHY ¥ APHA
Nco 13} Bam HlS 2 ZH%isio] pAN7-19] oF 3.4kb®] Eco Rl/Bam HI ¥HH, pANS-12] ¢}
2.3kb2] Nco I/Eco Rl ©F8-& FAlol ligationdlo] pANBSNG &8l CHFig. 64). ol&
ChA] APHL Neol o2 AHRISIL mung bean nucleaseS A e]sto] el xjaloj] X§€



BSN-N @ 5'-AGACGAATTCATGCGTCTATCAATCATCGCTG-3’
EcoRI

BSN-C : 5'-TGCTAAGCTTAGGTGGCGCCGTTAAATGC-3’
Hindll

Fig. 60. PCR primers for expression of a cDNA encoding Bassiasin I in E. coli. Bold
letters are the translation initiation codon(ATG) and stop codon.

pEXBSN-2
PCR pKSP
(4.1kb)

E—
E/H

Fig. 61. Construction of expression vector for E. coli system. E, EcoRI ; H, HindIll
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Fig. 62. Expression of a cDNA encoding Bassiasin I in E. coli DHS5aon the LB-skim
milk agar plate. (A) E. coli DH5 a harboring plasmid pKSP (B) E. coli DH5 a harboring
plasmid pBSN containing the cDNA encoding Bassiasin I

BSN-FN : 5'-GGGGCCATGGATGCGTCTATCAATCATCGCTG-3'
Ncol

BSN-FC : 5'-ATTAGGATCCTGCTAGTCAATATTAGGTG-3'
BamHI

Fig. 63. PCR primers for expression of a cDNA encoding Bassiasin I in M. anisopliae.
Bold letters are the translation initiation codon(ATG) and stop codon.
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Bba Genomic DNA - pEXBSN-2 pAN7-1 pANS-I

PCR (6.8kh) {6.14h}
T —— ) —
N l s N l?(‘l{ B 1/ (3.4kb) N/E (2 3%U)
E—— E—
(. o
B s pBRG4
\T (8. 1kb)
pANBSNF l 11 {3.Tkb, f-tubulia)
PANGUISNT

lN,ngbam

Ay f-lubuhin

Amp

pPBSNI-tub
pGBSNF-tub

PBSNE
PGRSNE u

Vepd

tpC

Pyt

Fig. 64. Construction of Bassiasin I gene expression vector for fungi system. B, BamHI
iy E, EcoRI ; H, Hindlll, N, Ncol.
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Pgpd Th&2] ATG codong A7sle] UBHe| pBSNFE F&3i%tHFig. 64). =¥ Ay
marker 2 ©o|-2% benomyl W4 -FHx}Q B-tubulin -FAXFE pBRG-4 plasnid24-8 £z
Sto] UAHE pBSNFet shpe] HE] (pBSNFtub) 2 733l FAAMo] o|-&3lyct ERE
genomic FAAE L2 v o 2 Flo pGBSNF-tubS constructiond}SlTH(Fig. 64).

Bassiasin I cDNA R genomic FAXNS XEYUSH= W WeE] pBSNF-tub2} pGBSNF-tub
2] transformationt PEG/CaCl; ¥WH & AMZ3slact. & M anisopliaed 7¢I PDA plate
oA ujed ¥ 32 conidia 2X10°& yeast extract, malt extract B bacteriological
peptoner 217t 0.2x2 H 71X Czapek-Dox ujx|oflA 27ToAl 2043t u]F3io] germ tube
g ¥AAFcE ol& mira cloth® ¥4 ¥ 0.7M KC1 solutionol] &5t Novozyme
234(8mg/ml )& 28TollA} 3|7t WA HA protoplast& BAIZch ol protoplast& 1X10°
o] X2 0.7M KCI, 10mM CaCl;, 10mM Tris-HCl (pH 7.5) €oS ®Wersiglch. DVA
60ug(60ul )2} 50ul2] PTC 8-<4(25% PEG 8000, 50mM CaClz, 10mM Tris-HCl(pH 7.5))2} 4io]
& ¥ 200ul?] protoplast& H7Isto] 2023 @0l FHch thA 2.5ml18] PIC &9q&
st Ad2olM 3083 o WA ¥ 7|2 Urol 0.7M KClo] EUEIL Sug/mlY
benomylo] 3 7}d 0.5%2] Czapek-Dox agar 10ml2} 4o Fd ujx|(1.2% agar)ol o uj
2§ 2%Y F 27ColAM transformants7} h& wizbx] wjgsisct. VahztA] cDNA%}
genomic FAx}e] benomyl AWE B[AIABAE 474 3% UIE HEsgled
Bassiasin I -RAA}8 insertionz} WS HelFo] qlt).

3. APt HolA e M anisopliae protease -f-A=te] Uy

M, anisopliae protease?] genomic DNA -FAx}e] fungi W22 %9 B bassiana
Bassiasin I §-z}2] fungi 'U@¥e] FFol AREY pAN7-13} pANS-1& AHE-sigich
Fig, 652] Manpro-FN3} Manpro-FC2] primers& ©|-&3%}o] PCRE &3} <} 1.65kb2] genomic
fA=te] F5 DNAE vectoro] insertiondlo] Bassiasin 1¢] U@ HEje} FUSIA 43}
o] genomic Xt UHHE pMApro-tubE FHIIHTHFig. 66). TR cDNAY] U]
HE FSYstAl #48stact. 8= olE WHE = M anisoplised] transformations}o]
FAx} @A TE 2abFol ort



Manpro-FN : 5'-TCATGCACACTCTCGTTGCC-3'

Manpro-FC : 5'-TTATAAGCTTGATCATTACATGGAGATCTC-3'
Fba 1

Fig. 65. PCR primers of M. anisopliage protease gene.

Man Genowic DNA Man Total RNA pPANT-| PANS-1
PCR RT-PCR (6.8kb) 6.1kh)
1 l 1531 (3 4hb) NE @ 1x0)

pBRG4
(8.1kb)

l {37k, B 1ubytin)

PBanhlin

PMANPro-tub
PGMANPry-tub

Figure 66. Construction of M. anisopliae protease gene expression vector for fungi
system. B, BamHI ; E, EcoRl ; F, Fbal ; H, Hindlll ; N, Ncol.
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A 1138, 34 242 host-vector system 7]t

A3 AP EAMEYE 33 859 fungid] YA $-&o oinjs) ¢A
Stal AFSIA AMgEe] MEUo] EAY 4 & vectorsi'do] WY, o|F ¢ A
A 2% FAAIL vector Woll A3 hostAPdgol] &2 4= AU EF host-vector?] 7j
e Y4Holel stzlct. welM M anisopliae§ host® o] 83517] ¢18iA W W FOA
(Fluoroorotic Acid) A zjol 2J3j 4348 Al oi¥t uracil K7 mutantsFF5 Y
53t riFig. 67). EX mutantso] 4-§3H= vector§ 71437 f15le] HY-FAA}H (ura
gene)& cloningdigth, o] oM cloned gened] MEE& #3A PRE o]&3ld
probeg M| Zs}HCE o] probed o|&3}o] M anisopliae?] genomic libaryZ%-E| plaque
hybridizationol] 2]3] positive clone(AMAU3)& 1'd35}lgcHFig. 68). ©] clone&
Southern blottingoll 2j3 £4§ A} inserte] S8 YAstooi(Fig. 69), ZE3
L2 insertd DNA sequencingf 22 H ura5 genedd S ¥l rt. URASE] cloneo] tiyh INA
d7lMdE BB3}NI #itlel WA o] cloneo] Y restriction mapg AU FAlo] INA
sequencing g Y BIACHFig. 70). o] Ao ute} of 1kbe] URASH] tj¥t M) DNA sequence
& UY A2k Fig. 71of Yehigich ol2¥E f3% ohuliAl mjdE 71&0] BuE ] APk
URAS gene products$} ]aRt HIR= Fig 722} Yot Fzojd RoiFE nie) Yol M anisoplised] URAS o}
ulaeit MY Trichoderma reesei$h= 83,7%, Colletarichum graminicola®h= 76,9, Sordaria mecrospara®}
= 74.4%, Podbspors anserina®R= 67, 5x9] 2 AM544E B4c) '

T host2 ARRY ey EoHoA(mutant)d] 7P ol &g DNA SAMFEE
dgsied o] HeE THA F4AIH(5-FOA)e] EAl7ls AP os mtantE Ausiqr
2y ZRAE §AHol 7 reversiono] ALF WSl host2A AMES}7)o] HAYL
B Ze 2 weHEL) ol Hzpt Ushe FY olf= M anisopliaedME X R0
A2l pyrimidin A3} 7 2(The molecular Biology of the Yeast Saccharomyces
Metabolism and Gene expression p264-271, Cold Spring Harbor Lab, )9} n}27}x]| & ura$
gene product& AMESh= ZZ2eox ol Y PRI AU 4+ ASS #YH] A
Als) Eoh mietd 7o Gy FAHo| FFAU WAL W Az F oA thA
SAI(5-FOA)o] e@Al7lE AbPES XUt Woll 2§t DNA S FFE Husla
2} stk AP WA plated] FHo] 1.0x 10°° conidia/mt $E2 TG Z2H
ol gEsle, AUMR| ] WE o|§3lo 10, 20, 3087 247 »&sldct o] RS PDA
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Fig. 67. Screening of M. anisoplize mutated to uracil auxotroph after treating UV or
FOA.

Fig. 68. Plaque hybridization to identify the A phage recombinant clone containing ura5
gene. Genomic DNA library of M. anisopliae was plated, plaques were lifted onto
nylone membrane, and hybridized with a [®P]-labelled ura5 probe. A, first screening;

B, second screening.
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Fig. 69. Southern blot analysis of the AMAU3 clone, which had ura5 insert using for
a marker gene of M. anisopliae. The clone was digested with Bam HI (lane 1), Eco
RI (lane 2) and Sal I (lane 3), separated on 1% agarose gel (left), and hybridized with
a [*Pl-labelled ura5 probe (right).



Sac 100bp

Clal EcoR1 | Hind 111 Hind 111  Sacl Pst §

| L | | |

—_— — —
P E——
B J—— P E——
B —
B B

Fig. 70. Restriction enzyme map and sequencing strategy for urad of M. anisopliae
Arrows indicate the length and direction of sequencing.



ggeggea -205
ttcgacagactcgtaagcgtaaatectigaaatctetttatectigacatatgeccaaacataataca 137

ttictaatttigeaaacatcectctttctttcccagacggegt tatacegtattgagetgeectgtea -69
atcgactcaagtagtctgtticctgaacccactaactactigtgtttctitetcaaccataaaaccaac -1
ATG TCT GGC CAA CTT GCG TCC TAC AAG CAA GAG TTC CTC AAG GCA GCC ATC 51
M § 6 Q@ L A S Y K Q@ E F L K A A 1
GAA GGC GGC GTC CTG AAG TTC GGA AGC TTC GAG CTC AAG TCC AAG AGA ATA 102
E 6 6 V L K F G S F E L K S K R I
Too BOIERONRTaRERIEESIETE] GGA GAA TTC CAC ACT GCT CAT CTC GCC GGT 153
s P Y F F N A G E F H T A H L A ©
GCT ATT TCG TCC GCC TTT GCC AAG ACT ATT ATT GAC GCT CAG CAA AAT GCC 204
A1 § S A F A K T I I D A Q@ @ N A
GGC CTA GAC TTT GAC ATT ATC TTT GGC CCC GCA TAC AAG GGA ATC CCT CTC 255
6 L D F D I 1 F G P A Y K 6 1 P L
TGC TCT GCC ATC ACC ATT AAG CTG GGT GAG ATT TCC CCC CAG AAT TTG GAC 306
¢ $ A I T I K L 6 E I S P G N L D
ACG GTC TCC TAC TCC TTC GAC [IENERTNTENERYAIREs-CAT GGT GAG GGC 357
T Vv § Y S F D R K E A K D H G E G
GGC AAC ATT GTC GGC GCC TCT CTC AAG GGC AAG AAA ATA CTC ATT GTT GAT 408
G N I V 6 A S L K 6 K K I L 1 Vv b
GAT GTT ATC ACT GCT GGT ACT GCA AAG AGA GAA GCC ATT GAC AAG ATC AGA 459
D Vv 1 T 4 6 T A K R E a I D K I R
AAG GAG GGT GGT ATT GTC GCG GGC ATC GTT GTT GCC CTC GAC CGC AAG GAG 510
K E 6 G I vV A G I V V A L D R K E
AAG CTG CCT GCC GCA GAT GGT GAC GAC TCC AAG CCT GGA CCT AGC GCT ATT 561
XK L P A A D G D D S K P 6 P S A 1
GGC GAG CTG AGA AAG GAG TAT GGT ATT CCG ATC TTT GCT ATC CTC ACG TTG 612

G E L R XK E Y ¢ I P I F A I L T L
GAT GAT ATT ATC GCG GGT ATG AAA AGC TTC GCT TCT GAC GAC GAC ATC AAG 663
b b t I A G M K S F A S D D D 1 K

CGG ACC GAG GAG TAC CGC CAG AAG TAC AAG GCT ACC GAT TAG ataaagaaatcg 737
R T E E Y R @ K Y K A T D =
tigctatgtggatglecgggagetcaaaccaaaaat taatataaaaaaaaadaacggggagatigga 804

tatgcgatggeggtitatgegggtgtctaggtacaataaataatggaccgeact tcaccaacctace 871
glaggatcttigtaggagagetigttatctagatttatictettcaggtigagtatggatacctagg 938
taattacgtitcgtltagtictgaaaacgtcacctagetttgtitgacacgtagateggteccctgge 1005
tgcag 1010

Fig. 71. Nucleotide and deduced amino acid sequence of urab of M. anisoplige. The
open reading frame contained between ATG and the termination codon{TAQG) is 705bp
and encodes 234 anmino acids. Boxed sequences correspond to binding site for

designed primers.
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Ma URAS
Tr (83,7%)
So (74.4%)
Co {76.9x)
Po {67.5%x)

Ma R

Pol R

Fig. 72. Protein homology between deduced amino acid sequence of M. am'sopﬁae URAS
and other fungal URASs. Ma; M. anisopliae, Tr; Trichoderma reesei, So: Sordaria
macrospora, Co; Colletorichum graminicola, Po, Podospora anserina.
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uizjof] Eristo] XARE 95-98xe] ExIXtho] PAPEE oMY HolFF AAsiact
O A2E K5 Table 82F Ll

2 dFolA AU A& He(95-98%)ol] ST F ASGHA 20-30% o9 =
Aol YHEAHG $3ste] AT mtantE Husidch 2y Aoy BojFXo|
(Fig. 73) & Apdte] &d¥ol 59 442 wild type FFof vj3f of¢ =3 7oz
UdEg oo, urad geneo] mutationo] FY3] =W ZHeg Alg®rh. w4 of
mutantF host 2 ARRE Z-¢ AP& o] 23 selectiono] 7He¥ Ao AlgHCL]

ol e dFg Bt AFHoE GFFH HolFI BOAUILE ura FARAE
marker 28}] o]u] cloning¥t 4374 A chitinase?} protease FAXE =¢f, WY
22X A2 host-vectorAE ALY AYolr},

A 123, YaI3AY

41273 MM B, bassiana, M, anisoplise S& Aoz Aatsly] M E XA
(conidia, blastospore) &2 ZtAl(mycellium)2] Aito] W4 Holr}, |Z7ix] Bd
RE FANEE o] FEY XA F2 HIEE R den, B B BPA &
Atef] wj3] EALO] viabilityZ} 7] WiEell FAMPY] HXE= X219 P4t yield§ &9l
o gtk ExRE Wol 445ty AMAME At FAlo] FAMzUolAgt FAErt ol
s els BEAPES dolvA] U= FoE To] dggch A8 A UEF
AL AN LE B conidiad] B4t FH2 JAujotE S blastospored] At Fol B
I Eeich AR A wjgAde] A (1-3F), 249 $1¥7del I, Ex}
2878 yield7} Wrhe whio] 917] wjEel HIole YAl Ho2 AF7F UL 34
ojth, whepd & dAFojMe 438 AT dANuGE AP P FY¥MAE Jpdst
o AFgASEe EALE PP HE dFE +8skdch 3 A3 SANrIEd
] FAG ol &Y uipdFulE MR A UYL o] Hixl: &2 && Ex}
yield (2-5X10" spores/ul)}& B on, §3] SIS HBEsh= Zlol7] wjRel u)
2284t vlgo] M & Ut € FHEE I Adch AF7HY Fo dFFA=E M
anisopliae2] AP35t BUso] wiPFYY = Y (Fig. 74), WU vi=|e} 7]
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Table 8 Survival number of M. anisopliae conidia after the treatment of UV irradiation
for the different time.

Time of UV
. 0 10 20 30
irradiation (min)
No. of conidia 1.0x10° 5.0x10" 1.0x10° 0

Fig. 73. Comparison of growth of wild type and URA mutant in 5 days on complete
medium (A) or minimal medium without uracil (B).
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No. of spore (x 106 /ml)

0 2 4 6 8 10

Culture time (days)

Fig. 74. Spore formation of M. anisopliage during the culture at various concentrations
of Cabbage juice media.
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& wix|2te] wlz (Fig. 75), dry weight Z(Fig. 76), XE21g/d=z} BA™ 27 wi}
pH Z2H(Fig. 77), ul@e] pHH3KFig. 78), ZAIPP VAW vt =9 A2 (Fig
79) & Z¥stdch. HUL WA L2 B bassianao] iRt AYZ 483} Fig. 80-85
o] ZAAE ddrh ool AAE FUM & o wiFFuiAle gEAN ExY Pl
Holdt wix|glo] wi At E{ oln] ARH wigBF 2ol i T2, ALY, uP
U, 473U} & (AW v s YUY F¢ XA} FHALY A2} EAY Y5
3717t 7bs¥ Zojch

A 133. Mycellial pellet size Z4of njx|= PE2] o3t

vl FF vix] 2 PDB iA] & ol-&3l AR AMSES ALY BS ug 3
A4 mycellial pelletso] AR 7] Al&slo 5-7d ZAole A lcm 0|4t pellets
/g0l B THTable 9). Eutohie} wjd 15U ol pellet size7t izt B ¥ 1
N ¢ WPt pellet sized] F7 F2 AL JAUHA Yolch oA
mycellial pellet o] FAdo] A F2 Apdstyl W& Reg Pztgch oozt
2 &2 ol A 15U A FolM AP AP AdS B F g
8] 7o wpe} 2 ko] HAYNTH= 7)Y AFARet F dR|stdch. ol Qo] 4
71e 223 ol B bassiana®} M. anisopliae 5-& 44 vy ul ojFo] B4}
+ mycellial pelletso] pellet W22 4taNY, JPE AW 5& A7 wol
71dske Aos YZdct ol ol EAAS FHII Y MEL YYPo2A vy
x| 2o BE(loess)TF AP S 8N mycellial pellet size] ZUAF FE3tgTH Table
9 g Fig. 86). ojuf AMEY BELE ci, FH dciel 32 oM AN A& AHE3IA
2, o]Fo] th¥ YL Z3R= Table 103} Ul

A 143, 4378 g2y 2 g
A3 AP M. anisopliae} B, bassianas o] 5-& Atufjerdlol o2 blastospore
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v
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Fig. 75. Media effect on the spore formation of M. anisopliae.
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Dry weight (mg/ml)

0 1 2 3 4 5

Culture time (days)

Fig. 76. Dry weights of M. anisopliae cultures according to the culture time on
different media.
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No. of spore (x 106 /ml)

0 2 4 6 8 10

Culture time (days)

Fig. 77. Spore formation of M. anisopliae during the culture at various initial pHs of
100% Cabbage juice media.
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Fig. 78. pH changes during the M. anisoplige cultures at various initial pHs
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Fig. 79. Temperature effect on the spore formation during the M. anisopliae culture.
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Fig. 80. Spore formation of B. bassigna during the culture at various concentrations of
Cabbage juice media.
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Fig. 81. Media effect on the spore formation of B. bassiana.
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Fig. 8. Dry weights of B. bassiana cultures according to the culture time on different
media.
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Fig. 83. Spore formation of B. bassiana during the culture at various initial pHs of
100% Cabbage juice media.
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Fig. 84. pH changes during the B. bassiana cultures at various initial pHs
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Fig. 85. Temperature effect on the spore formation during the B. bassiana culture
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Table 9. Mycellial pellet size during the submerged
7-30days.

cultures of M. anisopliae

for

Culture media

Pellet size (¢=mm)

Potato dextrose broth(PDB)
Cabbage juice media
Cabbage juice media + 1%(w/v) loess
Cabbage juice media + 5%(w/v) loess

Cabbage juice media + 10%(w/v) loess

5.0-7.0

10.0-13.0

1.5-3.0

0.6-1.0

<0.5
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Fig. 86. Addition effect of loess on the reduction of mycelial pellet size during
submerged cultures of M. anisopliae in the Cabbage juice media.

A. Cabbage juice media(Control), B. Cabbage juice media with 1% loess,
C. Cabbage juice media with 5% loess, D. Cabbage juice media with 10% loess
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Table 10. Content analyses of loess collected from Taegu and Kyungbook area.

. CEC Ex. Catioons, meq/100g oM sp. area
Soil oH
sample meq/100g Ca Mg K Na % n‘/g
Jinryang 12.8 22.6 0 0 0 5.8 0.3 30.6
Kyungsan 14.2 2.8 5.1 0.3 0.5 5.8 0.3 32.2
Taegu 15.0 2.5 0 0 0 5.9 0.4 25.9

o ]3] IAMEIPA] 8= conidia(E482H 7t % Agol Wi, 674° o]ite] AU
B3 Aolx &2 viabilityG AU 4 A& Aog BRI Qrl. oM ol FF
o BEsdeRe] YA ol8-Z HMME M anisopliae, B. bassiana 5¢ F35&
A st} conidiag TiFBASH= AA7L wWasich ol #MAM 2 FuH(rice
cooked), Hz2|, %44, HA, U, Hu] 5 P A E o] g8l 2} wix]of iyt
M. anisopliae®] vJQAIZHH Xx}(conidia)B’d%(Fig. 87-93) X B, bassiana®] u]FA|
d ExAPYYe(Fig. 94-99)& 24zt 2Bt 1 A3 F FFoA SHulg Moy =
< FEuAoA EAY 5ol kel

Z] 154. Conidia3i/do] ulx| = FE o] ofsk

7Y (rice cooked), Hel, 54+, #A, W, Hu| T Auix|olM 34 A
o M. anisopliae®} B. bassiana& WiQY wj Ex% el nlxl= PEL] AAF HAN)
H3tol 242 JEujAlo] AFeTt ax(ww)7l HEF BES Yiisio] 2APY ¥
conidias~& ARl I A3} VEM7 st ExHAY Ate] whagz} FAlo
AP gsol 3= vjYg 15U Foll RE HulslA] Y2 thRFol vl Exp4r} &S
2& BAY 4 ANACHFig. 100-111).
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1. Rice cooked media 2. Barley-based media

3. Corn -based media 4. Wheat-based media

Fig. 87. Solid cultures of M. anisopliae in the 50ml conical tubes. A and B denote 40
and 60% humidities, respectively.
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Fig. 85. Numbers of Metarhizium anisopliae conidia culturing on rice-cooked solid
media at various humidities. O-O; 40%, @-@; 50%, V-V, 60%
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Fig. 89. Numbers of Metarhizium anisopliae conidia culturing on barley solid media at
various humidities. O-O; 40%, @-@; 50%, V-V, 60%
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Fig. 90. Numbers of Metarhizium anisopliae conidia culturing on wheat solid media at
various humidities. O-O; 40%, @-@; 50%, V-V; 60%
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Fig. 91. Numbers of Metarhizium anisopliaze conidia culturing on corn solid media at
various humidities. O-O; 40%, @-@; 50%, V-V; 60%
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Fig. 92. Numbers of Metarhizium anisopliae conidia culturihg on rice bran solid media
at various humidities. O-O; 40%, @-@; 50%, V-V, 60%

- 125 -



10

(o)

No. of conidia /g (x10)

0 T T
0 5 10 15 20

Culture time (days)

Fig. 93. Numbers of Metarhizium anisopliae conidia culturing on compost solid media
at various humidities. O-O; 40%, @-@; 0%, V-V; 60%
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Fig. 94. Numbers of Beauveria bassiana conidia culturing on rice-cooked solid media at
various humidities. O-O; 40%, @-@; 50%, V-V, 60%
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Fig. 95. Numbers of Beauveria bassiana conidia culturing on barley solid media at
various humidities. O-0O; 40%, @-@; 50%, V-V; 60%
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Fig. 96. Numbers of Beauveria bassiana conidia culturing on wheat solid media at
various humidities. O-O; 40%, @-@®; 50%, V-V; 60%
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Fig. 97. Numbers of Beauveria bassiana conidia. culturing on corn solid media at
various humidities. O-O; 40%, @-@; 50%, V-V, 60%
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Fig. 98. Numbers of Beauveria bassiana conidia culturing on rice bran solid media at
various humidities. O-O; 40%, @-@®; 50%, V-V, 60%
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Fig. 99. Numbers of Beauveria bassiana conidia culturing on compost solid media at
various humidities. O-0O; 40%, @-@; 50%, V-V, 60%
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Fig. 100. Numbers of Metarhizium anisopliae conidia culturing on rice-cooked solid
media supplemented with 4%(w/w) loess at various humidities. O-0O; 40%, @-@®;
50%, V-V; 60%
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Fig. 101. Numbers of Metarhizium anisopliae conidia culturing on barley solid media
supplemented with 4% (w/w) loess at various humidities. O-O; 40%, @-@; 50%,
V-V, 60%
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Fig. 102. Numbers of Metarhizium anisopliae conidia culturing on wheat solid media
supplemented with 4% (w/w) loess at various humidites. O-0O; 40%, @-@; 50%,
v-V; 60%
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Fig. 103. Numbers of Metarhizium anisopliae conidia culturing on corn solid media
supplemented with 4% (w/w) loess at various humidites. O-0O; 40%, @-@; 50%,
v-9; 60%
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Fig. 104. Numbers of Metarhizium anisopliae conidia culturing on rice bran solid media
supplemented with 4% (w/w) loess at various humidities. O-O; 40%, @-@; 50%,
v-V; 60%
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Fig. 105. Numbers of Metarhizium anisopliae conidia culturing on compost solid media

supplemented with 4% (w/w) loess at various humidities. O-O; 40%, @-@; 50%,
v-v; 60%
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Fig. 106. Numbers of Beauveria bassiana conidia culturing on rice-cooked solid media

supplemented with 4% (w/w) loess at various humidites. O-0; 40%, @-@: 50%,
V-V, 60%
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Fig. 107. Numbers of Beauveria bassiana conidia culturing on barley solid media
supplemented with 4% (w/w) loess at various humidities. O-0O; 40%, @-@; 50%,
v-V,; 60%
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Fig. 108. Numbers of Beauveria bassiana conidia culturing on wheat solid media
supplemented with 4% (w/w) loess at various humidities. O-0O; 40%, @-@; 50%,
v-V; 60%
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Fig. 109. Numbers of Beauveria bassiana conidia culturing on corn solid media
supplemented with 4% (w/w) loess at various humidites. O-0O; 40%, @-@®; 50%,
v-v; 60%
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Fig. 110. Numbers of Beauveria bassiang conidia culturing on rice bran solid media
supplemented with 4% (w/w) loess at various humidities. O-0O; 40%, @-@; 50%,
v-¥V; 60%
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Fig. 111. Numbers of Beauveria bassiana conidia culturing on compost solid media
supplemented with 4% (w/w) loess at various humidites. O-0; 40%, @-@; 50%,
V-V, 60%
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A 163, AFH B8 L QA A% XA ALY

2 oM LA E Bl A U438 AP #A FL conidiag 3]
B35y fste] =I5 ANE AL AP AMFYS szl FXAF At
a1z} jic}h. FakH|e] AR E M= zeolite, loess, kaoline, talc, diatomite, bentonite,
d4A 55 o183t e FZAel Ui A3d AP EAEE LS AR A7
B2, #55F, uixER, $3A FF Sol oel & Aolg BArh & 25TolA
67193 71 BHE wl B. bassiana FFE FTAZAE diatomiteo] M, g3l 2N
£t 47 F2 WUeld ujduS o P RE Yol &S Aog UeludrhFig.
112-118). XXt M. anisopliae FF= F A FT A= bentonite} diatomite?ﬂkl, 23 2
A2AE 43 HeloAd v o P RE APEol &2 A= UepudrhFis.
119-125). W 4TolM 6/1€ % F71RBNE uf B. bassiana I FHA2} Pz
of BAQe] thi-2 90% ol BE P4E& JehiigicHTable 11-17). njR7px2 M
anisopliaed| = F-JA et ggulxlo] BAIQol 90% o]e] BE APYE Jehidct
(Table 18-24).

A 178, APde] 3efsofo] odt ¢ty g

AR AIEE BEFYLEAN UROE o|8Y FLE UAT HEyoT PgdH
A3, AdA, ARAL TE AFE B2 vy AlV]o] H¥sdo] AMH F4
ol wetd & pAlojA AU AR Al AEsdel B o8I HAAMe
2ebpotol it ¢FY A4S AEY Warl Aok & AFE 443 g a1y
< 8 AFod RFFU AR (eHA), AHFAH) T A3 9% REC|(43A),
A2F(FA) T A 8F U 2eEE(AA), 2FZ(FA), V=oliel(ga)9} L
A2 33-& FYUBA olES EQoIM AFEHE w59 0.1, 1, 108] o2 PDAE)Z]
o} EYste] B E Azsch  oA7lo] S MY B bassiana R M
anisopliae®] conidiag TWdlo] 25TolAl 3~5U 3t BhufjgstiA 4R ANSE &
B3t 2L AatsiAct
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Fig. 112. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 25T with zeolite, a carrier molecule, after culturing in each solid medium. All data
were means of three replicate. Symbols denote culture media based on as followings: @
~-@, rice; A-A, bardey; O-0, wheat; Y-V, rice bran.
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Fig. 113. Survival numbers of Beguveria bassiana conidia during the 6 months storage
at 25T with loess, a carrier molecule, after culturing in each solid medium. All data
were means of three replicate. Symbols denote culture media based on as followings: @
-@, rice; A-A, barley; O-O, wheat; Y-V, rice bran.
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Fig. 114. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 25C with talc, a carrier molecule, after culturing in each solid medium. All data
were means of three replicate. Symbols denote culture media based on as followings: @
~-@, rice; A-A, barley; O-O, wheat; Y-V, rice bran.
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Fig. 115. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 25°C with kaoline, a carrier molecule, after culturing in each solid medium. All data
were means of three replicate. Symbols denote culture media based on as followings: @
-@, rice; A-A, barley; O-O, wheat; ¥-V, rice bran.
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Fig. 116. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 20 C with diatomite, a carrier molecule, after culturing in each solid medium. All
data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat; Y-V, rice bran,
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Fig. 117. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 26T with bentonite, a carrier molecule, after culturing in each solid medium. All
data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barey; O-O, wheat; Y-V, rice bran.

- 151 -



1012
10"
41019
10°
10
107
10°
108
104
103
102
10!
10° @
10"

No. of conidia/g

-4

Al 13 L\l

0 1 2 3 4 5
Time of storage (months)

-4

Fig. 118. Survival numbers of Beauveria bassiana conidia during the 6 months storage
at 25C with rice bran, a carrier molecule, after culturing in each solid medium. All
data were means of three replicate. Symbols denote culture media based on as
followings: @@, rice; A-A, barley; O-O, wheat; Y-V, rice bran.
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Fig. 119. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25T with zeolite, a carrier molecule, after culturing in each solid medium.
All data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat, A-A, comn; Y-V, rice bran.
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Fig. 120. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25T with loess, a carrier molecule, after culturing in each solid medium. All
data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat, A-A, corn; Y-V, rice bran.
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Fig. 121. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25C with talc, a carrier molecule, after culturing in each solid medium. All
data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-0O, wheat; A-A, corn; V-V, rice bran.
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Fig. 122. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25°C with kaoline, a carrier molecule, after culturing in each solid medium.
All data were means of three replicate. Symbols denote culture media based on as
followings: @@, rice; A-A, barley; O-O, wheat; A-A, corn; Y-V, rice bran.
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Fig. 123. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25C with diatomite, a carrier molecule, after culturing in each solid medium.
All data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat; A-A, corn; Y-V, rice bran,
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Fig. 124, Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25 with bentonite, a carrier molecule, after culturing in each solid medium.
All data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat; A-A, corn; Y-V, rice bran.
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Fig. 125. Survival numbers of Metarhizium anisopliae conidia during the 6 months
storage at 25°C with rice bran, a carrier molecule, after culturing in each solid medium.
All data were means of three replicate. Symbols denote culture media based on as
followings: @-@, rice; A-A, barley; O-O, wheat; A-A, corn; Y-V, rice bran.
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Table 11. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with zeolite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No, of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
Barly 1.0 x 1¢0° 1.0 x 10° 1.0 x 10° 1.0 x 10°
Vheat 1.1 x 10" 1.1 x 10" 1.1 x 10" 1.0 x 10"
Corn 4.0 x 10* 2.0 x 10" 7.0 x 10* 7.0 x 10"
Rice bran 3.0 x 10" 2.0 x 10" 1.0 x 10" 1.0 x 10"

Table 12. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with loess, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidiasg) | (No. of canidia/g) | (No. of conidia/g) | (No, of conidia/g)
Media
Rice 3.0 x 10% 1.0 x 10" 1.0 x 10" 1.0 x 10"
Barly 1.2 x 10" 1.1 x 10" 1.1 x 10" 1.1 x 10"
Vheat 2.1 x 10" 4.0 x 10" 2.0 x 10" 2.0 x 10"
Carn 6.0 x 10" 4,5 x 10" 4.0 x 10 4.0 x 10¥
Rice bran 1.2 x 10" 9.0 x 10" 7.0 x 10" 1.0 x 10"
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Table 13. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with talc, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 2,0 x 10° 2.0 x 10° 2.0 x 10° 2.0 x 10’
Barly 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
Wheat 8.0 x 10" 7.6 x 10" 7.0 x 10" 7.0 x 10"
Corn 1.3 x 10" 1.3 x 10" 1.1 x 10" 1.0 x 10"
Rice bran 7.0 x 10" 6.3 x 10" 6.0 x 10" 6.0 x 10"

Table 14. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with kaoline, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No, of conidia/g) | (No. of conidia/g)
Media
Rice 2.0 x 10" 2.0 x 10" 2.0 x 10" 2.0 x 10"
Barly 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
Wheat 4.0 x 10" 2.6 x 10" 1.0 x 10" 1.0 x 10"
Corn 2.0 x 10" 2.0 x 10" 2.0 x 10" 2.0 x 10"
Rice bran 7.0 x 10" 3.2 x 10" 1.0 x 10" 1.0 X 10"
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Table 15. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with diatomite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 1.1 x 10" 1.1 x 10" 1.1 x 10" 1.1 x 10"
Barly 1.5 x 10" 1.3 x 10" 1.0 x 10" 1.0 x 10"
Vheat 1.0 x 10" 5.0 X 10° 3.0 x 10’ 3.0 x 10°
Corn 2.0 x 10° 2.0 x 10° 2.0 x 10° 2.0 X 10’
Rice bran 6.5 X 10" 6.0 x 10" 5.0 x 10" 5.0 X 10“

Table 16. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with bentonite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 4.0 x 10" 4.0 x 10" 4.0 x 10" 4.0 x 10"
Barly 4.0 x 10" 3.4 x 10" 3.0 x 10" 3.0 x 10"
Vheat 1.7 x 10" 1.7 x 10" 1.7 x 10" 1.7 x 10"
Corn 5.0 x 10" 4.6 x 10" 4.0 x 10" 4.0 x 10"
Rice bran 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
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Table 17. Survival numbers of Beauveria bassiana conidia during the storage at 4T
with rice bran, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 1.0 x 10" 1.0 x 10" 1.0 x 10" 1.0 x 10"
Barly 1.1 x 10" 2.0 x 10" 1.0 x 10" 1.0 x 10"
Wheat 4.0 x 10% 2.7 x 10" 2.0 x 10" 2.0 x 10"
Corn 1.3 x 10" 2.1 x 10" 2.0 x 10% 2.0 x 10*
Rice bran 1.6 x 10" 3.2 x 10" 1.0 x 10" 1.0 x 10"

Table 18, Survival numbers of Metarhizium anisopliae conidia during the storage at

4T with zeolite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidiasg) | (No. of conidia/g) | (No. of conidia/g) | (No, of conidia/g)
Media
Rice 1.9 x 10" 1.9 x 10" 1.9 x 10" 1.9 x 10"
Barly 3.8 x 10" 3.8 x 10" 3.8 x 10" 3.8 x 10"
Wheat 3.2 x 10" 2.7 x 10" 2.5 X 10* 2.5 x 10"
Corn 1.7 x 10" 1.7 x 10" 1.7 x 10" 1.7 x 10"
Rice bran 2.0 x 10" 2.0 x 10" 2.0 x 10" 2.0 x 10"
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Table 19. Survival numbers of Metarhizium anisopliae conidia during the storage at
4T with loess, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Cul ture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 3.7 x 10* 3.7 x 10* 3.7 x 10* 3.7 x 10
Barly 4.1 x 10" 3.7 x 10" 3.2 x 10 3.2 x 10"
Wheat 5.1 x 10" 4.5 x 10" 4.1 x 10" 4.1 x 10
Corn 2.6 x 10* 2.3 x 10" 2.2 x 10" 2.2 x 10"
Rice bran 1.3 x 10" 1.2 x 10" 7.8 x 10“ 7.8 X 10%

Table 20. Survival numbers of Metarhizium anisopliae conidia during the storage at
4C with talc, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Cul ture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 3.4 x 10” 3.1 x 10" 3.0 x 10 3.0 x 10
Barly 1.2 x 10" 1.2 x 10 1.2 x 10" 1.2 x 10"
Vheat 3.9 x 10 3.9 x 10" 3.9 x 10* 3.9 x 10
Corn 2.8 x 10" 2.1 x 10" 1.9 x 10° 1.9 x 10"
Rice bran 1.9 x 10" 1.9 x 10" 1.9 x 10" 1.9 x 10
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Table 21. Survival numbers of Metarhizium anisopliae conidia during the storage at
4C with kaoline, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Cul ture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 8.7 X 10 6.3 x 10* 3.9 x 10“ 3.9 x 10
Barly 3.7 x 10" 3.1 x 10" 2.9 x 10" 2.9 x 10"
VYheat 5.5 x 10" 4.8 x 10" 4.6 x 10" 4.6 x 10®
Corn 1.9 x 10" 1.9 x 10" 1.9 x 10" 1.9 x 10"
Rice bran 3.8 x 10" 3.7 x 10¢ 3.7 x 10" 3.7 x 10"

Table 22. Survival numbers of Metarhizium anisopliae conidia during the storage at
4°C with diatomite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Cul ture (No. of conidia/g) | {No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 4.2 x 10* 4,1x 10“ 3.9 x 10* 3.9 x 10*
Barly 2.2 x 10" 2.0 x 10* 1.7 x 10* 1.7 x 10*
Wheat 4.5 x 10* 4.3 x 10" 4.3 x 10“ 4.3 x 10*
Corn 9.4 x 10“ 9.4 x 10* 9.4 X 10* 9.4 X 10*
Rice bran 8.9 x 10* 8.9 x 10* 8.9 x 10* 8.9 x 10*
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Table 23. Survival numbers of Metarkizium anisopliae conidia during the storage at

4C with bentonite, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No, of canidia/g) | (No. of conidia/g) | (No, of conidia/g) | (No, of conidia/g)
Media
Rice 6.1 x 10* 6.1 x 10* 6.1 x 10* 6.1 X 10*
Barly 2.0 X 10* 2.0 X 10% 2.0 X 10* 2.0 X 10“
Vheat 4.2 x 10% 4.1 x 10“ 4.1 x 10* 4.1 x 10“
Corn 4.1 x 10* 4.1 x 10“ 4.1 x 10 4.1 X 10%
Rice bran 8.9 x 10* 8.9 x 10“ 8.9 X 10% 8.9 x 10%

Table 24. Survival numbers of Metarhizium anisopliae conidia during the storage at
4C with rice bran, a carrier molecule, after culturing in each solid medium below.

Storage time
0 month 1 month 2 months 6 months
Culture (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g) | (No. of conidia/g)
Media
Rice 1.5 x 10" 1.5 x 10“ 1.5 x 10" 1.5 x 10"
Barly 1.3 x 10" 1.3 x 10" 1.3 x 10" 1.3 x 10"
Wheat 1.3 x 10° 1.1 x 10" 1.1 x 10" 1.1 x 10”
Corn 3.5 x 10* 3.1 x 10* 2,9 X 10" 2.9 X 10*
Rice bran 7.3 x 10“ 7.3 X 10*“ 7.3 X 10* 7.3 X 10*
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Table 25. Effect of commercially available pesticides on the conidial number and
survival ratic (S. R.) of Beauwveria bassiana when treated at the effective
concentrations for the pest control

Conidial No. and survival ratio (S. R.} of Beauveria

Comnercially bassiana determined on the PDA plate containing
Trade recompended various concentrations of pesticides
r of Target [concentration 0 x
. pest ({1X) for the control 0.1 x 1 X 10 X
pesticides field use ( )

(dose/water) { No. of [S.R.| No. of {S.R.| No. of |S.R.| No. of |S.R.
conidia | (%) | conidia | (%) | conidia | (%) | conidia | (%)

H
(;‘:—;}}z) &l 1 e/mé  (2.7%10%]100 [2,7x10%| 100 |2.7x10%| 100 |2.1x10%|77.8

= AL,
Z2E HI3EVH 1 /et [2,7%10%[100 |2, 7x10%(100 [2,3%10'%[85.2{2.3x10"85.2
(214) 3 =
g).} g'?‘. 2 2 " 2
AR 1 /et |2.7X10%100 [2.7x10] 100 |2.3%10% |85.2(2.3%10%|85.2
(F4) o] &
oLy 8ok,
A9 E 1 pst/ot  |5,2x10%]100 {5,2X10| 100 [5.2x10"| 100 |3.4Xx10% |65.4
(<44 ) =
ik AR
7]} ‘12‘“ 1 /ot |5.2x10%]100 |5.2x10%] 100 0 0 0 0
-2

4y | AYE, 12 12 12 12
0.65 x/mt [5.2X 100 {5.2x 100 |5.2X 100 |5.2X% 100
(=24) | g f7 4 5.2x10 5.2x10 5.2X10 5.2X10

A9,

BA dgtoln}| 1 ut/mé  |5.2x10%]100 |5,2x10%|100 |5.2x10%| 100 |5.2x10%| 100

ks
2jgl

e} é';fvg 1 ut/mt  {5,2x10%|100 |5.0%10%|96.2]4.5X10' |86.5|4.2%10|80.8

Wiy | AYE, 12 12 12 12
1 ul/nt 5.2X% 100 |4, 7% 90.4/4. 7% 90.4(3.8% 73.1
(&) chijuy 1L 2X10 4,7X10 4 10 3.8x10
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Table 26. Effect of commercially available fungicides on the conidial number and
survival ratio (S. R.) of Beauveria bassiana when treated at the effective
concentrations for the control of fungal pathogens.

Conidial No. and survival ratio (S. R.) of Beauveria

Cosmercially bassiana determined on the PDA plate containing
Trade recomended various concentrations of fungicides
of Plant |concentration 0
fungici disease((1X) for the X 0.1 x 1 X 10 X
ungicides field use (control)

{dose/water) | No. of |S.R. | No. of |S.R, | No. of |S.R,| No. of [S.R.
conidia | (%) | conidia | (%) | conidia | (%) | conidia | (%)

X &
(21 | %

g.‘._}E] Euﬂ 12 w 14 |74
' 1 @/mt  |2.7X10%| 100 [2.7X10"| 100 |2.7X10'| 100 |2.4X10' (88,9
(=34) | 453

2 ig/mé  ]2.7%10%] 100 (2.7x%10']| 100 |2.6x10(96.3]2.6X%10|96.3

&%A] w) 12 12 12 12
2 1g/ml 2.7X10°( 100 (2.7Xx10°| 100 |2.7%x10°| 100 [2.7x10°| 100
(a2pa) | 9% "
aa | 2%
Ay 1 /w8 |2,7X10%) 100 |2,7%10"| 100 |2.7x10'| 100 |2.3Xx10' (85,2
(42440 | T2
1;1;;9.-% wie 2 ug/nt 5.2x10%| 100 |5.2x10"| 100 [5.2x10%| 100 {3.3%10%“{63.5
() | =
),}ng_ “q'%' § . . .
P ¥ 1 8/mf 5.2X10%| 100 [4.1X%10*|78.8|4.0X10'“|76.9(2.3x10%|44.2
(-5-A) =
éﬂi D}oli 1£ 1£ 14 14
ey 1 ug/ml 5.2X10( 100 |4.7X10°{90.4 (4.1X10°|78.8/4.1X10°|78.8
(4344) | 2 i
I
q*}il’}é 12 12 [¥4
) 0.5 //m€ [5.2X10°| 100 {5.2X10°| 100 {5.2x10°| 100 0 0
(S22l “g‘g “
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Table 27. Effect of commercially available herbicides on the conidial number and

survival ratio (S. R.) of Beaweria bassiana when treated at the effective
concentrations for the weed control.

Conidial No. and survival ratio (S. R.) of Beauveria
Commercial ly bassiana determined on the PDA plate containing
T recomnended various concentrations of herbicides
of Target | concentration 0 x
. eed ((1X) for the
herbicides| * ( fi‘)aldorl;m (control) 0.1 X 1 x 10 X
(dose/water) [ No, of |S.R. | No. of |S.R. | No. of [S.R.| No. of |S.R.
conidia | (%) | conidia | (%) | conidia | (%) | conidia | (%)
IEA
:(L:m) A2 | 2.5 wg/mt  |2.7x10% 100 [2,7x10%| 100 {2.7x10"*| 100 2.7 x10"| 100
_/_\;E-_E %ﬁ 12 12 12 12
3.0 sg/m€  12.7X10°]| 100 |2.7Xx107“| 100 [2.7X 100 [2,7X 100
(eA) A HE 7%X10 2.7X10
=nlA
“!(—;;i'f} g2 | 3.7 @/mt [2.7x10%| 100 [2.7x10%| 100 |2,7x10%| 100 |2.7x10" | 100
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Table 28. Effect of commercially available pesticides on the conidial number and
survival ratio (S. R.) of Metarhizium anisoplidge when treated at the effective
concentrations for the pest control.

Conidial No, and survival ratio (S. R.) of Metarhizium
Comnercially anisopliase determined on the PDA plate containing

T recommended various concentrations of pesticides
of Target |concentration 0 X
pest [{1X)} for the trol 0.1 X 1 X 10 X
pesticides field use (control } A
(doseswater) | No, of {S.R.| No. of [S.R.| No, of [S.R.| No. of [S.R.
oconidia | (%) | conidia | (%) | conidia | (%) | conidia | (%)
Ao ° 12 12 12 12
(2-3}4]) -Sol 1 me/mt  |7.7%10%]100 |7.7x10%) 100 |7.7%10"| 100 {7.4x10"]96.1
ee | ARE.
(224 i3Sy | 1 /et [7.7x10%|100 |7.7x10'| 100 [7.6X%10%(98.7 |6, 4x10(83.1
%5
g4t g7, 12 12 12 12
%E) 241718 1 g/t 7.7%x10°/100 |7. 710 100 17.7x10°] 100 {7.6x10™{98.7
‘ ol 5
PLeX Sol,

1 ub/mt .2%10%( 100 [8.2x10"| 100 {8.2x10%| 100 8.2 X 10%| 100
(44 |unE 5| 1A/ 8

Fldic |AQE S| 1 4/nf  [8.2x10%|100 [8.2x10%| 100 [8.2x10%| 100 0 0

ad | ARE,
(:34A) | ey

0.65 s/mé [8.2x10%]| 100 [8.2x10%| 100 |8.2%10™| 100 |8.2x10%| 100

Y&,
A duolu} | 1 u/me  18.2x10%]| 100 |8.2x10%| 100 {8.2x10%| 100 |8,2x10%| 100
ks
ﬂslés 12 12 12 12
web | S| 1amt [8.2x10%)100 8.2x10%) 100 8.2x10%| 100 [8.2x10%) 100
12
;"&% ga?j% 1 psmt [8.2x10%| 100 |8.2x10%] 100 [8.2x10%| 100 |8.2%10%| 100
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Table 29. Effect of commercially available fungicides on the conidial number and
survival ratio (S. R.) of Metarhizium anisopliae when treated at the effective
concentrations for the control of fungal pathogens.

Conidial No. and survival ratio (S. R.) of Metarhizium
Commercially anisopliae determined on the PDA plate containing
T recommended various concentrations of fungicides
f Plant |concentration 0 x
fmm'ciodes disease|(1X) for the| |\ 0.1 X 1 x 10 X
ungl field use
(dose/water) | No. of |S.R. | No. of [S.R.| No, of [S.R.| No. of |[S.R.
conidia | (%) | conidia | (%) | conidia | (%} | conidia | (%)
X F] 12 12 12 12
2 1g/of 7.7X10“} 100 |7.7%10™} 100 |7.7x10°| 100 {7, 7X10*| 100
(2pa) | 9% "
At }EY 12 12 12 12
1 sg/nl 7.7X10“] 100 16.6x10°!85.716.2x10°/80.516.1x10°179.2
($2A) (Mg
E2EH w 12 12 12 12
2 1g/ul LIX 100 17.7X% 100 {7.0%X10°190.9!6.6X 85.7
(234 oy y7 4 7.7X10 7.7X10 ox1 6.6X10
et Ty,
A |1 /ot |7.7X10%] 100 |7.7%10%]| 100 {7.2X10%(93.5|7.1X10%(92.2
(524)) =
}
AR WIE |, et [8.2x10%] 100 |7.4x107]90.2 |7.3x10% |89.0(6.7x10% 81,7
(-7) L3
me | 2.
o MR 1 u/me |8.2X%10%] 100 |8,2x10%] 100 {8.2%10%| 100 |4,2x10%|51.2
() =
AR23 | ojo]s 12 12 12 12
1 1g/0l 8.2x10°| 100 |6.4x10“|78.4|4.6X10°|56,1]4,6x10|56.1
(42HA) | 2% i
a7
A
MAZUE "y 7| o5 sme [8.2x10%] 100 [8.2x10%/100] o0 |0 | o |o
(W=2iA) ww =
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Table 30. Effect of commercially available herbicides on the conidial number and

survival ratio (S. R.) of Metarhizium anisopliae when treated at the effective
concentrations for the weed control.

Conidial No, and survival ratio (S. R.) of Metarhizium
Commercially anisoplise determined on the PDA plate containing
Trad recommended various concentrations of herbicides
of Target concentration 0 x
herbicides weed (1;21;0:8?3 {control} 0.1 x 1 x 10 x
(dose/water) | No, of |S.R. | No. of [S.R. | No. of |S.R.| No. of |S.R,
conidia | (%) | conidia | (%) | conidia | (%) | conidia | (%)
A
1(3:)“ B2 | 2.5 emt |7.7%10%| 100 |7.4x10%|96.1|7.3%10% |94.8|7.1x10% |92.2
—é-%'x}' %ﬁ 12 12 12 12
3.0 sg/wé |7.7%X10%| 100 {7.7X10™{ 100 |7.1x10[92.2|6.1X10“{79.2
(84) 242 T3 7x1 1 1 1X1
A
"5(5;:;“;5} B2 | 3.7 mnt |7.7x10%] 100 |7.0x10%]90.9 |6.8x10% |88.3|6.5x10% |84.4
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gy AR Lot FT& LU A28 dJUILE Fosie Yol FA 54}
ZFE AL Slant Agar§ TEo] FAFsto] WG ¥ 5C YRel2 2@z, 1Y AAY o}
T A2 W QALY ¥ 9o} FEY o p@ARGAC 434 ANTFY XA Y 2wy
< 1> PoARiR|o A wiQtE HFF 0.1% Tween 80 £ F2 0.1% Tween 803} Polyoxyethylene
alkyl ehter§ F4Eo23L ARPAPA 0.0025%] TYAE ApLslo] Rog Fa] Hasie
33, <@ A EFol|(AYolH2)E o] Y FANY A4HA, <D 4 (Hitachi
CR21, 4,000rpm,10min)AlA VA= Ex}Y £HAE, <4 Haemocytoreter (Depth 0.10ma)E
AL Xabsx AR § ©AZ Ho Ao

2. AFAE AY
FAE d¥sta AFAY FFE st rhbgS diydes dFARE Ausid
th o)L J|8H S Shorey & Hale?| QIFALR9} MR VIE MRl & @3

o] o3 Fxlyog U= on XM R4S Table 310] Yehfdch. 7 Alg=x
‘goll wtel mihpuS wjgt A stizix] ecjrbRo] 43 Ao 4-8x gt}

A 198, A 4348 A%

TA B Fol ot 438 AMdEY Au AAL Heol¥ARE, wBEubtn], Aupp
o], utol-gof, wjHE LY Fol tisle g=8¥sigict.
1. vi$E LYo o A5 1A
7}. Sprayo] &%t A AR (Pd-1)
A YYPYS Tween 803} Polyoxyethylene alkyl ether& FURS sh= AU
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Table 31. Composition of artifitial fodder culturing for Spodoptera exigua.

Content Content Content
Ingredients developed by nodi fied to Vi developed by
Shorey & Hale our laboratory
Agar(g) 40 28 28
Keydney bean(g) 150 150 150(Soybean)
Brewer's yeast(g) 100 80(dried yeast) 80(Torrula)
Corn powder(g) 100 - -
¥heat germ(g) 150 150 150
Fater(ml) 1,300 1,400 1,400
Methyl 7.6 6 6
p-hydroxybenzonate(g)
Ascorbic acid(g) 30 18 18
Sorbic acid(g) 4.2 3 -
Wesson’s salt mix, (g) 10 10 10
Formalin(ml) 8.5 4.5 -
Vitamin complex(g) 35 - -
Potassium sorbate(g) - - 3
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0.0025%2] Xygjoe ExPQeldg Mt ARl AR vlpELbY 2-3% 3o
sprayd & o|-83led ExE Fajlo] FalFgdch ke wAls Fol IFE FAE XNE
9cn B2 22 viP ool A ARSslden, 3d 72 ¥Fo] ARR4E XAsidch A}
¢ 2APYYE Ro2 FAE HAN 2olA] Yow 2 o nFIQch o]
48 YL M os Axsiglon], Table 328 A2E Adct & 1.0x10%onidia/ml
SxollA 3Untell 5208, 3100 FF7F wiFEZibdo] cid] bzt 89.3% ¢ 50.0%8 B
S A BYo) thE FFE 3.6~14.3% Y=o AT B4t

U}, Sprayell 2% A3 AY (hy-2)

€ dFE= 0.1% Tween 808U o]B-3to] Expieedg A xsto] ufrFiiwo] spray
slo] 434S st oni(Table 33), 1 Z2AE B4 29 1.0%10° conidia/ml &
o4 310, 52000 FF7F 34.8% P 40.3%2] F¢ F=9| YARAE v4den ohE FF
E 4.4-17.5% B2 e WA XAE Bych

th d3APel A% A3 A3

AFEY2 <D A F In2 2 wiPUZ o 327 HUX|(leafl dipping test)A]Z] ¥
1At A% SAAACE <> U A7 wi3F petri dish( ¢ IJem)ol] Y w3 EILPSE
AEstach ABg AP Rog FANE AR fFolx] o & e
F3lo] zapstgdrt. ol AYS Ros 44 sigch o] W] wE widZ el
Uiy 43x2} Y Z2Table 34)& RA FFo] Aol A} gl Ao Yeiy
t}h

2. Gulpujo] gt 439 AP

Hubalo] oyt A3 AP <D Wnl 20g& Y gulrn| 1ontelg FFRe
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Table 32. Frequency of percent mortality responses to Pulutella xylostella.

Survial Ratio after 72hrs

Code No Conce?;cr:ation .No. otf Effect(%)
Insects R RII RII Aver

110 1.0%x10° 30 100.0 90.0 80.0 90.0 3.6
120 1.0x10° 30 90.0 70.0 100.0 86.7 7.1
210 1.0x10° 30 80.0 100,0 80.0 86.7 7.1
310 1.0x10° 30 30.0 60.0 50.0 46.7 50.0
410 1.0x10° 30 80.0 90.0 90.0 86.7 7.1
420 1.0x10° 30 70.0 80.0 100.0 83.3 10.7
510 1.0x10° 30 100.0 80.0 90.0 9.0 3.6
520 1.0x10° 30 10.0 20.0 0.0 10,0 89.3
610 1.0x10° 30 90.0 100.0 100.0 96.7 -
710 1.0x10° 30 100.0 80.0 80.0 86.7 7.1
810 1.0x10° 30 100.0 100.0 90.0 9.7 -
910 1.0x10° 30 90.0 90.0 90.0 90.0 3.6
101 1.0X%10° 30 80.0 80.0 70.0 80.0 14.3
112 1.0x10° 30 90,0 90.0 100.0 93.3 -

Control 1° - 30 90.0 90.0 100.0 93.3 -

Control 2° - 30 90.0 70.0 100.0 86.7 7.1

Control 3" - 30 80.0 100.0 100.0 93.3 -

Control 1% 0.196 Tween 80+Polyoxyethylene alkyl ether3=A}2] A\&AIA] 0.0025%E

Control 2" Water

Control 3" $xjg

# Control effect(%) =

Survival ratio of control plot — Survival ratio of treated plot

Survival ratio of Control plot
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Table 33. Frequency of percent mortality responses to Plutella xylostella

Concentration No. of

Survial Ratio after 72hrs

Sode o /nk insects  p1 RII RII  Aver Eifect()
110 1.0X10° 30 60.0 70.0 60.0  66.7 13.0
120 1.0X10° 30 50.0 80.0 60.0  63.3 17.5
220 1.0X10° 30 60.0 90.0 70.0  73.3 4.4
310 1.0X10° 3 5.0 60.0 40.0  50.0 34.8
410 1.0X10° 30 40.0 7.0 80.0  63.3 17.5
420 1.0X10° 30 60.0 70.0 70.0  66.7 13.0
510 1.0X10° 30 80.0 70.0 50.0  66.7 13.0
520 1.0%10° 30 40.0 50.0 40.0  43.3 43.5
610 1.0X10° 30 60.0 60.0 70.0  66.7 13.0
810 1.0X10° 3 800 6.0 700  70.0 8.7
112 1.0X10° 30 80.0 50.0 60.0  63.3 17.5

Control* - 30 70.0 80.0 70.0 76.7 -

Control”: 1% Tween 8089

# Control effect(%) =

Survival ratio of contral plot - Survival ratio of treated plot

Survival ratio of Control plot
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Table 34. Frequenccy of mortality responses to Plutella xylostella fungi by using leaf
dipping method.

. Survial Ratio after 72hrs
Code No Concen:;atlon .No. of Effect(%)
/ insects  p RII RHI Aver

110 1.0x10° 30 80.0 90.0 90.0 86.7 7.1
120 1.0x10° 30 90.0 100.0 90.0 93.3 0.0
220 1.0x10° 30 90.0 80.0 100.0 9.0 3.5
310 1.0x10° 30 80.0 100.0 100.0 93.3 0.0
410 1.0x10° 30 90.0 90.0 90.0 90.0 3.5
420 1.0x10° 30 90.0 80.0 80.0 83.7 10.3
510 1.0x10° 30 70.0 100.0 90.0 86.7 7.1
520 1.0%x10° 30 80.0 90.0 80.0 86.7 7.1
610 1.0x10° 30 80.0 90.0 80.0 83.3 10.3
810 1.0x10° 30 90.0 90.0 100.0 93.3 0.0
112 1.0x10° 30 90.0 80.0 80.0 83.3 10.3

Control” - 30 100.0 90.0 90.0 93.3 -

Control™: 0.1% Tween 8089}

Survival ratio of contral plot - Survival ratio of treated plot
# Control effect(%) = X 100
Survival ratio of Control plot
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B, <2 EA e lecg ¥ A HES F A2 WAshs 2, <D 12043 o
Ba4g ZABR= Y So= o] Qrh. oY wWhye ¥ iFE} AP A=
Table 35¢} gttt 2 AAE Bd 1.0x10%nl X0 Zx} Me|FoiA 211, 22000 FF7}
2t2} 47.9%, 55.2%9] T &2 AFAINE Hon o9 FFof sy 20xAE
o] WA AANE Hrt

3. Avol-gofol iyt 433 A

AHuto| ool Tt AFE AP GUAP 3 RN eH, HFolRARNED}
ghapulo] cigt AtFeo] oA og ¥ dFof AT FBE AU Aol
Soljoll thgt 43¥ ZHIR= Table 362} AUrl g B Auats 211, 220, 710, 101
A F37E 1.0x10°/m1 Ae|Fold Auto]golle] iyt A3o] 2zt 40.39%, 42.57%,
31.19%, 5.95%, 46.04%& R gcl

4. F5olRAGE] ot 4353 A

5ol Aol tigt 434 & AW ZF2H(Table 37) 211, 2200, 1011 FF71
1.0x10%/m12] ANe|old zZtzt 39.51%, 35.80%, 30.86%2] WA /g B3, 8200, 910
H, 111H F3RE 24z} 24.69%, 24.07%, 27.78%8] ‘wWAlfzhg H4ch o]y FFL&
10xu2] 8] WA X 2g Recl

5. W Eupujo] gt 43 AP

v Eultojol] ot AFE 2t APPALS U454 APSEe] =} @Eedo 32 H=A|4)
2l v §ulto] 10ute]§ 71848 WE Y2 test tube(d 2m)oll FF3lo| 2 FiE
24212t nict A2 8§ Yol Sk RAR= 1204 Foll AF4F XAlSIoATh ol
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Table 35. Percent mortalities of Sitophilus oryzae after the infection of
entomopathogenic fungi.

oo N Concentration No. of No. Survival after 120hr of
/ insects  p;  Rg  RM  Aver (%)
110 1.0x10° 30 5 8 5 7.0 26.8
211 1.0x10° 30 3 6 6 5.0 47.9
212 1.0%10° 30 6 6 6 6.0 37.5
220 1.0x10° 30 5 2 6 4.3 55.2
410 1.0x10° 30 7 8 7 7.3 23.9
420 1.0x10° 30 5 6 7 6.0 37.5
510 1.0x10° 30 8 9 9 8.6 10.4
610 1.0x10° 30 8 6 6 6.6 3.2
710 1.0x10° 30 9 9 9 9.0 6.2
810 1.0%10° 30 9 10 7 8.6 10.4
910 1.0x10° 30 8 9 10 9.0 6.2
920 1.0x10° 30 9 7 6 7.3 23.9
101 1.0x10° 30 10 10 9 9.6 0
111 1.0x10° 30 8 7 7 7.3 23.9
112 1.0x10° 30 8 7 8 7.6 20.8
Cantrol 1.0x10° 30 9 9 10 9.6 -

Control alive number - Test alive number
# Corrected mortality = X 100
Control alive number
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Table 36. Percent mortalities of two-spotted mite after the infection of
entomopathogenic fungi.

« .
Concentration No. of Survival after T2hr

Code No L o
IS BRI RD R RV RV Aver

211 1.0X10° 107 310 346 60.8 833 647 548  40.39
220 1.0X10° 73 71.4 385 500 353 69.2 5288  42.57
710 1.0X10° 117 400 9.7 7I.4 407 650 63.35 3119
910 1.0X10° 8l 789 80.9 1006 85.7 8.5 86.6 5.95
101 1.0X10° 98 500 55.0 68.4 60.0 75.0 49.68  46.04
Control 1.0X10° 116 77.8 893 93.3 100.0 100.0 92.08 -
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Table 37. Percent mortalities of Mvyzusa persicae Shlzer after the infection of
entomopathogenic fungi.

. Alive after 120hr
Concentrat 3
Code No ration  No. of Effect(¥)
/ ot insects  pp RII R  Aver

110 1.0x10° 90 170.00 173.33 180.00 174.44 3.09
211 1.0X10° 90 90.00 123.33 113.33 39.51 39.51
212 1.0%10° 90 183.33 156.67 110.00 150.00 16.67
220 1.0x10° 90 100.00 90.00 156.67 115.56  35.80
410 1.0x10° 90 173.33 150.00 157.78 157.78  12.35
420 1.0x10° 90 170.00 150,00 160.00 160.00  11.11
510 1.0%10° 90 136.67 143.33 156.56 145.56 19.14
610 1.0X10° 9  210.00 196.67 170.00 192.22 -
710 1.0%10° 90 156.67 193.33 173.33 174.44 3.09
810 1.0Xx10° 9  226.67 163.33 163.33 184.44 -
820 1.0X10° 90 140.00 136.67 130.00 135.56  24.69
910 1.0x10° 90 130.00 150.00 130.67 136.67  24.07
920 1.0x10° 90 163.33 140.00 143.33 148.89 17.28
101 1.0X10° 90 90.00 113.33 170.00 124.44  30.86
111 1.0x10° 9% 123.33 140.00 126.67 130.00  27..78
112 1.0x10° 90 163.33 160.00 156.67 160.00 11.11
Control 1.0%X10° 90 156.67 210.00 173.33 180.00 -
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Table 38. Percent mortalities of Lissorhoptrus oryzophilus Kuschel after the infection of
entomopathogenic fungi.

No. Survival after 120hr

Code Concentration No. of of
No /b insects gy RI RO RV RV Aver ™
21 1L.0X10° 50 10 9 10 0 9 96 2.0
2 1.0X10° 50 10 10 10 0 10 100 0
70 1.0X10° 50 8 9 10 10 10 94 408
910 1.0Xx10° 50 9 10 10 9 10 96 2.0
101 1.0x10° 50 10 9 10 9 10 9.6 2.04

Control  1.0X10° 50 10 10 10 9 10 98 -

Control alive Number - test alive Number
# Corrected mortality = . X 100
Control alive Number
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Table 39. Percent mortalities of Myzus persicae after the infection of
entomopathogenic fungi.

3 days after treatment

Code No Concentration No, of Al Effect

/ mb insects ive rate(x) (%)

RI RII RID RV Aver

211 1.0x10° 1891 164.25 143.29 13265 183.41 -
220 1.0x10° 1125 117.63 206,59  132.65 62,27 13053 17.67
710 1.0x10° 1557  100.96 12536 126,88 150.15 125.84 20.62

910 1.0x10° 1534 185.23 150,92 132.01 185,42 -

101 1.0x10° 1432 231.25 14329  203.32 196,30 193.54 -
C;:";:” 1000 1332 1018 411  21.90 88  11.27 92.89

Control 1.0x10° 1498 112.01 205.54 158,23 158,38 158.54 -
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Table 40. Percent mortalities of diamondback moth Plutella xyostella after the infection
of entomopathogenic fungi.

3 days after 6 days after
Concentration No. of treatment treatment
Code No .
/ ot insects Effect Effect
(%) (%)
210 1.0x10" 48 12.4 18.43
410 1.0x10" 50 37.8 46.97
1110 1.0x10" 49 9.85 11.63
1111 1.0x10" 49 10.98 13.42
Control 47 - -
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Table 41. Frequency of Percent Mortality Responses to Pulutella xylostella

. Survial Ratio after 3days
Concentrat No, of
Code No ration .0 Effect(¥)
520 1.0x 10° 2.7 93.9 866 75.8 85.4 27.1
BT WP 1000 x 3.0 6.7 13.3 10.0 10.0 91.5

Control - 2.7 128.4 107.0 116.2 117.2 -
. Survial Ratio after Sdays
t
Code No Concentration ‘ No, of Effect(x)
520 1.0x 10° 27.7 90.3 86.7 83.0 86.7 29,7
BT WP 1000 x 30.0 10.0 3.3 6.7 6.7 94.5
Control - 32.7 131.5 116.2 122.3 123.3 -
Survival ratio of Control plot - Survival ratio of treated plot
# Control effect(%) = X 100

Survival ratio of Control plot
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Fig. 126. In vitro antagonism assay. A mycelial plug of Metarhizium anisopliae was
placed on the center of potato dextrose agar (PDA) plate surrounded by mycelial plug

of A. solani, B. cinerea, M. gypseum, and F. oxysporum at given distance (2cm) from
the center.

A. Alternaria solani (left), Metarhizium anisopliae (center), and Botrytis
cinerea (right)

B. Microsporum gypseum (left), Metarhizium anisopliae (center), and
Fusarium oxysporum (right)
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Table 42. Inhibition rate of mycelial growth of phytopathogenic fungi with the culture
filtrate of M. anisopliae.

Inhibition rate

Phytopathogenic fungi \ Media

PDA SDA TSA LB
Botrytis cinerea 10.0 5.4 3.7 18.0
Fusarium oxysporum 16.5 5.4 5.6 5.3

* Culture media : PDA (potato 200 g, Bacto dextrose 20 g, agar 15 g, and 1 liter of
distilled water); SDA(neopepton 10 g, dextrose 40 g, agar 15 g, and 1 liter of distilled
water); TSAltryptic soy broth 20 g, agar 15 g, and 1 liter of distilled water); LB
(trypton 10 g, yeast extract 5 g, sodium chloride 10 g, agar 15 g, and 1 liter of
distilled water)

- 192 -



250 -5 o~
E
s E
g 200 - 4 E
& 2
9 1% -3 §
Q —
2 >
E 100 L 2 g
o =
b
[—4
50 1 <
0 v—= ; . . . r 0
3 4 5 6 7 8 9 10
Initial pH

Fig. 127. Effect of initial pHs on antibiotic production of M. anisoplige culturing in
YPD media for 6 days.

Symbols: (@-@) Dry weight of cell mass(M. anisoplige, mg); (¥-V¥) antifungal
activity (diameter of inhibition zone, mm)
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Table 43. Effect of the culture filterate of M. anisoplige on the spore
B. cinerea

germination of

% of spore germination
Treatment\Time (hrs)

12 16 20 24 28 32

36 40
Control - - 7 10,0 220 40.3 755 88.2
15% - - 2 7.5 170 20.7 35.5 40.1
30% - - - - 5.4 9.7 155 2L.5

Control: PDB medium

15%:
concentration of 12 ug/mi.

30%:
concentration of 24 ug/mi.
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Table 44. Effect of the culture filterate of M. anisopliae on the spore germination of F.
oxysporum.

% of spore germination

Treatment\Time(hrs)
12 16 20 24 28 32 36 40 44 48
Control - - 8.6 13.0 18.7 250 30.4 40.0 56.7 78.6
15% - - - 65 220 27.0 30.4 41.3 47.8 53.3
30% - - - - 17.5 20.2 29.5 35.4 40.7 53.0

Control: PDB medium

15%: PDB media supplemented with the culture filtrate of M. anisoplize at final
concentration of 12 ug/mi.

30%: PDB media supplemented with the culture fitrate of M. anisoplize at final
concentration of 24 ug/ml.
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Fig. 128. Chlamydospore formation of F. oxysporum induced by culture filtrate of
Metarhizium anisopliae. (bar=30 m)

A: PDB medium
B: PDB medium with 10% of culture filtrate of M. anisopliae.

Fig. 129. In vitro antagonism assay. A mycelial plug of Beauveria bassiana was placed
on the left of each potato-dextrose agar (PDA) plate, and mycelial plugs of two
phytopathogenic fungi were on the right. (A) Fusarium oxysporum; (B) Botrytis
cinera. - 196 -



Table 45. Mycelial growth inhibition of Botrytis cinerea and Fusarium oxysporum f.
sp. lycopersici on different media amended with culture filtrate of Beauveria bassiana.

% Inhibition of mycelial growth®

Phytopath i
ytopathogenic Cul ture mediun’
fungus
PDA SDA TSA LB
Botrytis cinerea 34.3 13.3 8.8 2.0
Fusarium oxysporum 13.3 9.3 15.9 5.0

*Each medium was incorporated with 109 final concentrations of culture filtrate of
B. bassiana. Inhibition percentage = [1 - {mycelial growth of treatment (mm) /
mycelial growth of control (mm)}] X 100.

®PDA : potato-dextrose agar, SDA : sabouraud dextrose agar, TSA : tryptic soy agar,
LB : Luria-Bertani agar.
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Fig. 130. Dry Weight of mycelium, production of antifungal substances, and pH
changes of Beauveria bassiana cultures according to the culture time.
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Table 46. Effect of culture filtrate of Beauveria bassiana on the spore

germination of
Botrytis cinerea.

% of spore germination®

Treatment
16 20 24 28 32 36 40
Control 0.0 7.0 100 22,0 40.3 755 88.2
15% of culture filtrate 0.0 0.0 8.0 11.0 18.8 23.6 40.7
30% of culture filtrate 0.0 0.0 6.8 8.5 14.6 18,9 30.0

®Spore germination was examined in potato-dextrose broth incorporated with 15 and
30% final concentrations of culture filtrate of B. bassiana

Table 47. Effect of culture filterate of Beauveria bassiana on the spore germination of
Fusarium oxysporum f. sp. lycopersici.

% of spore germination®
Treatment

16 20 24 28 32 36 40 44 48

Control 0.0 86 13.0 18.7 25.0 40.0 30.4 56.7 78.6

15% of culture filtrate 0.0 00 7.4 7.8 80 87 10.0 10.8 11.0

30% of culture filtrate 00 00 00 7.0 7.0 80 85 9.0 9.0

*Spore germination was examined in potato-dextrose broth incorporated with 15 and
30% final concentrations of culture filtrate of B. bassiana
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Fig. 131. Morphological abnormalities of Fusarium oxysporum induced by culture
filtrate of Beauveria bassiana (bar=30 m). A ; Potato-dextrose broth medium, B ;
Potato-dextrose broth medium with 10% of culture filtrate of B. bassiana
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