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SUMMARY

Final Goals of the Proposed Research
(1) Development and production of new microbial biocides working on fungi
(2) Development of new antifungal compounds

(3) Development of bio-controllers that are multi-functional microbial biocides

Contents of the Research

(1) Screening and characterization of the antifungal bacteria and compounds

(2) Purification and structural analysis of the antifungal compounds »

(3) Action mechanisms and cytotoxicity of the antifungal bacteria and compounds

(4) Molecular cloning and characterization of the genes involved in the synthesis of
the antifungal compounds including polypeptides .

(5) Field test of the antifungal compounds, bacteria and microbial biocides
manufactured in pilot scales.

Results and their application plan

(1) Each of sixteen isolates of the antifungal bacteria screened out in this project will
be applied to manufacture microbial biocides, microbe-based products and antifungal
compounds (final version of the microbial biocides and microbe-based products will
be available for sale on June 1999).

(2) It is very possible that KLMBF-@ (Mw. 530), one of the compounds isolated
from the antifungal bacteria KI.1114 be a new leading compound. As soon as the
chemical structure of the compound is revealed, patentship will be filed for. In
addition, we will try to synthesize the compound and its derivatives, which could be
used for the development and the production of new drugs. Other antifungal
compounds KLMBF-@-@ (Mw. 1045, 1058, 1075) will be used for a same purpose.
(3) Amongst the antifungal compounds, both the 3kDa and 5kDa small polypeptides
can be used for the development of the antifungal compounds in the agricultural and
medicinal fields.

(4) Recombinant techniques will be applied to construct transgenic plants expressing
gene encoding antifungal polypeptide, 3kDa, 5kDa, 41kDa, and 20kDa, respectively.

(5) N'-terminal amino acid sequences of four polypeptides, 3kDa, 5kDa, 41kDa and
20kDa, have been determined. Especially, whole gene encoding 4l1kDa polypeptide has
been cloned and overexpressed. Therefore, mutant polypetides with enhanced
antifungal activities can be designed and tested. This type of research on antifungal
polypeptides from antifungal bacteria has never been reported internationally.
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(6) Purification of the antifungal enzymes has demonstrated the polypeptides with
molecular weight of 45kDa (Chit 45), 55kDa (Chit 55), 59kDa (Chit 59), and more
than 100kDa (Chit 100 1) to be chitinolytic enzymes. Three polypetides, Chit 45, Chit
55, Chit 59, are classified as an exo-chitinase, whereas Chit 1001 is found to be an
endo-chitinase (chitobiosidase). These results could be served as basic data for the
construction of antifungal transgenic plants.

(7) Totally new formulation of the microbial biocides and microbe-based products has
been developed, which is quite different from the established one in their composition.
(8) Establishment of a new method for the synthesis of raw matertals and
manufacturing process allow this technology to be transferred to the domestic
companies, as well as to be exported to foreign countries.

(9) The microbial biocides and microbe-based products developed from this research
can be used as bio-controllers in order to remove plant pathogenic fungi. Due to
their excellent degradation capability for agriculural and/or organic chemicals, they
also can be used to improve soil quality environment-friendly, to ferment compost
and to clean uﬁ the environment.

(10) A MAPK (mitogen activated protein kinase) gene cloned in this research will be
used to establish the target site screening system (the system will allow a easy
screening for new antifungal compounds) because this is a new technology which
guarantees a high royalty when transferred to the domestic and foreign companies.
(11) AF (antifungal activity negative) mutants can be used for the basic and applied
research on the characterization and regulation of the AF gene.

(12) The antifungal KL1179 isolate synthesizes volatile antifungal compounds with
low melting point and demonstrates very effective control of brown patch disease of
grasses. Therefore it will be used as a microbial biocide for the protection of
grasses.

(13) In concluéion, very selective antifungal compounds, environment-friendly
microbial biocide, and microbe-based products with low degree of environmental
contamination have been developed. This technology will be transferred to domestic
companies to make qualitative products, which will protect plants from pathogenic
diseases and increase the crop yield. It will also contribute to a nation’s economy
when exported to the world market. The accumulation of experience and basic will
also allow the constant development of new emerging compounds.
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M2z exliz MMz B4 % ST

A1d HE

gRAFAe A salicilic acid, aluminum salt, zinc salt, 2%, ol&gg {714t
(benzoic acid, propionic acid §)3 Zo] EHe IR 2 AL FTa4A4 AA
(nonsystemic agent)®} & 2= 7Tl FTH oldEo] L= HAMAG AlA
(systemic agent)2 didsl ¥ 5 o

Ha AHEEE HAAM FAFA AEE d#HEA O phenol-ether 3}EEY
griseofulvin  (Penicillium sp.), @ polyene A E<S amphotericin B (Am B;
Streptomyces nodosus), hamycin (Streptomyces pimprina), nystatin (Streptomyces
noursei), natamycin, @ pyrimidine AI¥<Y flucytosine (5FC), @ azole =A<
miconazole (MON), ketoconazole (KET), fluconazole (FLU), genaconazole (GEN),
itraconazole (ITR), saperconazole (SAP), & npeptide #A<E2 cilofungin (CIL),
saramycetin (Streptomices ‘saraceticus), allylamine Al¥<l terbinafine (TER),
naftifine, @ morpholines A€ ¢l fenpropimorph 5°] WWEAolzt & F Uut. wdety =
gl 713 2 HHE JAY F£ HAH AFFY LA BAT ¥ ol oA
0% AF 2EZE Azol AEHY 5 Y= HEM, Sol4d, £EA 3‘7‘1&%1]94 2
Foug AF3 AAolt ol F BE TFHY AANAZ FAFAV vBER FEH H
HAx, olEY FEAs ol 451 oy, w3F g4 2HERY =4 ZAH T
18-S WEst

H, WA A o( blologlcal control) ¥ & Fg AW AAe T AAH o
AE rAAE e A FAE T3 siderophore, NHs, &4, hydrogen cyanide &
S F o9 olgo] ZEgH AL HAY, FFol uigh BEEA Aojd FRHE
MTEE Pseudomonas fluorescens (siderophore A84d), Enterobacter cloacae, P.
ultimum (FA A3 A3, 2ol B A), P putida (A ZE HAA AFF Alol), P.
syringae (Yol AHE&=HE A3 AF) 8 & F Auh o/AH 2T AL Ygul=
A FAFA AL BE olF FIAAE AAsE AMTHFES AETH Aoz A
%%'}E EA7F 538, ofsgl, 93 T APolllA AFHo2 gaFFHI Q. o9
Az &4 2 A7 Yed Ede IF MY FAAe Aldy 8H

[o thr

L

—‘?"%"2 B oole}, BV oS o WY FE 7 Bol2AM, A Aen A4E3)
of ARG Sectetol A ojw wob BTk WA AFE| AEHojo}r @),

A2d FAAGA v BE9 Y

AgHAA  AFF(Mucor sp, Helminthospora sp., Fusarium oxysporum
cucumerium, Fusarium culmorum &) g A AL 27 st Hy],



£H], §4 =, 2, Lo}, sy, 8424 To2RH AEE AMIHsH U@ wAES
(NA, Pseudomonasei2| 8 Wiz, EMB, %4# #d& vz 5)& A& 14 &%
g 11540070 & &3t

12 2279 A EEE &3yl st NA, PYE, TYE A SolA Mucor sp.,
Helminthospora sp., Fusarium oxysporum cucumerium, Fusarium culmorum® lawn2
Zt ¥ patching BB o2 12 &5 E€ATE =25t gdAFBAo] A3 bacteria strain
10270 & 23} ¥

F7tHo g 2ad R 1ald oA MES FAFEHMTYE e FAFEAdAH
EYS Hole #FE 84 - E8 FHoz2 1adse dE #7022 RE 127009 T
FE 12 2 9dF, FFHF/ o ASZYHAAN AFF 6ZE(Mucor sp. Fusarium

oxysporum cucumerium, Rhizoctonia solani, Botrytis cinerea, Collectotrichum

£

gloeosporiodes, Pyricularia oryzaeS)® §2H YA TF 1% (Candida albicans)g o
Aoz At 23 AP HAAste P33 JAFEAHE HoldA 553 g7
A2AEHRE Holg 11749 M2E IAFEAHATE HAFHezr Fr Mg
(KL1314, 1321, 1322, 1326, 1330, 1332, 1367, 1411 ¥ KLP2l, 22, 26).

A 1, 2xpdxol A A . ddgo]d FHoJAAEE(102+11= 113)2 L A o
2 71A AY(TH, YRTEHANEY, FAFEAE, B4, T3AY 2P $5)
AXA AR ES BT 7tsdol & FFEE AA 9 - MES Ay, HE 58
T FE 2271 AE(KL1112, 1114, 1121, 1136, 1137, 1143, 1176, 1178, 1179, 1187,
1188, 1198, 1105, 1314, 1321, 1326, 1330, 1367, 1411 2 KLP21, 22, 26)& $AH o= 7
At ot

A3 FAAGIA T GHA2AHEZ
AEWYA  IdFF  Mucor sp., Helminthospora sp., Fusarium oxysporum
cucumerium, Fusarium culmorum% & WAL 2 1adxo MEd 128559 &7

RAFEA AHEH A 24 24 8 ojAE AA
s A | FAF 2 =
BEAA4-6F/H/6F TANIATH) 13 11 24
FHHH2-3FH//6F TANAEFF) 13 46 59
EolH(1FF) 7 12 19
FH uAE LA 33 69 102

22bd o FrtHog FEg NFTEHMATSES ddoz ABHAdH AFF 63
(Mucor sp. Fusarium oxysporum cucumerium, Rhizoctonia solani, Botrytis cinerea,
Collectotrichum gloeosporiodes, Pyricularia oryzaeZ)® SE2HAH & 1%
(Candida albicans)o|l ¥ FATGAL TG 2HNEFL FM37] st B4 AaF
Eo] =" PDA(Difco co.)ui=lq paper disk(273 6mn)E o]&3ste] Nutrient



broth(Difco co)ellAl Zeitd Mgl s HFtd 30TCAAM 2~3UT widg 23
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1, 22hd o] Mg AN F 5 A E8(chitin, glucan)d Ed s Fihel 93y
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s BA, AXE HJES Hrhg oA E ol gt RWd ZVE vimd HAx A4
427t 7t S3EM FRFEAHe]l £ 9T F(KL1I05, 1121, 1162, 1174, 1182,
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s ot

W) 337F AL EA YAEF

L, 2zbdxe] g4 - 483 FFEFT AZHEHELY] SAET ol 2AY, A
FUEtUBAM Zg ZPALE Boly AL FAIFAUSAHSIA(FITA)E YAMst=
7,3 2 BEsgch olg ATEF Y 7R DAY HYE(FH, ITEAEE, ¥
)T AA 1274 ¢F [ 1xhdxE AR(KLI36, 1137, 1179, 1187, 1189) R 23
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AY FEojAEE st
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Fig. 2-3-1. Antifungal activity of Alcaligenes faecalis KL1179(KCTC 8914P)
against pathogenic fungi
A: Rhizoctonia solani, B: Candida albicans



Table. 2-3-1 Antifungal spectra of antifungal bacteria against several plant
pathogenic fungi and one animal pathogenic fungi

R Antifungal activity
Antifungal E Y

bacteria | alm s|p. olp. U|R S.|B DIB S.|B Cic G|P. GiM M|P. ClA S|F Ols. s.

KL1112

KL1114

©

KL1121

KL1136

KL1137

©|0|0C|e|®;0

KL1143

KL1178

©

KL1179

KL1188

G NN NN NECHECHNONNE N |
©
©

CHN BN

KL1314

@]
@)
@
©

Q@
©

KL1321

CHNCHNONN NN NN NECHN J

©

KL1326

KL1330

KL1367

@100

©|l0 | ©

® O | O

OB NN BN NN
°

KL1105

ONNONNE NN J
(@)
C|lo|e| @

KLP21 o

olololo

® : very good © : good . small efficacy

C. A. : Candida albicans, M. S. : Mucor spp.(%#8), P. O. : Pyricularia
oryzae(W| = ¥E¥) P. U. : Pythium ultimum(d2¥), R. S. : Rhizoctonia solani{3
214), B. D.. Botryoshaeria dothidea(*}=+%- %)  B. S. : Bipolaris sorokniana

(ARNFEH), B. C. : Botrytis cinerea(3R T FolW) | C. G.: Colletotrichum
gloeosporioides(LF & A ") P. G. : Pyricularia grisea(B=EH), M. M.

:Mycosphaerella melonis(F2Q@2vl54%), P. C. : Phytophthora capsici(i1F94),
A. S. . Alternaria solani(E°tE ZAF2FHH), F. O. © Fusarium oxysporum() 1%
2d) S S : Sclerotinia sclerotiorum(Z3%) P. U, R S, F. O. ¥{3E %

s



o) A 1, 23 UEE $8 UUY FSE LF WS BH2AEPL woAY
Solzoz 3¢ YAZBAL Uit AFSo|(MEY LHELE YAA B2
ZHE AAd3tc MF% A5 KL1114, KL1121, KL1143)

Table 2-4-1. Isolation of bacteria producing chitinolytic enzyme and antifungal

agent

Chitinase and glucanase * Antifungal agent(compound) °

KL1101, 1102, 1103, 1104, 1105+, 1107, 1108,|KL 1106, 1110, 1112, 1115, 1118,1120,
1109, 1111, 1113, 1114, 1116, 1117, 1119,[1122, 1129, 1136+, 1137 -,1138, 1139,
11210, 1123, 1124, 1125, 1126, 1127, 1128,[1142, 1144, 1145, 1146, 1148, 1149,
Strain {1130, 1131, 1132, 1133, 1134, 1135, 1140, 1141,{1150, 1152, 1153, 1154, 1155, 1156,

No. 11430, 1147, 1151, 1157, 1158, 1159, 1160,|1161, 1174, 1179+, 1180, 1181, 1187
1162 -, 1163, 1164, 1165, 1166, 1167, 1168 - ,1189 «, 1198, 1198, 13140, 13210,
1169, 1170, 1171, 1172, 1174 -, 1175, 1176,|/13220, 13260,13300,13320,1367 0,
1177, 1178, 1182+, 1183, 1184, 1185, 1186,14110
1188 -, 1190, 1191, 1192, 1193, 1194, 1195,
1196, 1197, 1200, 1201, 1202, KLP2lo,
KLP220, KLP26o

7274 4174

? -chitinolytic enzyme-producing bacetria

b antifungal agent-producing bacteria

st 1abd o] AdEg FF o 1 23d o MEE FHUME 2L o 2adEd HEZ
Buldge Qe FF

AS5d A EDY P FA

7}. in vivo 2 A Y

1I2Pd 5o FRUYERZ MEE FAFEHZE YAANTFES 259 TA AFFo o
3l patching® ™ &} filter paper disk o2 oAZF wxYolA AAE3lo
FEAAAE St FAQL AT GAHEE vasided, 2 23, duyow
NA, TSAujA A 2 23 E Jdehlidoy, dAFEHATE, FAATFH, A £
Foll e} FAFBAEs} 2234 e o = AATh

2ahdEe] MEA ME¥E FRUYEIEL HEHYAN ITHF 6F(Mucor sp.
Fusartum  oxysporum  cucumerium, Rhizoctonia  solani, Botrytis cinerea,
Collectotrichum gloeosporiodes, Pyricularia oryzae%$)™ $S5H QX4 7§ 1&¥(Candida
albicans) & A2 FINFEAATE vug 23, P22 FHEYE IdnF 4L YE
Wl



Table 2-5-1. Comparison of antifungal activity of antifungal bacteria on various
culture media

Inhibition zone(mm)®
Bacteria Strains F. oxysporium cucumerium Mucor sp.
PYE NA PYE NA
KL 1136 15 4 <1 4
1137 3 5 0.7 8
1179 3 4 02 5
1187 35 6 02 7
Inhibition zone(mm)
. F. oxysporium cucumerium Mucor sp.
Bacteria
Strains GM63» dcz— G- GMgdr | Cze |
PDA | spa | TsA | GM63 [ous%y| OO " | Ppa | sDA | TSA | GM63 [0.05%y | 0.05% | "
0.05%Y| Nlops . Mops
E c E YE
KL 1136} 3 15 3 <1 15 20 <1 <t <1 25 <1 <1 <1 <1
1137} 35 15 35 <1 2.0 30 <l <1 <1 35 <1 <1 <1 <1
1179 4 2 3 <1 20 35 <1 <1 <1 35 <1 <1 <1 <1
1187 25 | 15 2 <1 20 35 <1 <1 15 2 <1 <1 <1 <1

Table 2-5-2. Antifungal activity and antifungal spectra of antifungal bacteria

Antifungal activity
strains ] . ] R ) c F.o.cucum-e| C. gloesp
C. albicans” | R. solani Mucor spp. B. cinerea” | P. oryzae i i
rium -oriodes
KL1114 ++ ++ +++ +++ T4+ +++ +++
KL1121 ++ +++ +++ + +++ +++ +++
KL1143 ++ ++ ++ ++ ++ + ++
KLP 21 ++ - - - + - + 4+
KLP 22 ++ - - - ++ — -
KLP 26 ++ + - - + - 4+ +
KL1314 + ++ + + +++ + + ++
KL1321 + ++ ++ ++ +++ ++ ++
KL1326 + ++ ++ +4+ 4+ ++ +++ ++
KL1330 + ++ ++ ++ +++ ++ ++
KL1367 + +++ ++ +++ +++ ++ +++

a

20C

Incubation in NA medium, b

* Inhibition zone: +:1~2 mm, + +:~4 mn, ++ +: > Smm

incubation in TSA(Difco co.) medium,

¢ incubation at



Y. in vitro 2FA 3

Nutrient broth(Difco co0.)9t Glucose-M63vlloll Huladg FzF HFL NBe
GM63u Aol HZF sl 30ToA 3¢z witdd F 12000 mm4C)2 gAEdsld 4%

A 40ColM rotary evaporator® o]&sle] AdFHsAd w5 wdAE FHol
0.2/m= £ membrane filter2 %% T HAM AFF7F HFE THPDA) ¥ AA6A
(NB)oll AZHoz HFstod 27 S4B EXNEE SAHsI¥Y. 2 Za, KLI14,
KL1121, KL1143 #FE0°] AAse AIEpez Pujde JAFEH A (s5E L
of ¥R TEE FUTE(FEFE vigAdSs ¢ HEFR)YATEA ] vHeR

FA YeEtth(E 13 2).

Table 2-5-3. Susceptibility test of antifungal agents in agar medium

5xR By oo Inhibition zone(mm)

M =8 C. albicans  |R. solani|Mucor spp.|B. cinerea®| P. oryzae F o,cgcum ¢ 9"’65"

-erium -oriodes

KL1114 408 45" | 2° 3] ++ +++ + o+ + ++ o+ +++ +++
KL1121 | 33sy 7 11 4] ++ ++ +++ - + ++
KL1143 | 370y 3 | 2 [3] - ++ - - T+ | v+ +
KL1314 33j 0 0 7 - - - - + -
KL1321 29uy a4 | o o] + ++ ++ - +++ _
KL1326 3684 0 6 0 - - . — - -
KL1330 334l 3 0 0 ++ + + + + 4+ + + +++ ++
KL1367 33u1 25 2 0 + + 4+ + 4 + + + 44+

C. albicans= NA ®{Al, Mucor spp.& TSAWA], Yojz W AdFE PDANAN 4= &
A % 20Col A wlek, ° complete inhibition zone($HA FAAdl) mm, ¢ delayed growth
zone(A A A A A ™) mn, ° partial inhibiton zone(® ¥4 2 h) mn v
+: AAAGAN 1~2 mm, ++: AFAAH 3~4 mn, +++: ARIAR 5 pnol 4

Table 2-5-3. Susceptibility test of antifungal agents in liquid medium

gagdz | o U7 BAE@H2AATE)
58 0 10 20 40 80 160 | 320 | 640 | 1280
KL1114 4044 + n + + + + +
KL112] 334) n + + + + + b
KL 1143 379 + [ ] + + + +
KL1314 334
KL1321 20+ o+ +
KL1326 36+ = n
KL1330 330 (1]
KL1367 334} + B + + +
Amp. B 5mg/mé n + + + + +

NB 3m¢oll Auidd C albicans 1004E HAFTH & FF5AE 10~1280uE 24 HF
+:complete inhibition, *:delayed growth, ™ Z<¢k:Amphotericin B, Control: Candida
albicons W : F24A% =



A KL1114

RETEZ2Y
B Control 108 20548 40,4 80 1604
conon, S L B
T i e i

C Amphotericin B .
Control 1042 208 4048 8048 1604

L o N
Y SN DO e e
= S P i P s ™

Fig. 2-5-1 Susceptibility testing of antifungal agents in liquid medium

A: KL1114, B: KL1121, C: Control{amphotericin B)

* Inoculation of subcultured C. albicans 1004¢ in NB 3™ and then inoculation of
concentrated sample according to the concentration.



A6d IFNTZJA T F87]3F
12bd = AFeAe 327 A4S z87|28 geotslr] Jste] Hasibgo ¢
sl HAY clear region, impaired region(inhibition zone)® normal region(control)-&
SEM(FA}d 2@ ) 7)) interference PhotoMicroscope® ¥ 23 impaired regions
normal regionol| H¥ldte] BAEZ A9 Lo ofs) AstA FAL ERHez HHE
of 1, =3 Xzt AL A AAHD, Fef ¥ 27)E BFHstn £aso A
TEZES AXYFAAA, AL AA], AW T2 ZAdA o] 2L A2 B
o 2& 2477 S 7MW Ao dEsg

32t dxoMe Frtdoz HeEd FAFHFES] AT Fo HdTol g §IF
24 zgr1ze 437 fdstd #HdAdRFol HEFE T AWR(PDA, TSA)A A
paper diskE ©o]&3%tdq #Ad AT WAL AFHFS 30CoA 3Lz hvjRe 4]
FIdA BHad AFHFY 4394 A= 2 Hg g wAdsin
st o2 AR, AMEA A, sporulation FFE, SUE AN 5o dgz HAdF A

2 oAshgch

Table 2-6-1 Antifungal action mechanism of antifungal bacteria

HAag 2Zhg 712 (SR F A gl 9% HYde ARYA )
Mucor sp. 1114>1321>1143, J 3% 72 8-S, 1136=1137=1179=1187=1188
B. cinerea

' ae® A
(90l o) 111421326>1367, disk¥1o) hyphae® A4 4

1121,1326,1330,1167 KLP21,1321,1314

O BIFeEYUS

@ TAHE B A(lysis)

@ %ol 7MRAe]l AR yellow pigmentd A
1367,1411,1112 @ J4E2A

P. oryzae
(H=gH)

111421367 @ 1114,1367 black pigmentation(=sporulation ¥ %)
@ 1114 9223 ARSI RY Zdo] 4 )
@ TAHF A A(lysis)
1121>1326>1330>1143 (D1143,1321 black pigmentation
@ 1121,1326 I L3 AL S
@ 1411,1321 4371428 A

F. o. cucumerium

111421367 D 1114,1367 black pigmentation(=sporulation ¥ %)
@ 1114 9924 YUSAEAZR Yol Zo] ¢AAH)
@ A3 A Al (lysis)

1321>1121>1326>1314 @ FR¥EHYYAL

1330>1143>1411 4% 7tz Agk(Ze] A7)

C. gloessporidodes
(ZFa44)




Fig. 2-6-1 SEM photographs showing antifungal action mode of antifungal
bacteria against Aspergillus sp. Spores are broken down and cell lyses are
shown. A: Control(Aspergillus sp), normal growth region, B: KL1136, impaired
region(inhibition zone), C: KL1179, impaired region(inhibition zone), D: KL1187,
impaired region(inhibition zone)
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Fig. 2-6-2 SEM photographs showing antifungal action mode of antifungal
bacteria against Mucor sp.

A Mucor sp, NR(normal growth region), IR(impaired region), B: Mucor sp.
normal growth region, C: KL1137, impaired region{inhibition zone), D: KL1179,
impaired region{inhibition zone)



Fig. 2-6-3 SEM photographs showing antifungal action mode of antifungal

bacteria against Fusarium moniliforma .

A: Fusarium moniliforma, NR(normal growth region), IR(impaired region), B:
Fusarium  moniliforma normal growth region, C: KL1105, impaired
region(inhibition zone), D: KLP21, impaired region(inhibition zone)
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7. 553

12bd 5o T BHLAHEJH SXo] o $ S5 ZFEG2/) disted, 543
o2 API kit system® ©]€3ta Bergey's manualdl A EAH3 Az ol5e sjE9
AEEH LAY A Aol o]Rd FFEFAE ME E S(genus)ol AY §L &
BEAE F(species)o] & AHFEZ EAHJY 2a3dx dpdMe da nr)sH,
Byl FRAFBA /\sﬂg_qj'.?; ¥ol A, _-_6;__3_ Ex uAd FEu AL polx
F2 A9 ANF BH2ANEYE Hole FFo didto o 80o 71| ol4de] A3t
g FRAEE o 2éafil Hg A OIE% A 2usol e dAF SAHAHATF
= 24'51 e 2570 &£l AT Eo ULt
d F 630l A% #ATEHES dEhdE 143 FB 134T
FE F 52718 APl kit 522 o] FAHAE L Agsgen 2420z 220 #FE
AEstd APl kite 88 F71¥ o2 < 3g0d7bA| ojide AgAsziety EPAAS of L
423 s, 2 3Adx 7oA HFHeoz 1671 FF(KL1ILZ, 1114, 1121,
1136, 1137, 1143, 1178, 1179, 1188, 1314, 1321, 1326, 1330, 1367, 1105, KLP21)& =&
9l FA71#A vld@ =29 Kluyver laboratory(Faculty of Chemical Technology and
Material Science)oll T € <23 A 1678 dFE F KL1114, 1143, 1367 (Bacillus
sp)¢t  KLI1136, 1137, 1178, 1179, 1188(Alcaligenes. sp) 28] KL1314,
1326(Pseudomonas. sp.)5< T8 5 H dsires dAQ7tA 2HeH ez By
7t A Pe A dF2 GAHANESHE dulFda HEBTAH Q%Mo B
ek S

o] TFT ATCC, KCTC 3] #F5d #F54 U] o 71x] dAo| &3t e
otye, I8 TH QA HAY LR (o]EHY FA FFEL FAFEAHTH
o] UUT). WA A olE 1670 FFE T HXZILNSH SXZFHN B|oiM g
a1 2Fe| RME IS0 ARNHO] UEs 4% ZFE ZFIIE IFHIF2Av|a
KCTC(Korea Collection for Type Cultures)oil 7|E}510{ JIEIHESE S0{WLC}
(KL1114: KCTC 8913P, KL1179: KCTC 8914P, KL1121: KCTC 8915P, KL1326:
KCTC 8916P)

(<]

[\
zL
L
l.ﬂ
2

>
Mo
ok
dg
ox
),
4

A7Zel s 2UAFAY, YAFEZAHATEL TY 8% dAgE FFN B2
UEH, M2F4FF, 71, sALdls, gAY H2HEY §
gede] Bt 23 dEH dF UE Soldd, 1114759 F$, AT 4FA
71l =23td lysis @40l Uetun AR H4EE oA Aol AsE
AN,



Table 2-7-1. identity of antifungal bacteria and KCTC numbers

KCTC No.
Strains Scientific Name(F 4% ) (e s)
KL1112 Bacillus sp.
KL1114 Bacillus sp. KCTC 8913P
KL1121 Pseudomonas sp. KCTC 8915P
KL1136 Alcaligenes sp.
KL 1137 Alcaligenes sp.
KL1143 Bacillus sp.
KL1178 Alcaligenes sp.
KL1179 Alcaligenes sp. KCTC 8914P
KL1188 Alcaligenes sp.
KL1105 Serratia sp.
KLP21 Serratia sp.
KI1.1314 Pseudomonas sp.
KL1321 Bacillus subtilis
KL1326 Pseudomonas aurantiaca KCTC 8916P
KIL1330 Bacillus subtilis
KL1367 Bacillus amyloliquefaciens

O AAe AEEnA FAAAAFATEM)E #94% 23, Virus paticle® &<l
& 4 Ut Viral genomic DNAE #%3td Virus DNAE AE% + UAAH

ub2} A KL1114% lyogenized cell Ael2 &Astsd], dAFEA 5 ~dEZH] gl
o FYsEE Ad KL1143, KL13679) ulsted €53 =doh ol virusol o3l lysis
7b dojd of ARFHAHEZo] MEQANA Aol JARAY ETAstE(rlx EHlEHA
Z23) A vlA e 85 F A7) 2o Al o E4oz QA v
RAEFAAZ o] ZF & ALY ZA¢ ofs AFHAHL AFSE TE + AT

olo] AAF3e vAEFS 9 AMAY THFIYYHAEZAY YFHAMNHFER FHx).
2 Ao Agd #FE(KL1114, 1121, 1179 $)2 71F2 ML A AEY oAy E
AAE ulBEol vzl Y53 ¥ AT W IANFEAH 2HEYS ey
AHHFEEE #F=x).



Fig. 2-7-1 SEM photographs showing the lysis Bacillus sp. Kit1114
A: Normal cell, B: Partially occurred cell lysis, C: virus particle, D: Completely

lysised cell
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Fig. 2-7-2 SEM photographs showing antifungal bacteria

. KL1179

Alcaligenes sp

llus sp. KL1114, B

. Baci
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ASE FIFZPAT R EF 23 42 F

1) 817848479 8449

© 449

ZYPERZX e Aol AEHAAR ATy AASHY g} s EE
Bkl Al A AN gAFZHo|Y Ao MEHEHEAE 2ulsts Ao
ABEE HRFAo Y Ml AEgFas destEs WA MIEE Falo 2
&t (0-5 scale, 0 = no visible svmptoms; 1 = leaves slightly wilted with brownish

;z

-

lesions begining to appear on stem; 2 = 30 - 50% of entire plant diseased; 3 = 50 -
70% of entire plant diseased; 4 = 70 - 90% of entire plants diseased; 5 = plant dead).

nHHE S de gl phvtophthora capsici® HWHTFE Fd e HE23 £ BA
g A3 KL1179, KL1IR7TS #HYd7 A2 F 49 S Hy9Te #AAIEE HF scale
1852 ey Hd4e dS BAFAY =3 p544kd Azs A" &48 F
= 2% g (Anthracnose)® 91Q  Colletotrichum g[oeosporzozdes HAFTE
PDAsi#lofl wikst £ 27 228 d AL AXE d nEdod A YE2aA. In
vitro assayoll Al o] A2 AA Mg} A3 S 3 Aoz ZHAE 22712 FAA
T2 NBulA] £ TSA®|zo] 2~3Uzt widd & HAF dF A SAHg, 19%F A
2], 29 F Ao, 3YF Mo ggen 7 Agd F& 100~2004 BE Gofo] &Y
Held ¥ 238 A=EE ¥ Hdxz A o)F #FF KL1114, 1121,
13672 HAT A TAIAHYA Holjd W € BoFon, HAFHFT F 2~3¥
T M Axa ¥A3S ZaAIAY werges Az KL1143, 1314, 1321,
1326, 1330, 14112 YT FAAEA FHAEe HAdAe FAAE Yehddxn
KL1136, 1137, 1176, 1178, 1179, 1187, 1188, 1198 ¥ KLP2l, 22, 26<& H o) wdo] 3y
A =R R

@ =348Y 1 B 77 3969 5¢9 1¥9~5%9 319) AEAF gAg 20] y

dotea SAMMEIlA HFER B4Y Q0] Y, =Y, F4YY Aol B
e o 2 AFAYe FFA KLU 2L AYss] A IFYT M

TFE 5000002 348l Yol AstA Yeld ddd 159 Aoz 23 Y 22
ks %34% 719y, =3, Z4Ee WAool o o4 FUkEhA wte el Wl g4k
o] g4l JA= A}
¥ KL 1143, KL 1314, KL 1321, KL 1326, KL 1330, KL 1411& #

2] Al ke ‘-’“‘39- Al@A e A3E JehiiY. £ uigyd AT sigdAe
butanol® F&¢ F o|& w3l Colletotrichum gloeosporicides 7} HZ® 13 g v)
of FAMad ZAF KL 1114 9 KL 13679 FZdo] A&z oz 7§ JAEHE e
i @A B dEaFor A4 23EA *3"6‘%’?" oty el biological controller 2 A
o J¥: F £Y8Y 7 Udn AHHUY. o] T AHg-ste] ol A Esof o A A
2 Ad3slzl 98 AR AAE AF-BMI-Vel CH 8 TALES 983 64 %¥

mlm



Thepah A2 oo ARHUANTS 2TA (F)ERPE 4 FHNAG(REE
@ =

2 6% ).

2) FAAA GYAH

@® Methyl alcohol® F% 29 gAdds¥ A8 (in petridish assay)

Methyl alcoholZ #% 3% EA &by dE Esle PDAsIX o HFcwg Ax}
methyl alcoholFZ E2o] o Hr7Ex2 nHeAdEe AEses HE3 dvdydez
ZAas

rk‘l
i
N

@ Methyl alcohol % ethyl acetate=Z %3 E 29 &AM A¥E (in planta assay)

HE 5 7Y Fo FAFFAMY AL E A A3lE (disease severity) 2 ZF 3 Ioh
HA0 AIes 0 olA 3 9 scaleZ 49AZ Fxo wet o3 Zo] YFUAd; 0 =
no reaction, 1 = necrotic spots visible in treated area, 2 = tissue collapse and necrosis

at margins of treated area, 3 = complete collapse and necrosis of the entire treated
area.

(Ze 2 £23 449)

Pathogen Disease N

+ EA Xgj severity * S8z
5 ul + 50 ul 0
10 ul + 50 W 0
25 ul + 50 ul 0
50 ul + 50 ul 0

5ul + 10 ul 0.3+0.58 1 -O
10 ul + 10 ul 0 1 -@
25 ul + 10 ul 1.7+1.53 H-®
50 ul + 10 ul 3 In-@

) =+ (pathogen only) 5ul : 3

* Mean value of 3 replicates

r_N.

A ddlA e TuFold FAFEEE FHY 23 HLZ Sul, 10u], 25u,
50ul & MO S0ulg Ztzt £t FFE nF oA ds Ho] BAHA 4%, MOY
Ge 1ul £ HLT 10ust EFstA FFFE TFAME ol B dd. 1
A4 Mo 10 ulE ¥WEF 25ul € 50ul & Zz Efstd YFF nFolMe Bl A3t
sttt uhebA methyl alcoholZ F2 3 EFo] B & JAste FAT A7 e
ol BHAG. oo, B AF F1F, T Y X2FE dBoRT M=
FAE 2HE & F AN

£ FFE F KLI114, 1367, 13309 wigddS dHEestd 45 4E butanolZ F

,,‘



Z3 AEg &% F Colletotrichum gloeosporioides?t 28 1n&dojol T A g
A7, KL11149%}F KL13679 F& o] 2& A4AaaE Jegldo

; @ | 1-9 -0 L-8 contro]

L T e

Fig. 2-8-1 Photographs showmg anmﬁngal actrv;ty agamst Ce!!exomchum
gloeosporioides

3) EYUdA e gxd g4 £F

NB medium? PDB mediumolA] Z+z: 3dzHGEOT)sig® AT F(KL1114,
112003 HATA B ERY(R solani)e] vjgdS Fdoz o ‘55”% Bkl Helsh
[ =g KL11149% KL11219) #xlg 84 22500 55% wigasa)s 102 8A
st U WHoz AHested 3YFT 30CR. solandol A U}]"&l} l?t, FrRTFELE
HEGIT. 2 2N HAEY WldE Bz vrsle RFRHATY sl
o FRFEAHAEZS HAT 7 BEFAM S5 H4FIAE 4% B33k Feg=1

Table 2-8-1. Antifungal activity of antifungal bacteria and antifungal material in
the soil

S & 3
512 @ B A A7 AP TN A3 E %)
R. solani
i 90
KL1114 <
549 100
o gy 95
KL1121 c
549 100
2=z ZE :
A2 0




olstzto] ©lgo: 2o Yz 24 g 8
A fod F& AFAHE @7] oWk B ARCIAE TP AUe ol gad @
ABBAEAL FARANG T ojse PN Agaigch

A2A FAFELY SAH R4

1) &3 & A (chitinase)?] 54

AEY FHE 53 FA724E vdehile T aL A4 AT (KLIL0S, 1121, 1162,
1174, 1182, 1188)2] a2 # g4 ol EAL wul Zo] A7 st 71 Ho]A (A
FTHMB Eo|A)e 22 AIEIHBEHIAL VAL HIGEAAM BRAEE FH o

=

£ isoenzyme typeZ7bZ] 8] il4l & &l

% MUF-N-acetyl- 8 -D-glucosaminide, MUF- 8 -D-N,N’-diacetylchitobioside, MU
F- 8 -D-N,N’N"-triacetylchitotriose, PNP-N-acetyl- 8 -D-glucosaminide, PNP- 8 -D~N,
N'-diacetylchitobioside 5& ©]£3ld chitinases] 7] S0l S FH3ign, 22A
A #ZE AXAM, Al Estd B4 Aoe o3 2o

2 3o} 55, 59, 45KDa?l & 4 (Chit55, Chit59, Chit45)¢t 100KDa ©]/44<) & A(Chit
1007) & 4 /9 &247F A& =Ad. Chitss, Chit59, Chit4d5= 4-MUF-GleNAc(dimeri
c chitin derivative)®} 4-MUF-(GIcNAc)2 (trimeric chitin derivative)2 %8 4-MUF&
A E7] W&ol N-acetyl-8-1,4-D-glucosaminidase (exo-chitinase)2 %8 A 29, Chit
1001 & 2232 4-MUF-(GIcNAc)2 R E T 4-MUFE A4 3t chitobiosidase (endo-c
hitinase)2 %3 & o}

KL1105¢ 3 Chitd5, Chit59, Chitl00t % 3709l 712 AL E ME R £y&
o, KL9213 KL922¥ 5+ Chits5, Chits9, Chitl00 T ojjel chit45& o #ulslx AU
a8y KL926-& Chitl00 T & #Hlslx] @& Aoz ey, #Fo o HEes ¥
gl 7R Esia4s] T/ ME o2 Rog ZAEYG

strain KL1105 KL921 KL922 KL926
band pattern a{55)b(50)d(100 1) | a(S5)b(59)c(45)d(100 1) | a(S5)b(59)c(45)d(100 1) | a(56)b(59)c(45)
s 4-MUF-
chitino- + + - + o+ + - + 4+ + - + O+ +
GlcNAc
lytic
t"t4_m— + o+ 4+ + 0+ o+ 4+ + 0+ + % + 0+ 4+
actVIY (G1eNAc),




2) $AF A A (chitinase)e] A A
AAJAH L KLI1105, KLP21, KL1141, Ki13212 chitin¥ 7t A& ui Ao A sjtg o
A3t extracellular enzyme? ammonium sulfateE o] £3l9 F AR F43to
gel chromatographyE 338t chitinase® ¥2%&& _,_/\}'6}91&} ol ¢t £
529 5435598 Sephadex G-100 column(2.5X%50cm)®ll loading3ts 0.15m¢/min
402 (.M phosphate bufferg &% 3m¢® 2sigct o] £ dwizadipy

I} 7l ELe] 24 AEE AHEsith
4-Methylumberllifery]l N-acetyl- 8 -D-glucosamine (4-MUF-GIcNAc)el 28 # %
He JdB#FZ4E  N-acetylglucosaminidase £+  exochitinasezt® 313,
4-Methylumberlliferyl N N’-diacetyl chitobioside (4-MUF-(GIcNAc)2)E &35t 7
Z5e 719831248 chitobiodase (endochitinase)e}il ¥t}

Z szd a4 A AT Y KL1105% KLP21-€ chitin B 7F A Al 2] off A wf @}
exochitinase isoenzymeg ZA}%F A3 zt 3o WabA iscenzyme® pattern® U A
el oA x}o]lE B ouy ujdkirziel W& isoenzyme pattern® HEAAMNLE Z}7]
e Aoz ZAEJY B, B 550kDag)  isoenzymed w7 EQ
4-methylumbelliferyl-N-Acetyl- 8 -D-glucosaminide®}  4-methylum-  belliferyl- 8
-D-N-N'-diacetylchitobioside® §Alo] E#sle Aol Ue Ho2 ZAHUG
KL1321, 1141, 13679 7% extracellular proteinolA] exochitinase A& -2 Yelhye=
band”t 2z} 174 ZHEE Ao, intracellular proteinol A+ KLI1321d4 2 A& = A
t}.  endochitinaset KL13212] M xe @AM 17019 band’t HEHAUZ
intracellular protein2 KL11359] A X d®M A oM 1709 band7} HEHA. £ g
AFaAQ JId2s|gsre] F2F2EL SEM(FAIER ) #2325, 3443379
AxgBsayd s Fa A dHHD, AEAFo] dAEE 73S Fa) o] FoA
= RAE BFE T AN

3) FAFAL AT FF2A2HEY

3 FATFEL AAHTF T Aol A 128F0 iz FTRA 2ANEH S
gotE ZA FPAFEH YHZTAE 2 S0l ARI[AE HAY 553 4P
g ved®olde}, AL AP S FIHAIAY LA IFFY hyphad ¥
AA7E lysis7| A BT L & F AU olv FI T A A(chitnase)’t HEA A E
ol Yoz 243 Jebndot =& Pyricularia oryzaedl 3§ Mol F71s

R



KLP21 Extracellular chitinase -

1000 — ' — Protein
— glucosaminidase
é g0+ 0 Chitobiosidase
5 600
3 200 4
O 1T d &d Tsd s od 11d Tsd o0 fod 11d Jod Iod fad |
Fraction (3mi/tube)
B
KL1105 Extracel lular chitinase
10000 - — Protein
— glucosaminidase -
; goo0o+ 0000 N Chitobiosidase
S 6000 4
= 4000 ¢
s 2000 I\ NS
0 A A,
10 '2d Tad 'ad 'sd 'ed '70 'ed !
"Fraction (3m!/tube)

Fig. 3-2-1 Gel-filtration chromatograms on Sephadex G-100 for dialyzed culture
filtration of the KLP21(A), and KL1105(B) grown on chitin-containing medium



KL1141 Extracellular chitinase

“n) - : Protein }
glucosaminidase
‘‘‘‘‘ m’xw' idas
3 m ES i 108 ]
5 600 %
[
L
T 400§
&
o v et et
5 10 1ézdzésdaéddsdsés&sérd_sre&[as'gdsé 1
Frction (6al/tube)
D
KL1321 Extracellular chitinase
500 - — Protein
— glucosaminidase
S40% /A e Chitobiosidase
=z
5300 %
L
= 200 -
&
100 1
0 I T T T T |} T 1 71 1 1 I T ".l I I T
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 80 95
Fraction (6mi/tube)

Fig. 3-2-2 Gel-filtration chromatograms on Sephadex G-100 for dialyzed culture
filtration of the KL1141(C), and KL1321(D) grown on chitin-containing medium
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Fig. 3-2-3 Detection of chitinolytic enzyme activity of extracellular and
intracellular proteins produced by antifungal bacteria{KL1105 and KLP21) grown
on the various media afier separation by SDS-PAGE. Chitinolytic enzyme activity

was detected with MUF-GicNAc and MUF-(GIcNAc):, after renaturation of SDS
polyacrylamide gels.



Table 3-2-1. Antifungal activity (chitinase) of bacteria against various plant pathogens

(G ¥ om)
Pathogens B. cinerea F.o. cucu P. oryzae C. gloes R. solani C. aibicans
mp.
Media | 23C PDA 0C PDA 30C PDA 0C PDA 30T PDA 30T NA
Bacterias
1105 et Bl @t al 42 siaf o2
1131 se b 3peri 2l v bbb b el Il B i 5 DL 1 1 B vl 2 0t 2
1134 i 3lavigfevial i i Bl i @i s i i B2 2
1135 LR -1 IETR -2 BETE B4 BEARE WS ST IR-R IETTR B INRIE S BN B BN BRI XA B
1141 sei2feei2l i Bl Bl i @i Bl Bl 1R el rioeg s ios
1143 ciog citleizleialoieleeingl ol i Dpeet2] v 2
1147 clogl viafeilieizlri@|ialigl ol il loeg - to2
1162 10z BB @l 6] B 1 B ; [ EETEEE R R
1178 wheledsl o e B R O I
1191 cE e P2 B B Tt Bl B D 2 Pi0g v 105
1314 il erio2 vad B o i @ o0 3| e i Bl eei 2] v Z]eed 3] 0vi 3
1321 cigleigleie|isleial i il ded s fos
1367 i 3faee 3L ¢ ] e i @i B eesi D s P D o 1 st @) et 200t 3
KLP21 v i3 IR
Inoculation : 100u8/plate

(O: sporogenesis, @ sporogenesis, pigment,

hypha lysis

|; V'l

A3 FAZRAEA QA L FEREA

7 A AEHSA) FAF 29 B4
O #E4 gdAF BA(volatile antifungal agent) A FHAAH
L4y PP 2AS WA AE #&Uslr] Y&l ferbach flask(100md)E A2 A g

fo ri

_..4_4-

no sporogenesis, pigment, D

FEMMWZ 6m=E dZ3o F%S NBAAujAld &3F Adg FFsta v %
PDAZ AWzl ol R. solani& HFste] HuAd $F E2o o) AT 43H &



#3923 KLU KLITOZH $24 207 220 ¢ wdas) dzodaans)
A3 $&sdc

Table 3-3-1. Antifungal activity of volatile materials

) growth inhibition
strains pathogen
(% of control)

Control(onlymedium) 0+ 0

KL 1136 30 £ 5

-+-

KL 1137 Rhizoctonia solani 80 = 0

KL 1179 60 £ 5

KL 1187 30 £ 5

E. coli 10 £ 10

@ 32 PAF 229 54

nutrient broth 10m¢7F H7bel wix]o] Hujgde zt A3
@KL1179% R. solani €%, @ R. solani)ol wz} 2 59 vkl 0.1 E HE 8o
rubber stopper2 W& A, 30CNA 3UZF witd & Gas chromatography +43s}b
Hol| uje} 3‘4"“&‘ 23 Y 9585 A% A, dE23d O SAEATT v
] "a"é:r‘ﬂ D, @, @AM HEHo2A o] B30 gagd A
< Uetde YA EF2 F539HFig. 3-3-1).

o~

Zy Al

17+ HO KL1137, @KL1179,

£ o
iul
<
N
&2
rlr
m{n
rul
mln
[*]

@ A MSHFHLNFNFRHELY B4

@ HSHo] ¥ 84 249 72 2 E4L syl 98t R solani, KL1179 #
Fo) wjFLT AL septum AFEStS] wpold el W Al F, JNA FL FAP
2 FYstd GC/MassE +#8stgch. TICS 2t 329 mass spectrume & A8
o g 2AMYC YP-NMR $)2 A3 A2 #8E o oige) 2ewyse
sy 3.

@ AUSHFLY) AT 42A 2y

- AAAL rapd  FUE FIELHH vFAC 2 ¥Y AL BYssl A
AEE stk 1t MYdozye ten 2o FAE ojgded 4T ¥
o Bulol 449 $5% WAsATh AA Baol ofstel 58 B Yehy

A kot AAMAAE trapshe AP wAFHYTH
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Fig. 3-3-1 Gas chromatograms of metabolite(volatile or non-volatile) produced
from antifungal bacteria(KL1137 and KL1179), mixed-culture with pathogenic
fungi (R. solani + KL1179), and from R. solani



CacCl,

gHog ﬂ‘f—l”‘é BRAFZAL MdAsle Aog gusls KL1136, 1137, 1179, 1187
£ (A A2 A trap®y, “'Q‘“ GC, TIC and
Mass spectroscopy )& Bl 11 BEAHE < 22} EraAslEa, TIC® Mass
spectroscopy 2 3 databased] ¢t S¢S U sl Aol At ?533}1 NMR £& 4
gatAr 584 Fo Arh

< HA olE TFEL Rhizoctonia solanic ZTEeli 53 B |
EH7F Holur] wZel(71Ee] BAAEY vjAELE HE BAEH US) %"é‘%%i‘
WAl §83 FFE o]fd Hojrh : HEEWH FI D

-~
{r
0

~

. AR A (MW, 500~1,000 35) 3ATEY B2FEH
O FAEA FAHY R L2 54

FRTBHEHE AAste 57k ¢F KL1114, 1136, 1330, 1143, 11212 dide=
2ded

L ABEHAE L £ A3} GM63uix| 9} NBuIA & A8 E A ol
o AEAAR A Be o7l AU NBollA AEHAL 39S Aol g4l
2 ButhanolZ oA yetwow GM6E3wAldA s tr2 A uelytch GM63u) A o A
MARS Ao EgudoirEs A3 ButhanolZollA Aol Yepgoy & o
A B 2ol Ethyl acetate2o M E EAdo] Yetutt. '



<ujFAoz Ry FPEA £YFE ¥y >

o 2o

5000rpmel] 4 2583+ YA &2

HAE celle #H7)xe

Mso

100m¢ 533

SAUXE AR HSE 2 ASH
FTHEY HTAE AlY =AM EtOAcE F%

AdoEH gL AL
YEELTE J454E &)
partition l

EA &

FHEY HTAY MY

BuOH=

TAEY 4TAY ANY FAEY AT
: ANE A

o] dYolX EAZE MgSO2 F#ES AAT ¢ 3439 BuOHZH} 528 o3
3t F &3t

&3] Fusarium oxysporum. f. sp. cucumerium(2.0] A S &Y F)olH= Ao B
AlA 7t FA JEwd. olAez B o 2712 28 ¥ £ U sAE KL1114,
1330 FF = d24712 AEZE Eudiges Aot MEHA A Buthanol, 2,
Ethyl acetate 25l 84 o] Yettr] diZoltt Ex8E= NBolA F2 En5e 84
2234 GME3uM A A F2 FuldHe G482 Aol ttads Zolt NBolA £y
He 84822 F2 ButhanolZollM F&£5o gdxdgn YT 2 Ao AN
k. 22y GME3ul Aol Al e E5eA 2d 2ol Q0] AEgH T 7}2‘ g4do] 2
A Vel



B(nutrient broth)ell A4l 2} 2¢ 4 wjekg F z+ziol wj
FAE AT ATAL FEstd A5 H1I00m S Freeze drydtd v 23S
128 2P E A BEHAL

gloeosporioides, B. cinerea, F. oxysporum f. sp. cucumerium Z18l1 B.dothidea 5 8
742 HAFL AL 2 3o cup methodsE o] &3t} 8712 ¢ FAIEA <A
AEE 289, 52429 222 2o 5000ppmEEE =2 ¥ Stainless cupol
200u¥ A2l¥ F B cinereaw 20ToA 18lm Yoiaje 27CoAAM uldd F Ax 9
€ s a1 A 571 TFolA KL1114, 1367, 1330, 1143, 1121 &2 A o]
Uelwtch mepA] o] FollA KL1114, 1367, 13309 3¢S 7HAL A{zA B2FE o

HeaAe Astgoh

R. solani, A. solani, P. grisea, P. untimum, C.

<AZZAPEH9 FAT/YE>

. . . . C B. F.oxysporum fsp. C
R. solani | A. solani | P. grisea|P. untimum o R . X
gloeosporioides | cinerea cucumerium  |albicans

DBN186
(KL1114) ++++H++++ ++++ ++ ++
DBN187 _ B _ B _ _ _ ~
((KL1121)
DBN190
(KL1143) * *
DBN191
(KL1330) + + + + + +
DBN192 : ’

- ++4 |+ - ++ - -
(KL1367) > i T

ok, b e BAIE ASEA Y] A vz,

@ A%d 371 o dFd 2AFE 2L AEAA

Agtd 3712 7 KL1114, 1367 28] KL13309) NBujgH o 2 B8 Ethyl Acetate,
Buthanol 28] & o83l FAHEAE FE3At A9 &z 53 2L
Evaporator ®£& Freeze dryerg& °o]&3sle AZ3 £ ME2HALS HA8HUY. EASHY
ButanolZ oA #&d 222 dgd SAF ASHAFES HAsIA L, EF5A #£2d
AL 2o =5AF AEHAS At 424 5000ppm FEo &AL o 50ul
A% Paper diskel F&AZ ¥ o HAT dF Z¥Y S FHAHsAYG. 2 A,
KL1114, 1367 28] KL1330 #2 Buthanol®olA &5 M EAS F2 o3



<PAFEAPEZY FATYAPE>

A. solani ngea gloeos;i;rioides B. cinerea Ri\z’:fr:reu:wﬁsp. S8

DBNI197 (KL1114, EA) - + - - - v eg
DBN198 ((KL1114, Bu) + +++ +++ ++ ++' g
DBN199 (KL1114, €) - - - + + £33

DBN200 (KL1367, EA) - - - v g g
DBN201 (KL1367, Bu) - + + vl @&
DBN202 (KL1367, &) - - - £

DBN203 (KL1330, EA) - - + - o &
DBN204 (KL1330, Bu) - + + + - v gtg
DBN205 (KL1330, &) - - - - g

s, oee, ver BAE BB BAY HUA vEy

® GM63mi Aol A wigEd KL1114, 1330259 BEHA

Minimal mediaq! GM638i 2 & o] &3l wig@ 2712 FF(KL1114, 1330)9 235
2 Y AedBE 7YY 23, GM6e3uA Y M & 44 L NBA dl& #Ho
Uz @4 Zeg gddd

<PATEYEH AT HAH=>

R. A P. P. C B. F.oxysporum f.sp. B:
solant | solani | grisea | untimum | gloeosporioides | cinerea cucumerium dothidea
DBN206 B _ B B B B
(KL1114, cup)
paper disk - - - +
DBN207
- ++ - ++ + - ++
(KL1330, cup)
paper disk + + - - +

soer EAE 42BHY HUHQA vmd,
® GM6E3W Aol A M KL1114, 13309 2352 2 4247
Y4EAS FEstel 42UHS 4AE A3 KL14SH KLI3Y 22FE GM63

oM o2 Feoz Fase SHEZS EHsd



<PAFFHYEAY FAFFYE>
P. grisea |C. gloeosporioides| B. dothidea F'OJJ:ZZZ;T w;i s 8] 3L( & ul)
DBN208 (KL1114, EA) - + - + g
DBN209 ((KL1114, Bu) ++ + + + o g g
DBN210 (KL1114, €) - + + +++ 3
DBN211 (KL1330, EA) - + - + ol §h-&
DBN212 (KL1330, Bu) ++ + + + o g g
DBN213 (KL1330, =) - + + +++ =3

+ 4+, 4+ BAE AEHA 9 At A v W

® TLCol 98 AL 229 54
FANFEAHERNEG B T o2 p-butylalcohol® ethyle acetate & vl 2 A E vl
do] Aoy IFFLEALE FEF F, C abicansg WELZ FATEAHS &
At
<H7IEiE F23 AL EEY FIATEEE vu>
gug M F718viz Rl ANFEL FEE A7 g (A on)
Butanol extract idics 6
‘ g 3 0
KL1114 o p
Ethy! acetate s =2 3
Butanol extract #21% 6
KL1121 g @ 0
714 6
Ethyl acetate s = 5
B 713 4
utanol extract g = o
KL1143 AR 2
Ethyl acetate T = 05
*71% 4
Butanol extract s = o
KL1321 *71% 05
Ethyl acetate 2 = 05
Butanol extract #71% 4
s 2 2
KL1330 713 0
Ethyl acetate 2 =2 35
713 35
Butanol extract z = 0
KL1367 PP
ethyl acetate s = 05

I
W
=

I



TFo et 7] & §F718uFedA A4S ey, 845 JdeglE 771F
9] extract® ZtZ EtOAC @ MeOH(B : 1 v/v)3 CHClz : Me-OH(I5 : 1 v/v)
solvent system® 2 TLC (silica ge)Z +33% ¥, plateE UV(254nm, 300mm)Z=A}3t 2
o, 2FEE ME O& RS HehUY. =& 784S Yeule 239 Rig
S BAM37] 93dled zZH bandd silica gelE FojA MeOHE ANFEZ$ £ TLC
bicassay®¥ & AHAlstdc o 2, #1TEH L YellE bandE U F+ AN

o,

<A Zuid e FAFEAIEAE RIg>
g3 A7 Rf & g7 4= (FHE: mn)
KL1114 0, 0.28 5, 1
KL112] 0, 0.28, 0.40, 0.55 6, 3, L5, 1
KL1143 0, 0.3, 0.36 6, 2, 1
K1.1321 0, 0.24 7 6
KL1330 0, 0.14 8, L5
K1.1367 0, 0.06, 0.22 1.5, 11

A 70 &o: CHCl; : MeOH=15:1 v/v

g A Rf & gAd gAE (AA m)
KL1114 0.63 2
KL1121 0, 0.11, 0.33, 0.57 2, 3, 5.5, 7
KL1143 053, 064 1, 1
KL1321 0, 0.47 5, 6
K1L1330 0, 0.16, 0.33, 0.46 6 4, 15, 4
KL1367 0.19, 033 0.58 4 3,

A&l EtoAC : MeoH=5:1 v/v

AZAFMWS00~11008 %) FAFFAHED 24

AR FEHEHE AAsE 5712 FF KLI1114, 1326, 1330, 1143, 1121€ 4o =
] 7FA 2AdM e € ASEHAES FYSAT, 223 E BoA).

53 KL11149l M A= 4FF <9 &7 E2(TLC, reverse phase TLC, HPLC 4
HE Folg #Q) F v HExF B2AS daez XAD-4, HP20, G-10 column,
TLC, prep HPLC $¢& E3tad 232 A £ 'H NMR, C-NMR, Mass spect.o] &
st

#2 FAB-MS spectrumol A m/z 531 {M+H} 9 molecular ion peak7} &3 do] 2
A& 530 (KLMBF-O)e2 FAs1n gld. o] ¢& FAFE&ZS& Maldi MS
spectrumo| A 223k 1045(KLMBF-®), 1058(KLMBF-®), 1074(KLMBF-@)2 uYEely



. HFRIA ASH EAFEHol wHA Aot §| EXH20] 5302! KLMBF-O
HIZ ST HETX] %8 FF data basef|M 2ITE H} glo] ARMEHESHY
ts4ol 0§ wC}

B

1 2 3

Fig. 3-3-2. TLC chromatogram of purified antifungal substrate from KL1114 when
developed with chloroform and methanol(10:1 v/v)
A: Silica gel TLC plate GF254, lane 1: Rf value 0.22, 2: Rf 0.47, 3: Rf 0.63

B: Reverse phase TLC plate RP-18F254, lane 1: crude extract, 2: Rf 0.19, 3: Rf
0.54, 4: Rf 0.71

e matanae el o8 1 |

Fig. 3-3-3. HPLC chromatogram of purified antifungal substrate, KL1114-AF
Column: uBondapak C18 column, 0.39X30cm; Eluent: 80% MeOH, Detection:
240nm, Flow rate: 1.5™¢/min



—

P
S S

400

EYEE" §om—e hy 3
-3

200

|

. . N woo

R AT R T R o g A Kol Ea g I
o o < Q 2 o m o vm. ©
n L4 r- L " s « k4l

[
[LEELTR

e
i(esa°0 :
£ £6306°9-) :
SLE8° 0, .
- m mmxu."U,/ |
55062 1~ !
‘8 pov cEgE2°t /. Nl Eok
16928 ==
. {K\ 220581 — b’k wa,n
a2 ~7 T
© xx:n."k\ w0
8 m vmu.rn;“‘\ - M
$0525" 1 =&
= m. 190651 N R
£2609° 4 - / T
m Q929 —
Q gesog° 1< _
B=¢ o L2084 AN e
S . Er2 =
w aiee DN
< asoes 7] ==
P S ~us
L] Sum.".\\ / /mz."
o - 285672 a%8° 0
R4 - 8Lras 3 \: 3ot
- - g T N\ NN
3 4 - 2229° ¢ N\4s ¢
1 m K syersy
- So88R°y -
. vl ot
° <) sty e
‘o
o 6L S~ \ -
g-— m /UL 708 €
g 5 = N\ e
” Q ™~
“ . Q 82
° Q ~
«» ) ~
n R
T30
= O
g
('8
)i
A_J
”m
k]
'8

100+

N atlany vTrnw-.-. ~v

H

Ve syt

Agan a RO RL T

Fig. 3-3-5. 300MHz 'H-NMR spectrum of KL1114 AF' compound (KLMBF-(Q)



% Survival

ug/ml

Fig. 3-3-6. Dose-dependent killing of Candida albicans by the KL1114 AF
compound(KLMBF-(D) addition. After incubation at 37°C with shaking for 3 h,
the Ace was measured. The survival of C. albicans(ll) was determined by the
ratio(%) of the Aso of C. albicans cultures containing KL1114 AF
compound(KLMBF-(D) to the Aswn of cultures without KL1114-AF(KLMBF-Q)
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Fig. 3-3-7. Effect of Bacillus sp. KL1114 compound(KLMBF-() on the viability
of C. albicans. Cultures of C. albicans(10° cells, initial A¢0=0.035) were
incubated with 15048 of KL1114 compound(KLMBF-Q) per ™, and samples were
removed at the times indicated. (A) Acw of control cells(ll) and cells treated
with Bacillus sp. KL1114 compound(KLMBF-O)(@), (B) viable cell counts of

control cells(ll) and cells treated with Baciflus sp. KL1114 compound(KLMBF-
ON@).



A4d EL o= FAAZHEZD A

O KL1114¢] #3784 EPegol=(MW. 3kDa ¥ 5kDa) A4

Y5 HE (NH)S0F 70% saturation A1 71tHE Sephadex G-50(50 by 25cm)
colunm22 gel filtrationg AA|¥ % disc gel electrophoresis, gel eluter system
Rotofor systemE E5tod Foddad g FaAsdc 2HAd 9831 & PAGE
gel olAl Z& vz dol A Bioassay® A Al Al oF 3kDa % SkDadl 1 FAIG

(=]
#42g BAY + AU

3
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= protein
- activity
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Fig. 3-4-1. Elution profile of low molecular weight of AF polypetide through
Sephadex G-50 gel filtration column. Ammonium  sulfate-preciptated
supematant(?O%) from KL1114 was chromatographed on a Sephadex G-50
column by using the PBS-6M urea(pH 7.0). Fraction(5) were measured by
determining the Azo(@®), and low M.W. of AF polypeptide activity(a) was
determined by the growth inhibition zone of C. albicans

Fig. 3-4-2. SDS-PAGE(16.5% gel) of antifungal protein from KL1114 and
Bioassay
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Fig. 3-4-3. Dose-dependent killing of Candida albicans by the low M.W.-AF"
polypeptide.  After incubation at 37C with shaking for 3 h, the Asw was
measured. The survival of C. albicans(ll) was determined by the ratio(%) of the
Asww of C. albicans cultures containing low M.W.-AF* polypeptide to the Agpo of
cultures without low M.W.-AF"' polypeptide
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Fig. 3-4-4. Effect of Bacillus sp. KL1114 polypeptide on the viability of C.
albicans. Cultures of C. albicans(10° cells, initial A4600=0.035) were
incubated with 1504 of low M.W.-AF" polypeptide per », and samples
were removed at the times indicated. (A) Aso of control cells(ll) and cells
treated with low M.W.-AF' polypeptide(@), (B) Viable cell counts of
control cells(ll) and cells treated with low M.W.-AF"' polypeptide(@®).



Fig. 3-4-5. Purification of low M.W.-AF polypeptide and antifungal activity
A: parlially purified low M.W.-AF polypeptide by Sephadex G-50 column

gel filtration
B: Purified low M.W.-AF polypeptide by Disc preparative electrophoresis

apparatus
C: Antifungal activity of purified low M.W.-AF polypeptide against C.

albicans.



@ KL1114 (M.W. 41kDa)9] @172y Tl fPetoj= A

SAsA lysis7t dojd WAL ETAE PEGE HHA|ZItkE Sephadex G-100(30 by
1.5cm) colunm@ Z gel filtrationE A A] 3k wHog 3‘7*‘?__"‘%} A& ¥
gatact. EAAY 9NAL SDS-PAGEAA SDSE AAS F 7@

Bicassay & A A3 A, oF 41kDaA & o AT AL golg 4 9\19&‘4.
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Fig. 3-4-6. Elution profile of low molecular weight of AF' polypetide through
Sephadex G-100 gel filtration column. Ammonium sulfate-preciptated
supernatant(70%) from KL1114 was chromatographed on a Sephadex G-100
column by using the PBS-6M urea(pH 7.0). Fraction(5m) were measured by
determining the Ax0(@), and low M.W. of AF polypeptide activity(a) was
determined by the growth inhibition zone of C. a/bicans

Fig. 3-4-7. SDS-PAGE(12% gel) of antifungal protein from KL1114



® KL1326(M.W. 20kDd)e] #A 784 ZRelol= A A

WS AL (NH):SOE 70% 2 saturation A ZIthe Sephadex G-50(50 by 2.5cm)
counm2 2 gel filtrationg AAlslq FAFEHAE Felsigict Reld 9HES
SDS-PAGE¢®} Bioassay g Al A7, 27€48 Jellle £xbako]l o 20kDay &
A g 8 + AU

~-—

Fig. 3-4-8. SDS-PAGE and antifungal activity of antifungal protein(M.W 20kDa)
from KL1326. A: Antifungal activity against Fusarium oxysporum
B: SDS-PAGE(16.5%)

A B

I

A ——— s

Fig. 3-4-9. Inhibition zone formed on the lawn of Botryoshaena doth:dea and
Botrytis cinerea by the antifungal substrate and low M.W.-AF' polypeptide
produced from KL1114. A: Botryoshaeria dothidea, B: Botrytis cinerea

: low M.W.-AF’ polypeptide, 2: antifungal substrate




Asd ZeAetol=y FATAYELY T2

Al
.

Az

O YAFEY AXgEugduld o olnx FME ¥4

KL1114 ¢ KL1326° 5 #F2 %€ 274 Axdeuaizdoelgtn FHHE £d
& SDS-PAGE gelolA #2]3ld N Zet9] peptide sequencings 3st3ict N @t o}
o] x4 sequence® 7FX 1 BLAST search® 3% A3, KL11149] °F 3 kDa9] o
22 Nicotiana, Solanum S A=+ Osmotin-like protein (PR-5d)# Citrusi
basic chitinase/lysozymes @ 254 & Bo FA. & g gagdAd Ze|zeo]
=l KL11149] 5 kDa¢ ©w=a-2 ribosomal protein® A%AE UeuAc
ribosomal protein-® tumor suppressor activityS Z7} A7t MESAH 7|5 & T
el o ks ooyt 2d W KL11149 41 kDadl ©@@ize] N %ok ojo|iih
sequencet Bacillus®] flagellin®] N 293 454& 2ok KL13269 20 kDa
o wwlaol N wWoko] oluwrMELE Pseudomonas syringaed FR.3% Fujghulza
(autolysin or DNase ?)2 gr& )},

rir

i

Table 3-5-1. Amino acid sequence and homology comparison of antifungal
polypeptide

i M.W. . . . e
Strain (kDa) Amino acid sequence Homology comparison
a

-Osmotin-like protein (PR-5d) in Nicotiana tabacumn,
3 (A/R/GHQM/PIPIM/QYTVWI( | Nicotiana sylvestris, and Solanum commersonii"

N/A/E)AANM -Basic chitinase/lysozvme in Citrus sinensis'

-40S Rib 1 tein S29 in hi
KLI1114 5 ALHGMVGKYGANMR S Ribosomal protein in human

-Antisensce sequence of Krev-1, anti oncogene

4] MRINHNIAALNT -Flagellin (hag gene product) in Bacillus subtilis™

KL13% 20 ATPAYMSITGTKQGLITA -Major exported protein (autolysin or DNase) of

. 3)
Pseudomonas syringae

1) 3 kDa protein of KL1114

@ Osmotin- llke proteln (PR-5d) in Nicotiana
3 PQTVWAAA
% ook

11 PYTVWAAA 18




® Osmotin-like protein in Solanum commersonii

3 PQTVWAAA 10
¥ pakdolok
32 PYTVWAAA 39

® Basic chitinase/lysozyme in Citrus sinensis

3 PQTVWAAA 10
% ok
10 PYTVWAAA 17

2) 5 kDa protein of KL1114

@ 40S Ribosomal protein S29 in human/Antisense sequence of krev-1, anti oncogene
3 HGMVGKYGANM 13
E 33 ek Xk
28 HGLIRKYGLNM 38

3) 41 kDa protein of KIL1114

Flagellin of Bacillus subtilis
1 MRINHNTAALNT 12
oledkok gk Rk
1 MRINHNIAALNT 12

4) 20 kDa protein of KL1326
Major exported protein of Pseudomonas syringae

1 ATPAYMSITGTKQGLITA 18
L
1 ATPAYMSITGTKQGLITA 18

®@ 2719 opuxAt Y AREL KL11149 3kDa ¥ 5kDa, 41kDa %@ 3Elo]l=
9} KIL13269] 20kDa Z:zfelol= dag Zzys=d ALY degenerated
primerE A Z3d=d o F a3},

@ £ 473274 F KL11149 3kDa Z@ifelol=rt 42X 7|ddge A7 A
d A osmotin(24 kDa)9] U4 domain®} AFAL B AAE AAYoz A
S RuHE WS FEE UG )3 AF Ao,

@ 3kDa, 5kDa, 41kDa, 20kDa Z 2] felol=7} Moz iy Hdss EAAA »
2E v gl FAFBHGY Aol Hol AFAE YE AT

_64_



HaE S SMEN™ sMaHXe] cloning ¥

molecular biology

A1 He
YAEAE TVE FATY YDA GRE oA HPe Fad o Foluo
webd de 2R FHAF YHBIYYH 2Ao Belsts Aol Awrdolt
FYHBAL 1 FRED S detth uS BAAEEH QFHH0 Ben o
e X

A2d FAFPAGe] EQAANAAF) Az 2 5.

7h 273 A GHEAD FAFAR] g3 EaviolAle 2y

alkylating agent?! EMS(Ethyl Methanesulfonate)}& Ed el oz A &3y g7
A g42HE $Hlste 59 KL1121 2 KL1114ol dsted 5% 2@ Mg A13e x4
3t BFHog stuhe FAxd T EdRolst FEHEE EMSE Adsiga. 2 A
2z, KL1114°] disiAe= & 5709 sddolalg Ealstgon KLII2IHAAME & 4719
EQROIAE F3n. o5 T Al £ Al sty FAFA BAHEAS B2
ulsta] R3] AEHAdAd T H digd A4S Lol FF 2 231y ez M
of #Fog KL1114 o 3% 370, KL11219 3% 278 Eduiolag Besiqgn. A
ERIA AFolF Algayy Fdde 44 4 KL11149 Z$ 1974, KL11219)
A4 18709 FRAFYAH S A4S SAHoAE Ayt

. ) 2453
Strain # C. albican gEEusa A2 AFed El i
WT + + 4+ + + + Good
M-1 - - Good ol & 7t&
1114
KL M-2 - - Good ol g 75
M-3 - - Good ol & 7%
WT + + + 4+ + + 4+ + + + Good
KL1121 | M-1 - - Good o] & 7%
M-2 - - Good | ol% 7%
. 1R EL AR g SAdolA 9] By 7
FAZAZ ALY Ao FAHE BojYIGENELE FAste #F U KL110S



KLP21 ¥ KLP260l th3lA alkylating mutagen?] EMS(Ethyl Methanesulfonate)& st
o frAztW Ed¥ol7t FEHE 2Ho2 g A, KL1I0BY H$ode F 974,
KLP219] Z$ 370, KLP269] Z$ols 17749 7R alg 4 44 SdoliE 2
ac. ols F 1A Z AAuix|solA FdF B4 L JdEHELY BHE BF
goivid FF4E A A3 KL1105 (870), KLP21(378) 2 KLP26(578)oll chaix 2zt
HeRAe Az A2 B4 L FURHgHo] A AAHAYSAE BPsn
g BEE st ¢FE AEY 2 AFTAHoR KLIGAAME 770, KLP219 3¢ 1
7, KLP262] 7% 37he] EddolalE Easigdc

Strain # g TEgA 7R g A e H] i

WwWT ++ + ++ + Good
M-1 + - Good ol & 7%
M-2 - - Good o] & 7}
M-3 - - Good ' o] & 7}
M-4 + - Bad o] g 2%

KLLOS =0 7s - . Good ol s
M-6 — — Good ol & 7h%
M-7 - - Good ol & 7%
M-8 - - Good o] & 7t%
M-9 + - Bad ol & Ert%F
WT + + + + Good
M-1 - - Bad olg Ei%

KLP2l MU - - Good o8 T
M-3 - - Bad o] & ¥i%
WT + + + Good
M-1 — - Bad o] & %
M-2 - - Good ol & 7%

KLP26 M3 - - Good olg 7%
M-4 - - Bad ol & Er%
M-5 - - Good ol & 7%

. A IAZ wild typed} mutantd] A FHAEAY FHuindY

KL1114%F KL1121€¢ w4 o2 EMSel 9% random mutagenesis® F38td Azg
BAIFEAEES 22 Ed¥lA9 wild typed] Thin-layer chromatographic $3-& ®l %
& 23, band zeol7t F3MA Vel Ed wild typedl A Ueld s FBAO] e
band7} Ed¥olH oAl & el ghgkr)



Table 4-2-1 Wild type and mutant strains used in this experiment

Strains Genotype Pedigree Construction

AF~

KL1114 wild type, AF . Amp’, Cm®, Kan®, Str®, T¢® ) o
(antifungal activity +)

KL1114 mutant, AF, Amp®, Cm®, Kan®, Str', and t i
LKDOO smp m®, Kan r KL114 random mu agerzesxs
Te w/EMS, AF
KL1121 wild type, AF ,Amp", Cm", Km", Str", T¢" AF’

random mutagenesis

LKDO023 KL1121 mutant. AF", Amp"“, Tc". Kan® KL1121 -
w/EMS. AF

random mutagenesis
w/EMS, AF~

LKDO050 KL1121 mutant, AF ", Km® KL1121

@O A ue] WZE wild typedt mutante] X FE A} d)%t Silica gel GF254
Thin-layer chromatography 2 &%

A7Ed CHCl; @ MeOH=151 (v/v)2 E3t9d TLCE 83 A3 wild typed!
KL11149] &xaFEAde]l A& Rf 0.28 band”’t mutant] LKDO04N A= vebuzl ek
KL1121%! 74 %= Rf 0403 0557} Aol (LKD023) ol A &= Jetyz] sk EtwAC
© MeoH=5:1A 71 & ol Al &= KL11149 Rf 0.63, KLllZl"l Rf 0333} 057°] 247 mutant
offl 3= vhERUEA] ettt o33 A ulFo] B uf mutantl M A AMARA
A7t #As AEd Aoz AR HcHFig 4-2-1, 4-2—4).

@ KLl2Kwild type)® LKD023% LKDOSO(mutant}®l #FE=o] oigl
reversed-phase C18 glass Thin-layer chromatography® &%

wild type® mutantsE 423 NBS PP(pigment production)broth mediumol 4] 3
A7t vt & ASHE AUk 5 AL ethyl acetateR F&, AFARAI F
methanolol 9] reversed-phase C18 glass TLCEZ &% A1, wild type?} mutantszt
of M2THE band¥dE& WEIWA L HiXF R watMx zle]E B g1 z
7}2] bandE% Biocassay® F8% A3, wild typedl A 2 FEA band7t UERo}
mutantoll A= A8 JehtA] gtoHFig 4-2-2, 4-2-5).



Fig. 4-2-1. TLC chromatogram of antifungal substrate from KL1114<1> and its
mutants<LKD004(2)>

A: active antifungal band, 1%: KL1114(GIuMOPS medium)

Solvent system: upper photographs/CHCl;:MeOH(15:1, v/v), lower photographs /
EtOAC:MeOH(5:1, v/v) .

Detection: UV 254nm(Left), UV 366nm(Right)
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Fig. 4-2-2. Thin layer chromatogram of antifungal compounds from KL1114 and

its mutants

A: Silica-gel{GF254), B: reverse phase plate

Lane 1: KL1114, 2: Bacillus amyloliquefaciens KCTC1660, 3: Bacillus subtilis168,
4: LKDOOS(mutant treated with EMS, AF-), 5:R6(mutant radiated with ¥ -ray

20kGy, AF+),
kDa M
97 &
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21

14

Fig. 4-2-3. Protein p‘i'ohlfes‘ of crude éxtkééts “‘f'ré'm wild type and mutants by

SDS-PAGE gel electrophoresis

Lane 1. KL1114 wild-type, 2. KLDOO2(mutant treated with EMS, AF+), 3.
LKD003{mutant treated with EMS, AF+), 4. LKDO0O05{mutant treated with EMS,
AF-), 5. LKDO13(mutant treated with EMS, AF-), 6. R5(mutant radiated with 7
-ray 20kGy, AF+), 7. R6(mutant radiated with 7y -ray 20kGy, AF+), 8. Bacillus
amyloliquefaciens KCTC1660, 9. Bacillus subtilis 168



Fig. 4-2-4. TLC chromatogram of antifunga! substrate from KL1121<1> and its
mutants<LKD023(2), LKD050(3)>

A: active antifungal band, 1%: KL1121(GIuUMOPS medium)

Solvent system: upper photographs/CHCIs:MeOH(15:1, v/v) , lower photographs/
EtOAC:MeOH(5:1, v/v) .

Detection: UV 254nmiLeft), UV 366nm(Right)



NB PPM

Fig. 4-2-5. Reverse phase TLC of antifungal compounds from KL1121<1> and
its mutants<LKD023(2), LKD050(3)> cultivated in NB(left) and PPM(right) medium
*A: active antifungal bands

»Solvent system: acetonitrile /MeOH/water(1:1:1, v/v/v)

*Plate: TLC plate RP-18F254



T WALA(CO® 7y -ray) I RE 25~2kGyR ZAIG &, AF 840 Zzd =

Aol E A 1 Z 20kGydFollA o 15u) #Ao] Y EFHo|HE

SOl AES Yooz FUFVHEBAE TICR Eestad 2% 2

AF™ (negative)E QoINS ARAFEAHZH HYMo] P43 AAHct vig AF
TToEdolAe FNFBHEAY FAol o 50%0l 4 F7tAUct

A3E Hepol=A FA7 2 FAGALY 22y

oA AF3 ule} o] KLI11I4oAE MW. 3000 2 50009 F2a4
polypeptide®t M.W. 41,0009 224 polypeptide’t, 28l KL1326°14= M.W.
20,0009] polypeptide?t AF (antifungal, BAZFEA) 715< Jelyigdc). ol &
polypeptidecll A 4 d A% o}vjxat Pl 28] B FHF29 degenerated primerE
A2t g o, olE& probexZ 3l genomic Southern bloteZ F24 L A %sld
KIL.1114(3kDa, 5kDa), KL1326(20kDa)2 signal& YeElW ZFEEo| disto] HFRAIRA
Fol drt. dd F2do] AFTHE ol MF7I¥e AF polypeptide #3277 F A&
o2 Hzzg #IJHE Ao 53 A TAMY Fogd AlAwlo E]loly
transgenic plant®] F&3 Zo] I $E8HHI dgs 2. A FHza 22YHY
€ df AE2YAH] L& transgenic plant vector systems FH]3tm g}

Table 4-3-1. Degenerated primers from the AF’ polypeptide sequence

Primer Name Source Degenerated primer
KL1114 TV W¥ X A ANM
Pi114-1 5" ACNGTNTGGNNNGCNGCNAATATG 3°
M.W. 5 kDa C
KL1114

PYTV VW A A A
P1114-2 M.W. 5 kDa 5"CCNTATACNGTNTGGGCNGCNGC 3’

(Osmotin-like ¢

1 TGTKOQG
KL1326 : :
P13%6 5’ ATTACNGONACNARACAAGO 3

M.W. 20 kDa A

*N means (T/C/A/G)



A4d  FAFEAAIANA(KLII42 5 Fad FAF
41kDa)e| wAAZ2=2Y, JdiEd 2 A A

KL111428¥ #2l® 4lkDa ©@¥zlel N 2o peptide sequenceE #43td
BLAST searchE 3% A3 Bacillus® flagellin® =& AAEAL BEcnh 7jggd
flagellinf Az}l G771 ol 71%3t] primerE A2& T PCRE KL1114 genomic
DNAZ ¥ 09kbel DNAE S$EAA F24stg o DNA MEE& 489, flagellin
FAzL g AdsAch £33 flagellin T4 FH2E pET22b(+) vectorZ oj &8t o)
BHAZ g, GATEAH S At ¥H  Sephadex G-100 colunm, Disc Prep. #

719 5 A, Rotofor system, Gel eluter 58 ol &&td gl g =42 astgdc).

Table 4-4-1. Primers for PCR cloning of the gene encoding 41kDa AF+ protein
from KL1114

Primer name Oligonucleotides
P1114-3 5'CGAGCTCATATGAGAATTAAC3 (upstream)
Pl114-4 5'CAAGCTTGGATCCTTAACGTAATAA3" (downstream)
Belll T7 promoter lac operator
AGATCTGATCCCGCGAAATTAATACG ‘\CTCACTATAGGGGAATTG TGAGCGGATAACAATTCCCC
Xbal T7promoter primer PNte 1 N Bamll)

TCTAGAAATAATTITGITTAACTTTAAGAAGGAGATATACATATG-----inscu(ppk,0.9kbp)----GGATCC
GAATTCGAGCTCCGTCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACYGAGATCC
GGCTGCTAACAAAGCCCGAAAGGA AGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATA

T7 terminator = T7 tenninztor primer
ACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACTATATTCCGGA

\ /

T7lac

pKK37
(5493bp)

Orl

Fig. 4-4-1. Cloning and overexpression for 41 kDa gene. pKK37 was
constructed. The Nde /and BamH /| fragment from the PCR products was
subcloned into pET22b(+) vector.



Table 4-4-2. DNA sequence of the gene encoding 41kDa AF+ protein from
KL1114

L OO g ARG CAACTON T TIE AN CATgS
67 AECCMGAQCAEGGQGAPACET TET TSAGETCEI‘TCSCIXI CAéCC@TGEGGEAG&TGgCGgAGé?A
133 GgTCETGgG AgCT%TGéAAéAAgGASAG(IBAC}QAAEC%?AGETC&'TG&AAgGG}({?TTETP\(AAA%CTET
199 AéGAEGGEAT%TC%CTEATEC%AC&GCEGA%GGEGC&TT&A% GPﬁ\AC'PI‘CAéI'GC,IG &TgCTéI’CP%C
265 GXGTgCGEGAgCTgGTaGTE CAPGCSGG{}AA&ACE GG&ACECA?GP’SIA}Y\GC&AC&'GA}" TTgC%T
331 CgATSCAEGA%GAéATgTC éGchTéAC éGAg GA&AT?GA\'}‘ GG&‘AT}’%’TC M CG'ZI'AC%GA{XTTA(‘I A
397 AEGGEJAAS AAﬁTTgCTgGA’ZI‘GGSAchAgAAIID\GTgGAS AC SGC]'{ ACI'\ITCCEGC ‘;\AAEICACS\AAF AAé?T
463 TgGTﬁTTgCA%AT(}EGGéGC{AMEGC'{ACECA&CA?AT&TC\}'GTEAA}' ATEG!{SGI\Q" ATEGGF'{I'GC;G
529 AgGC;SCT%:GGﬁA’I‘gAA%GAéGCg GAFTGGgTC éATgGCSGC’ZTCTJCA%' TCI%GTEAA}'\IG ﬁg CTIZIFGAP(;G
595 TRACBAA%TTXGCBGA}‘AAEGCéGCﬁGAE AC%"GCEG%‘ ATEGG&‘TTEG}\}'{ GC’SI'CAIATT](EAA@GTE G
661 TEGA}SGA@GC%ATE AA&CAéGT'GTTC,}‘TC]{CAé\CGgGC%‘AAgCTgGG&'GCEGT&C PfAAéI'CGAI’CTgG
727 AgCAEAC ﬁATI'l:AA% AASTTg.AGgGCgTCEGG}'GWTT%AC&GCE‘GCEG%STCECGAI’ AT§CG§G
793 ASGTEGA%AT%GC}‘AA#GASATSAGEGA&TTgAC&AAEAAgAAgATé!'CTETCECAIGGCAI'TCAI'CPﬁ\G

858 C&ATECTSGCECAEGCWCA&CASCCECW&GT@CIECA?TTQTT’ACG.TTA-AGG.ATC.CAA.GC
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1234567

Fig. 4-4-2. SDS-PAGE showing overexpression of antifungal protein(M.W 41kDa)
produced from Ki1114

Lane 1: Marker, 2: pET22b(+), IPTG", 3: pET22b(+), IPTG(+), 4: pKK37, IPTG(-),
5: pKK37, IPTG(+), 6: pKK41, IPTG(-), 7: pKK41, IPTG(+)

974
66.2

45

31

215

14.4

1234

Fig. 4-4-3. Purification and antifungal activity of antifungal protein(M.W 41kDa)
produced from Ki1114

A: purification of 41kDa protein

Lane 1: Marker, 2: pET22b(+), 3: crude protein, 4: purified protein

B: antifungal activity, C: control, AF: purified protein



kDaM'l“23456~789

Fig. 4-4-4. SDS-PAGE showing overexpression mode for each of deleted
mutants of antifungal protein(M.W 41kDa) in Ki1114
Lane 1: pKK37, 2~9: deleted mutants constructed with Exolll enzyme

flagellin §3 2o glojAd AT VA domaing 271 Hsled C ¥gdozdey 4
o] ZAAYHEL AZ, T7 promoterdlold IFoied g /‘]2‘1 3 ¢ AAsErHFig.
4-4-4), €5 AAY 279 deleted polypeptideSo o] F2AFEAHE ZHNUA J
23718 #3784 polypeptide domaing 21 vl



A1 HE
HAGNFFA o] NEHBAAE A72AE ABe M BPstn BHee @
Aol Hg7)a OIBHB}EEI Fasn, B4 PAEA AL 29E A8 AZE targer

& <
siteg TEHsed Aoy ugFojn. B ?*;?9] target site screening®oll &%
272 A7 b ol e HYAXNFF Fusarium oxysporium,
Phytothora capsici, Colletotrichum gloeosporzozdes, Botrytis cinera, Alternaria mali
TE Lo E gt
°|& model system® target siteZ kinase cascadeo] X% Eo] dE MAPKs,
MEKK(MAPK kinase kinase)) MEK(MAPK kinase), HOGl §22 #astuz 3o}

model system& & Z]

}:J

target site screening WS 7]E9 g Wiy oo R Fe YT ¥
AEde REANSE BE2oln Yo o #UY e ATOZRE AL ARE Yo
2 AT ol FUgHez HF AREHes FRHAYE A7) 5471 o ol ZAlH
SR YANTFEAY M=EHE FAEET 7540 g E7] g Folth

A24. genomic library Z%H MAPK family 3 #9] &
24

7. MAPK A2 39 Xy

AE WY AFF  Botrytis cinerea, Fusarium oxyporium cucumerrium,
Alternaria solani, Rhizoctonia solani2 %€ 223 genomic DNAE URA3 CEN
shuttle vector pRS3160] 443l genomic DNA libraryS A z3 F o] MAP
kinase’} &€ yeast mutant (EY1095)°] HAH# S 83} o5 dAHIANEL
a -mating factor’7} =28 wix]ollM 3 5= cell growth inhibition testS & My
A3} Botrytis cinerea® 7% 278, Alternaria solani® 7 %+v 4370, Fusarium
oxyporium cucumerrzum«] Bee 849 #FAHz FHE MHEIIAG. ol FoM A
solani® 74§ 1474, F. o cucumerrium® Z%& 21709 A2 F¥7} drop assay &
TaA 23k ’:1%519\1‘4. o] &l tialA mating test& T HFHA FHAAN} FRE A
A ¥, G714YE A L S B3 A7 E FY¥sn Aok

t}. putative MAPK f3 e 471449 24
Botrytis cinerea®l s 12 A¥ g 5 719 MAP kinase 342 852 AFEL A



=23 E B8 FUT ALl SASHAG. o] FHA Ty dig MG ZHE
a4 Exolll nuclease H2lated 250bp® A4 Y ZEES #udd ojso] 7ML L
ZAA% A3, F 2087bpe A7E Ad fFAxe|Ade dHNE B FrIME AFA

1 58 454 Hol

A4 Ax F2o uracil-DNA glycosylase9t ofulx4l A & ®of x
Z Yee A £ AU

ATCAATACTCTGGATGAAAGTTGGCTTGCTCATCTGAAAGACGAGGTCGTCACGGCGGAGTTTTTGAATTTAAAG
CGATTTCTGAAGAAAGAGAAAGATTCAAAGGCTAAGATCTTTCCTCCGGAGGAAGATGTTTACTCTTGGTCAGTT
TTTCCCCCAGTAACTCCTACCTGTGACACATTACGATGCACCAGCTAGAAGTATAATCATACTAACATGGGTCCA
ATTCAGGTCCCGACACACACCCCTGCACAAGGTTAAAGTCGTTATCGTCGGCCAAGACCCATATCACAATGACAA

CCAAGCACACGGTCTCTGCTTCTCCGTCCGACCACCAACAAGAGCCCCTCCATCCCTCGTAAACATCTACAAAGA

AATCAGCAAGGAGTACCCAGATTTCAAAATCCCTCCTAATAATGGCGGATTACTGATTCCCTGGGCTGAGCGTGG

CGTATTGATGTTAAATACCTGTTTAACAGTCCGCGCCCACCAAGCAAACAGCCACTCGAATAAAGGATGGGAACG

ATTTACGCAGCGATGTATAGATCTCGTTGCTCGTGTCCGGACGAATGGAGTTGTCTTTTTGGCTTGGGGTAATCC

AGCTGGGACGAGGGTTGCTAAGATCAATCGACAGAAGCATTGTGTTTTGCAGTCTAAGCATCCTAGTCCGTTAAG
TGCTCACGGTGGATTTGTAAGTTTTTTCTTAGCAGATCAAGAATTAGCAGGAACTGGGTTTTTGGGGAAGAAAGG
TTGCTAATTTTGCATATTTAGTTTGGAAATGGCCATTTCATCAAATGCAATGAGTGGTTGGCTTCGCGATATGGT
GAGGATGGAATCATCGATTGGACTCTAGTACCGTCTAAGAAAGAGCCAACTCCCATCAAACTTGATGCGGCGACT
CTCTCGGATAAGGAAAATGCGTTGCCGTTGGCTGGTGTGTCTGTGGAGAAGAAAGCGTCCGGTGGTGCTGAGACT
AAGTGTTCTCTTGAGAAGGAGCCAAAATGCTATTGAGAAAGATGAATTTGACGATGAGGATGCTTTGGAGGCTTT
GGTTGAGGCCGAGAAGAATTCGCCTGTTGGTAAGGCTTGATCTGCAGGATGTGGTTGTTTTGTCTTGATAGTGGT
CTTGTTATAGGATGGTAGTCGGCGTTCATGGTGTGTGTTATATTATGTTTAGGATCTAAGTTAATTACTTGTTCT
TTCAACTTGAGTGCGTATTAGACACCTCAATATAGTATTCTGCTAGTATTATGTGCAACATTCCTCAAATTTTCT
CTCGGCATTATATACCTACGTGTAGTATACACTTGACGGATAGTTGCCAGCAGTGATGAATGGTCTGTCTTCATG
AAGCTCATCTCATCGACTGGCACTTATAGAAGTATATTAATACTACTTACTATATTAGTACTACTAATAGTATTG
ATGGTAGTCTGATGAGGGTTCCCGGAGTATATGACATATTTCAAGGTAGATCCTCCCAACATCATCCCARATCAC
TTAGCATTCAAACGAGACATAACGCGAGAAAGTARAAGAATTTACGTAGATATATATGCATGGAATATCACAAAT
TAATCTTCAATATGTCCAATATGACAACGAACATTTAGTTGATTGACTACGAAAGATTTGGAAATTCAAGATTCT
CGCCGTGTGCGTGGTGGGCCCGACTTATCGATAAACCTCAAGCTTCTTCATGAATTTGGGAATTCCAGATCAACT
CGTCTTCTATTCAGCGCTGCGCCCCTTCACTCTCTACCAATCCAATGTAAACTGCCATGTGAACCARATGGAACT
TACTTGGCTCCCTAATACTCCCCAGTCGCGGAGTCGAACTCGAGCACCACGAGCATGTCCCGCCTGTCAGAGGCG
AARAGTACGTACAATAACCCCATCTCTCTCGAACAAGGTTGGAAGACTGAACGCTTCTTAGAAACGATGTCGACA
CCTAGGCCTCAGTGTAGAGTCATTAGATGAGTCAATTCAACCGCCACGARAATCCAGAGCTACAGGATC



(B)

Botrytis.p;roSRHITP HKVKVVIVGQDPYHNDNQAHGLCFSVRPPTRAPP|40
YyUDG . pro TR LT P NKVKVVlIGQDP‘{HNT:NQAHGLAFSVTPPT_P—APPI40

Botrytxs.pzoSLVNIYKEH YPDFKEPPENGGLLIPWAERGVLMqLNTﬁBO
KIQE

UDG.pro S LIKIN I Y KE Y PDF ViEIDNKYV G DILIT HiW A]S Q - GV LLLNTS! 79
Y {

Botrytis.pro LTVRAH]QANSHSNKGWE'_]E‘TQRICIDLVARV

yUDG.pro LTVRAHNANSHS[KHGWETFTKRVVQLLI@ 11
Decoration '': Shade (with black at 10% £ill} residucs that match the Consensus exactly.
Decoration '2': Box residues that match the Consensus exactly.

Fig. 5-2-1. Analysis of MAP kinase candidate clone (A) Nucleotide sequence
(B) Amino acid comparison in the underlined region of (A) between MAP
kinase candidate clone and uracil-DNA glycosylase.

. PCRS %3 MAPK family F3A9 S84

1) Degenerate oligonucleotides )%}

f 329 MAP kinase$l FUS3, KSSI1, HOGI, SMKI19] olv|xAt Ad £ 2 3 EHo]
2l ofm At 712 8 E degenerate oligonucleotideE & ©2-3 7o) tatelsted PCR pr
merZ AHE3IA T GG(IC/T)TT(A/C/G/TYA(A/C/G/THA/T)TCIA/C/G/T)C(G/THA/G)
TG (MEK3), GT(A/C/G/T)GC(A/C/G/T)AT(A/G)AA(A/G)AA(A/G)AT (MAK2), TC
(A/C/G/TYGG(A/C/G/T)GC(a/C/G/T)CIG/TIA/G)TAA/C/GYHC/T)A (MAKA4).

2) Genomic DNA cloning

WA AFF  (Alternaria  solani, Botryosphaeria dothides, Colletotrichum
gloeosporioides, Fusarium oxysorrium cucumerium, Mycosphaerella, melonia,
Phyphthora capsici, Pyricularia oryzae, Pythium ultimum, Rhizoctonia solani,
Sclerotinia sclerotiorum)o|l A} 5% 3% chromosomal DNA$} primer MAK29 MAK4E
A8 3] PCRE A 33ttt ojai2) PCR W& Z4E 30 cycles(94°C, 1min; 52°C, 2min;
72C, 2min)2 3ttt PCRAE S 0.8% agarose gel2 213l 500~700bpo band& 2
ZPCRY template2 A}8&to] $lof 2 zAo2 23 PCRE A&t

PCR product& blunt ends& 59} pBluescript SK(+)2} EcoRV sited] Ar¢lstd E.
coli DHSa @ F°l transformationdt$ith. Ampicilline] E71¥ TYE A sixjolA Az
gl clone® A "3l alkaine lysis®H 22 plasmidE %% 393, plasmidE HindI ¢
BamH I & 2238l insert®] 371§ #<sd MAPK cloned HFA ¥

2 A3, A solani, B. dothides, C. gloeosporioides, F. o. cucumerium, P. ultimum,
R. solani, S. sclerotiorum2.2¥ ¥3 MAPK clone® €€ 4 AUch

_.79__



5% insert 327} Figeale? insert 37}

F. o. cucumerium 500bp 500bp
C. gloeosporioides

A. solani 500bp 450bp

R. solani 700bp 600bp
S. sclerotiorum

P. ultimum 500bp 700bp

B. dothides 500bp

3) MAP kinase 329 47149 243
® @
ol @ojzl MAP Kinase cloneE 2 BioneerAt®] Siverstar'™ Staining KitE A}&

gt FI7IMEE EA4 6
@ 2%

Cg-2 (Colletotrichum gloeosporioides)
gttgcgataaagaagatcacacctttcgatcatcccatgttctgettgegaactctecgtgagatgaagcettctgagatact
ttaaccacgagaacatcatctccatcctcgacattcagaageeccggagcetacgagaccttcaacgaggtctacctcatee
aagLaggcaaccctccatgccctacgctcacatctgggacattgctgacaccttttgtccactaggagctcatggagacg
gacatgcatcccggtcatcgaccaagactatcgacgacatgcatatttatt

Cg-8 (Colletotrichum gloeosporioides)
gteglegetatgaagaagattacgcetttcgatcactccatgttatgtttgecggactttcgtgaaatgaagttactgegctact
ttaaccccgttttcatcatticgatcttggatgttcagagectcgcaactgtgagattcacgaggtgtattgaattcaagtac
attcctcagacacgacacacacac

Pu-2 (Pythium ultimum)
tcaggtgctetgtaccacggceaacttatctagctgaagaccacgtatcggecaagaccgceatcaccacgggeatacgtc
agggatgtcctctagcteccaccctetteattttggeggtegatgtgetgtacgagttggtctegagetegactacag

Pu-3 (Pythium ultimum) '
tctggtgecgcetgtaccacgtgtctggggcgaggtggcgcaagacaaaggaacctttgatcggaatcaagtgtggtgtt
gcacgagctaagaacgaggcgaccagaccctctggtggatcttcagggagaacctaagtgcaatatgaa

Pu-5 (Pythium ultimum)
tctggtgcgctatactacggtgatacaatgecggceaatgtattgcggcetgaaccgecagtacatgtgaaaagcactcagtt
gcgttctcgagtegtcaacacgtgaatgecttgeccatg

Pu-21 (Pythium ultimum)
gggctegatactacagtgtcacgacttcgtgggtgtagetacggatggggataccgaagcetcgtgegagaccaaaatc
cgcaagcttgaggttcccgtactggtcgatgaggaggttcte

Pu-23 (Pythium ultimum)



ggggegetgtaccaactgticttaattgttctecgtggggetgecattgtcaggcagagtaccaacttggtcgaagatatt
atcgtcaatggacagtcgegacaggcetgggtctcagtcag

Ss-6 (Sclerotinia sclerotiorum)
gtggctatgaagaagatggeagtgagectgaatatttctgataatatatgetgtegetgttgatgtgcaatggtaaaaaa
gggagtttgccgacaageccagtgaacgcecagataagcagecagcaatcaatgcaagaagaattagatcttctgeagtt
tgattctcgggagatctatecttatcattcctagagtcactacage

Ss~7 (Sclerotinia sclerotiorum)
gttgccatgaagaagatgagcataggaagattaagagceattgegttcectaaatgatgttaaaaaagattccatgggtat
atcctcgagtcacttacaaagticaaattgcatagaatgcaatgetaatgacataaatccatttacggecaccaagatcact
gtaaatgttcagttatggttctcgtcaca

Ss-8 (Sclerotinia sclerotiorum)

gaggcltatgaagaagatggceagtgagcectgaatattictgataatatatgetgtcgetgttgatgtgcaatggtaaaaaa
gggagtlitgcgacaageccagtgaacgcagataageageagceaatcaatgcaagagattagetctcgagtttgatictg
ggagat

Bd-5 (Botryosphaeria dothides)
ggtgegetgtactageatggticcttgcaaaatataatectttttgecttaagegtatcattgeggceatttctttacagecatg
ggccttcattcecactcaactagacgggtctcaactggatctaggaggeaaaggcetiatcttacactaataactgtetgtgt
ctctgactgtctctacagagaactgatactactagacataa

Bd-9 (Botryosphaeria dothides)
ggtgegcetgtactageatggttcetigcaaaatatccgaggcectttitgecttaagegtatcattgegceatttctttacagec
atgggccttcattccactcaactagacgggtctcaacttatctagtigetatctacatatactgtettgetctgacttc

Rs-9 (Rhizoctonia solani) T3
gtcgcegatgaagaagatgagaccggegeggggtccggaageggtettgtgegtagtggtcgagacgacatcacagtac
tcgaaggggttcttgagticctgtgeggeaacgagaccgetetgtgtgegattcagttatcggecatgegcecatetcatee
aaactttcttgaggceggtcgtactecat

ol4el DNAY7ZIMEE olomixitez Wdsld ORFE A Z3, C
gloeosporioides(LF @A H)e HEdW L do7E Magnapothe griseadt 98%2 A%
A& B ev, Fusarium solani®te 86%9 2%4E& BAd wely MAPKte 73
%<& HomologyE 7} C  gloeosporicides® clone®! Cg-291 480 bpZ Southermn
blotting & 317} ¥ probeE AME3F ).

4) Southern blot analysis

@ probed] Fu|

MAP kinase®] #Xze} A5AE Yeld C gloeosporioides25E PCREZYH
DNATH & nick translation ¥ 28 probeE A Z3lg ot 480 bpe] BamH 1 /Xhol &
A2 [¢-7Pl-dCTPZ EA¥ %, Sephadex G-50 column© 2 A A&t} probe Abg 3
At



(@ Southern boltting

ofe] 7kl HAA AFFe Genomic DNAE BamH 122 ZEY3d ¥ 08% TBE
agarose gelolA 7| Fsleg 2 dHEEL FelAZeh olF nylon membrane2 2
transfer® & oA AZF probe® Southem blottingg #3ted Fuji medical X-ray
filmo] =% Al#A autoradiography& <At}

@ MAP Kinasec €8 &8

C. gloeosporioides® intact MAP Kinase PCR &% probe® 9% o Southern
blotting Z® hybridization¥t 2zt 443 AFF <, MAP Kinase 8 &(BamH 1 ©H)9
arzZles og3 2. C gloevsporioides(RFE XM #)E 2kb, M. melonia(F-89 2vt &
WF) e 2kb, P capsici{nF Ay )9 Z§ 12kb, F. oxysporum cucumerium(Z523)
9] A%+ 7kb A= genomic MAP Kinase DNA ©#H-& i da ol& 4% F9
MAPK Z&&8x+: g4astA g

t}. ¢cDNA cloning

Alternaria solani, Fusarium oxysorrium cucumerium L Rhizoctonia solaniZ %€ &
2lg total RNAC} gt JAHALGA-& 5314 cDNA libraryE ARt e olg uide
2 A Yol AT ¥ primerg A&38tad PCR 284 % colony hybridizationg ==& &t
2 Uk 2EL LA H9 yeast mutanto] FAPEAIF] L cell growth inhibition test}
mating test & ¥3 FER/FAAE AE3d driMd € S48 7¥E oS, MAPK

FHEAAAAL AXFAE 75T FHojth
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(1204 F T 16708 W& didez Addd 2 28, ashed(nay, vus, o
3, Ad FAA AR(SEFEA S8 Y Aol 4, AE, AE202 FA
%), BEA dA(flavonoid §), MTFHTZA AA(GY T B¢ AdGHA 5
AR R Fol2, dolg, T4 A8, dLEF 24, EY 2L $3U ANEE 23, 40
Mo AT T, #3ATH YL AFF 2gdn JF0 A5zg FE L 24
248 T 9 4¥ZAFAE uesto 200713 ol ANAFS VE F 1oz Uy
T4 2L okfAE S AlYso)
12} C}V‘é SEE4E % oA A, BgE 23 AAFoZ 23 24 o ofAH

Q.
NHGE § 2-34 O wEAdsel AEH02 o MEAAY A4 formulationd D
49T o # o5 FUFLHAT 2 $A72 2930 o425 (A Az

2 AEse 5524 og

A24 A

16705 3 FAFBH] ¢ dEA dA7tA TWgH o
Z(KL1114, KL1121, KL1326, KL1179, KL1143, KLP21)E th4
s AZAYNAEAZ )l HgsATh,

2 62

2 nAyE

N
|o

A3d ALY EA WA AFxAEH

1-3z2td Zoll FeElg A7 EHE WY ATo2RY IAFEAHEHY HH YAz
e sty A8 gxy, a4, A9 59 4ol & NB(H Y beef extract 3g,
peptone 5g, NaCl 8g)9t Glucose M63(BlEF 40% glucose 5m¢, five X 20me, 1M
MgSO; 0.Imé, thiamin(B1) 0.1m0)¥§2 £ GM63+0.05%YE, CZ, Glu-MOPS, TSB, SMB,
PDB, TYEB, LBE & 22 uixjojx wigd WIFdE 5%, qA#Asld C albicans?t 3
9 NAwiZ| 9} A E¥ o] HFE PDAIAI 54 100uE 22 HF, 30CoA 3
Az WY F JAHES 5T A NBoA sF GAdo] ZstAl et

agln 71EY 1xdEd REd G AFFAM dAFEAol A 53
KL1136, KL1137, KL1179, KL1187, KL1188E AAAA 9 3z A& Jg3] F33}7]
Astd oA FH HLuAdM A 4 A YAHARE 243 ZAI, malate
minimal 63 mediume] 7}3 $3Hct,

w3 g7 GA4EFI AAoAE(KL1IY, KL1143, KL1326, KL1179- KL1121 %
KLP2)# KL1121& A3 552 vAE EFEL oz wizx 245 &49, 24
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Table 6-3-1. Antifungal activity of antifungal compounds produced from various

media
N AT B4 (JAE o)
FRT | wad | Wi
:] B. P. Fo C
A & w2 C. albicans | R. solani | ¢ . .
cinerea | oryzae | cucumerium gloesporiodes
GM63 2 + + + + +
KL1114| 20
NB 3 ++ 4 +++ +++ +++ +++
GM63 5 + + + + +
KL1121| 20
NB 7 + + + + +
GM63 25 + + + + + +
KL1143| 20
NB 25 +++ ++ ++ +++ +++
GM63 15 + + + +
KL1314] 20
NB 1 ++ + + +
GM63 1 + + + + +
KL1321| 20 -
NB 2 + + ++ ++ ++ +++
GM63 0 + + + +
KL1326| 20
NB 1 + + ++ 4+ ++
GM63 2 + + + +
KL1330] 20
NB 3 + + ++ + +++ ++ +4++
GM6E3 0 + + + + +
KL1367| 20
NB 25 +++ +++ +++ +++ +++

+: AEAAN 1-2 m, ++: AFAAA 3~4 m, +++: AF

A S mmol 4

Table 6-3-2. Growth patterns of antifungal bacteria according to various minimal

media
strains
. KL1136 KL1137 KL1179 KL1187 KL1188
media
Glucose-M63 broth/agar -/= —/= -/= -/= -/=
Glycerol-M63 broth/agar ~/= —/= -/- —/= -/=
0.2%MeOH-M63 - - - - -
Malate-M63 broth/agar +/+ +/+ +/+ +/+ +/+

G: growth, NG: no growth



Table 6-3-3. Antifungal activity of antifungal compound produced from various
minimal media

wnEaE v o o vl A A A #Hmm)
AP P e vjor gl uj = : -
wag f:orT)Pl?lc delayed . pf'it?a.] A oA ()
inhibition growth inhibition
Malate M63 15 5.0 0 6.5
KL1136 20
NB 1.0 2.0 0 30
Malate M63 15 5.0 0 6.5
KL1137 20 -
NB 10 2.0 0 30
Malate M63 0 3.0 0 5.0
KL1179 20
NB 0 2.0 0 2.0
Malate M63 15 5 0 6.5
KL1187 20
NB 1.0 2.0 0 30
Malate M63 1 0 0 1
KL1188 20
NB 0 0 0 0

Add HAF: Candida albicans
complete inhibition zone(YAAG A ) © delayed growth zone(AAMAZFAA ), ¢
partial inhibiton zone(¥ ¥4 A< A o))

Table 6-3-4. Composition of medium

o) 2 =5
Glu-MOPS 9] phosphate & =(mM) 001 005 01 05 10 20
beef extract. casamino acid, malt
A4+ extract, peptone, tryptone, urea, yeast]
extract
B fructose, gala.ctose, glycerol, lactose
maltose, mannitol, sucrose
o}ol x4} alanine, arginine, lysine, proline
H] e} gl Bl1, B2, Bl12

7h. gAY TR 9E Y3F

Bade GM63siA| o] AAYOE peptone(05%)2 TAYoE YoiFan zzte] 8@
L& 05%H Hrtslod o] &3ttt glucoseE A Y 77172 8149 F KL1114E
9} mannitolel KL13269 79 fructose, galactose, glycerole]l A&A& €3 stigioz
- &yl



Table 6-3-5. Growth rate of antifungal bacteria according to various carbon
sources

strains
KL1114 | KL1143 | KL1326 | KL1179 KLP21 KL1121
source

D-fructose O A @) O O ©
D-galactose O O @) O A O
D-glycerol oy X © O O ©
D-lactose © PaN A O A A
D-maltose A X A O O AN
D-mannitol @) O O O O O
D-sucrose JaN O O @) O A
© : very good QO : good A poor X 1 very poor

U, 249 FF0 B 43
GMB3sh Aol Zhzte) A4 e 05%2 Hre A& ol gt = 5152 Giu-MOPS

sixjoll Myt vlwd AdAEn daarel Fokoh dAAoZ 639 AdAFATY AAE
A% AA4YoZ peptoned} yeast extract7t 7 £ o9, uyread *}%i‘% s H44E

o] 7F& okt KL11148 7Z o+ SolstAl tryptoneo)l 713 &t

Table 6-3-6. Growth rate of antifungal bacteria according to various nitrogen

sources
SUAS RL14 | KL1143 | KL1326 | KL | KLpar | DoXed gy g
source strains
Beef extract A A © A O O O
Casamino acid A Pa) © © © © O
Malt extract A Ya A AN A\ Py X
Bacto peptone O © © © © © O
Bacto tryptone © P O Pay @) © ©
Urea X X O X A AN A
Yeast extract A © © © © © ©
© : very good O : good A poor X ! yery poor
o A4Y 5o 4E HFF
Q1AL -2 Glu-MOPS 219} phosphate ¥ 52 galsle &7 GANTEY AL
o sxo o 4FEL A vHAd 05mM ol FTolME MTA

o] AHd yieldl A ztel7t FAh



Table 6-3-7. Growth rate of antifungal bacteria according to various phosphate
concentrations

strains mixed
o KL1114 [ KL1143{KL1326{ KL1179| KLP21 ) KL1121
condition strains

optimal conc.(mM) =205 =05 =05 NG >05 =205 =05

stationary phase 12hr 12hr 12hr NG 12hr 18hr 12hr

NG: no growth (KL1179 : growth in the malic acid)

e}, E}-AQ] ALY TF D QA9 Exo E AT

KL1179%} KLP21E AT FAFHRHATE(ETT LIS wid A6, 12 24417
of mzt wigAS Hal AT st vlAES AAD YT AR A FFY butanol g
o] g3l AT YAHEHAE FE39 o T Im¥E 5%, C albicans(KLP219] 7 ¢
Fusarium)oll o} 3}< 30‘ A¢ EAEE 249 11799 KLP21e v EE FH& disk
g o] g3l BHYEE SAH3AG

B4 xE C albicans £+ Fusariumeo]l A&3lA £
A)e FAsAG. KL11149 KL11439] 3§ wia] =4
> BEon Yoz vAEELS Glu-MOPS sixych= A4AY jx]oiA, AidEge
29 AN £ BHYEE YERAGY. F B dF 1*1 g gadggA T
o HAAGZA R YT EF HHAPYAZ ] FHHAUG

ol
!

}+= inhibition zone® &7 (cm
of 935S wx 4y & JAL

O.x.

£ rL‘l P'lm



"1 2 34567
Fig. 6-3-1. TLC band patterns of KL1121 samples extracted from GIUMOPS

2.0mM Pi medium according to time course. *A: band with antifungal activity
+1: 6hr, 2: 12hr, 3: 24hr, 4: 48hr, 5: 72hr, 6: 96hr, 7: 120hr

7

23456

Fig. 6-3-2. TLC band patterns of KL1121 samples according to various
phosphate concentration and pH. *A: band with antifungal activity

+1: 2.0mM(pH4.0), 2: 0.01mM(pH7.0), 3: 0.1mM(pH7.0), 4: 1.0mM{pH7.0), 5:
2.0mM(pH7.0), 6: 2.0mM(pH7.0)



Table 6-3-8. Antifungal activity of antifungal bacteria according to various
carbon sources

strains KIL.1114 | KL1143 | KL1326 | KL1179 { KLP21 | KL1121
source
6 hr +t+ ++ - + + +
D-fructose 12 hr +++ ++ 4+ + + 4+
24 hr +++ ++ 4+ + + o
6 hr +4+ ++ - + + +
D-galactose 12 hr L 4+ P P + + 4
24 hr +++ +++ +++ ++ + ++
6 hr 44 4+ - ++ - +
D-glycerol 12 hr P ++ . r+ + O
24 hr +++ ++ 44 + + Ft
6 hr +++ +++ + + + +
D-lactose 12 hr i+ +t +++ + + S
24 hr 4+ 4+ 4t + + 44
6 hr +++ +++ + + - ¥
D-maltose 12 hr +4+ +++ +i+ + + ++
24 hr ++ 44 +++ + + ++
6 hr 4+ ++ +4 + + +
D-mannitol 12 hr +4++ . o + + e+
24 hr ++ +++ +4+ ++ + ++
6 hr 4+ 4 - + + .
D-sucrose 12 hr T ++ ++4+ 4 + P
24 hr 4+ 4+ +4+ ++ + 44+
+++. 3cm, ++ 2-3cm, +: 1~2cm, - lcm
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Table 6-3-9. Antifungal activity of antifungal bacteria according to various
carbon sources

strains mixed
KL1114 | KL1143 | KL1326 { KL1179 | KL1121 . KLP21
source strains

6 hr +4+ ++ + + - - +

Beef extract 12 hr ++ +4 4+ + ++ _ N
24 hr ++ ++ o + ‘e - .

6 hr ++ +t - + + - +

Casamino acid 12 hr ++ 4+ + + et _ .
24 hr tt ++ + + +4 4 - +

6 hr +++ 44+ + - - - -

Malt extract 12 hr +4+ +++ + - _ - -
24 hr 44 +4+ + - - ~ _

6 hr +++ ++ - + - _ +

Bacto peptone 12 hr +++ e+t e + N _ +
24 hr +++ ++ ++ + + - +

6 hr T+ ++ - + - - +

Bacto tryptone 12 hr 4t +4 4 + e _ N
24 hl' +++ + 4+ ++ + + 4+ - 4

6 hr +4 4 - - - _ .

Urea 12 hr ++ ++ + - ++ - +

24 hr +4+ 44 + - N _ "

6 hr ++ - ~ + - - +

Yeast extract 12 hr ++ + ++ + e+ - -
24 hr 4+ ++ s + P - N

Table 6-3-10. Antifungal activity of antifungal bacteria according to various
phosphate concentrations

strains mixed
- KL1114 | KL1143 | KL.1326 | KL.1179 | KL1121 . KLP21
Concentration strains
6 hr ++ +4 + - — - -
0.01lmM 12 hr ++ + 4 + - + - -
24 hl” ++ ++ + - + 4 - -
6 hr ++ ++ - - - — -
0.05mM 12 hr ++ ++ + - s - -
24 hr ++ ++ + - + - -
6 hr ++ 4 + - - — _
0.1mM 12 hr ++ +4+ + - -4 - -
24 hr ++ +4 + - .+ _ ~
6 hr ++ ++ - - - - ~
0.5mM 12 hr e+ 4 - _ N _ -
24 hr ++ ++ - - + - -
6 hr +4+ 4+ — _ ~ _ -
1.0mM 12 hr +4+ N - _ . - _ ~
24 hr ++ ++ - - + _ -
6 hr ++ ++ + - - _ _
2.0mM 12 hr +++ +++ + - + - -
24 hr ++ ++ + - N _ -
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Table 6-3-11. Optimal conditions for growth rate and antiifungal activity of
antifungal bacteria
strains ondition optimal condition antifungal activity(cm)
KL1114 Bacto peptone 38
KIL1143 maltose 40
KL1326 galactose 40
KL1179 galactose, mannitol, sucrose 2.1
KLP 21 Bacto peptone 1.8
KL1121 sucrose 35

op. obml Ak, HiElRl H7b 2 pH Wsle] ©E B FAFRAHAE A
3dxo AMEA ARG L4 EFE YA HAT(KLILE, 1121, 1143, 1179, 1326,
KLP21)& 4oz B7acle wg 78422 4458 vass) s o=

’

pH, MIEFRI(BL, B2, Bl2) 2 obvlxdt 5& wolstel waidin. 2 73olq we
sorale] 45ole £%o) butanolZ £ FUAEE B F, sEAoz Ry YAFY

4eds 4458

FHE 23, #82 ﬁ‘%‘%‘*ﬂﬁ‘ﬂ 3%
79l fFAE XS B a2y dAFEHEE A

>

£ 9 WA pHBEE FF3
d5ol AoiMe IFI AolE

Bo KIL1114, 1179, 1326+ HlEl® BI, KL1121= WlElY] B2, KL1143= H]El7l B127}
ol o Ao FRAAEHER HAHEES Y. olo)=AHe aginine, lysine 2 Foll A
FRFYHBRY4 50l wHTh
v, 250 wE FAFGAHEA YAHE
U5 E 15 25 30, 37CTH3rollA 3U3 widd ¥, SAFEYHAEE SAHS AH,
T3 Ui zole YA AHAoz 30~37CREFUANAM IAFER A5l 5
st
Table 6-3-11. Antifungal activity according to supplementation with vitamins
antifungal activity(mm)
Vitamin
KL1114 KL1121 KI1.1143 KL1179 K1.1326 KLP21
Bl 4 25 2 5 6 -
B2 - 7 2 4 5 -~
B12 1 5 25 3 5 -




A A E&F 2 Lol g
g4 To] i g AATEALS ZHAD uietE AZA HAE A
ot FAFEHAToZA 77 g1 Aol wEld FAFBAHAHTL CH 2o
FA gl &g %7‘*5}% Aol o9 Fastct.
€2 KLIIT9E Adg =E FFoAA controlst 22
100%9] Lol &g WE}LH‘?JC*. edgHgI ey F ¢, L& TFF7} control® F4HE

Y B AT 448 SuzBAATE
oA ol olggsotddz oy

Mg R BENE dids] 88 Aol

fu

EYzd T edgAYGS 2
aF &/ HEFA

Ay 1° e 2 e 2 1 A 2 3

control” 100 % 100 % 100 % 8 % 70 % 74 %

1114° 100 % 100 % 100 % 73 % 50 % 62 %

1143 100 % 100 % 100 % 55 % 70 % 63 %

1179 50 % 75 % 63 % 70 % 73 % 72 %

1326 100 % 100 % 100 % 70 % 80 % % %

KLP21 100 % 100 % 100 % 60 % 80 % 70 %

a: BoF

b : 48 Azt NB vi=lel] wjd3 A Eeistd @& HHAAEE FFFZ 4 (OD =1

c 20 7§ F2/ Ad

A48 FAFAFY FAAEAH FAAAE Bio- matrix7y

s

g M Tl A FF YA £ AEAHANN HES FrASEAM Frd e
HEAL 477 AANE GRETF(RIA, 2A7I o £It5 T FUAR), FAEA
T BE, wolg FZ, AI7AH A Fol %38- bk oleidh AWa g wFAF]7]
A& Bio-matrix HAE 7% AW 3tz o



7t. Bio-matrix +A A&

@ A2AY 2R (biogel) : AFTAAE, FF21F, 4do], 25T, d9E 0
A7HE, AHZAR, £7HE, AERAFE, chAsbbE,
EF7HE, ob2b R, BUMR, WLE, vl &98A
FNE BG2NE
® 4271 d M2 A (microgel) 1 ® Microgel (Cyanobacteria )
¢ PHB (poly- 8 -hydroxybutyrate}
© Matrix2 8848 438 g9 52 intact cell ZA
@ 7leb @ F@A, AF, UG, 1Y, 2ERAYE, AYUEBREL, S5FA/SA/5Y HE
7}% %, Z'% extract, peptone, tryptone, F%, F7IEH, dletul, olnxal
flavonoid %
®, ® © @ matix TFHAEE HNPs Y3t 209%F biomatrixE T4t A

v} Bio-matrix =)
qAES Hussle 2EAA4RQ

% biomatrix¥ 87IAE &S0 &

rSL

Wd, grste el $& Ested Az 209
st oEa 2o

\1
b4
%

Table 6-4-1. Composition of bio-matrix macromolecule materials

3 i g/ )
EATNHFE + BANFE 280 + 120
oy 400
HE + FIHE 280 + 120
TR+ GuFLE 280 + 120
¥ + uYgrtE 280 + 120
A F 2 7H 400
g2 400
nj e 72 400

Table 6-4-2. Composition of contained biogel in bio-matrix

4 ¥ Hob
AFAME 400g (& 6-3-1)
glucose 2g
peptone 2g
MgClz 0.04g
CaCOs3 2g
FeS04 - 7TH0 120mg
MnCl; - 4H0 20mg
KHPO4 O.lg
24 40g
H.0 1¢




of WERAIIT, AEBoLE, B2

—

FEAEA, AT LAY = F30] AAste] AZ Biomatrix
c 2E YAFRHAT) 4Y F ARew, BT L olYBAA A%se
UgERAZA Aol oS GABAT

. A F2 FAA=A YEHA Coating =AY N
A58AM AFHFE A7) Y AFA=ZA AEIE M= BT S
coating +HEZ AL Hastd A A2z ZILBAHLE AL + AEE Fokstn
] L.

Z Fastn Eqdel A A & £ 5 de SHEEY NS A8
B A7 ol @A FRAFJAMFLE BE FZF (cyanobacteria)?} FAFH o2
BE3te $3 53 (bioflocculants) S F &3t 54 & AU A2 T F2F &
F2 kaolin clayE ©]8#3%  assay & Alcian blue binding assayE T A2d
Anabaena sp. PC-1 & Anabaena sp. N-14447} &R &AM o| 713 extracellular 53 &2

S FREA Bvlde Ao FAHHAUG
& ol&ist7] Yl Anabaena sp. PC-1& 653 i

© T
2} kolin €4 EAAE A A AFol A o2& 4F A A
o] 74A ZstA el oo 457 wjdd FF 25 E hot phenolg o] 83l SIUEZ
#%31 CTAB ¥ ethanol I A ¥ & o] &sld BEAAF F Sephacryl S 200 column
chromatography 2 o] &3l £ A3t} o] LXEAIL IEAAH UIH
(macromolecular polysaccharides) 241 2A A3 A #2139 63 %E neutral sugars,
5 %+ uronic acids, 12 %+ proteins© 2 ZAEHo] glou} keto acids, hexosamines,
fatty acids®™ A9 EAdA ¥R UoA FHLAE F4Folth

2AAEY SHUEAHL cationic dye?l Alcian blued] 73 affinityE 7] =i Fol
polyanionic/sulfated T+2F2 Ala gl olEd e SIFHL e A= o Z
3lA YElre ™ (acid-dependent), 100°ClM 783t stdsilx= S 3 &Ae] 40% F7H3t
= ZAog Ho}l thermal stabilityZ} 73 Zez Az =EAct. EF NaCl, NaNOsz,
MgSO0s, ZnS04.9 22 Foly metalE H7IstE S o 2 o] Fr7i8e 2oz B4
Hda fAAol A active carbon, silica, aluminum oxide, bentonite, chitin, chitosan,
powdered agar, cellulose, DEAE, Dowex-50W, phosphate cellulose, Sephadex®} &
F1/FNEARE Ar Aol ANAT FHEA

wE RAFFAAF F KL1321, 1143, 1330, 13672 S FAlo] A A3 Frlste o
2 oz 759 g2 v & 19 E pH2Z~4At0ly =AM A 8L e
At w2tH HFFRAFFAAZAN BHA}F AT B A7 A ZAPAMATLR
Re gASE RS AH o|8F F de Ao Uk

vl JAFVAPYERA] BYFTA B2 SR
o] & source Bobe A Eo] dFLEsE HAANEL flavonoid A F 2 ¢SS i

of A/t% A4 ATV FSAA stsAdol AeTHE B A, £=F F2



T 2A4o] HolyAgt MXEAo] UE metald ¥ & B 2o| flavonoidete) A3 3t
28 SHA Add Ao od AAE vA=/tE AV A# Zine 9 Quercetin
2 Copper®}t Quercetin®] 43280 o3 a4 A4azE FEsAt

Flavonoid& A FEAAFABZAZA Y HE7t53e digh A7 € ol A I
A A Ao AAg vl dckLetters in Applied Microbiology. 26:363-366, 1998).
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Fig. 6-4-1. Development of biodegrable bioflocculants




A58 FAAEAH(AF) M -Biomatrix(BM) Complex "] &
o 7)) it

7b. A=A

121802 ZA" 8% 9 BiomatrixE B&3d ¥ 50C A=A dzside. =49 &
AFFHANEE HA Microgel 22 12 283 & 3, A7) Bio-matrixs & 4
A DREANE gm B AEF7 10~10° A AS T homogenizer& oAl F L3} A
dol mAEES 1§ HHe 2xHoz DAHHEE P ol nAHY UYE
-Microgel- 2 # AtBio-matrix & & A& A2 & Eysle] 2 @3s =379 o} 2z
oz 74]7‘ g F A7 AEE ol&dd olgy 7T, YAA, A wolsA uYBE

FAFRHSS St

Lo

Y. AF-BM Complex Pl &% AAE9 ALE

g Azxd ANAZFY vAEFLE s 22 7A@ ~@)EHE HUss A
tH(A e, g A, 3ahd s AFHuA QoMo BudlE) oled el nyE
Az71y, 74, 493 71ee FUgHoz Hxo dojt A SESEEHY T
S5 & del Ao @A) WAl g £33 FFo Qo 129 T HdE
Z=¢E Holt

A6 v]AEFF ANAF ABAE FA

7. Azte] hE gAFAZ AERolE

UA4E st A £EE AW 1~2dAE FAHE o] FRay] Yol Azw
"4 2% HAF-BM KL1~V)2 0742, 349, 6748, 94Y, 12492 #Asde o
g49 # At Yole AE FE ZASAT

3549 FUFYN ATS theH 2ol AYTNL WA Ao NBE
NAZ@uhx] o] E2g 5 30TelA 2442 Fatn, Aol Wol& vl4E 49
449 4B 55 naet] IWHS FRHRY.

A+ Al &'
Control FEE ¥ ATAA
Liquid o 33 ef 9] Microgel/sol.+ I8 MHF
Dry Microgel® A FHHATE £38% & AxA 7

a2 A3 EFel ¥ste] Microgel2 Jetsslol dzg A27 25 wet i i
ol UAXT 1270 A7 Bk ok wWatglol AsHGTH
- 100—



. 3 A" FAAATY FAFEAE
4" AF AZE d2 5070 ME3te AF testd 23, 25 AF ., 2348 B
3t o], Y FFE 5 YEGHoz IAFEAH L adE FAs YA

A7d vABEEF AF-BM KL ~VAAES] TZFAHAY

ofml (98. 6. 13~&A) ZF AN, okAlF Aol dE TAVMHAYHo R eF
N2 H@R)AA Algstd)
o], 7], n& T o, Eul, ¥ agdn ZAERMo YEwolg I
S ZAMEtL BHAAE §& ZAEEY. 2 23T 28) F UYE o8 SH,
olol izt BAEANE ZASH S W #7135 35 2 (Fluazianam) 3 8] 534
LS I b

o N

_E v

[e]

<A

2
e
ol
o

e
1

£ to oo

7b. 9stE v GAAE W YT AW, EFAES
KL1114, 1121, 1179, KLP2l § 47FA ZFol tistd o], Q0|2 AEY, YvE
FAM 157 F, 255 YEES 24 23 KLP2AHSAEZ2)E A ZE 275

o] 718 A&l w3t 23| 2~20u7kx] F}adch

Y. n| A EF} AAF AXEY AY A

KL1114, 1121, 1143, 1326, 1179, KLP21 4 M7 & m 933 A7 AlAES XA E
w], KL1114(Tech)A A &(5,000ppm, 10°cfu/me)& ™=kl Fluazianam(200ppm)ol ®] 8}
QoAU FFolo Wi WAEH 238 FUTHKLIII4(Tech): 83%, Fluazianam:
74%). Bl & diaiA = KL1114(Tech)& 53%, HE4A 74% 2 delgch & AlA)
FEY Z¢= FAAAS Feo] el

o o dEsY ILITA Lols AY Ay

6742 o] 8 &5 A AF(KL1114, 1121, 1179, KLP21, 1143, 1326 Ztz s 9t3}A) 7))
YAE o], EvtE, 239 FAE 100/M8E tdoz FHIUE o, ZHFAe @
o}& & FAYTFS Aelrt ©AY 238 Frtste A7 Jebgoh

2. MfAEFFAAS] UV £ 7v-ray AFY AF

o] 5A1Z xZAIZAE 9 KL1I4 #5FE 9] AT uigslYgols &L
A A] gt 28y KL1114 #5& 534, Microgel, UVaigta), o712 ofsi7}
, BYE T5 HAE3 st A3 dHE o YEFAF F2 FrlslFo £
AP (Co® 7 -ray) S 25~25kGy2 ZAIS £, ZFAHL ZANS AR, 20kGyAd T
o y-ray A¥A4E& Jebdiich

N

o - o
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It ]
T al

i
T

N
T

:
T

Log 10 CFU/m |

OC=NWLhOO®

T T D e e
0 2.5 5 10 15 20 25 30

Irradiation Dose (kGy)

Fig. 6-7-1. Survival curve of Bacillus sp. KL1114 population according to a
variety of gamma irradiation dose

v, FAFGAANT Y SA4xA

Al #ATE8AAMT E AHAE IAFEAC AL FAFYAHER KLI114Y
M.W. 3, 5, 41kDa &z d %32 elol=, KL13269 20kDa ZHol=, SAFEA 4
N 54 ) 2 AAESE nYEsAAAE g ATEAHLY, RS
AE R BASEAES At dAZA FYd SHANY 298 HENE A
g wEE £ dAdok KLI1114, 1121, 1179, KLP21, KL1143, 1326 59 @7 A ZFE
o oA EFAAAEA dslA 2F moused Ao E FTFEYA «lz FAEALE S
Algstaeh 2,000mg/kg(dRbsFFEA7IEET oS £2) 59898 o A =45
g et A &gke ¥wt olde 3|2 dEFol vlad MFol %7}6}—:— A7t A
23
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ATE BARH 2 HY 59
18 AE

FRFGGAFol AEARLE o] &3t TRIP7EX vl EFodAA R FAEA
ke Bgoln, B3 AT AeA AFE Jter] A8 FrIEES S4F718
sloris o Z16¥A4oﬂ Hed AXUY gL 242 dadeidd DA AGHZ U
of At on, AAgeie] FABHEE FAH37] Hetod AIRE 7 ZAaY AL
F 7-1-1o Jebd nbeb 2ot
A2d #71& &3

DA G E AE, glucan, A, @l dEgzex Ad gadIABEE =
At Ed R 2R E wHdlA S5 BAAE S Fid FPW F2 LA
g st 3 23 1659 FAFLBHAT EF /712285 Hol Holwrh 53
U]"g%l‘"‘“zﬂiﬂ g2 dA Adabo] ol g KLI114 ZFFE glucan, AE, @z A5z

Ao Balsgol 2 FFo usted 3u) o] Fol uh¢ gHgon KL1105,
1326 gxe 7Iddls s AdEd 5ol b AskA

Table. 7-2-1. Exoenzyme and substrates used in this study

Tested exoenzymes

Substrates

B -Glucosidase

4-methylumbelliferyl- 8 -D-glucoside(Sigma)

Amylase

4-methylumbelliferyl- @ -D-glucoside(Sigma)

Phosphatase

4-methylumbelliferyl-phosphate(Sigma)

Exo-chitinase

4-methylumbelliferyl-N-acetyl- 8 -D-glucosaminide(Sigma)

Endo-chitinase

4-methylumbelliferyl-N,N’-diacety! chitobioside(Sigma)

. Exo-cellulase

4-methylumbelliferyi- 8 -D-cellobioside(Sigma)

Endo-cellulase

4-methylumbelliferyl- 8 -D-cellotrioside(Sigma)
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Table 7-2-2. Exoenzyme activity of antifungal bacteria

, Exoenzyme activity(CPS/mné)
Strains
B -glucosidase] amylase | phosphatase | exo-chitinase | endo-chitinase jexo~cellulase| endo-ccllulase
KL1112 1273 4251 13496 1322 13128 1488 1246
KL.1114 1479 1059 14200 1258 1049 1307 11336
KIL.1121 1271 1244 11412 1322 1352 1271 1222
KL1136 1218 1207 1262 1295 1314 1183 1184
KL1137 1206 1202 1236 1263 1479 1222 1195
KL1143 1146 1047 12680 1253 1179 1157 1378
K1.1178 1234 1217 1281 1280 1281 1222 1233
KL1179 1195 1280 1233 1236 1312 1207 1190
KL.1188 1241 1212 1249 1274 1285 1200 1202
KL1105 1413 1433 11520 1805 11286 1284 1317
KL1314 1265 1233 1531 1332 1994 1326 1254
K1.1321 1678 33804 17550 9185 1414 1196 11574
KL1326 1193 1124 1187 1139 1895 1261 1097
KL1330 17230 11360 15048 5034 1610 " 1496 9264
KL.1367 1108 1039 11250 1100 1080 1297 12296
KLP21 4749 1424 18271 7328 23484 1463 1393
CPS: counting per second
Table 7-2-3. Enzyme activity of antifungal bacteria upon solid medium
. Enzyme activity
Strains - —
B -Glucosidase SA LA PA CA Ligninase
KIL.1112 + -+ + + + ++ +
KL1114 ++ +++ +++ +++ ++
KL1121 + + + + + + -+
KL1136 +
KIL1137 + +
K1.1143 + + +++ +++ | +++ +
KL1178 +
KL1179
KL1188 +
KL1105 + + + + ++ +
KL1314 ++ + +++
KL1321 ++ + ++ + + + +++ T+ +
KL1326 ++ + + +
KL1330 ++ + +++ + +++ | +++ +
KL1367 + + +++ +++ |+t +
KLP21 + ++ + ++

SA: amylase, LA: lipolytic enzyme(fatty acid esterase), PA: proteolytic enzyme
(protease}, CA: cellulolytic enzyme(cellulase)
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Fig. 7-2-1. Exo-enzyme
activity of antifungal
bacteria on various agar
media. A: PA medium
(proteolytic  enzyme), B:
SA medium (amylolytic
enzyme) C: LA medium
(lipolytic enzyme), D: CA
medium (celluolytic
enzyme) E: exo-enzyme
activity of KL1114, a: SA,
b: CA, c: PA, d:
glucosidase
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Table 7-2-4. Pesticides used in this study

72 £29 428 |a10[(2TF pax | dsdw
Benomyl Benlate 95.0 250 acetone ZE9
Flusilazole F2E} 986 20 methanol I, TF
Tebuconazole vtz 98.0 250 |isopropanol &
Oxadixyl A 98.0 250 methanol Hd
Edifenphos 3] = At 95.0 300 methanol i
Tricyclazole El 96.0 375 methanol ]
Mancozeb tholdllas | 830 | 1,000 g B4
224 | Chlorothalonil S 985 | 1,000 acetone ZHd
Dichlofluanide T3kl 90.0 | 1,000 | methanol AL
Pencycuron =24 97.0 250 |isopropanol ¥ 2kt
Azoxystrobin o}vl g} 98.4 100 acetone FEY
Copper hydroxide | ZAtel= | 890 | 800 | “"7°M® | Bacteriocide
Isoprothiorane LA 96.0 400 methanol L
Iprobenphos 71ebz 97.0 50 acetone G
Chlorfenapyr Al 570 93.2 50 acetone &l
Imidacloprid IYUE 95.0 50 |isopropanol AGE
Carbofuran et 75.0 300 |isopropanol| W%, ¥
Atz 7)) | Fenpyroximate 4ot g 98.0 25 methanol Sl
Chlorpyrifos o 24 93.0 200 methanol vt
BPMC FAbe 93.0 500 acetone | BB, vjo]F
Diazinon thololE | 950 30 acetone v
Butachlor A E 87.0 50 acetone 1948 &%
L EX)
Glyphosate GPS 98.0 50 153 R
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Table 7-2+-5. Resistant.patterns of antifungal bacteria upon agrochemicals

) ® o8 oo KL | KL | KL | KL | KL | KL | KL | KL | KL | KL [KLP | KL } KL | KL | KL | KL
* a = e 111211141121 (1136|1137 {1143|1178{1179[1188(1105( 21 |[1314{1321}1326]1330 1367
Benomyl + 1+ |+ + | + + | + + + + + | + + + + +
Flusilazole - - + + + - + + + + + + — + — +
Tebuconazole | — - + + + - + + + + + + — + - -
Oxadixyl + |+ |+ |+ |+ P+ P+ ]+ ]+ + ]+ |+
Edifenphos -1+ +|+] -1+t +{+ 1+ +]+!+ + + -
Tricyclazole - + + + + + + - - + + + + + + +

o
Mancozeb - -l -1-1-1- - | - — - | = — _ - _ _

s
Chlorothalonil | — -1+ |+ ]+ - + + + + | + + | - + - —

2
Dichlofluanide | — { - | + | - | - | - - —-|-({+ |+ |+ -+ —-1~-
Pencycuron | + |+ |+ |+ |+ |+ ]+ |+ |+ s+ |+ |+ +|+]+
Azoxystrobin [ + + |+ 1+ |+ + | + + + + | + + + + + +

Copper
ppe -l-1-1+|+|-|-1-|-{~-|-1=-V=-1=1-1=-
hydroxide

Isoprothiorane| + | + [ + { + | + | + | + [+ + | + [+ 1+ + | + | + [ +
Iprobenphos ¢ — { — | + [ + | + - | + + + + + + - + - -
Chiorfenapyr | + | + | + | + |+ | + |+ |+ |+ |+ ]+ |+ |+ ]+ |+ ]+
Imdacloprid | + | + | + | + | + + + + + + + | + + + + +

Ab
Carbofuran R T S I N I T S S T S N S S S T S O T I O I + + | +
% Fenpyroximate| + + + + + + + + + + -+ + + + + +
A | Chlorpyrifos | + | + | + |+ |+ |+ |+ | + |+ |+ + |+ |+ + |+ ]+
BPMC - -+ -+ |=-|+|+|+[+|+|+]|-]+]|-]-
Diazinon |+ |+ |+ |+ [+ [+ |+ |+ |+ +|+|+|+]|+]|+]+
A Butachlor + |+ [+ |+ |+ + ]+ |+ |+ |+ + ]+ ]+

z
A | Glyphosate | + | + [+ [+ |+ [+ |+ |+ |+ |+ ]|+ |+ ]|+ |+ ]|+ ]+
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Table 7-2-6. Degradable pattern of antifungal bacteria upon agrochemicals -

2R Tuo KL|KL|KL}KL|KL|KL|KL|KL|KL|KL|KLP|KL [ KL KL | KL | KL Wl 3
hi e 1112[1114]1121)1136[1137{1143]1178|1179] 1188[ 1105] 21 [1314]1321]1326[1330| 1367 i
Benomyl - - — - - — - - - | - - - - - - _
Flusilazole - - - - - -1 - - - -1 -1 - - - - -
Tebuconazole - - - - - — - - - | - - - - - - —
Oxadixyl -l -tr-!1-4f{-1-f{-1-1t-t=-1=-1-1-1- - -
Edifenphos -—t-=-{=-1-1-1-1-1-1-1-1-1-1- - | - - |GluMOPS
Tricyclazole - - - - - - — - - — — _ — — _ -
At
Mancozeb - - - — - — - - - - - - - - — | -
i
Chlorothalonil - - - - - - - - - - - - - _ _ -
A
Dichlofluanide | — - - - - - - - - - - - - — - _
Pencycuron - - - - - — - - - - - - - - _ _
Azoxystrobin - - - - - - - - - — — - . _ _ _
Copper _ _ _ _ _ _ _ _ | _ B B _ R ~
hydroxide
Isoprothiorane | — - - - - - - - - - - - - - _ _
Iprobenphos - - - - - - - - - - - - - - - - {GluMOPS
Chlorfenapyr - - - - - - - — - — — — — - _ _
Imidacloprid - - - - - - - - — - — — - _ _ _
s Carbofuran = - - - -{=-ft-1-|1=-ft-=-1-1-= - - - -
& Fenpyroximate | — - — - - - - - - - - - - - - _
A Chlorpyrifos -+~~~ +{+1--1-1=}~|=|+1~-1= = |GluMOPS
BPMC -l -1-1-1-1-1-1-/-1-1-1-1-1-1-
Diazinon -+ + -l =-1=-1-=-1-1-1-1-1+]+ T - = |GluMOPS
A Butachlor - - - - - - - - - - - - - - — -
Z
A Glyphosate + | -1 - =1l =-}t=-1-4t-t-1-1-1=-1+1-1 - |GuMOPS
¢} GM63 |+ ]+ =-=-]=]-1-|-1-1+|+}+|+]=]+
=
T GIuMOPS <+t +l=-1-l+]-=-1-t=-{=-]=]+]+t+]=1=
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