Development of Environment-friendly
Control Agents for Pepper Anthracnose
using Microorganisms which Produce
Antifungal or Resistance-Inducing
Substances
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SUMMARY

Among the microorganisms which are antagonistic to pepper anthracnose
diseases caused by Colletotrichum gloeosporioides, 3 isolates were selected
finally by in vitro antagonistic activity assay. On the basis of morphology,
biochemical characteristics, and fatty acid analyses (MIDI) assay, those
were identified to be isolates of Streptomyces halstedii, S. violaceus—niger,
Bacillus subtilis. Another antagonists which contaminated the culture and
belongs to Bacillus subtilis, was included, too.

All of these antagonists (S. halstedii TH-04, S. violaceus—niger
BA313, B. subtilis BS238, B. subtilis KS03) suppress more than 70% of
mycelial growth and spore germination of the pathogen, C. gloeosporioides.
Besides, these antagonists also showed antagonistic activity to other major
plant pathogens such as Phytophtora capsici and Botrytis cinerea.

Optimum conditions for the growth of the antagonists were
investigated to set up the method for large culture of the them. Even
though each antagonist had its own characteristics, the optimum conditions
for their growth and antagonism were as follows: temperature 25-30C, pH
6.5-7.5. All the isolates seemed to produce antagonistic substances and they
grew quite well on the general culture media for microbes. In large scale
culture, bioreactor of bulbous flasks of 20 ¢ was the best for the culture
of the antagonists and the density of the antagonists reached to 10°-10"
cfu/ml within 5-7 days.

When the antagonists had been sprayed to the surface of the plant,
most of them attached to leaf or root surface very well. However, just a
small number of the isolates had been re-isolated from the plant surfaces.
Density of the antagonists were more stable under the ground than the
plant surface. Density of the antagonists were maintained without much
change by mixed application of antagonists. Both in greenhouse and field

trials, all the antagonistic isolates suppress the disease to a certain extent

_13_



and showed the control rate higher than 60%. BS238 recorded the highest
control rate. In field trial, on the other hand, the control rates was lower
than their greenhouse experiments. However, propineb, the best fungicides
for the control of pepper anthracnose, recorded as low control rate as less
than 60%.

Almost all of the fungicides which had been registerd to be a
fungicide for anthracnose did not affect the growth of the antagonists. On
the other hand, the fungicide 'ChaSeDae’ suppressed the growth of all the
isolates. Chitosan and wood vinegar affected the growth of the antagonists
a little.

At least two antagonists, BS238 and KSO03, produced the substances
which inhibits the growth of C. gloeosporioides. This antifungal substances
became to be produced from the stationary phase and the productivity of
this substances record to its highest after the antagonists got into the
death phase. The antifungal substance was isolated and identified to 'iturin
A’ through FTIR and MALDI MS/MS spectra methods.

At last, new microbial fungicides were tried to be developed with
BS238 and TH-04. As an additive, ilite 0.196 was the best and the density
of the antagonist reached to 2.3x10” and 1.7x10° cfu/ml 30 and 60 days
after, respectively.

In the research for the development of microbial fungicide formulation,
the best conditions for the mass production were as follows: glucose for
carbon source, yeast extract and soybean meal for nitrogen source. The
optimum temperature was 38C and the optimum pH was 6.5. Shaking of
120 rpm was recommended that the density of the antagonists increased by
the increase of shaking speed.

Antagonists were tried to be both powder (P) and soluble
concentration (SC). Culture itself of the antagonist in the bioreactor was
counted as a stock SC of the antagonist. The materials for the production

of powder was perlite, alginate, and ilite. The SC of BS238 showed over

- 14 -



80% of control rate. However, other formulations such as a powder, the
control rate for the disease was as low as 45-60%. Another disadvantages
of the powder formulation was the fact that the wettable powder
application leaves stains on the surface of a plant.

On the basis of these results, one factory of this research project,
HeukSalLim Ltd. Co., developed a commercial mirobial formulation,
'IpSalLim 4’. IpSalLim 4 is a SC and has not been enrolled as a fungicide.
It is still renovating for the enrollment. At present, IpSallLim 4 is releasing

to the members of HeukSalim to pick up the problems.

_15_
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e YElE 23H e oy <F2>¢ 2k
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ZA MS ORI D LR 2ot
TH-04 66 78.4
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6-13 49.6 .
EB-9 42 95.8

Adbet At FoA 7HE 29 £ TH-04 59 545 f1ste] o9
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=z el ISP4 F7] 9 535 wul %] (soluble starch 10 g, CaCos 2 g, (NH4)SO4 2
g, KboHPO4 1 g, MgSO4s7H20 1 g, NaCl 1 g, ZnSO,.7H-O 1 mg, FeSO..7H.0O
1 mg, MnCL7H:O 1 mg, agar 20 g, distilled water 1 L) o] & v 435}ho]
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<E3> 2|dF KS032 SEH

Characteristics

Properties

Gram staining

Spore formation

B —galactosidase
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate utilization
H>S production
Urease

Tryptophane deaminase
Indole production
Acetoin production
Gelatinase

Utilization of
Glucose

Mannitol

Inositol

Sorbitol

Rhamnose

Sucrose

Melibiose

Amygdalin

Arabinose

+

+
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56
— B. subtilis JN-1
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57

100

<3E2>

Bacillus subtilis &

70

16S rDNA sequence
2 73O 2R

B. subtilis 0G-01
[ B. subtilis ATCC 21331
— B. subtilis KS03

B. subtilis JA-1

B. subtilis C15

[ B. subtilis KL-073

— B. subtilis B2

. subtilis DSM10

Bt RRRF KS032 2aish
Al (1008H= 0] Zate)),
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Colletotrichum gloeosporioides 156 17 10.8 78.4
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_39_



9 <F4>o YEY I= )
AW Gt A ggolH o] tiste] ofF = JAE&S oA Rt
i

BT 700 e e} A& mel of FF/L AU AYEA Y
R

=
Cryphonectria parasitica s €5 Z7|vtEH AT d&iAE & 439HS

HoF A< 173>,

<3E3>  TH-0401 2st HHZO M5 AN (Sl AZFH Aoz
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o<z 4>, vy, 222 Rhizoctonia solanis A dtE 538 A

)

How usith olelgt @AS TH-04 oljo] the ZYnAEEE vt 4

g mol: gt

g TH-049) sjgolold #A8 25 A7Ag sdolans Aeae
Z BAYFS vEae] 13 oW, v g

Sel @A Az 60% ol o

ole] A&S HAlshe FHd AFEAE Yilste AoR HAT<IYE>,

THM4 [0 BA313 I3

(%) AJATIE UCHYRQIU]

MF PC PN BC RS

<OE4> PDAO| oikst Zobrol AMIYUAT TAMHEZE AN (MF:
Moniliania fructicola, PC: Phytophthora capsici, PN: Phytophthora
nicotianae, BC: Botrytis cinerea, RS: Rhizoctonia solani)
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90

80 - 1
= 70 4 T
= 60 4 T ]
E 50
E
. 401
3,
=304
E 20 4
10 <
0

MF CG MG RS PC AK FS FO

Plant Pathogenic fungi

KIE5> Streptomyces halstedii TH-042] il Z0{oof| st Al2YHHA
AVHZE A M. (MF: Monilinia fracticola, CG: Colletotrichum gloeosporioides, MG:
Magnaporthe grysea, RS: Rhozoctonia solani, PC: Phytophthora capsici, AK:

Altenaria kikuchiana, FS: Fusarium solani, FO: Fusarium oxisporium).

E3, TH-04+= chiting 3 wiAlM = AZdAd #F FHel clear

ek WAl AebaA 7 FRE FA W

A7l Ao ulFo] o] 9] chitinase®} ureaseE AAtsl= AS & 5 gl

TH-04+= AAZE Apggufe] JE3APS 39S W T3 ¥ AR E

EO% FAtk. At A2 Wi Colletotrichum gloeosporioides®t TH-04Z

TS W SAHT S s HITI AL A= Rkl = Rk

TH*O49‘r B A S ol HJFe Atzbel wbEo(xl Wukel A= w9 ok

o< - T>,
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<JE6> TH-040l 2|8t chitinase(21Z5)2} urease(REZL) A At

[a

<> TH-0401 2lst EtM & AH. 2AZFE  Colletotrichum

1l

gloeosporioides tt=, C. 2F TH-04 SAIES, &A1 2ABE W £2X 2.
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2) BA313

ﬁ‘%‘%%ﬂ‘ﬂé, ad 5 130 g Feuddse] el E Hojd ZF

& Hola Uk

BA3139] Wt Zapdol A= ¢ TH-049 #2 W
b, A3 ofgl] <FE5>el Yl ko] mF e wto] tidk EApubolo A
T 90% ol Fow2A Wl =2 AAES BYon AU g Folye dis)A =
°F 70% AE=FE ¥, 153 AguEe] xapdols: AAsh= T8 °F 45%
AEE ddHor e FAAh

AR A HAE TH-04014 ARES 213t 22 I os 36t
BA313 9A] o} <IZY8>oA B £ o] Fa
S JAEA. 53] C  gloeosporioides® A5
BA3133 tiAlsta e FEAME C gloeosporioides®] itAH7F H X}a}‘/}
7HA Fetar AAE dodleE AS B S UdEd, o] FiES dAvjdeR #

d =
Zefo] B AR &7t dojual Es & ¢ ABT<ITHD.

<HEL> Streptomyces violaceus-niger BA3139] 11 YWl# ZALe0} oA g2}

. % XA welEx  welg  wojolx

B = O = O (%) & (%)
Colletotrichum gloeosporioides 150 6 4.0 92.0
Botrytis cinerea 156 28 179 69.1
Phytophthora capsici 133 36 27.1 45.8
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KO”8>  Streptomyces violaceus—-nigra BA3132] 10F EVNMY T Colletotri-

chum gloeosporioides TAMTE AR, REZE2 FA el A+

KAZ9>  Streptomyces violaceus-nigra BA31329] & EBHXMYR Colletotri-
chum gloeosporioides AT AH(W2F 2t O 2

(x100).
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3) BS238

W =AW T (Pyricularia oryzae), X% 2L &7 AW F33o|W T (Botrytis
cinera), }AF AABF(Penicillium sp.), EFLES ANELY 1 (Fusarium
oxysporum), LFF 7FA o] ©AH - (Collectotrichum cocodes), el <4
1t (Phytophthora crytogea) 3 7 ZEW it (Rhizoctonia solani) 5 & 7HA|
215 AN FFolo el Bacillus subtillis BS238 vl F ol 3} nlj Fof of o] &4t
FAE Dopr bl ¢4 wigd T wjFo] ol 40 ulE paper diskel &5
AlZl 3 PDA “gell Al dixefekst A3 <#6>3 <1g10>0]M B ne}
iy ol tia] A&7t 7 ek e, 1
ol AEw Aol e EAF S AAst= &7 AU
e g E o gk wgo] Ao A= A S JAlEe Aol vE

goton webx BS2380] EHIEtE A fEol=E Aldte] 3]
(millipore filter: 0.2 /)& S IsA] Zol= Aoz AzrdAr

(6> Bacillus subtillis BS238 ik U i A Mol ISt HAHAA TAMEE

MAIHE A2l (B cm)

B. subtillis BS238 Rs Pc Bce Cg Pi

Hl| 0.9 0.6 0.5 1.5 1.2

1l o < 0 0 0 0 0

Rs! Rhizoctonia solani, Pc: Phytophthora crytogea, Bc: Botrytis cinera

Cg: Collectotrichum gloeosporioides, Pi. Pyricularia oryzae
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210> Bacillus subtillis BS238 @32 113 ¥

ool Az 9
MFAAzAORE E, pH, 1.4

27104 2AkEkg 0w, pH

044 1 AR zgsErh Tela BRye

5SS zAbstgT &= 15TAA 4

= HCl =+ NaOHEZ A}

g3ho] WA el pHE 478 1
12907H4 2AFsH e,

1) TH-04
& <agll>olA B upel o] TH-049 #j9F HA & 20-25C=E o
A2

WA MRS HaAE ofr e Holgom, A pHE 6-82 F4

AolA Ao E@, FAGL WG 4 olFol Hulzh He), 1020
AVEAREE ApEolel 5ot #RET ZOlEAT uHotoaou e

o
T
a
o
i
—
s
S
I
o
S
2
o
i
jus)
b4
|

BE AP A At
5C olAdAE #ExEe ZAgrRT ti
TH-049] a1 A =712 wl#A] pH 7.091 20-25TClA] 5-9U 3t HH 2

oetm @ & Uk
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Temperature(C)
Culture duration (days)

15

10

150
100

(%) Lanoe [eSunypuy 0
R 8 B § 8 & 2 o 0l

11

10

g g g 8 °

(Tugor/3w) ssew [[2D

o 100

by

e}
I
I’
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2) BA313
BA3139]

12

o
o

i
N
v

>,

(1) Jydam ysad)

0L
9

A we g =AM g

L

——NB —=—YMD —a—PDB ---0---TSB —<«—BB

15 20 25 30 35

Temperature (C)

5.5 6.0 6.5 7.0 7.5 8.0

pH

253D BiAIel pH(OK) S BiAI2] S5FIF BA3132] =0
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HAA pHE 65921 604 874 nlw 3 2 o] §lo] Agtes Ao w mel
ch 12> EEE&, 3 7bA wiAel A el A%S vl A3 NB, YMD, PDB,
TSB, BB 5 2 AFoA] AL&s BE wjx]7} v} AME 7bsetgd o, 1 Fo
A& NBeH YMDOlAM o] Aol dieoer F9kom, PDBoIA = Ao 4
Aoz "ojA= Fo s YERTh

3) BS238

BS238 Al BA313¥ & WoR AKS A, o ASol oig
2529 932 BA313Y A o} 25T7F AF HAH0)9oH, 25TCHE 3
5C 744 & FeElgle]l Aetes Ao® YeEuth<a1913>.

4 pHe 6.0004 7.07HA A=, o F-3tolA= pHe Wskel e F-#s)
A AehE Aoz HATKIIYEI3>, ¢, pH7F o] HHE dloiyd o+ A
o] ZHaEo] mluwA wEA FHihsE AoRE E oo o o
dom mto] F= Zlo| Fasitia gt WA FH

X2 = ¢kgror}t BA3ISH wlA/IAE I Fo A% NB9 YMDS F37f

A uAEo] Euek A)AH Y

B gAgHE A4 S B do] 23V E] dedtne g
FEE AEse Al Jﬁaom w}am, BoAolal sk TH-04,
BA313, ¥ BS238< o= ujY me 3
f8 ZPaaE AEEle] Ho ASS 543}91;}.

A o] EH &% @ pHE 9A ATFedA g

glom, & AgelM= MEErle] T/ R FvlETel tate] 2 A AE
o

FastAn. 7= 20 ¢ A %E}iﬂ% Ab-&atSl=tl wiero] ]
A HHEAD flat type}t SFHEHE-7} ¥4 ZZ:3k conical type, 183l A4
o2 T FERYS St & bulbous type & 37HAE HASANIL, 7|EF §F

Faglort g7 F9% 3 29 ZAE 2AAY
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10

(H) Jydam ysal,]

——NB —=—YVD ——PDB---0--- ISB—x—BB

15 20 25 30 35

Temperature (C)

55 6.0 6.5 7.0 75 80

pH

25 ()2t siAIe] pH(Oke) S E5FIF BS2382 M50 0=
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A EFY 22z T ZIAvAAEe MK #F FFHo #AR]
bulbous type?] &<t Zet=IoA 7 FUTh Flat typeol A= vhe<]
g FEAAME 373 2 ujgd #3lo] AR doAAYAE o} 1
ol

A=}
B
FEol A ol btk A9t A5 Azlen, I wEdA AL
s

Ho

H
o
=3
o8
Q

o

7

—t
<

k=)

@

=2
=
of

o
2
—_
o
=3
==
)
oz
A
T
O
o

=

o

=R
ot
<
o}

@

=2
2
rir
ol
o
rE
-z

o] A7]= Aol Aol tt. F7]E disc type milipore filter(0.2 m)S A}-& 3}t
o wjr]e] FFHH-ZEE compressors AF&3le] Ho Yo FoEd, B oA
AAA Bistal e 429 AZHAAE AHESRS A5 29A7 433 A
o uetwkth W ke glolth

webA, 2 Aol A ot <ZH14>9F o] FLETULAE AMESIIS
o, W71 Wl A7)l ARE FT1E FYstel T3 J k4|
NAEES A2 e A3 §2s veide] TH-047F 7HE 32 A8 By
BS2380] 74 o A& Btk o= BA3I3o]l 7Hd Brela BS238

o] Al FAE 71% we Holdu< 1Y 14>,

v}
iy
mi
=

12Ao]l AeleAe W olSo] %A mW 2 F

q
AEAE Fotny] fAste]l AT HERFE AR

1) Bacillus subtilis BS238

BS238 (B. subtilis)e] F# 2 @AM B FXE T3 9oF
Aol g HAFAFES dotruz 2 APS FPsiAoh. ¢4 BS238< Difco
Bacto™ Trypticase soy broth (TSB)el| 27} ujorsle] HitE ko] w7l
EoA zgtal Qi Sl 4o, 100u] Al 200 A T 3FFe
E2 @5 A2G0 m/EE) £ FEAEA00 ml/F)skaAnh AE] Ao A
it Moo 4% i 2EE 10° - 107 cells/ml o]tk 2@ AEe 79
Ao 43 Agstdon, W A 74 F EF 1 g¥ bR, AZ 1 em x 1

off

-
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cm Z7]E AFYE AFHSY ol5S BdEFel & M3 thF AP AH e
= AT dezrEs Al 2F3vAs g dAs

dzAANA BEsy AV E dUEE SAH AT

<3O 14> Bulbous type HEUYLSII0IA Ll Streptomyces halstedii TH-04 (1),
Streptomyces violaceus-niger BA313 (Otell &125), Bacillus subtilis BS238 (0f

2 2em)ol by

P ]
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2

¥E EG #F A% 4o AT 489 A 7z B9 10°
cfu/em® o)l WEE YeWows B oA Lrrh wmd pgAow

' Atk 1000k 2008 314 #F Al FelAE #EE
7F10° cfu/em’ AER FAHQEE, ol AL d gEe s 10° - 10°
cells/ml ollvh= A& Fbatd 18] We FA&= ofYeta & F U<

15>,

[e] A= o o) X~
FAHE A & & 9

1.E+0 r

1E48

cfu/ml)

= 107

1E46

1E405

1 2 3 4
Interval(7day)

—o— B. sulbtilis x1 —— B. sulbtilis x100 —— B. subtilis x200 —¢— B. subtilis control

<35> B2 25 = ANzl WE B, subtilis BS238 Y& Plot
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gy, AEvAES 1159 gdHed AMEd S A fol= 10081 e 2008)
Al A mE nlwE ge FUEE Yol 10%fu/em’ e WEE
At om, HEF 43 Ag 79 F 1008 34 ATl AE 4x10%cfu/em’
2000 34 A el 1x10%cfu/em’e] BEE Uepdo s ZhdA B

S dHEE HIAT<IE16>.

1.E+10

©h— —/N\— Ay —A
1.E408 |
T 1.E+06 |
=i L N
1.E402
1.E400
1 2 3 4

Interval(7day)

—— x100 —/3— x200 —A— control

<O16> GUAE = HUAZN WE B subtilis BS238 E 5 Pt

T2l

H =
= FoE, guAdx @ de= A" 7|z

0,
r

stel AE&ol W stobd e ovls
E o] AEVIE AN F s ek Ausielof o
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ARG A el EFEE glycerol, tergitol-NP9, tergitol-NP10, 181 ¢ &
o 29E AAsAT AMEdA = AV AES WS
sto] A=A e EF] Aelsty] Aol AgAldd Hrhste] AE-st
H7bs ks 001, 01, 1.0, 283l 50% 5 4 FEo2 83l

AL A, ARG A Y] ARES ARt o g FA o] Hlgte] AEmAE
AWAGES Add A= AR YERTh Glycerol?} tergitol-NP10
°of Aol 5%= Hrlstds W PE Be 9 o] ARSAd v,
tergitol-NP9¥} carba®l 7 $oE 1%E HA71e9S o 714 Be 59 #&
A F AAJAF<ZELIT>. 37HA Soldd AL DRgFgFFE]l 7 £9
A 5% 1% A% glycerolS A 9latatis 48417 oA o] Al &o] 23]
2477 dir ok "ol ow 1 o] 72A1ZF W R-E tA] F7HsH
Um A Fsre A AR Ee] T HAZF A & AE WA

AT AFOR 37} we FAHAL,

o
fr
oZ,
>,
i)
p
o
Q)
=
o
Q
lo

2) Streptomyces violaceus-niger BA313
7Aoo 2= BS238ol A9k W% WE oz BA3I3S @AM Ymws
2 ZAFsFTE BA3139 A = glycerol, tergitol-NP9, tergitol- NP10, —1#] il
S8R AAEE carba®l EHE AASIA oM, A FEE RRIHAR
01, 0.1, 1.0, 50% At EF#HTE BS238% 2 WHos Faste] @
EJomiY 3 Addrts ATt
=l Agfste] 2 FEe] o A dA e ddth
il | daglo] AlHEAA ] AMES drH o=
HAAHES & ZTog JfHsE How
AWSAA ] FE= BS2389 Ag-oh= =
123 Glycerol®} tergitol-NP10, 712 3L carba®d 7 $ol= 5% = #7189
Ao tergitol-NP9e] 7 $-olwk 1% FH7loll A 7FF e o #& A
g F AAT<IHI8>. o7 e DR FEo] M w=U%E
Aot o DXvt FHASHATHE 48A13F o] & vAl FkekH, yw A F A=
528k Hgo g FUteleE Aol o3 #EEUACY. ohwk  tergitol-NP9Q]
o %

T BE7t M e w27 olUASolE AY 72417 Fol Bl 2

=
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[ g ) suoEnue go © op

—e—C —a—0.01 —a—0.1 —x—1 ---0---5

14
12
10
Al B - R [>)
6 I e
o--
4 L
2 | %-é
0
14
12 |
10 b
8 |-
| (5]
4 r [ T I o---
2 L
0 = B
14
12 | o
10 - o o
8 g
6 L
4 L
2
0 - B .
14
12
10 |
8 F
6 +
PP -1
4 r J Y Q-en--- e o---
2+
0L e
24 48 . o

Hours after treatment

17> Uz = AAIZL} AH2dM ol WE Bacillus subtilis BS2389]
0

3t (A: glycerol, B: tergitol-NP9, C: tergitol-NP10, D: carba).
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&

[msgms ) jsuoEnue go ° gy

e

24

<F1ey YuaT 3

violaceusniger BA313
tergitol-NP10, D: carba)

48 72 96

Hours after treatment

A 2D A Ao T2
as W (A glycerol, B:
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tergitol-NP9, C:



Zow gastgivit bl Frhste @il tehyt

3) Streptomyces halstedii TH-04
TH-04%= BA3133} H22 Wiow QoA dewsts Assinh =,
glycerol, tergitol-NP9, tergitol- NP10, 18] HFg&o =z &AL
235 dAstelen, Ay R vzzkA & 001, 01, 1
T 9A 2E o R FIdstd o, TH-049 o= Aagdwts A
st Asfste] 1 Fde] gk A AR EEsdth
TH-049] Z9-ol%= F7Fel aglo] A Argel wap §fdelAe]
A e AFEC] drtdor FA g Hlste] & Log NHAHE FoR
vetstth 2eu, 7P e Fow FAAZ AWEAAY Fxe BS2389]
Glycerol®} carba®] 4o+ 1%= #7135}
B o tergitol-NP9¥ tergitol-NP109] 7%
o= 5% H7telA 7Hd B o ol AR EHATF<THIN>, BEFFE ]
7MY =W FRolAE A o WEVF IASATIE oAl FTkekaL, U A
S7tete Aol AA7IAE oAds] AEHATH
g7kA 5718 AbEe AMEAdAY] sXR7F 01%S%1 AF tergitol-NP9

carbaoll A Fol &= FHES HAYUE Aovh<18 19>,

U AU AE LY 453FE

TH-04, BA313, BS238 5 & <A7olA Ads AFgnAEES 48 F
AEA dotr 7] flste] &3t B £33 AE 5 F M A¥ES FYSA
o B Ao Aus Addu s F KS04E ¥ A F7)d AutEd
7] Wizl 2 Aol EFskA = skt

TG Al FFE F AT e wdr] ¢t HEFS T AT
FTEE ASHA A 3443 wgs FH dAFES ool NAd| =3}
© Mo R 74 #F9 URE F45te] FE1e dFE AAsAnh =T
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——C —i—0.01 —&—0.1 —>1 --0O--5

apy

)

[y pr o isuodnue o e

14
12
0 b L@t S]
o. et
8
o . /
X S ., ——A
4 — &
2 L
0 - ——1 ——h— —4
14
12
10
s -
6 -
4 -
2 |
0

Hours after treatment
<IN GUAE s HUAIZED AL MO WE Streptomyces halstedii
TH-0429] W= W5} (A: glycerol, B: tergitol-NP9, C: tergitol-NP 10, D: carba)
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EFAYaAE dotry] AHME $H F dFE FHeR EFF A E

e 3% Aulel PEFAT HEF P2 vl vhEw BqgEe 2
G AREo] A gEael BTN Adans waE wAe v
Z4e wHoR ST ool 94T 4F F o 579 Awsh AuA
Wwk 2008 2AeY. dEres 4 28#e s9de 45d W 99
F2 AFE nFol wrEol W AFestar

R IA FA7E AAIEY A= gov, B Ade Ay TH-04,
BA313, BS2382 EF AR A 5 JIFS vAA &g o8 e
ol 7t e AFES 4 AFES SHHCE vYIS o A
G zol7b glo] BYF & zston EFHTANE F AIws A A
2lata s weo] ¥ oAlgo] 7 SYPHor Al wWe W gAse]

W Ao e FFEolAT

wbA, B AFo A A3t Streptomyces  halstedii  TH-04, S
violaceus—niger BA313, Bacillud subtilis BS238& A &2 Aot} ¥ oA
YA MEIF AAAE flol HHA R Afste or At
ada, o] A3E EdE B A¥HEFEL S3AE e davt gler
g3 s A 4 AAE EFA A= 2E a9dE A5 A

EA

4t
it

o
fru
ruﬁ

o A¥ad FFs £ FAV 2A

1) Bacillus. subtilis BS238 Wi &< s=4d 7|v] &4 43

BS238¢] wx¥ IS Ldotry] S wiFd e, 1008 34 <H, 200u)
A Mg o] gl Age FH3AT W AL AAET] 8 FA2 A
£ 87172 30 cm, /H]E 25 cm, ¥°] 15 cm)dll 13 AujE Z+z; 20704 4
el g7le wa, 13 gAY AP (4x10° cfu/m)S HFsPTh aF
duf W] =77 vhE thE BS2389 s S|4 olg 747} sprayste] ®
#8tar, 25C 714 7U3F Baek ohg Adlo] Wuke] vehd duje] &
& Ale] BAIZEE AFEE A

7IW Al A3 BS238 i Fe s WA &Ite <GET>OA Henpeh 2

=



o] 200wl s Ao WAL 8%HEA 1F w@AW WAL}
Ao flE Aoz vehsod, 1000 3 APl e 66.7% WAHE
Yetd oz wAE AEARAY 7beAd S vERl di 24t Al Propi A g
Toll A el WA 7FE oF 92% 2 A, BS238 1008 8 o A g e] WA sE Akt
A zTok Hastd S Ao WAZbE o 73% 3T

<ET7> Bacillus subtillis BS238 Bl YW == nF MY YNNI (J|W)

Treatment Dilution Disease rate (%)  Control value (%)
x100 20 66.7
BS238
%200 55 8.3
Propineb 70% %500 5 91.7
Control 60 -
2) XE A 1FEE o] &3 BS238 wiYY w=d WHAEH AR
Ao A EZE| Aujsta Q= Lol zZ+z 1009, 200812 3418 BS238
el e 109 Ao 38 Aestarh 13 oAl A 19 el 1% @A
MT ZAARY (100 ctw/ml oS BESFF O, Wol WA ol 24,
372 ofAl Ael 19 A uF dAWw AN (10° cfu/ml ©)4hH<& tA] 4
Eoha, $EE 2dste] M FRAAT A oAl AEAY 109 Fol B
2 Abahel o)

ARSI <E8>lA

tha strle st s



A v=g S dEdS Flskivh. BS238 1009 34 o A 2] -oll A

o] WA= 515%= MAE deAEAe] TheAS EAT 2008 34 A

T A5 AT 347% = W ARG =2 U 23E YEHey
A

o] 3] A&AolA= X3 AR dddn dom AY VI 5 T W

X8> Bacillus subtillis BS238 UM == 1F EHHY YR gL (ZE)
Treatment Dilution Disease rate (%) Control value (%)
x100 299 51.5
BS238
x200 40.3 34.7
Propineb 70% x500 5.6 90.9
Control - 61.7 -

)

A A@gstEo] AR dvirtge] W WAIRHRE Hol=A Lotr”
=k

]
o C gloeosporioides® XX} A3t

o

L
B
e
ri
e
ol
ol
2
o
A
r
i1t
2
>
- 1o
=
2.
4
o
iy
ofN
>
el
B
i1t
2
k=l
o

A7 EAAL

==
(10" conidia/mD) @ Z3mAE TH-04 N (10° cfu/ml) 1004 S vz <

H
_&
e
=2
1o,
=3
=)
2,
(i
bl
e}
Bl
e
=
Ir
X
"
)
K
ok
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By
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iy
ofN
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8
o

Gulo] wEold Wit WAL 4% A, BE Aol txFe] Wil
uoh e wure] APS BASAT Ael FolA W AA¥e g

Azbe weFel g4 g ele] o
o] ok 10% O] ATF<HEI><TH20>.
Srell Al o] Awalglo] TH-04= vl el Agar= gle v glo

Be ¥ oAge] AWk A B Qe ougont, tha, Al 5ol

ol
2
N
)
N
N
2
o
fo
fr
p\v
30
rlr
=
i)
>
fu
o
rir
> M
o
Ho
2
=
=CI>L_1'
Lo
i1
o
:oé
X
o,
e

19> 13 BAMYE7 dero SAMES g ¥ AM s
Treatment Lesion size (cm®)  Control Effect (%)
Pathogen only 18.0+£35 -
Pathogen + Antagonist 16.1+8.3 11
Pathogen + Supernatant 9.8+£7.3 60
Pathogen 12569 31

Culture filtrate
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Streptomyces halstedir

Colletotrichum gloeosporioides2}

TH-04(R E%5)

<E20>

SALl

=
= O

C. gloeosporioides®t=S

2) In vivo FEAJ(24)

3

Hakel A shsict.

ol 2u] i 10w 8

o] HjFed

o

2

)
—_

N
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BTl 72 #E RE olgad wheh ol 10w 54 ojrrh: 2w

54 o] Ae] AP o mgrom, #F ol A BS233 28] 84 elo] 70%

g 23 9 BAZE R BopAE daTd A WA of 68% AE
A

= G WA Ble A= s ol

greenhouse 0O field

(%) QeI [01UOD

TH04 THO4 BA3I3 BA313 BS38 BS38 P
@ @O @ @ @ J

Treatment

KA=™E21> Streptomyces halstedii (TH-04), S. violaceus-niger (BA3113),
Bacillus subtilis (BS238)2] 1 JHIBLX 2|0 Qs EFMY 7o UME I (2
25t0|ME Mol sE= 107 cfu/ml0lYOl, 25 Qo] S=Xb= 5|4 4:0] 1,

Pe= UZAATAH Pripid)

OII
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shdth Zol ¢F 30 em =S AF(FF: ThEE) Fel18E °F 40 cm H4
o7 A AAFFA oW, 9 in vitro Ao} e At FHAS 7
< o a5 At M 3ot AR RF in vitro @A 7
dovt e WAy AN HF oAl AAdHe] oEetdrt. At
Az AYE 89 oo, ¥ A xAE A At #va of 2F
A9tk WuAESE 74 AEA G dA 1F FolA wke] vERd 3159
v &2 xS T

T AT EgA Y] s WA EHE A A o] WA Hete] oF

10% o] Wolx|= AE FFETh FAZPE 7B =& 3S BA3I3 2
v s|M oz A 60%el Sutetal Jow, BE A FelA 50-60%2] HA
7VE Holil Qo] 18 E& WAZigtE & AT<aR2l>. 22y, o
AT AIQD Propi®] #AIZFE 60%°] X Rl HSS Aeksohd Aadw g9
WAZE s FFEolgta sty FEleta AZet
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wAES AFF] 16 v27F JA=S AN s H7HE 95 Bacillus
subtilis BS238, Streptomyces violaceus—niger BA313, Streptomyces
halstedii TH-04 23 YEES streakdto] 25C Gz A 72417 ikt
g A B2 AL dzTRE AAE A8 "rkskA ¢ PDA
A Aeke 2V =S ARSI

BS238, BA313, TH-04 & ®E A7 oif-ie] Ay UA8 A
o @S WA Fa F A Heldo Yy AP AREEE Al F
AN (R SAY - 7Y FEADE Al AFET BEY] 4SS s <
Astgon, ‘AxE(ZRet=dt $238H4)S BS2387 BA3139] A e
AstArh #FEE By BS2380] ‘Ax = 3F ZpA| ) ete] &Kol A
¥, BA313S ‘= (e - T A F5kAl), ‘Az e Al ¢
o, 2213l TH-04= e (K3 - g =& A, ‘dado]E' (W= - 2
2RERY FoAl), i A ofste K] AA AT

e
[
(¢}

(6]

=

Ho

p‘L

Z23 F3A o o ¥ BS238¢] w3

ddFe] 1/5008ks 44 v o FALEAN A dFS AAT ¢
o SGARA, AV ABE FolA BS238S AdAsta Al FolAE @A i
F gAY dAlgew g de A EE AT =2y FAlE A

H
AitAlel dFe Jotn A thgat

Z23 4842 PDB 1 ¢ % 2g(5008]), 1g(10008)), 0.5g(2000u0)2 z}7}
H7bet WA S Zv|elal, 7)o %7 #F WEE 10 cfu/mlE ZH3 BS233
A 10 e A FHEFsGT HED wiA = A2 RAshHA o

o
-1 =
A7IEE A RE AMFAStY] EEE A OEHN JFESGEF(ZET kA

Z2y kAl A Ao BS238e Aol WUE JFS Fx &
AgtAlelth ey, B Ago A= BS2389] Kol F
et At @S ol xgd F3hAle] FRel BS2389 Wk Abold
o o= Wk AvtAl wiAe] BS238S wldstAA Al
v 7o) wel BS2389 WEE FAEIG S Wl <HE11>olA B uie} 2o



<E10> 15 EMY WA M7AS0| 2801482 Bacillus subtilis BS238,
Streptomyces violaceus-niger BA313, Streptormyces halstedii TH-042| M=
ol O|ARl= gt

21
=

o

OldE =25

el
BS238 BA313 THO4
Control + + +
otECIEZ + + +
SEAM0IE + + +
22D\ + + +
< HIEt + + +
Hl=-2 + + +
2S00 + + +
cl=eR + - +
AE2 - - +
2t + + -
Ct2cI0lE + + -
D=E + + +
XhAl CH - - -
A EILE + + +
P=ENE + + +
+I growth, —! non growth
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oM A% AEA e bz

Fo Aol Mr= TH-047F 10, BA3139] 107,
=

BS238¢] 107 cfu/mlel wHA 7] EAFe| A= TH-047F 10°, BA313¢] 10°-107,

BS2389] 10°-10" cfu/mlZ e 2137
o] MES o7 AafstE Ao R WA U<EIZ>.

=

FAACl 7| E4be] BE A A E

<E12> stdTtsla SAHIIOF HABHRINM - Streptomyces  halstedii TH-04,
Streptomyces violaceus-niger BA313, Bacillus subtilis BS2382 K0 0]

Ae det

2% (log, cfu/ml)

[REREPN M S| Al
TH-04  BA313  BS238
B2 300 8 5 6
I &
%7 400 8 7 7
e A 1,500 10 8 7
SxY  HHISIE 600 8 9 6
SxYBC 500 10 9 7
oES EIEES 1,000 10 8 8
TES! - - 10 7 9
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S2NE diFE TH-049] A5 ®¥ue gIFs vAA godd v
BA3139] AL g z2T(10 cfw/mbel B3 938 Z7H10%-10° cfu/ml)3h
3L, BS238¢] A& thET7(10” cfu/mhol Hl8ke]l A8 (10°-107 cfu/ml)at S
. A2 BA3I3S A5S ot S7FA71AL BS2389] AEE o7t Al
ou TH-04E A x9 43S vz = o=z ey

33 BA3139] A Lo J|EAY AR E x| A HATSo] o)

o] #&EH A

rir
med
o

2} Aaatuig HA wA A7 @Ey] ulEo BA313% BS2389 A 9o =
NAWAI & AFE3El o™ TH-049] 4 o= YMAWAE AH&3tslvh. NAS
YMAZE test tube w}th 15 ml¥ 9& v 7|E4ty A% ExdS HA F
T2 Hristg of7le) Zb AguAlEel 93t colonyE cork borerZ wW oyl
Z7F 28 Asta 25T bxAe A 4U3F wiFe F Zhzhe] wjx|of A At
i YE dEY AvlE AU
aA Gl s dAu g ot e ol yERgth mAb] gl A =
ABRA sAA 2] FFell #AGle]l T Aol do] Aol FoEATH
FE13>. TH-04% Hzx Aol 7] Bt % <
7t o Az Aol s Aol =
7l A TH-045 7 Ab&sts 22 F27b dvkar Azbgith BS238e
" Aol AE Aol 4] FolE%el, TH-049%= 28 A% A
M= dzrtoAe] A vste] 238 thE Az oA ro AT
o] ¢ Ath BA3132 EE A FolA tizTolAe Asnc =
Atk
aAd, TH-049F BS2389] #Hldte] BA3132 Awjx]e 4] AJ&o] ufS

MN P20l

&
o]

ﬂ!lﬂ

S Ze® yEisith BA3I3SS tE AW AT A ofF 40% Aol v
23 A4
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<E13> stdststd sSAIIE DABHRINM - Streptomyces  halstedii TH-04,
Streptomyces violaceus-niger BA313, Bacillus subtilis BS2382 <0 0]
A= gk

[REREPN M S| Aol 4
TH-04 BA313 BS238

Seg 300 20.6 8.8 15.8

I E Lt
7 400 29.5 9.8 24.1
A= 2| A 1,500 23.6 8.1 12.5
S FHE=9|E 600 27.6 8.2 20.9
SRMEE 500 19.0 9.0 17.7
Az S0~ = 1,000 15.2 8.0 26.9
=+ - - 25.2 9.4 27.8
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2™ Yoy FRENEN Y NN RE
SH ST AN EHA

1. 5 WgAE g1
ol ABEF L Qe ILF(Capsicum anuum) oA F&, H &,
tgre 5 459 Aok

o EWS WAE F

pul

3

S 7938t sodium hypochlorite 3% £ oA 10% =

A SHTFE AFsly did P2 BV AAG

& Murashige-Skoog (MS) HiX]ol FHF o] FarwtolA|ZAth 24~26TC el A

°F 154 ¥ 5 cm A& A a3 Ho] F7|9 o FES 77 24-D (05 mg/

?), sucrose (30 g/#), agar (8 g/¢)E T3t MS A ufx| ] ufks}m

callusE F7IAATH #§719 callus® 94 24-D (05 mg/2)E T3 MS
=

AL AT 100 rpm, 16/89 = ek

O Ay REy R 5 2Fg AT callus7t & f7]1Ho0] o]E Ado A
2 AREstaA A gS s UHA FFELS callus7t F #7715 A
orot Hz=3 g cell lined FHEFPOEZ G oA ALE &4

FAUT FEY vdre wdFE 35 4oz Adiudste] cell lines

2 FFUAEL W A HEEAY BT 574
7h, 3A B ED 2 AFHFEERD =5 S
AImAAE 54 2 HUAEY AP AFAARRE e
A3 23 v ES PDA & AAg 1A A 109 st s Faksd
100 ml & A9 #S HEFsI 25T A olA 120 rpm e 2 102
gaj ket ATt oln S E a3 wjkAEol] ol ikl W ol
2] 3lo] ethylacetate® extraction$t o2 X 1F W (C gloeosporioides)ol

=
W AR fE BAe 22222 Fustth odd PHoE uF @A
3

flo
i
A
1o,
o

o

. PDB

12
2 01'“
2
)

o
2

=225 dved L APREEEE F=
stod, ol& FEdo] 1F GAW FTo AR JHAE AAlsk= EAE in



O AR e W dAENE Holv FuEd B AYH FEEATS UA
FHEAR el FEAS g ARvtEIRY 7S ol &ste] T
2ds BHsa e, &FeiA 223 =45 IR, MS, NMR 59 &334
A7 & ol &ste] 2 725 w485

Ao gl PDAM Al A wf gt AW TS A7 g ds =2
Azxste] AxsRon, FE54L2 AHTAE blender® 2o} A& ste] &
AAs FANRES Y AxsAT. A 1 HAZRYH Y B2 Bacillus

subtilis BS238% Nutrient Broth (NB) ®j#]oll wjFdlh & wjfF oo s A=A
ol a5 ‘%?ﬂ‘ﬂéﬁ‘oﬂ A ste] dans HA}A
A7) dFE LB A A 7247 EBoF mjdslEA] 4x7F tA o ® wgd S
F kel 560 anHH Azl WAS =Aeeda, AR s AMEZ A AT
5 ASde g FAHE AT a1 Ay ZAIgu|gEo] HAY
%

T <]

(stationary phase)ol Eo]AWAAFEH FHdd =4
AgnAgo] AE7] (death phase)ol =S uf T E4d9o Ailto]

A7l = AS & 5 AT <aH22>,

T A3t B osubtilis BS238 (BS238) Wl g ol A o] gme] A&zt #
ZE T <2923>0lA Hi= wpeh o] BS238L AladE AP 4%
gAYt 2o e et ads dehliglon o= BS238] At et
24& 7k BAS Adsta AR Engel weka wg ol o) Pt g
< vehils B4l S48t &S veEhils 23St

%, Bacillus subtilis KS03] wjgole} Al sjeh e Wwow i

AE 2AERES W, 1F SAYTR C gloeosporioides?] A4S A 3|35}

FU
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°
0.5
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Culture time (h)

KOA”22>  Bacillus  subtilis BS2382 Y (oteHH)QF  Colletotrichum

gloeosporioidestl Ust st 22 (A 27) A AtD1o] 2.
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<IEI23> Bacillus  subtilis BS2380r=2d)dl  2lst  Colletotrichum

gloeosporioides O+ =2 M= MK,

<324> Bacillus  subtilis KS03 S HOt2dhel 0F EMYHS

Colletotrichum gloeosporioides 7 A XN & 1},
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T3 AFAANE HEAoH, AAgA AFF dAtel= ALY
VeSO <1924
9. g#2d 2 ARY fE 239 23 2 7= 54
a5 wSAFE AT FFE Tt 18-24 AIFF F wjAZ £ 35}o]
n-butanol, methylene chloride, hexanel. 2 F=3}o] Z}zteo] 7}
TS Y FFstd A E4S FAS Ay
g4 o] YEET<3E14>,
st =29

eth y lacetate,
=z =2 =
=TT

S
n-butanol 7}&
<E14> Bacillus subtilis KS03 AN MZS o] UIZ ==

Antifungal activity

Sl w8
+

Solvent
Culture filtrate
n-Butanol
Ethyl acetate -

Methylene chloride

Hexane
inhibition zone present,

+

no inhibition zone



DEAE sepharose CL-6BE a3&}o] &3 A4S
g 5 33WF-E] 55H e R gl GdS
NaCl F&== 06 MelA 1.0 M Apolell A &EHA=H<TH2>, o] 24 &
315 Rol p-butanol®Z FE38ti, 7Y =3} Sephadex G-50%& 3jste] 3
At Fd4s 543 23 80719 < 16WF-H 23H9] Eg oA &gzl
A4S YEeERY <2926>. o] A

F538Fo] preparative TLCE 3t &4& Uellls B4 A& AAs 0
<Y, B FES Kotk v A3 AbgEith

&4 Bale 249 FTIR spectrume =438 A3 3300 om ! FHo=
broad¥ bandE YELW =T ©o] A2 NH group®] =4
16477 1510 cn 'Z-Ztol M amide ¥ ODAFS o]
228>,

MALDI mass spectra #+21&
£ E33tE clusters #HEEAT EAFo] 14 Da #ol7F v AS YT
ofu = AL 7B Fxo] Bt thE fatty acid chain®] £A4g Ao w Az}
A}, 9 molecular ion peak [M+H] & Al#¥ 1 Q&= iturin A9} E2& ¢
Q1 m/z 10430 A #Z= Aok <1729>.

MS/MS spectra®] A&Ez}# RE A= Ser (m/z 60), Pro (m/z 70), Gln
(m/z 84), Asn (m/z 87) =8l Try (m/z 136)2 immonium ion
(HoN'=CH-R)ell 9325 +E peaks YEFWTE B-amino acid F3F m/z 184 A
o] immonium ion (HoN'=CH-CyHz) S ZHe AS & 4= ddd. A3y
3+ iturin AE ET AEE 39 Collision induced dissociation (CID)
spectracl A YElUE b-typed y-type ions #Adte] ¢=4ig ¥ ituring
amino acid A¥€< Pro-Asn-Ser-BAA-Asn-Tyr-Asn-GIln (FAA=f-amino
acid) .= A4ttt <1H29>.

(

flr
g
A
il
i
o
N
o
/\
L
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Inhibition zone (cm)

-
1

0 T T T
0 20 40 60 80 100 120

Fraction No.

<1El25> DEAE sepharose CL-6B column chromatography. The antifungal
compound was eluted with a linear gradient of NaCl (0.0-2.0 M) at a flow
rate of 30 ml/h. The volume of each fraction was 5 mf.
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Inhibtion zone (cm)

0 i T T T T T
0 10 20 30 40 50 60 70 80

Fraction No.

<J&?26> Sephadex G-50 column chromatography. The antifungal compound
was eluted with DW at a flow rate of 30 ml/h. The volume of each
fraction was 2.5 md.
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K”27> Bacillus subtilis KS030| 4
TLC analysis. 230} Jtel2
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Relative intensity (&)

E

=00 300 2500 2000 1500 1000

Frequency (cm™)

ASANY

KOE28> Bacillus subtilis KSO3C2FEH +=F=2|oll W
atrl#gtet=2| FTIR spectrum.
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¥ Y6 ¥i ¥i ¥ Vi Vi
Pro = Asn — Ser T BAA Asri|j Tylj:&sn Gln
by by by by bs by b

26000

T A
20000 -

81
18000 ses b
1843
10000 4 2122 (b 801.8 (b
5000 - 2233 (b 524.4(b,|
5o a063(y) 5204 (y) B2

15000 -

10000 -

5000 1

0 100 200 300 400 500 600 il 800 aoo 1000 1100

Mass (m/z)

A(A)R}b Bacillus subtilis KS032 22 El Z Aol WH
TR otrlA 22 (B)2l MALDI MS/MS spectra.
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Iturin® t& F%9] fatty acid side chaing zta 9ol A 229 iturinel A
isomer7} &A3t=1], ©]F Iturin A= BAA-Asn-Tyr-Asn-Gln-Pro-Asn-Ser
of NEE zta dom AFE AgZHA 8709 isomer7b EA|gtt (Isogai &,
1982). ¥ ATelA ZFed AFEART AGAN EHS iturin A¢b wAF
I Aol 2 =gt

SHH ) jturine o8 FFY AEHYT, d7AY  Monilinia fructicola
(Gueldner 5, 1988), Ophiostoma ulmi (Schreiber &, 1988), Aspergillus
flavus (Klich %‘, 1994) ¥ Rhizoctonia solani (Yu %5, 2002)3 72 2 EW Y
o] EEAQ AEYAARZ Hiso] gt}

%%% #adzste] TLCE ghghee] Aoy 31 S3wst
T e ®E media FEESE ES F o]lZFE silica gel column
chromatography, Sephadex LH-20, HPLC $& %3l¢ EZAE Eostn

MS, 'H-NMR, "C-NMR% o2 %5 Zopult}.

HF AYS ethyl acetate® FEste] FEEH 5] v &4 445
Srow iz 'H-NMR¥ “C-NMR ®4& Adahdrh. 'H-NMRO 4%, <1
30>l A B ukel 2o] 0914 2 ppmell ZH CHy 2 CHsl peake] e}
WY, 76 ppm FZol A aromatic peako] TEE oW, o= B nLZ 7hed
TF29] aromatic compound’t E£AES o F YAt "C-NMRe 4 $ol A=
20 ppm $¢ CHs 2 CH; peak® 128914 132 ppmol Z# aromatic peak
7} HEEJATF<IHE31>. Hamasaki & (1993)2 Bacillus™ W SAl thEko]

i
fo

gl gt

phenylamine& 3/ sho] A= EH]gicta HsEe] o, TTE oot
AbeE EES A eS 7 AT A APdAe B =E 9

o
=
e the BHole B B4 £AE A48T 8 Aoy,
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KO”30> Bacillus subtilis KSO3 ethyl acetate ZF&22

"H-NMR pattern.
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My
MHa

<3E31>  Bacillus subtilis KSO3 ethyl acetate &F
BC-NMR pattern.
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3.

2= 9 Y =19 34

7F. pHe %

0%

wj#1e]l 7] pHE 27 50, 6.0, 7,0 & 8022 ZH3lo B. subtilisE Wl
g 5,60, 90 2 120 AIZE Fof wjFd S Holel Hdde] A AfeS S
S A4S 2o Asge] HAe] 1.7
7] 5% LB (Luria Bertani) W%
el

7o =gk A17]Q1 60 Al

1—6;4 g e A < pHE 70082 ZAsH L,

rlr
oy
ox
°
—\|I—'
S oo
sio
o
2
&

=
o2
2
fo
i
i
>,
N
k1
(@))
(@]
>
N
o
o
fr
p‘L
2
i
ud)
o
0::.'
PL
2
T

Y€ ammonium sulfate® 1AL, ©BAYO 2 glucose, fructose,
lactose, sucrose, maltose ¥ starchS *]2]dlo] mj3t & vk S FE3}o
HArol A A &S ZAFSA T <a”-33>o A BE vel Zo] glucose
& BHAador AYstds d5elA M =2 A Bom, fructosest
lactoseE ©adom AZg el wmls| 2u] o]4e] AdlTs HU
Maltose®} starch®] 7d-9-olli= Aol 3] A&A=HA F3uth

H

N

o. 249y 9
BAAS glucoseZ 3ta, FAAYS dEsle] A¥3d A3 ammonium

=
sulfate¢} tryptone®l A %—E— gAdo] yYeE o, sodium nitrateE A <] 3
casein, peptone ¥ soytone?} # 7] AaYddAME Hlud =2 4S5

BRI <Z1¥34>.
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1.8

-—
N
1

Growth inhibition zone (cm)
o >

1-4 T T T T

pH

<3El32> HiAlel  =J| pH Bacillus  subtilis KS032|  Colletotrichum

t
gloeosporioides M AN S22 ML O|X= Ak
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2.0

-
a
1

Growth inhibition zone (cm)
_° =N
i <

Glucose Fructose Lactose Sucrose

<IBRI33> 0o ER/Y ©AHA0| Bacillus subtilis KS032|  Colletotrichum

gloeosporioides M AN 22 MAM| O|A= st
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2.0
S, 1.5-
e
5 ] -
N
c
o
= 1.0
2
<
£
s |
3
(3 0.57
0 < < < <
\?Ob‘ eé}(\ Q\OQ 'béo'b 4}00 Q\O(‘

<O-I34>  oel JHAl BAAH0|  Bacillus  subtilis KS032|  Colletotrichum

gloeosporioides MHHS2 MLl D|Xl= ek
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gt Z4F wjA A A Al E

Ao 2 A HHow AR @AYo R  glucose, FAYOR
ammonium sulfateE 7kt FHAujA ot AR A= AT v vl INB
(nutrient broth), LB % F7}% (1%)%} sucrose (3%)E #7138 SFS (soybean
flour-sucrose) Bl Aol B. subtilisE W FstaA LA AR AdleS
AT <R35>, 7 w2 A g2 LB miA el 90 A1ZE wl I
FHel A vtk ow, B wiA o e v]Szgk Al7]ol HA o] &4 o] yEbuith
et g wiAE JfEelaial Al=E SES s Aol A o] Edo] HlaLA vl
ety A EE feEiA e A T oE YR g4 fiEo HA

wjzle] Fyulojor & Ao AztH
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1.8

1.6

1.4 LB

1.2 1 %
NB

1.0

SFS
0.8

Growth inhibition zone (cm)

0.6 - MM

04 — x x
60 90 120

Culture time (hr)

<I-I35> WiXlel ERJIV Bacillus  subtilis  KS039|l  Colletotrichum
gloeosporioides MEANESZ MAto| 0O|Al= HAak LB; Luria Bertani medium,
NB; nutrient broth medium, SFS; soybean flour-starch medium, MM;

minimal medium.
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A IAFEDA Y BEwre Agat Streptomyces  halstedii  TH-049}
Bacillus subtilis BS238S PDA, AIA (Actinomyces Isolation Agar), LB Sl
A sl ol 54 ddLTAEE AT 3 R ds fste] = %
(20 L) Z corn starch =+ glucose 250 g W], @A o F&(soymeal) 150
g W, veast extract 20 g, CaCO3 20, 40, == 80 g& Y& WA uj = ol A 9
A5E AT 24 kel e] pHoF vl F s Al 1A A o A o] A 3to
uetAl pH 7.0, 23C 2 A8t Al HS st

TH-04%} BS2382 X+ PDACIA Z X}%P_Uﬂ] TH-04= AIAGA, 281
BS238< LB NAolM k= 2 Apsivh, wiebA, 5 2@yt 25 PDAC] w3}
of BastiaA v& AldES st

A o] ZAJA ©ao R AFS3FAI Y corn starcht glucose 25 4+t
o] WGl o]io] e, corn starch®] A-$-oll= vl Foll el s w

Wil Wk AEL Wol Wl W 4™l fojA ¥ AFTel wgel

nAgsgonz AuHoz o BA7|E 3% glucoseE AFE3tE Ao
AEE Ayes Atstlel O u2 Wil Aew ddH A

Ardoa AFR3 BXYFET yeast extractE EF H EAZ Jo7A
FowA A AGE v FAoE UEHTE 53 olE2 I/ EAs
7t 5 ol SURks ¥9S wro A H SH3ATE Yeast extracts

5
ghol M7= sHANE, H7beke o] A ow Aol AAHoR & Fis
FAE S S Qomz Add w9 Al yeast extract9t B-A] T T
Al ARk Zlo] wigrA e Ao m AZketh CaCOs 40 g= #7HekAd
TH-04¢} BS2389] AJ&o] 7H4 3kt
wpebA, A g A7 Ay HA WA EE dAY OS2 A glucosed:
25%, AA29oz BXUYFE 15%, yeast extract 0.2% S AI&3 ™, o7]

£ oo

KN
=
Kol
=
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g WX 2ol §E A Aol 24 (in vitro)
Agitol Ak wiAe] JFzdd weE Agel Hols A4er 5

%=
of, o WA A AJFelA AdudE wiAlE VIEo® sto] 2HE] HES

P

o2 RBFow AT 3 FY wiA(glucose:EA Ul FiEiyeast extract =

Z3), 2.0:1.0:02(F5))° TH-04¢9} BS238% 343+
%ol Eubd Altte]#}7] (milipore filter, 0.2 m)E o] &
sto] Wi o 2R #& Aeja, wge]dS PDBE 304 343 thg, A

[e}
719l 13 e W Colletorichum gloeosporioides®] EASETAS HE35}0]

.| EﬂrOﬂ Hlete] grelo] WolA Mol A%l

Hu _|_,
s
o
i
32
Aui

o] o »}—3— Ao
9 2R ¥4 23 B4
ol A Murat wlokul Aol TH-049 BS238% wloFahn] wjokele] pHSl &

TH-049} BS238< W% AKAe 2 A7 pHE WoluwA A4 ¥4 F
b 2ol g, olv EAFAC FARE 2oy Bu= el ASA

3
A7E AAE A7 HES] Aew

Holth, A2 oz B AFAE FAFA
7 w@ol Al = Qe A3 2SS oA bR 2HA] B39 7] wlEol o]

w3 A7, SE, dS A 7]l A]) 5 AR 22 FA4 =

2ASGE, o 49 2ol AF wAstel Aaire] LA AR o
A
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2. 23w YE] AA
7h MAE BEA A
1) REA g ReA A7F 2 2d exd g Ux b 24

AEMAAES Aol doA AAe e = & 5 U= BIA

= MEr] skl Bacillus subtilis BS238% Jar-fermentor® A} wj &3} o]
Aol Abgstgen, 27 #FUEE 29x10 cfw/ml oAtk A Y=o o
S5 otAHBA T 7] Yole] A, "U|E AE, AL TFo] E(zeolite), YTFOlE
(ilite), X=F, =27 WA (skim milk) 5& HIAZ A3t REA AdS
f8te] P AE wjgAe] tiste] o] =& 0.01, 0.05 0.1, 0.5 1.0%E H7tstA e

W, gz oF HGEd AAR S ol Ao HeAl= Ey § oo
ol BMste] e 2AY v ARSIt REAlZE Aok A
E g F(18T)el Byt A 5, 10, 20, 30, 60, 120, 1809 23 F

O AY <aE36>A B u}sﬂr 7ol BEA AMueA BS238¢ A
glucose 0.1% H7FFolA 309 A7 & 31x10° cfu/mle® 7)o vl #+4
=7 AEEE Radod, 609 olF 1.2x10° cfu/ml® oA Solx s A as
Ueblth 2y detolE 0.1% H ol 309, 60U ol F zhzh 2.3x10
cfu/ml, 1.7x10° cfu/ml2 #2 %7t A Hel e} RaAzZN defolEv}F 7h
A Age Aow AdEHT 1% dgolE HrFTolA 1809 AstgSw o
A7t b4 =of 56x10° cfu/mlzZ ZAFE QT HEA FH7bFe] HWxol
1.6x10° cfu/mlol] B]sle] Aol Arbite] #2E 107 cfu/ml ©]4e] o)
5 Bt A RoA A A3 deolE 1%7F REAEHR 7HE A d et

o2 Ay

2) 27} o] & LY B A AP

A s wjke AlgEE 27F o] 712dH Zn, Fe, Mg, Ca 5& &3¢
BS2389] mEA Aubs AAslgith BS238 el %7 WEE 45x10°
cfu/mle.2 &9t Ad 271 o] &S BS238 wjFdol 1.0, 0.1, 0.01, 0

2 zdste] Frbela, 609 F UEE 2AMFORM BS238e REA RS
shets ol
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zeolite

illite

1E+10

(cfu/ml)

=T
1EHD
1E+09 T = 1B N
=
5 1E07
1E+08 T 1B
1EH5
1 E+07 0 H O 1D 1
10 30 60 120 180
sikmilk glucose
1EH0 [ 1B ¢
1E+00 | :1E+10’
= £
1S = L AN
S 1E+08 5”5*09
O ~
\Eo7 \ 1E+08
1E:06 107
10 30 6 10 180 0 2 &6 10 18
starch wheat bran
1EH10
= 1B =
1S
S 1E08
G
~ 1E+07
1E+06
10 30 60 120 180
1E+08 TiI’TE(DaYS)

10 0 & 120 180

. ——005—8®—01—2—05 1—%=2
rice ran

=
c1E®
515(}3 —
O 1B

1B

0 D O D 1@
Tine(cays)

—4—0—8-01—2—05 1—%-2

236> 2oMEItE @FJ|20l| WE Bacillus subtilis BS238 L E=0HH .
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<OY37T>A A B vpep o] gekdt T/ 27 o]2(Zn, Fe, Mg, Ca)&
BS238 ujekelel] H7FAS wl 19%9] Zn"3F Fe H7MEe] A9 BS2380]
AEHA Geo2ZN BHEAZ ATsn] &S Aoz vewch Mg ¢ Ca'
o] HA7FFolE FAgd HEe] AR e 7EEIF FAENSH, 539
0.001% Mg'" H7b#e] 2% RE BEA A7l Hste] g #EEs} =
ob 1.1x 10" cfu/mlZ ZAESTE olu] &= (FH7FH)E 3.1x10° cfu/mlo]
At webd AEE0.001%)9] Mg & H71shs Zo] BS238e] WE B FE
e Ao HaHy FF P AdE F OEHEAE FE4FozH KU
AE vAE ATAE NS S FHoE Jg e

ol

. A7t g4ad 2 24 A

1 A7l a9 A

ZAgu A2 gl wjekslz] $8ke] DIFCO Bacto™ Trypticase soy broth
(TSB)9] Hi#x] A& FFS 722 @2dS diAs wixE ZA S o2 2
o A}E3FA T} Trypticase soy broth (TSB) formula 7124 &Aoo =® o]

£5= DextroseE E59, 9 &35 A7 W7 Sow Aty 13 =

uj %] Azstg o, BA¥UoZM Dextroses H7Fste]l A|Zx3 TSBE
standard= &}t olw] Ztzbe]l oA ©AY HI7MHL TSB 30 gol &4
Dextrose 25 g3 L&A Al&stR o, 30C, 120 rpm, 1 v/v/m 343F nj

2
G F H#EE7 b B9E dad HUE 132 Awed.

Ay Ay g JHEIG>oA 9 Zo] TSB HiA|dA ®©HAUES oAt
Bacillus subtilis BS238< W43l 23y Gdol d#d=7t 7H4
o} 4.0x10° cfu/ml, 3.2x10° cfu/ml® ZAE QI 1 9 B4 H7lFo A=
10° cfu/ml ©]8t& vpebutt}h. o] w standard TSBelA wik® BS2389] WEi=
1.8x10” cfu/mle] QA th.

g HrhEe 12 Avd gage ¥ 25g8 7FeRE] 15 g, 2
g, 25 g, 3g, 35g22 Z43 30C 120 rpm 1 v/v/me & 347t vjksld
A FAEZE P A vebd JohrE Adsle] Ao ga9d Hrbgo
2 AAsAr

o

Hie

_99_



. ______

v ________

1.E+09r

(1w/n}o)

Fe Mg Ca  control

Zn

1.000% @ 0.100% @ 0.010% @ 0.001%

A
S

Bacillus subtilis BS238 Y& 22X

=
(-

<JEY37> 271 ol=of w

Mg

el

Bacillus subtilis BS238

15> B0 2

ir

ar

<

Population (cfu/ml)

Carbon source

4.0x10°

glucose

7.2x10°8
3.2x10°

malt extract

molasses

8.2x10°

starch

5.8x10°

sucrose
Standard

1.8x10°
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ueba BS238¢] Wrt 7bE =A JEd ¥xge] HubES xHstol
A& Az s W 2y xrge] Hrldo] BS4E nAE] U=
oA = AES YENNG<EL6>, 53] X5 35 g& HI7Fsh w Aol A}
BS238<% 4.4x10° cfu/mlZ =& #EEE Yelyth welba] BS2389] BAaY

FEFoR o HrlEe 35 go 7 HE AAsAr).

<E16> Glucose 20l W= Bacillus subtilis BS2382 M=

Glucose (g) Population (cfu/ml)
15 2.8x10°
2.0 3.6x10’
25 4.0x10°
3.0 3.8x10’
35 4.4x10°

2) A7t dad A

B9 Mo A et o] Trypticase soy broth (TSB)e] A& 71&
Caseine Peptone, Yeast extract, o] &, @& T2z A 142 FA
A wAE Azsgoen, drYo2A Caseing H7bste] A|x3 TSB

standard2 &}t olu] Zhzbe]l oAl AL HIMEHS TSB 30 goll 3+
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Casein 17.0 g3 TL3A A&t o™, 30C 120 rpm 1 v/v/m 3¥€7F vj%
T dEE7E M =gd ZAad HUE 1A R dEet o

A9 A Ay BS2382 Yeast extract F7btold HW=rF 7HE Eof
4.3x10° cfu/mlZ ZAE Lo, peptone F7FFol A 1.4x10° cfu/mlo] %L,
R FEAAE 10° cfu/ml ©]8tE ZAFEAT<ELIT>, e drgolgta
3t et yeast extract WX oA ¥ W=7} 7P =2 wbd R e ZFE
HA7riA el & Werh vuA v FAEE e R Fdde olE AR
ojelell Ffr¥l Edo] W7l wito] obd7t AZbett}. Standard TSBIA i
¥ Bacillus subtilis®] Q%% 2.6x107 cfu/mle] 9T},

KE17> A0l WE Bacillus subtilis BS2382 M=

N source Population(cfu/ml)
Peptone 1.4x10°
Yeast extract 4.3x10°
Eh 8.4x107
ol 1.2x10
= 4.8x10°
Standard( Casein) 2.6x10°

Aol 7S 1A A dad H7bE 170 go V1o ®ste] 13
15, 17, 19 g2 x4d3}le] 30T 120 rpm 1 v/v/mo 2 3¢ wdstHA o
L7F M = A e HbRE Akl oiA Aade] TRk RS A
gttt
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mpeba] Al e] H7EE AAYES Yeast extract® ZAAsEom, Ade
Yeast extract®] $HaFS Zdsle] BS238S Wit 2 Ay ddE e
A7 A A 45%10° cfu/ml W92 VERGTI<EIS>, wEkA] Yeast extract®]
HA e 13 g= H7bske Zo] 7HE AAAA o R ddsin

<H18> Yeast extract EII20 WE Bacillus subtilis BS2382] M=

Yeast extract (g) Population (cfu/ml)
13 4.3x10°
14 46x10°
15 4.0x10°
16 45x10"
17 4.3x10°

At

A AAPe HF7ES 1A 7]3L, TSB formula 7}<d Casein
ol9lo] AAYPOo R o]&5E soybean meal?] ¥S 1,3, 5 7 go® FH3}]
30C 120 rpm 1 v/v/me2 3UZt wigste] w™=7F 74 w4 e
soybean meal A7}TE AskS

A Yeast extract 13 g& 11 A 7|1, AAHoEH o] &5 soybean
meal®] F7IHS ZAEsto] BS238% wlYdet 23} soybean meal®] H7FEFol
S7HEFE v =] 27t AR Frteke A oR AMEHIOH, <FH19>0

A9} o] soybean meal®] #H7bEo]l b B 7 g HIFFAA 51x10°

l

rlo
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cfu/mlZ ZAFgEo wel BS2389] AU S ® Yeast extract 13 g, soybean
meal 7 go] 7 AEs Aow gAoyw, I g wgel wE A Gt
of dzta AgmAES] v WEE =ol7] f3] + Y] HES &4

o® 24T Aot

<iH19> Soybean meal EII20l WE Bacillus subtilis BS2382] M=

Soybean meal (g) Population(cfu/ml)

55 4610
6.0 4.4x10°
6.5 4.8x10°
7.0 5.1x10°

3) Adaj A g A Fuj AN FLE H L

oAl A Fed v 2 AA FF Tl wel Add wiA <l modified
TSB} Al#=a 9l %9l DIFCO Bacto'™ TSBellAd i WZ7b 2ol &
AJNAE wasty] flsko], Fr1dEel NaCl¥h KoHPOs= A Al7]ar, A
H oeadd A4 = A4 vl A (Glucose 3.5g, Yeast extract
13g, soybean meal 7g/L)$t Al <1 DIFCO Bacto™ TSBel Bacillus
subtilisE &3t 30C, 120rpm, 1v/v/mo 2 5U 3 v kst A] wj=]o] w&

T W3S Hasgl

(o,
o
BN
s
ol
o,
2
r\j
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o] siA &9l Bacillus subtilis BS238S 3 £3}o] Jar-fermentor® Bl &3t
A3 BS2389] %7] WxE Al wjA(DIFCO TSB)olA o =gton} 39 %
A skl A oF 24 @) ] (modified TSB)ol A 2+2F 35x107 cfu/ml, 3.2x10° cfu/ml
2 YEhd & Abolol] & Aol= glv AR A AT IR, EEPEW =
Ao A Azg wiA Sl modified TSB7}F A A12¢l SwWoA Al@Ea ¢
WA B A EeHA =2 dEE AgdS AAE 5 9 &

N Z87A7F F AR Y

[‘1(‘

A

pus

e
N
i

fins

1

5.E+09
5.E+09 -
4EH09 -
~AFEH09 -
c 3.EH09 -
3 3.E09
L 2FEH09 -
2.EH09 -
1.B+09 r
5.E+08 -
0.E+00

1 2 3 4 5
Time(day)

—o— AJEHX] —— & = B{X|

238> AU K| 21 Modified Trypticase soy broth (TSB)2F AlEZHHH X| Q!
Difco TSBOIA 2l Bacillus subtilis BS238 L& H3G}

- 105 -



o oW 229 mE Fd= W3

Agn A& yAo| 7P L L E dolH ] st AwulA] 379
BS238 T FE 1% HIeta, Mguldr]e 22 & 25 28 30, 33CZE =43}
Sl HEajekr] e IAEEE 120 rpmlE dFo] 48A1%F vikEtAA] 94 7+

o
2o % samplingate] Mg 2o e FUE WIS 2SS

£

Z70) 4 BS238& et Ay <1939>0]A Kz wpel o]
L7t w5 E #E RV 2okAe AF¥S vedlen, ¥
3 Z w3 g Ee o X9 38TolA b & Aoz vy
Hj Sk 48A17F & = FAF Al 38Tl A widE BS2389 Mm7F 7Hg Eof
53x107 cfu/mle WEbWTh weld BS238e] wiF HeS nlmE o 2
38C7F AEst Zlo= FesA

E

Y
ofN

i
e

1.E410 ¢

1.809 - //é

1.5408

(cfu/ml)

1.E407 |

X

1.E406 |

1.BH05
6 12 36 48
Timme(hour)

——25C —0—28C =-—30C 35C +—38TC

KO3 25 A WE Bacillus subtilis BS238 L] HAIX B35}
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2. pHol W& #2% W3
W A pHE dotr7] fste] Adujx el pHE 50, 55, 6.0, 65, 7.0,
75, 8008 xAate] BS238 wHE AT, 'l gTIl 48417k w gk
A AR Ao WA el pHel e #HEE WstE Abednh oW wid =
AL 30T, 120 rpme] At}
%71 WA pHEZ thatA sto] BS238S widatel e w pH 659 7.0004
WA e #UwEet A W A5 et <1E40>94 nE
o} zro] pH 5.0001A 6.09 25 wik 2442 A3 FERE #dE F717} o)
FolH o, pH 659 7004 = 27]1HE AHAQ F7HE vERWh 53] pH
65014 = FEs] WL F747h o] o)A HF Wt 55x107 cfu/mlE UrEM
oz M Ee WEE wgow pH75 odME 3647 A F

[}

Prl

Z3e] 2w, BS2389] x7] pH xAo| mjFe] Fod x=
A e shuR saEe, & A BS238e 44 pHe57t AP A

. 7] FAF e 2 ¥

Wi HA 37 FUFS dolrry] fste] Jar fermenterd] ¥7] FHFS
01 v/v/m, 05 v/v/m, 1 v/v/mE ZHd3}e] BS238 #F& HFd L,
Jar-fermenterol| Al 48 A|7F wiFEldA] AA Aoz HUE WIHE FAE
Atk olwf wieF =% 30T, 120 rpme 2 3FA T

Bacillus subtilis BS2382 7| Ao 2A F7] 4
Zo] tha zol7b AT vl 27lel= AR 7] FYUD
7h Ao, 12413 B3 FRE dx= F7F Fo] Zolrp wAst
ol form A2 w24 AR A3 FEEH RS o, ol 7] T4
g 9 S s 2y dAE AR Ao 37 FYEel 1 v/v/m
oldd Af T Lo A&t FUME F Aoy
stAA wAE ALkl s w el wel Hd 1 viv/mew dith <2
HA1>ol M Bz wpep o] #RlE F7F F2 1 v/v/mellA 7 =3ker, ul

o [—rl
rott
A
e
)
e
o
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oF 48 A7t ¥ 55x10 cfu/mle YERWOZA HwA =& FEUEES UERY
t webd v e wjkEy s dx
o] XU Aoz FAH}

1.EH10

(cfEL/ml)
3

1807 |

1.600

§) 12 24 30 48
Tine(hou)

—+—gb = gbs—+pgb —xdb5
= V58

KOH40> pH A0 WE Bacillus subtilis BS238 L =2 HAIA H

tou
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1.E410

15409
£
S 16408 |
o
16407 +
1.E+06
6 12 36 48

Tinre(hour)

——0.1v/v\/M —=— 0.5v/V/M ——1.0v/v/M

4l

<41y ZI1F U2kl WE Bacillus subtilis BS238 LT O HAIE HFG}

tol

v dEy 3d 2o & Y= W3 (Jar fermenter TF)

Wik HE7b A WAste] wA= GFs dotbrr] flste] BS238 W E
dEataL, Jar-fermenter®] ¢1Fel £%2E 80, 100, 120, 140 rpm o2 =43}
48 AZ+ wiEbA A A tAow #UE WEE 2ASIGIT old Wik &
=i 30T, pH6SE 8kt

Ao whE BS233<)

= 3
o) WHEEI FAG ¢ B @FUES B BIE el
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9] foam Aol EAE 120 rpm o] Aol A BS238S Hj ke
a7] wiel AAA SAgn dEEe] #AE 1
6ol A9} ko] 48 A1zF F 4.9x10™cfu/mle]
ALE-3te] foam WA S Aojd A A A A

2 HHUEE do] ¥ F 9= 120 rpme] wuk £R7F 7H

o A
S Hoo o
o]

- ) )
i
po
o
fr
>
)
B
a8
[

o o

[ )
H
i
T
o

o,

oft >
o dfo
o\

o o
MR =

6.6409
5.EH09 -
4 B9 -
3.EH09 -
2.E09 -
1.E409 |

\
)

(cfu/ml

0.E+00
6 12 36 48

Time(hour)

—— 80rpm —=— 100rom —— 120mm —<— 140rpm

4l

+

tol

| HES S0l WS Bacillus subtilis BS238 LTl AAIX &

o
it
~
N
v
e

'&I
&
fo
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A}. Fermenter$} Jar fermenter® o] €3 2 wjx], & 27 A9
oUE W3 v
BS238 ¥ +E W w8 Fermenter (1.2t)9} Jar fermenter (BL) ===ol A
AU x| & o] &3}o] 38°C, 120 rpm, air 1 v/v/m ZH O R 48 A7+ vj%atH
9 ztAoc 7 e pH WIS FASFe] H S

2

<FE20>o A4 B kel o] A wj xS o] &8t HA XA BS238%
FE 23 pH Wt F adr] BF 65004 ofik o g vlolHnrh thA
JEIE 2850 Azt Ha, FEaEo] JolAE Jar fermenter BiF<
1247 A3 F5E 107 cfu/ml 0149 W=Z Ve ot Fermenterol
36417t A3 FHE 10 “cfu/ml o149 WEE ek w4843 3

Abell Al 2.4x10 “cfu/mle YEFN O] Jar fermenter Wl U o
Hlgkel oF 1/2 7 v BEE yetllth o3k 42 Scale up 27 oll 4

= 5o W 27

:,_1‘
o
i)
k1
BN

4

KN
=

ob. Ay & A3 o] in vivo AA

AN ABEESS By g ARy gA a1 flskel TH-04, BA313,
BS238 5 3%F9 W AEL o) E(perlite)?} LA Uo] E(alginate)S + A&
33 7] soy bean powder, glucose, CaCOs, yeast, Ko:HPO, 5= A4
5] ket 7k A A S E Al =i
1) 24 A =1

AInAAEES 22 WEV] fste BA313S 250 mle] NBel, 18
TH-045 9 A 250 mle] YMBel| 7tz 44zt v stoh. TH-049F BA3139] ¥
=7F 10° cfu/ml A=d o2 F& Hlo]EZ autoclavedte] Hitst}h, E&
AAsE 9 HAMAE Axste] GA] Dot AA A ] 2HL T
I

[Soy bean powder 15 g, glucose 20 g, CaCOs 4 g, veast extract 3 g,

KoHPO; 05 g, 22 &< 6255 mll.

it
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<H¥20> Jar fermenter( 5L)2t Fermenter (1.2t) £Z=0MQ Bacillus subtilis
BS238 YT HAIX w3}

Time Population (10°cfu/ml) pH
(hour) Jar fermenter = Fermenter  Jar fermenter Fermenter
6 0.3 0.2 6.2 6.5
12 15 0.3 5.8 6.1
36 2.1 1.0 6.1 6.3
24 3.4 19 6.3 6.2
48 49 2.4 6.5 6.7

Hiro] b HelolE 1 kgg 6255 mle] Auj Ao 7 o] Frh A ujA|
EZ #datA 4o vtE nAMAE A ddd A

50 g4 wEth ol 7)o BA313# TH-045 8 ml # HEdth HFol ¥4 1
AR S 25Tl A 4UzF wjgaieh, wjFo] Bk mA|ufA = 30TColA 3U3t
T AzAG gAdE Adzd MAE YA 27] 180 um olE}t HEE
A7 = Egh, 2EA R vhEolXl AP AEAAE Ao BastHA 4

Sol @ AN WA Euatel 4 +8 4349

O

ML

o

2) 22A Al

z=
BA3I3E 99l e & o 49l AAes) sl Pue 27 WY
[e=]

o
2
i
o
o
4
o
Q‘L
b4

i)
o
2
os)
>
w
—
w

1

@
3
3
2
o
Z
o3
2
=
_p
i
@
3
3
2
Lo

= [e}
Lo o]& FHel HetolE 2 kgs "Hdgth "ol £y HEolE 1 kgl

- 112 -



)

H o 1 Moo
BT A A TR A
E&mﬁ
Coom X

e . b
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ol
ol
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2
k1
=S
QL
2
ox
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o
ol

N
ol
)
oif
3
£
us)
>
«®
w
rlo
Do
()
a
2
>
s

o] ] 37
I il

A
=

Ko, 25T A=

o]
FO] EATH<E2I>.

<E21> Streptomyces violaceus-niger BA3133t S, halstedii TH-04 2UHN| 2|

A8 Mg 22l &

Z US (x10” cfu/ml)”

N[N
1Xk (4/9) 2Xxk (4/19) 3%+ (4/29) 4Xt (5/8)

BA313 20C HHAMHHHS 80 80 60 30
BA313 25C HHATHHH S 7 7 2 4
BA313 25C 10 20 20 10

BA313 25 + Alginate 1.5% 20 30 10 20
TH-04 20C BHHATHEH S 60 40 20 10
TH-04 25°C HHATHEH S 70 50 30 20
TH-04 25°C 10 20 10 10

TH-04 25°C + Alginatel.5% 10 30 20 20

w1 10

Ao A7 Z2AF (F/Y)
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W o] TH-049] 4% 25TelA el AEEo] 7Hd =kom, 20TolA = 2
5THUE 23 wakAwt ad% 102 5 60%e AEES Bk 28y,
gto]E wj#] o]l wjx|o A wjksle] EEstEldlS W] AEES &
< Ao AT<IE21>.

gy, ¥ Z2%7 25 o' Aozl 4090] Ay 7ol AES O
10-30% Aol &gk Zlo] &

PR i)

Aoz =2k

3) £2A A|=3

Streptomyces spp.?l BA313% TH-04= E4A2 Axsdy wbA,
Bacillus subtilis?] BS2382 HA 2 AxE AlE=stATh 541 BS238<5 250 ml
o] NBuj Ao HE3ste] 25ColA 497 wjekatrt. BS238¢] 2 =7t 10° cfu/ml
Ao ol2d WA E AAEeE T GRS v, v @& da(+

T gk 7hA WS BS238S 500 mle] NBuHIAo] HE3ske] 25T A 443t
ksl 1 F<F alginateE FHF Tl 15%7F ¥ 25 o] Stock £48 v
£t o] stock &9o= ztzF 0, 05 1.0, 1.5% alginate %"—‘1% Q=T
Alginate &5 HefolEo] FE&F 40%7F HEs H7beoh wio]
BS2382 <k =43 05 - 1.5%9] alginate & FH7}ste] 547 30Tl
O uE FEolEE 99t 2 o R wiste] Hg

543 F @ 2 WolE ®laudto] alginate®] I

2

BS2382 05%¢] EAMo]EE AH&sS W el HEEo] MY F

o] A% 409 Hel%® 3x10" cfu/ml BE o] AolglLo] FlEYri<i

22> Wk 15%9] AAUES Abgste] wdEtelglEs W v AEE&o] v
TAAzNAE we

$ SIS, 1% WANAEE BN T 47
Aol ES A8 Aol 05%2 et Aol /1 A dew n

9},
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<X22> Bacillus subtilis BS238 alginateMa2| AlJ|Y M

el &

HI

2 9T (x10” cfu/ml)”

Xt 4/3  2X 4/13  3X+ 4/23 4%t 5/2

BS238 3 2 1 2
BS238 + Alginate 0.5% 3 5 4 3
BS238 + Alginate 1% 2 3 1 2
BS238 + Alginate 1.5% 0.01 0.02 0.01 0.03

4) alginateZ ©] &3 A3}

HelolE thAlo] alginateE F AEE o] AFS WAL wo rAA
2 RHEAS HolEAYI HluEr] 9jete] 941, TH-04, BA313, BS238%
27y ZH Ao 25ColA 150 rpme 2 4Y7F wjekate] 7t Adre] Wxev)
107 cfu/ml A&7} S w2 gl i ko] alginateE FE7F 5%7F € w7}
A gol F=r}. Alginateg FH7bstal YA = 25TeoA 150 rpme =2 23 %
do]Fojor Frh. 29U7Fe] wido] Eu  alginateE FH7FE Tl dAS
peristaltic pumpE AF&3A 0.25 mol CaCly &l o "ojrmgdr) o] uj
CaCl; &8 AHudt7|2 wHkA] Aok alginate YAH7F & THEAAFT A
9] AV+= AEo] 2 8-10 mm A% HEZE peristltic pumpE FA 3t} s
o]zl YA= AW]Al 25T incubater tol A 44 7F A=A ZITh oF AdxzdE 9
A5 BH &7 BastaA 40Ye] A FH AR ARE dojlio] o W=

¢
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T A o) d ARES wate] wel AEEo| ul§ FaEol TH-04] 49
30-60%2] o] AEFL Ao BA3I3S 20-30%, 18]l BS238
40-50% <] ?01 A &5}

whebA, I 9 AAs g B4 23 o zddty 23

o BEES %O] FENE F de Aem A4y,

=

<X23> Bacillus subtilis BS238, Streptomyces violaceus-niger BA313, S.
halstedii TH-049| alginate M&ol M 22| ¢

2 US (x10” cfu/ml)

Trial
BS238 BA313 TH-04
1 50 20 60
2 40 30 30

5) A¥e =& Z2%¥E ANWHA
Bacillus subtilis BS238°] 7249 ¢ Y%7} 109 cfu/mle] =HE%5 wj s
vt A S celite, ilite, zeolite, bentonite ol 4]oiA] 7 Z3dH= W
DA 45 HEReH, 3 wjddd A= AdFsiAl R ARgst
ATHB., AImAE=AA] TFAEAH T 7E D FHAY TRl wE Al
q Zx). o5 AAE 77 100819} 2008 = A ste] aFe] AHd & 1
AREE AAToEN ZF AFed mE 2o AolE i/\}ﬁ‘}‘ii—o—tq, o

k-
AR Zey] FEAE Agsdth A6l AgH nFt

mV
)
N
—_
—_
o
(@]

=
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ool He Aow EAA stehgoks AEshA Fal AF Al S A
&3ttt 23838 HAAL 93] 30 x 30 x 5 cm Trayol FZ 50708 o}
g 23 6719 Ttrays WS, 13 kAAE 29 & 2x10° cfu/ml ¥
At AgAE Fo Axste] 54 Attt A Traye sHA g
FHE 25T 2710 HystdA FA el gl WAl yEr] A&
sto] 16% oldel HAS W BEE A5 ZAstel 4 AFE AAVME
2k S .

l

27 AE TN TP FL WAVE R

ro
Py
rlo
=
o2
o
2
o
u
=
fr
o

A alo] Abg3 Ao Yrh<1E43>. BS238¢] wld S 100w 34 8te] ALg
s wWe WA A9 80%el o= FAATAl WEFbE FEel AT
ey, wFd A 20002 84 e S Wi A7 50% A=l 1A 100
wi ok 2000 34 Afele] WA|ZFE FAGA FA=E AAA] Ue o=
Holn, o]5 A= AREIHhE 1008 o] s A Felrh dvkal A
7H gt}

ELFAR HEAS A5 A Aol ER LAY defo|ER
BahA o] Aol 50%E WS W Al el ER LA 9L HEY ] ER
B B2 WAIE 2o B AR AAste] ALgsy] 13 B
GA2ME EAGT Ao YeEhgt<ay43>, 53] Adglo| ER w45} A 9}
depol ERLTFshAl= 2000 2 3] A ste] ARESES W= 100l = 3] A&k
g S wel WAl Zbel lold & AolE Holx ekgky] wiite]l AW A
B BAdste 2ot v dAAAE 4 5 AT

3. AFwAEA A 2F A LA
o ARE FAEA FAA
1) $3A9 &Eoﬂ e AY
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B Pseudomonas chlororapis O Bacillus subtillis

80
60
40
20
0
@)
o
=]
=
S
o
= 80
-
]
o+
(¢}
R 60 -
40 -
20
0
SC CP P 7P BP
Formulation

<E43> Ml W2 Bacillus subtilis BS238 10081 3|4 (A)2} 200U 3|4
HB)o| DF ELMY SENIL P chlororapiss FF AElM €e5i9S. (SC:
soluble concentrate, CP: celite powder, IP: ilite powder, ZP: zeolite powder,
BP: bentonite powder).
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A 50 dufel Slo Wyks PAgghel] whel WAl kAo APS o
’$(SC: Soluble Concentrate) ¥ &% =3hA| (WP: Wettable Powder) = &3}
of guAHgoR Azt FFAA] F5 AFVYE BS238 wfF
(1x10"° cfu/mD)S A Z3e] ko] Ao ojul MutyEl wWwEAS A7}
of Azt B2 FskAle] A9 325 mesh o]l AElo] E(Celite), WE
o] E(Bentonite), A 22}o] E(Zeolite), ¥etelE(lite) & 4714 FE=2d 3 o

g BS23BESTH W TEFoR Efst A EAT EdH &S FEH
B 2V APE A 40 19 B sgoen FE 93 tgE Y=o
SHE gAsH7] 98kl 3B5CelA 297 Axste] FEIFS 10% olstE =
Ag o5 FA7(AWE)E wEste] 500 g ¢9lE DEska, A24T)el

Aol webs] A powders <1-&3te] CP, BP, ZP, IP o= 3tk o
FoE e AL 1 SCE x7IE

A3 H O 2 Bacillus subtilis BS2389 thsle] A4 3kA4 15(SC) =%
F3HA 4%(CP, BP, ZP, IP) 5 % 5%9 AF S Axsd=d, APs 25
ZF Ao M o UEE ZA RE Aol A
T HE7F /10 W2 FolE0] eS¢ F AAJAT<E24>. o] AL ot
AAE e W AFEE EPA Ao 2e ol FFE QJAEC] AR A
A k] WiEel A

A A=

gre
el 7S
[e)

—|~
p‘L
2

do o
R=)
wn
O o
i
N
o BN
p‘L
=
rlr

7= k% 2 A & = A T
Al A9 %7] dERT 27 o "@olA 78x107 cfu/mlE FAH I ATt
<aPA4>. e} o] o]F T 9@ Aol FAMA ERSsAEe] # UL
£ ool guel SRR FolEn dlou dasaAe] Aeele 1 g %

o] AA 6712 FHolx Eu5abA7F 3.9x10° - 1.5x10° cfu/migd o B3,
AaslAE 52x10° - 59x10° cfu/ml A =9 Th

2
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<H24> Bacillus subtilis BS238 HMAMI0l Al 28A 7Y M7

2| &

Ha

Formulation” Population (cfu/ml)
CB 3.1x10’
IB 2.8x10°
7B 1.0x10°
BB 2.6x107
SC 3.1x10’

CB: celite, IB: ilite, ZB: zeolite, BB: bentonite, SC: soluble concentrate

1E+09

= 1E08

1E+07

1506

1E:05

1504

1E03

1E:02

Log no. of antagonists (cfu/ml

1E01

1.E:00

1 2 3 4 5

Storage period (month)

+ SC = CP——A—=-P---X---ZP---0--.BP

<3E44> HMEol W= Bacillus subtilis BS2382] MM=E X0|. (SC: soluble
concentrate, CP: celite powder, IP: ilite powder, ZP: zeolite powder, BP:

bentonite powder).
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Y. AP g 13 gAY TAEH HA

<a™45> A ®BE vlel Zo] Ade wE ZA3=E #AA A Bacillus
subtilis BS238 v N (SC) 100v) A A2 WA}
Aol e BE ﬂﬂ?oﬂ vl gto] 77.8% % WA EARTE M =A dEbwkaL, Celite
o BS238% 3% CB 100w 314 Az el A= 59.3%°] WA E3E e
o2x F=d

100 ¢
@D -
,\8)7
X Nr
So
=]
o
5
0 -
10
0
BSC B BB Chenical
FormJanon
Ox100@Ex2A0

KI™-A45> Bacillus subtilis BS2382 Mo WE 0F EHMY YA S (BSC:
soluble concentrate of BS238, CB: celite+tBS238, IB: ilite+tBS238, 7B:
zeolite+BS238, BB: bentonite+BS238). Chemical2 propi 10008} o &l
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G BS238 vl (SC) 200 314 A el A 51.9%= 1008 84 el
F-o| ¥ste] ®wA 7 A volx = A S eI

AA Aoz Eu JFEFAIN £ Axste] AP AA+= BS238 uj &
A2 g3 AAo Hlete] WA EZII} tha sropd mul olug A g

2
of dow F=d o9 F84 AAE Aol JfAdsrtor &

e, -101f

o gd 2 5 AA AYe FAEH AA

1) 20033 = E£AZAAE

Bacillus subtilis BS238 % UA71E571E5 SHAA o] #Fol QAeIAo=
Wols + /N #F(CU30, ALGD)E A< ol Awtst HHX] off oful
ato] YN S BREla, <E25>oA K uiel o] AW AEER A w4
E st AA g e 7Y (HAo R 43 Axsgon, HFT A
74 F oW H}E ZAMSIY] oW HER WAZFE AT 15 2FS &
5 ke RS dAkete] Aol Abgstlon, A e aFe] FF
R A HAE AL UrA AFTHY
Zhegoll whskth whAW Iwe Aduye oEsigon, A AEA e A

al

A= 849 199 oar, vhAY AHel= 99 9, e

25> Bacillus subtilis BS238 & 10| #F9 Xel U2

Tritment Dilution
B. subtilis BS238 x100
B. subtilis BS238 x200
B. subtilis BS238 Cu30’ x100
B. subtilis BS238 AL60’ x100
Propi x1000

Control (water) -
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A 1y o]

(A}

oln] WAsle] zrd| o] A
Qult = ¥4 QA 5% o] Az|el L)
Hoch webd, dgnARe Aetr] ANE ofn Ex

o AE Ee

e 2 W

Ly
a

80%E WA Eadvh agdE Esba, <I1H46>00 A 9}
1004 €} Cu30’ 100W) 314 A Folxs i3 w@AHe] ojg
56%= WA =7 JERgTh wbd,
Tl s WA A A xsA dERS T 53] BS2389 A9
WA ZE Ao A= 1008 8] H A Fe] WA 7bE v A
Hl s 2008 3] A el Ao WA 7bE - Einsl
oA e A Zolgt & = itk

7)o

=

[e]
SolA e e

A el gl

A -

90

80 T

ok

_|4
R wiiel 2R3vAEAE =8, %”é*e‘&

woll mel:
Al 7h Al
At =7}

BS238 200w * 2] 72} AL60" 100w} 2]

60 + | |
50 r
40 | i
30 r '|'

20 r

Control value(%

B100 B200 AL100 Cu100

O”46> Bacillus subtilis BS238 & HOlZS Xelst OF

t (B100: BS238 100481 3| A
AL 1008 =], CUT00: BS238 WOl
propi 10008 5|41 ¢,

<
PN k=anl
| P

- )
ULl o
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Chemical

ZHOAC &HHE
, B200: BS238 2008l =241, AL100: BS238 ™
CU 1008 3|A).

Chemical2



o Al Wy AARY AE AgsE 27 A
e, A71E BAW W @A} "ol Futel gtk Al
o}

S E QAT o] oln] ojn Aw

o] F FHA AR WA gl
A5 4E Aee ADadE AL AGFTE s AL WAL Az
e A o T AT, AAw dle] A9 wAs) 80%E Hi A
AE B Aol WA} 0%E k7t WA Woltk FA Y FolAe ol
WIge W 56%EA Sotow PR urre] Aujsl gAw Hol
HAT<1H47>

weba, o] wrAlEly] 2 A RE WAS Azt 2 A 4 E BS2389
gAY WAV E O AsT o g

2) 20049 EZAE

2004 EFAIFA A= 20039 A HAA Gt TheAdS He F
Bacillus  subtilis BS238& E&sle] 1 oF L AFo A Awksk

Streptomyces halstedii TH-04, S. violaceus—niger BA313, B. subtilis KS03

5 4%e) ARUARS A4 Er PuAz wso At ARe 4
W ORE A APEAA b Gt FRY QSN a) 2 2
ghol E FdstA o, sjAufas o 4to] 2ufeh 10W, Elal & ] 10%)

AREEF T 20034 9] A3 of A ﬂﬂﬂﬂﬂ-x“ HAZ BAZFZE 71 el
n X2 FEIAE Aol lermz B A= eyt Ed HA 7€ 20
R 5

d Ao AYMAAEAE Agste] 89 T A e AL
K

=
=
ARgE AARL Aot o] EFL HZ 4d Et A
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MM
~,

247> Bacillus subtilis BS238 2 BHOIZFE Helst 05

1 BS238 10081 2|4
1 BS238 HOl#

, B: BS238 20084

= CU 10084
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SIM,F

S|A1 . C: BS238 Y10
S|A1, E: propi 1000UH

i

40 riJ H

ol By

2 AL 100UH

el thz=+h).

o
=

1l

(el



<H26> 2004 DF BHAY Z0|MERA TAHANE M2 U

I
r

Detu s A2l W8 s s 3
1 C 1 BS 2-1
2 TH 2-1 BA 2-1
3 P 1 KS 2-1
1 BA -1 BS 10-1 C : control
5 KS T-1 TH 10-1
6 C2 BA 2 : BA313 2tl 34,
7 BS -1 BA10 : BA313 10UH3|A,
8 BA 2-2 TH 10-2 BAZ!: BA313 Zelo|E
9 KS m-2 BS 10-2 1081 3| A
10 BA -2 P2
11 TH -1 BS 2 : BS238 2Hl 3|41,
12 — BA 10-1 e BS10 : BS238 103,

BSZ : BS238 ZetolE

14 TH 2-2 BA 10-2 108l 34
15 KS -3 BS £-2
16 ¢3 TH 2 @ TH-04 2ujf 3|4,
17 BA 2-3 THIO © TH-04 106} 3] 4]
18 TH 28 THZ : TH-04 Ee2lolE
19 (S 22 10 3] A1
2 BA Z-3 o
o1 KS 10-3
= 4 KS 2 : KS03 2l 5|4,
= 03 KS10 : KS03 10b13| A
= B KSZ : KS03 ZetolE
= 2 108l 5141
%6 TH 10-3
- S o3 P =20 53A,
28 BS 2-3
29 TH 2-3
30 BS 10-3
31 KS 10-3
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- Rhizoctonia solaniZE A d+= Bacillus amyloliquefaciens 7} A48 iturin
(Soil Biolo. & Biochem., 2002)
Fast atom bombardment mass spectrometry/mass spectrometry (FAB

MS/MS)  collision induced dissociation (CID) analysisE  A}-&3}4]

Rhizoctonia  solani= H 3k AEYRYATES A A3+ Bacillus
amyloliquefaciens strain B947} A4tsl= x4 E A o] cyclic lipoppeptide

SAEZQ iturin oA A BT AL T oW, FAB MS/MSe+ CID7}

iturin A9 e EHAES A=Y A$ F83 dolgteE AL 9w

- Bacillus subtilis RB14-C¢} flutolanil& ©]-8-3t Rhizoctonia solaniol ]t X
22 232 94 (]. of Biosci. & Bioeng., 2001)
Bacillus subtilis RB14-C¢} g2 Al flutolanilS & Ald] AF&3Fe] &
Z2ySs wAee A=E &4u. RBI4-CE flutolanile] @3S WA ¢k
o

# Apgrow, RB14-Ce 25w A3 3= iturin Adll o3 Z219S 3t

- Bacillus subtilis NB222 nA|u]<dslg S w R HA FAEZo] dnr) =
AAE =45 8213t S, (J. of Fermentation and Bioengineering, 1993)
FTAAR RS AR e A wA o] ) B, v FEEE

S A3 7bAA iturin AY AAEE FAeS T

ojf

= Bacillus subtilis NB225 ST v 2% 7149 Wyt FAEd ik
o] M= A8 (J. of Fermentation and Bioengineering 75: 463-465).

Bacillus subtilis NB227} Aibste @at=d o] Aitel 2% 37 &5

of ow gt IS W A=A Lol Btk Iturin®] BAHES 3o weba

gekA vl 35 7o AFo] Wolx7] AZedL u iturin®] Es It Ak
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- Streptomyces isolatesE SHA )R o} Al oAl AAY FLS FAA S
et =& 3= WY (J. of Fermen. & Bioeng. 76: 89-93)

Ak 223 AR S <323 o] actinomycete] 7§ Al A] o A =
A7 o dAuA g E JrHE HolA e FAlE ATt AR

wope] o] FAAY 7ol AL 1S At

Comparative performance of formulations of plant growth promoting
rhizobacteria A &oll W& 7|4 =1 ol &7k} 94 (Crop Protection, 2003)

559 AEAFEZ AT (plant growth promoting rhizobacteria) A& <
HEo] 2A TFAA AFsrt. FAAE, EEAe, T} EdAY &
S =, Al #ARe] BE AFA tizFRo S FHEHI
Sl A dzT R wgrow eyt o] A FElo] o Aekint 1
S A wel ulg Zolzh A, LS2563 LS257 Aol i T &

d

ol
rir

<

o

o

i
B
32
=
q
v
T
=
N

bt
Bl
2
o
=2
o
i1
1o,
fols
i)
=2
ol
=)
)
N,
e
o)
o

A
=

i

A=A 5 AR blue mold¢t gray moldE WAsH7] 913+ F &2 v
Ae] &4 (Crop Protection, 1997)

Pseudomonas syringae = W= WA EA| Bio-Save 11 (10% <=3}A])
o] &3 E thiabendazole®] &3¢} Hlw sttt ESC-10 WPe W IS dA
8 Ao, WE= ESC-11 WPe] &3 Ru= Jtgk 49-7F et o] F7b
A AFE T Dol ARl FL HAVE o] FojAa UATH

itd

- Bacillus subtilis RB14°] 23 EvnlE damping-offe] &% WA (Appl
Environ. Microbiol., 1996)

- Bacillus subtilis ATCC6639] mycosubtilin synthetase®] 54 (PNAS, 1999)

- Tturin FAF &+ E4S AAslE Paenibacillus koreensis A1 (I ]. System.

Evol. Microbiol., 2000)
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- Tturin A9] aggregational behavior (Peptides, 2001)

- Tturin A operon?] cloning, sequencing % characterization (J. Bacteriol.,
2001)

— Bacillus amyloliquefaciens?t AAbsl= iturin Aol 93t Rhizoctonia solani®]

suppression (Soil Biol. Biochem., 2002)

- A2 g2 AN B3 Bacillus subtilis® +4d74 ttdd = FAE4 A

Ak (Res. Microbiol., 2002)
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