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Isolation of Antifungal Substances by Bacillus amyloliquefaciens TUB158-03 and
Antagonistic Activity against Pathogenic Fungi
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ABSTRACT: For the control of pathogenic microorganisms, Bacillus spp. were isolated from diseased pepper fruits
in Korea. Among them, Bacillus sp. ITUB158-03 showed high inhibitory effect on mycelial growth and spore germination
of C. gloeosporioides and Botrytis cinerea. The strain was identified as B. amyloliquefaciens TUB158-03 based on
its physiological, biochemical characteristics and Microlog analysis. The highest level of antifungal substances by
B. amyloliquefuciens IUB158-03 were obtained when the bacterium was cultured in medium containing 2% soluble
starch, 3% yeast extract, 0.5% tryptone, 0.5% NH,H,PO,, and 1% NaCl (pH 6.0) at 25°C for 72 hrs. The antifungal
substances were purified by butanol extraction, silica gel column chromatography, preparative thin layer chro-
matography, and high performance liquid chromatography. The purified antifungal substance was confirmed R,0.27
by TLC. This substance exhibited antifungal activity against Fusarium solani, Rhizoctonia solani, Botrytis cineria,
Alternata alternaria of plant pathogenic fungi and Trichophyton mentagrophytes, Epidermophyton floccosum, Cryp-

tococcus neoformans of human pathogenic fungi.
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A= e el v TS I, IF
7t w= QEEXPM THEFE S7PIRITE HdlA
F87go] H4E T vk g7 AEEdde FsE
WA 57 el ZHE sl <3 3keka WAl A
o]&-5lo] ktH(Cook et al., 1985). L&} FFe] )
Ao R Q1% dREd BEE e iRl o3 3], BEY,
Askre] eow S A v, 15544 T B2
ERAE] o7 |H ). o]# st 3Ed wAHoz 9l

T BHAOE T £ de WHORE A
Ao HAE 7k A AAE 085t 1A A=A
WAool EAE ) tHBurpee and Goulty, 1984; Yoshie
et al., 1993). AAANA = P EC] G oA thE
A E AGS AsstAY Fol= 22 ARl A=
25 AY2Fsl (Waksman and Heinrich, 1943), 10,00091%
FAEZ REdS A A3 o] F WAHS 2N
2 E o] 64%, Al FFo|25E EeE Ao] 7}
7} 13%, 23%%1 A o2 UEFSTHBerdy, 1989).

A EH Y] gk rAES] gt VFe R = e
M XS 7HE3SsE @491 chitinase®] A4 (Lifshitz
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et al., 1986)3 Aglucanases AJAtste] Al EH U2l Al
XS BEA7|e &2, siderophoreE FH|5Fo] 2

EH AT S Adllshs AAA 228 (Kloeper et
al., 1980°] 1o o] Fox Wte] WS AHHow
AAste FAEEL] Akl ot A3argo] ABETHA
WA R 7 de] o] &% 3 th(Huang and Chang,
1975; Mandeel and Baker, 1993).

21 EH o] WA o] 8-E= JNAOSZE Trichoderma
spp., Gliocladium virens, Laetisaria arvalis, Coniothyrium
miniforms, Pythium ultimum, Talaromyces flavus, Sporidesmium
sclerotivorum 5-°] 4T A Q2™ (Adams, 1990), A A
dO 2= Pseudomonas spp., Bacillus spp., Agrobacterium
spp., HAFE Streptomyces spp/t 7 de] o] &5
I THBaker ef al., 1983; Becker, 1993).

F o= Bacillus spp7t Fd=23 SHEES Al
sho 2 Bujslo] Wl e 2389 et
At A7 R EITH Zuber ef al., 1993). tHiEZ21
TFZ= B subtilis, B. cereus, B. polymixa 5°] ¥#FL
B. subtilis= ©17] 2]=ollA 1ol gk Qo] ASH o]
A8 AA| 2 de] o]-8% 2 AtHBackhouse and Stewart
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1989; Baker et al., 1983). T3t H<& EQfol|A] E2J3t B
subtilis NB227} A3AVsl= iturinA] 20 Zgte] A|EZe; 9]

Aol Zhgste] AlEEe] Ev]3] EAS WP EMN
NEEe] 7)15s Hste] AtaE- Yehlls 2oz 4
FTHMaget-Dana et al., 1985; Besson et al., 1978). 4] B.
subtiliss ©]&3F v]AE A|AZE Kodiak (Gustafson),
Botkiller 0] FEFHoR F55 o] ARSI UTh(Fravel
et al., 1998; Brannen and Kenney, 1997).

A A MAR SR AmBES o83t JiEE v
AEAA = oF 40 TH7F 555 SUth. AR ob#] Al
Afr&o] 2% PIvre® e dAoln, H vl
ME HAE FoF2 AR st AR5 dE7F /L
A, FQAEAE welA] dethe Aol dEAIHA
D AEAAE o] &3t AESH WAHE tis Ie] =
o} 3L T Shen et al., 2002). 2L} $-EvE= 2 E
W A o] o]&dh= HAEAA S RS Y o=
Star dojA ]s) @ulrE 4Aletar, ol wAEo] -89
7]37* TES} ESsH A&k sHo] Aoxo] &3
& 55 1 O]'X] sh= 797 Bt

°]°ﬂ AFolr = feivete] sl 2-8sle] Exbste}
L2237} go)3t LZ‘_]:T;I-“ Bacillus spp & A317] 98t
e ool 49 E 2FLEvlolA Bacillus spp.S5 =7 &
2ot & A5l st dRFeo| 3 Bacillus spp.
o5 Agetal AT gk AdE 7o) P+t
4o AL g HAuiR| &} wi RS sl A

pzs

=245 F2 - Ast AE3 AA Ol LA
#+& U R P a3 AAEA

ME W
AlE9o| xE
]E-t—7é7ll£, QAN S - B, dehd - B, B35
LB AIFE T A= 607) A9 e] AL AR oA SAH
o Zd= 51 TS QYT F AFAHE A 4°Co B

HEPHA Bacillus sppa-T5 -2lste] Agol o]-8-3F3 T

HETF ==

Bacillus sppo+5 Aoz F|st7] flsted A3
3 AR F HEk FE R ] ¢S EEl EdSg SmIE
B At ol A whafjstal 80 mle] Htrt £
A= AEET] Eo] 80°Cel d2xodlA 307 &
Ag]ste] Atk AltS AA g F NAvIR 7 S0 U=
el Aol Z42F o] AlE 9 1 mlE 58t ALE2A 3
ZFFaL 25°Coll A 48A17F sttt HEg viAl ol &
o] AW M HF WHS o] &3] 2~33] A= ul

Aol A #+& oF TEETh & EE 7ol
Bacillus spp.?) A< 8<215t7] $18k9] Schaeffer-Fulton

1_1 T
(Harold, 1990y4-5 ©]-&3t] WAEAE AAgH 5 1,000X

MASHE Bacillus spp.2l Mgt

acillus spp.2] FH=E it ARE

AEL7] QJste] 1EAufol HAAS Yehd Colletotrichum

gloeosporioides T2} 2152} Qolol] Bl do] UL o7

oTEr" AtAol tiet &g YeRN= Bomrytis cinerea
5 At A EH U o] A oR FE

Sopol 44 A3

0_0'|_|
&
T}
]
]
S mo

HRFo| ZA WERANH A

AR} Aol A S E91517] 951ed PDA(potato dextrose
agar; potatoes infusion 20%, Bacto dextrose 2%, Bacto agar
1.5%, Difco, USAWNAS] 5%< Bacillus spp.2 94 &gt
<, PDACIA 787 w3t C. gloeosporioides®t B. cinereas
A7 5mm2] cork borer® HWste] vix] Fdof A H
¥ Xt Bacillus spp2t 20mm 7FA S 2 x| ek th,
25°CelA 59 FE videtd A AAHE mmTeIE
A3t FAN] A AAES M= Bacillus spp. o
FES YAH o2 48813 thSchiewe and Mendgen, 1992).

weiziEe| EXHYOL AN 2
AWE FFES PPOR TAPo} SAHS B

18t C. gloeosporioides?t B. cinereas PDAOIA] 14wl
aled xA7F PAEH C gloeosporioidesS] EA EEY
1~5 x 10°conidia/ml, B. cinerea®] ZEAHErN 1~5 x
10" conidia/ml2 FH]3l] ©] & 1 mlE PDAHIAI7} &
o= ARl EFste] frelee® EA JEFSITH
ag]al A A AsE YeRd Bacillus spp= LB
(Luria-Bertani; tryptone 1%, yeast extract 0.5%, NaCl
0.5%, Difco, USAWIA]] HFsted 25°CollA 180 pm =
29 B G wige -, AR s 3 A
50 pIE paper disc(Avantec, 8 mm, Toyo Roshi Kaisha,
Ltd. Japan)ell 241 % f =7} feelo] HEH
PDARIR| 9] Sl e 25°CollA 3Y B3 st
paper disc £ YeERd A AAHL] A4S mm=z
273} thH(Victor and Editor, 1991).

X =R MY Bacillus spp. 752 8

PEE AL #FE 545171 918k Bergey’s Manual
of whlell we} 2, AR, Hel, £54, &
wille 4 e - Aske 52S B SKTkHolt e dl,
1994). T3}, BiologAHBiolog, Inc. USA)IA 713k Biolog
MicroLog 3, 4.01 version kit®] A4S EH3lo
Bacillus®] & 433},

EXZEE YLk 9IS = HHX] Mg
22 4% B. amyloliquefaciens 1UB153-032. 25 -F
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FRAEE ANE QT A wiAE Adehr] flsto

LB 1A 100 mIE 7] HiAI = slo] gl disir=
L(+)-arabinose, dextrin, D-fructose, D(+)-galactose, glucose,
glycerol, lactose, maltose, mannitol, D(+)-raffinose, sucrose,
soluble starch, D-sorbitol, xyloseE Z}7} 1% & 7515
o, AL arginine, beef extract, casamino acid, casitone,
malt extract, polypeptone, soytone, tryptone, yeast extract Z}2}
1% A H7kskar, 9143 NH,H,PO, (NH,),HPO, NaH,PO,,
Na,HPO, KH,PO,, K,HPO,E 7Z}7} 0.5% ﬂ7}fﬂ' %
7}z 25°Col A 180 rppm & 72417F X & wjokel 5 A4
AEe} A S-S AT

SXFEE| WMol OX|E pHO| &3t

%271 pH7} B. amyloliquefaciens TUB153-032] X+
=2 At mA= 8IS A flste] FHA uiA|
(soluble starch 2%, yeast extract 3%, tryptone 0.5%, NaCl
1%, NH,H,PO, 0.5%) 100 ml®]| IN HCl 3 1IN NaOHZ
pHE 4.0~10022 ZH3le] 25°ColA 180 pmOZE 72AI7H
e gt & FAlre] A FARto] Arkek 249
P B4e 2AET

SNHEE MME 25 Y Y2 Y HfAAIZE

B. amyloliquefaciens TUB153-03°] ZHAu|x]o|A X
A=A AES 215 A v} uigAE W]
3l HZuiA] 100 mlll B. amyloliquefaciens TUB153-03
TFE FGEsk] 1087 7F Bt 25°ColA] 180 rppme. & F
B FstEA 12417 ZHE 02 oxlE| o] A FEetk
R+ A4S ZAE }oﬂ\;]_

of 22| ¥ HX|

 amyloliquefaciens TUB153-030] AAitsl= A&
o] BAE 218l o] & FHA AAlA| ol FFFst 25°CellA
180 pme= 72A1ZF E7F & viFst S 10,000 ppm o=
307 94 HEE & S 348t butanold E

: 3%k t}S, butanol WS 38l
5Z7](N-1, Tokyo Rikakikai Co., Japan)Z 7% =3+
% FA7Z(Operon Co., Korea)dte] 4 Yehl=
252528 AJTH(Fig. 1). 283 2FEES methanolol]
L3217 & 12}, 22 column(@ 2.5 x 70 cm)Oll= silica
gel column chromatography(Kiesel gel 60, 70~230 mesh,
80 g} ©]-8-3F%] butanol-acetone-water(4 : 6 : 1, v/v/v)&
39 e, 331 22| wol= column (@ 1.5 x 70 cm)oll
ethyl acetate-methanol-water(50 : 18 : 5, v/v/v)2 3} 2}
B B2 do I} w58, 54 Az F C

gloeosporioidesE WFoZ Fd S XAl
(Fig. 2). LS Jepll= 82 Ao TLC plate

(Kiesel gel 60 F254, Merk, Germany)ol| FZ3 F

butanol-acetone-water(4 : 6 : 1, v/v/V)E Z718k] UV

ole):

Culture medium

centrifugation (10,000 rpm, 30min)

Precipitate  Supernatant

extracted with 50% butanol (3 times)

Butanol layer

concentrated in vaccum
on a rotary evaporator

Crude extract

Fig. 1. Extraction procedure of crude antifungal substances
produced by B. amyloliquefaciens TUB158-03.

Crude extract

Eluted with methanol

Silica gel column chromatography (& 2.5x70 cm)
butanol @ acetone : water
(4:6:1, v/v)

fr1-6 f.7-9 fr.10-15

Silica gel column chromatography (@ 2.5x70 cm)
butanol : acetone :
(4:6:1, v/v)

water

fr1-9 fr.10-12 fr.13-15

Silica gel column chromatography (@ 1.5x70 cm)
ethyl acetate : MeOH : water
(50:18:5, v/v)

Preparative TLC

ethyl acetate : MeOH @ water
(50:18:5, v/v)

eluted with methanol

HPLC

(#Bondapak Cis column, 80% MeOH, UV 245 nm, 0.8 m&/min)

Fig. 2. Procedure of purification of antifungal substances produced
by B. amyloliquefaciens TUB158-03.

[lluminator(VL-1.4, VILBER LOURMAT, France)= 254

365 AN FAFY BPBAL vw AT P
E2& Preparative TLC(DE 19713, Analte, Inc., 75 Blue

Hen Drice Newark, USA)°| &gt & ethyl acetate-
methanol-water(50 : 18 : 5, v/v/vV)Z Z17l81d UV Tlluminator
& o]&3le] WA= BE spotS methanolZ §& 3}
Speed vac(CC-105, TOMY, Japan)S-Z 553+ U 80%
methanolZ -83l3}%] pBondapak C18 column(3.9 x 300 mm,
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Waters), UV detector(245 nm, Waters), 0.8 ml/min flow
rate 722 10 w¥ FY3te] 80% methanolZ Z7)s}
o 7} B¥& Igste] I S4e AR $ oA 3
#=2 peak TS 7] f1ste] 10 xl A 0.6 ml/min
flow rate2 o8] ¥ HPLCE T3l FAH I+&E
A Atk AAE IAEH] @l SHAS Ilet

7] 918te] TLCE A7Ng F -anisaldehyde® LA)3led R,

gel Aolg selsigion], AAE FUFEA FF
A oA wigelst 2FE 8} v BASIC

gxlZE2e 7y AH

B. amyloliquefaciens TUB153-039] wj&F) o2 RE A
AE FRIEZ ] S doprr] flste] Mg 21EW
A o] Aol TGRS A=At Fusarium
solani, Rhizoctonia solani, Botrytis cineria, Alternata
alternaria®t SYH1THSE /e ol A GRS 1A
A3 X1 Trichophyton mentagrophytes, Epidermophyton
Afloccosum, Cryptococcus neoformansS} QA HYAd a9l
Candida albicans, QAHQANTFR] Staphylococcus aureus,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosas WEo2 ARS TPt A= dd
PDA, JAWLAA X Trichophyton mentagrophytes}
Epidermophyton floccosums SDA(sabouraud dextrose
agar; neopeptone 1%, dextrose 4%, agar 1.5%)°] HE F
25°Coll A 14947} v, Cryprococcus neoformans®} Candida
albicansi= PDB BjX|o]l 3] 250ColA 27t vk
stom, A AG Al LB wix|ell HE3ste] 37°C
ol A 24A17F v sttt Aol AR8-gE 2zt HtE]
F7} FErd e 15 x 10°conidia/mlE ZA3st] THE O
w, I [ m¥S Foto] 2EHUH-S PDA, AW
DA Fg-2 SDA =399, Cryprococcus neoformans
9} Candida albicans= PDA ¥{A|, Alx+-& Miiller-Hinton
(Difco, USA) HiX|ol] =23+ & paper disc WHS &
sted g2l B3-S AR

A
Tl
]
]
0=
>
Ell
ol
10
x
=

& M

e tol] e aFAufellA] F 1,600552] Bacillus
spp.& &4 28519, o] ¥ C. gloeosporioides®} B.
cinerea 772 AAMYLE FAO AANXT= 46 4TFE
12 Ao, o] 5 F XA wWols A= 2045
£ 222 A¥sta a2 F AT dge] P e
Bacillus sp. TUB158-03& & Ads}3ch.

Table 1. The morphological, physiological and biochemical
characteristics of Bacillus sp. ITUB158-03 isolated from
diseased pepper fruit

Characteristics 1UB158-03

Morphology rod

Motility

Catalase

Anaerobic growth

MR test

VP test

Acid from D-glucose
D-arabinose -

o+ + o+ o+

+

D-xylose
D-mannose

+

Gas from glucose
Hydrolysis of casein
gelatin
starch
Utilization of citrate
Deamination of phenylalanine
Nitrate reduced to nitrite
Formation of indole
Growth in NaCl 2%
NaCl 5%
NaCl 7%
NaCl 10%
Growth at 20°C
35°C
45°C
50°C
55°C
60°C

+ o0+

4+

+ o+ 4+ o+

+, 90% or more of strain are positive
-, 90% or more of strain are negativ

e - st 548 ZAME A3 Table 13} 2T, ©]
TFE Gram A Mo 2 854S B30 ™, catalase
44, D-glucose, D-xylose, D-mannose &8 52 HA|
Wk, D-arabinose= W& kA &FtT}. S casein, starch
FrEelaas Artsid, NaCl 2~10%%F A==
20~60°CollA A& Btk 18]3 BioLog kits ©]-&3}
o] & 5438 A3} Bacillus sp. TUB158-03%= Bacillus
amyloliquefaciensZ 73 =91 B. amyloliquefaciens 1UB158-03
= B8t

AR FW L H OS2 Bacillus spp.7t AAHsHE &7
=2 ggk A7t ol RuE3 9tk (Kharbande et dl.,
1997). 2L & B. licheniformis N13}+ B. megaterium N4+=
Alternaria alternata®l 213+ 7 vl digh A&
WA 37t RAEPNSH(E 5, 1997), B. licheniformis
= C. coccides®| 9J3l WA I FEAHS WA ST
B3} AR CHLim ef al., 2002). B3+ B. amyloliquefaciens
4= vl 8 & B gray moldE JAIs= AE



100 289 -

815 WA &7 B v 9Om (Mari e al,, 1996), Wang
et al., (2002)2 B. amyloliquefaciens V656 w57} A3 &
3l ®4Ql chitinaseE AJAkste] X o] Erhal B

IS

SRIZEE ML I8 E AKX =

B. amyloliquefaciens 1UB158-03¢] &X7&2 A4t
At HHuAE A s7191s LB wiA| o ©AYS b7
1% 2 Z7kste] A Ao} dgEdel S =
AVt A3} D(+)-raffinose$} soluble starch’} H71e wj=]|
oA 7H¢ =4 Uehdth 7 B4 ko mE X
=7 RS 3elsl Aat 2%2] soluble starch?| H7F =
WA A B. amyloliquefaciens TUB158-032] A7d=} &%l
dEH Akl 7P =Stk Wb B amyloliquefaciens
IUB158-03¢] #HZ% ©AYgFACE 2% soluble starch7t
A= THFig. 3, 4). ©Ii= Bomytis cinerea®l| St 3=
121 Bacillus sp. YJ-63 #72 Fd=4 i 95
A wjA] ZAdAM BAYROE 1.5% soluble starchES At

120

@
T

115

110

Cell growth (ODego)
N
Inhibition zone (mm)

-

0

& @ > 2 o o © s &
\(‘e"a q#\ (}09,0 &o"o o"oﬁ od*o o;o" &\9" & &o& o
& T NS

Carbon sources
Fig. 3. Growth and antifungal activity of B. amyloliquefaciens
TUB158-03 cultured in the medium containing various
carbon sources (1%).
1: Cell growth g: Inhibition zone

Cell growth (0D s60)
ol
Inhibition zone (um)

1.5% 2% 2.8%

Soluble starch

0.5% 1%

Control

Fig. 4. Growth and antifungal activity of B. amyloliquefaciens
IUB158-03 in the medium containing various concen-
trations of soluble starch. Control was grown in LB
medium.
i1 Cell growth g: Inhibition zone

ole):

&3t Aol fAME th(Jeong er al., 2002). ©] A=
g o] el wet vAES] A} 23 tiAHES]
Aol A FEFE Wethe Ao AR AHE ARR
HH(Lounes ef al., 1996).

& AAhGIFIS AEs] 2181 2%9] soluble starchS
A74 MAE 2wt viA 2 ARl on, ATt
Wi A= LB ¥iX| 94 yeast extractHryptoneS | AT &
2t M2 T8 1% A4 d4dS Hrlste] wiAE Al
Z% T 9] A A= IS AT
x AdS ¥ad A3 #9 A2 soytones
7Yk viRloA oot ZHakee vigitt, o] wet thx
o+ WA T Hagdde] EF HES 25t A
Arel P AHIS A A 3% yeast
extract?} 1% tryptone®] &St wiR|olx FAlF2] Aol
7P =kot, dHEA ] ALHIS 3% yeast extract
9} 0.5% tryptones =g wiA|olA o =A el
w2} 3% yeast extract?} 0.5% tryptoneS &31eh A
FEFAE AdskATh(Fig. 5).

F Ao s Adkelr] f18ke] 2% soluble starch, 3%
yeast extract®} 0.5% tryptone, 1% NaCl2 ZAH viAE
2o 2 3la 7)) NH,H,PO, (NH,),HPO, NaH,PO,,
Na,HPO, KH,PO,, K,HPO, 59| 212t3S 27} 0.5% #
A7rste] FAITe] AT =AY WIS AR
Atk A% A3 NaH,PO, Na,HPO, KH,PO,, K,HPO, =
A7¥ek 739 tizt3} vl d3E YERE S, NH,H,PO,
£ H7Ke ZA5olle xRl s A Weko), @
e 42 =7 JebeThFig. 6). oo A= B
amyloliquefaciens TUB158-03 w+2] =2 AiHS
A3k HA <o 2= NH,H,PO, 0.5%7F A=),
wtehr] AP A wel B. amyloliquefaciens TUB158-03
o] Pt YRS 917 HA wiA Y] B2 2%
soluble starch, 222 3% yeast extract2} 0.5% tryptone, <1
2HE 0.5% NH,H,PO, 1%2] NaClZ ¥H&Fth.

1 20

Cell growth (ODggo)
>
Inhibition zone(mm)

Fig. 5. Growth and antifungal activity of B. amyloliquefaciens
IUB158-03 in the medium containing various
concentrations of yeast extract and tryptone.
i1 Cell growth g: Inhibition zone



Bacillus amyloliquefaciens 1UB158-030] Aitsl= x1dE2 o] #e]o} Jwad 101

120

Cell growth ( ODegeo)
Inhibition zone (mm)

L
NHH:PO;  (NHs,HPO; NaHPO; Na;HPO;  KHPOs,  KHPO4 Control

Phosphorus source

Fig. 6. Growth and antifungal activity of B. amyloliquefaciens
TUB158-03 in the medium containing various phosphorus
sources (0.5%) Control was consisted of 2% soluble
starch, 3% yeast extract, 1% tryptone and 1% NaCl.
i1 Cell growth g: Inhibition zone

RIZEE Mitel FF pH, 25 H HILAIZH

AF=E Aol A= pHe| FES Lolrr] 15t
22 #jx]°] IN HCI 3} IN NaOHZ pH 4.0~10.0 7}A]
TAAR ZHst FAFS HEst] 49 A H=et
PRt =29 A AR A3 AF pH 6.00]
A A R 22 0] Aike] 7P A YERSTHEFIg. 7).

FAe ARFEE AL HA wgREet A &
ot 7] fla] AE HZHuiA| S pHE 6.0 273t
B. amyloliquefaciens TUB158-035 %3}3L 20°C, 25°C,
30°C, 35°C, 40°C & 597 == 2 E wjg7]elA wl
st 1247F 7HA0 R 108AZ7EA] & 9xtell A A
o] AL} Xt S AR AE A w79
A7FE 25°ColA 48217 v o) 7P =4 UEiS
o, PRIFEZ ] AR 25°CoAlA T2AIZF S W) 71
=Tt &, IHFEL] AR o] 7] HA7] <1
A7 v & STk = AE ER1F 7 AATh(Fig. 8).
w2t B. amyloliquefaciens TUB158-03 #5+2] A E
2 Y-S Q1% 22 WA= 2% soluble starch, 3% yeast
extract, 0.5% tryptone, 0.5% NH,H,PO,, 1%%] NaCl]
Fom, wieF ZAL pH 6.0, BIY=% 25°C 2wl A 7H
A7 2 AR =

Al {181 B. amyloliquefaciens TUB158-03
a5 AdE HF uiAel FFste] mgd F dsAS
Z3) butanol? E(1: )2 351 butanol 2 3]5-5}0]
A Axdt 2FEES AU 2FE=S FASY]
913t silica gel column chromatographys ©]-8-3ted 7}
3S o] Rt F53M] TLC plae® E8& AL
FgEs Adsiien, R =ds FH

1 20

Cell growth (ODggo)
w
Inhibition zone (mm)

4 5 6 7 8 9 10

Initial pH
Fig. 7. Effect of initial pH on the growth and production of
antifungal activity by B. amyloliquefaciens TUB158-03
under optimal conditions.
[ Cell growth g: Inhibition zone

25
020c  ®m25°C

20 | B30C [35C ;

_ Z40°C 3
1 -
- e
L =i
gn ;:'ﬂ
8 i3
g : b7
S10r o Y
= H A H £
= 3 ;Y
= 5 3 iy
58 iy
g iy
V! 37
o i3 37

2 8 12

24 36 48 60 72 84 96 108
Time (hr)

Fig. 8. Effect of temperature and time courses on the production
of antifungal substances from B. amyloliquefaciens
TUB158-03 in the optimized medium.

spots o] HPLCE 333 t}. Preparative TLCE A
EZ A= retention time®] 2.6%, 3.1, 3.9%, 4452
702 peak’t E3ES] AR SH, o] F retention timeO]
4472 peak’t FHHAEEE ol U= FoE IR
HAch GAE =S TLCE 703 F -anisaldehyde
2 wste] Rgho] 0.2791 1S 1Atk (Fig. 9). B
i, 235E 9 AAE A2 S Y
3 A3} Fig. 1034 o] AAE =4S 52 &
285 e ATt
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B. amyloliquefaciens TUB158-030] A4kt x84 9]
S Table 99} 7o) AEHARAR] Fusarium solani,
Rhizoctonia solani, Botrytis cinerea, Alternaria alternataSt A
WA Xt Trichophyton mentagrophytes, Epidermophyton
Sfloccosum®l] =2 I G448 JeEPH Y Cryprococcus
neoformans| = A UERSTE B3t WA S22 Candida
albicans} Y83 Al Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa® = &
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Table 2. Antimicrobial spectrum of the antifungal substance
purified from the crude extract of B. amyloliquefaciens
TUB158-03 against various pathogenic microorganisms
Microorganisms Inhibition zone (mm)*
Fungi
Alternaria alternata 19+ 0.58
Aspergillus niger 18+ 0.62
@ |=—Ro027 Botrytis cinerea 22 +0.82
Fusarium solani 23+0.76
Cryptococcus neoformans 13+0.62
Epidermophyton floccosum 21+0.58
Trichophyton mentagrophytes 21+0.82
Fig. 9. TLC of the active fraction of the antifungal substance Yeasts
purified from the crude extract of B. amyloliquefaciens Candida albicans 0
TUB158-03. . .
TLC plates were developed by spraying with ninhydrin Gram positive bacteria 0
and heated at 110°C. Staphylococcus aureus

Gram negative bacteria
Escherichia. coli 0

Klebsiella pneumoniae

. 0
Pseudomonas aeruginosa

*Paper discs (8 mm in diameter) were treated with 50 zl of the anti-
fungal substance purified and inhibiton zone was measured against
various microorganisms after 72 hr of incubation

TEE FRSHL 71 4S WHTA Wk EG AT L F
SAPE B8 Al hF SAJARE efsiar S
Felsje] WABAA A A 7Fsd S BT el ol
Fig. 10. Inhibition zone of C. gloeosporioides spores by antifungal XNe

substance purified from the crude extract of B.
amyloliquefaciens TUB158-03 after 72 hr of incubation.

A; Culture filtrates of B. amyloliquefaciens TUB158-03 BUA mAdEs As } Flste] o] a5 HHHX]
under optimal culture conditions (100 ug/ml) after 72 hr ol ¥ +toll ZdE IFENYE Bacilluss 45 &
of incubation g 3lFtt. o|E = TFEAE A2 C gloeosporzotdes Ein

B; Crude extract produced from B. amyloliquefaciens Zo} 22| FAMEFo|WS AOTE= Bomyiis cinerea
TUB158-03 (100 wg/ml) after 72 hr of incubation | 21aparg0] 71 9mat
C; Antifungal substance purified from the crude extract el e 29 1 7H b Bacillus sp. 1UB158-03

of B. amyloliquefaciens 1UB158-03 (50 ug/ml) after 72 hr S Aot AdE 3o Ju, A - A &

of incubation 47 MiaoLog WS olgdl] FAHEE #5F= B
amyloliquefaciens TUB158-03%2 W35t X482 A
TUB158-03 w7} A4kt =2 o] tgd2 et 2HS 918k HAu|R] 278 2% soluble starch, 3% yeast

T AElH o 2 e A TH(Table 2). o= 715 Bacillus extract, 0.5% tryptone, 0.5% NH,H,PO,, 1% NaCl¢] pH
spp/F AAFshE iturino] A=t Egolel Al a37F  6.0004 25°C, T2 MR FEEOI TP w2 et
Ut AFRISE OEA Astddle s Ade-S g24s YeplY. B amyloliquefaciens TUB158-03°]
YERHA] Estar 917] vl iturinds o2 Al & Ak FXIFEZE S butanolE FETE ¥ silica gel
A 7FsAdo] ok HE At Gueldner er al., 1988). column chromatography, preparative thin layer chromatography,

wehr B AFE Tl w2¥ B, amyloliquefaciens and HPLCZ o] &3l dFEZS FASHAT. A=
IUB158-03¢] AAbeh= &4 *‘%Bﬂ A4 Aol FHFEZL TLC plate oA R 7] 02731 2] E1=91
sk S WAAR A2 F e AR Y om, o] BHL AEHAAR] Fusarium solani, Rhizoctonia
FA=EQlom, ko2 FAE FREHe] s18H 53 solani, Botrytis cineria, Alternata alternaria®t QAL K+t
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Q1 Trichophyton mentagrophytes, Epidermophyton floccosum,
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o 245 Bt

B, A%, olAg, &3], 247, =48 1997, Bacillus
licheniformis N13}+ B. megaterium N42 ©]83F E71 vlgH
(Alternaria alternata) &3t WA, Sh=Fg8ks] 8}3]42]
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