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Bacillus subtilis KMU-13 was isolated from the Lillehammer forest soils at Norway and shown a strong antifungal activity on
cucumber scab, Cladosporium cucumerinum KACC 40576. B. subtilis KMU-13 produced a maximum level of antifungal
substance under incubation aerobically at 30°C, 180 rpm for 48 hours in LB broth containing 0.5% maltose and 0.5%
bactopeptone and initial pH adjusted to 6.0. Butanol extract of cultured broth was confirmed inhibitory zone by plate assay
and Rf 0.64 value substance by thin layer chromatography (TLC) represented high antifungal activity against C. cucumerinum
KACC 40576 and also shown fungal growth inhibitory activity against Botrytis cinerea KACC 40573, C. gloeosporioides
KACC 40804, D. bryoniae KACC 40669, F. oxysporum KACC 40037, F. oxysporum KACC 40052, F. oxysporum f. sp.
radicis-lycopersici KACC 40537, F. oxysporum KACC 40902, M. cannonballus KACC 40940, P. cambivora KACC 40160, R.
solani AG-1 KACC 40101, R. solani AG-4 KACC 40142, and S. scleotiorum KACC by agar diffusion method.

Key Words : Bacillus subtilis KMU-13, Antifungal effect, Cladosporium cucumerinum
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Sorbitol S 713 AL 71 Jodl ZAL = Ao
Ao 1T B nulsle go A¥w 59
A S FAF #4409 BAAYY Ao AL U
FAT ¢ Ao, glycerols Hrkg Aol FHe
sty FRT B4 A vehlA stk

Aol W3t B subtilis KMU-139] A7 A7 =2

[

S ZA}3 A3} bactopeptone, tryptone, 18] 3L polypeptone
3 22 peponeFE H7MIHE Wl 2 FA Y g
o dAF AL VeI ZAUE Aadd 9ty
o < UEhAlem, polypeponee H7HE ¢
7 453 FHE e A0FE AU HTable 5).

Table 5. Effect of various nitrogen sources for producing of
antifungal substrate

Nitogen sources Growth (OD660 nm) Inhibitory zone (g mm)

Control 1.63 19
Beef extract 1.71 12
Malt extract 1.58 12
Bactopeptone 1.37 21
Polypeptone 1.79 20
Tryptone 1.32 20
Urea 1.50 15
Yeast extract 1.78 15

Table 6. Effect of different initial pH for producing of antifungal
substrate

pH Growth (OD660 nm) Inhibitory zone (@ mm)
3.0 - -
4.0 - -
5.0 1.66 18
6.0 1.69 20
7.0 2,77 15
8.0 1.57 10
9.0 1.57 10
10.0 - -

Table 7. Effect of different growth temperature for producing of
antifungal substrate

Temperature (C)  Growth (OD 660 nm) Inhibitory zone (@ mm)

20 0.18 8
30 1.59 21
37 1.44 18
45 0.98 12
50 - -
55 - -
B pH, 2=, AlZto] M2 X7 S YMY
pHel @ Z B subtilis KMU-139) 27 B2 g2k =
F4S ZAMS A3, pH 3.0, 40 2812 10090 F243
A Fehe Ao2 AU, pH 6.091A4 7H & 33
T 48 velyslo aau, sjgde pHIF 7.0~9.09]
Aol wlste 5.0~60% A4l Hoh £& g 4
& Yetlle AeZ & o ohgn 349 2Ad 9 B
O B2 T 240 AdEtE e ¢ & %o
pH 700014 713 453 S48 s Aoz 2AEAG

(Table 6).
Table 7oA viepbdule} o) B. subtilis KMU-139} 54
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o FAE F4Y A 30CA 7}% FrE Aem
zH90m, 50 2 S5STHHE =
0~45TAA FAF BAY 4

HiokA 7kol WE B subtilis KMU-139] A3 27 &
Hdeol A2 vlF F 484)7ke] o2 HTo YaES
e A st 24470 HlaEtEE W & Aol
YE A= S ohE 2] 71 4).

Figure 2. Inhibitory zone of Cladosporium cucumerinum by B.
subtilis KMU-13.

<+ (.64

Figure 3. TLC analysis of butanol extract. The antifungal compounds
were extracted with butanol and chromatographed on silica gel plate
(Silica gel 60 Fisq) with chloroform, methanol and butanol (7 : 2.5 :
0.5).

BT SE =HA

B. subtilis KMU-130. 2 B8] A4t
2 AAEY] st QelA] ARG g B A4
Hj x| 300mLell B. subtilis KMU-13Z w3t &, wje
12,000 rpmojA] 30min, 4C=E A4 3]
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soytone, 0.5% sodium chloride, 0.25% dextrose)& A 23}
pHE 7008 2A3 %, 121TA 1587 AFsta At
Stk A WFde 24412 ol LB brotho] 9 22y
£ AF3H 0CAAN FHe Agsgen 2zel 2
Ageazc) A HFd 100 4 I F 15 3
0C, 180 rpmollA 24A17¢ wjokdlgi). Agar diffusion
methodE HAJ3te] g AL ZAEIHOH 79 A
$& spectrophotometer (Shidadzu, Japan)E& o] £3}¢] 660nm
oM ZAsHE

A7 229 40 PAE Badel T 2
7] $18te] ©A YO 2 arabinose, fructose, glucose, glycerol,
lactose, maltose, mannitol, soluble starch, sorbitol —12]1
sucroseZ 0.5%4 A7}t 30°Co| A 24417F wlokat 3, w)
el-& o] 83l agar diffusion methodS A A) 3} t).

2299 JFE 2AI) Aok BA 2A4E Bad
05%5 7]EuAo H71e F, AALLOZ beef extract,
malt extract, bactopeptone, polypeptone, tryptone, urea 18] T
yeast extract® 0.5%% 713l W& =3 T AL&3}

Ak

I S MM 0jXE= pH, 2= ¥ BiLAIZE

pH7} 827 B2 A4t nAe 9&E =AY 9
3ted 1 N HCI# 1 N NaOHE o] £3}e] ujx)¢e] pHE 3.
0~10002 =43 &, A uldd 100 ws 24z 4zt
Eot2ad HEsle 2447 w3 £ 7 g8 =
A3 A .

Hgezd 4 AT 849 HAEE 5YI yxS
20, 30, 37, 45, 50, 283 55°Co)A] 180 rpm, 2447+ Hj<k
3 T AT AL 2AEIAT

WFARe] mE AFEF FNE FHBA) AL
ZAVEE7] flete] ellA xAbE &HHHXIE A Z3te] 100
w A ugA e HEdte] 1~-3U7 wiekslgar, 2447w}
B FAE Fpdte] gAF FHL = }6}%14.

)

mlo

yxF BYY ZHYH
AYFFERY AL PAF B
of lA ZAE ARgRzAC

B ¥l S 10,000 pm, 47T, 2087 YA EFFA; A5 A
o F% butanol H7}stol AT 2L griFo

olg A7l %, 50T o]l A tEE3tar 1/40 volume?)
methanol)] 5o} A3 oW TLC (silica gel 60F,ss,
Merck) plate o]-&3l EAMEE A

Ciest AEHaN ZZo| i g3 spectrum

244 529 $AF BAE o834 AL 3o
& o}7]8k= B. cinerea KACC 40573, 3% HoxgZyy e
o}7]8k= Botrytis fabae KACC 40962, 13 B-A B & o}y
8= Colletotrichum gloeosporioides KACC 40804, &) €A
W& o}7|sl= Colletotrichum orbiculare KACC 40808, 4-d}
59 "2 Ee wWEolgHS  olr|gle Didymella
bryoniae KACC 40669, H@] AWL of73}= Fusarium
graminearum KACC 41040, EnlE A|S&H & ofr|d=
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Fusarium oxysporum KACC 40037, Zz}t]L8A o248
WS o753} Fusarium oxysporum KACC 40052, EvlE
A& o}7)8}i=  Fusarium oxysporum f. sp. radicis-
lycopersici KACC 40537, <ul WZER7ZAHE ol7)3l=
Fusarium oxysporum KACC 40902, <4t 2AH.& of7]sl=
Monosporascus cannonballus KACC 40940, A}y }s A8
o}7)8l= Phytophthora camvibora KACC 40160, ® <13
HulEW & ol7|3l= Rhizoctonia solani AG-1(IA) KACC
40101, &) Z7)|M &Y & o}7|8l= Rhizoctonia solani AG-
4 KACC 40142, j.ﬂ_L 1F adHYL of7|ste Scleotinia

scleotiorum KACC 410659 w3t 27 AL A
t}.
g3 % u#
FrO MY Ut
Norway Lillehammer &3 BEUAEOA Ax}H o2 587)

o B2YE ra}o}ﬁm o2& Ugoz Qo] Hewr
HE LA C cucumerinumZ AT ¢ QE AoF AR
678 EEUE Adgsiga. dwd #F FoM
cucumerinum®] W3l 714 £ AEAAYE Y= 7
FE Awaln KMU-130)2}F Wiyt

Table 1. Morphological and physiological characteristics of selected
strain KMU-13

Characteristics KMU-13
Morphological:

Colonies form White-yellowish, smooth

Gram staining +

Shape of a cell rod

Mobility +

Endospores produced +
Physiological:

Citrate utilization -

Gelatin liquefaction +

Indole test -
Nitrate reduction

Production of catalase

Production of oxidase -
Voges-Proskauer test -

20T Growth
37C Growth
52T Growth

Mgt dgzol 53

KMU-132 3 %4 9] rod formo.2 WA ZAZ 83
dor Y JFe d¥o2 FHL smoothdtPom w
3 Fdas vehfgdth KMU-13L& 5714 AHFos
catalase, gelatin liquefaction, ~12] i1 nitrate reduction& <A
S Yehle,  citrate
production of oxidase, voges-proskauer testi=
HAY. o]gid ZA}E vl o= Bergey’s manual of
systematic bacteriology & ©o]-&3}o] Wl w3 A3}, Bacillus sp.

B FS A HTable 1). o] A3E nwleto 2 Bacillus sp.&
5Yst=d o] &HolX= API 50 CHB 574 kit AM&3}

utilization, indole test,
S0 E FA
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o 5071A¢) ol i e 54 A F, API
20E kit o]&3le 5% Aol §4 API LABplus (V.
3. 3. 3, bioMerieux, France)Z=z 1oz &213 i},
Bacillus subtilis®} 99.5%2] A%A1S Ve 2ATHTable 2).

Bt AEE AL Y3ty EFF9  chromosomal
DNAE 3Z3]l3 165 IDNA {84 primerE ]85}
PCRS 433 A3}, 1400 bp =9 ZZH DNA T©HZ
a8 = dder, o] DNAY R FVMEE 43
AE Fig. 1914 Yebd uvhsh 2tk 165 IDNA B8 97
A49-S NCBI GeneBanko] S2% #AF oF¢ v, 4
g Az, B. subtilis®} 9%9) AE AL JephAch olg e
AZLE vEo 2 KMU-13& HEHOZ B subllis® %§
&t ot

_‘E

Table 2. Biochemical characteristics (carbohydrates) of Bacillus sp.
KMU-13

Characteristics Result Characteristics Result
Glycerol - Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose -
Ribose - Melibiose -
D-Xylose - Sucrose +
L-Xylose - Trehalose +
Adonito} - Inuline +

B-Methyl-xyloside - Melezitose -
Galactose - D-Raffinose +
D-Glucose + Amidon +
D-Fructose + Glycogene +
D-Mannose + Xylitol -
L-Sorbose - Gentiobiose +
Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
Mannitol + D-Fucose -
Sorbitol - L-Fucose -
a-Methyl-D-mannoside - D-Arabitol -
f-Methyl-D-glucoside - L-Arabitol -
N-acetyl glucosamine - Gluconate -

Amygdaline + 2-Keto-gluconate -
Arbutine + 5-Keto-gluconate -
Esculine +

Table 3. Antifungal effect in different culture broth of B. subtilis
KMU-1

Media Growth (OD 660 nm) Inhibitory zone (p mn)
LB 1.37 17
PDB 0.04 -
TSB 1.59 8
™ 1.53 12

B. subtilis KMU-13 was incubated at 30°C, 180 rpm for a day, C.
cucumerinum KACC 40576 was incubated at 24°C for 7 days and
antifungal effect was assayed by agar diffusion method.

R B YuS HB HHUXZA
B. subtilis KMU-13¢] 93 3xg Ed9 Aihg 4%
Wz AL ZAEH) 98t LB brothol] A Auj %3t B

subtilis KMU-132 #j9F3t %, LB broth, YM broth, PDB,
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2] 3 TSBo| A& wjkst &, C cucumerinumE V)]
HZse] E PDA plateo] YAEF wjdAe AT
paper disc2 9ln I F4& #AT A, Table 39
Vel vhe} o], LB brothal A 7Hd =2 430 B4$
4&144214 A = 4L Y TSBS F5 e 24
& e Aoz ZALE YM brothe] A$dE 49 qu
of wste] FAF FAol wA P& AR WF F
3 FAF B AAmE= A5 Ao unud dii
geslon, PDBY 74 4L A 23t

0

GOGCTATCTGCAGTOGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAG
CGGCGGACGGGTGAGTAACACGTGGGTAACCTGOCTGTAAGACTGGGATA
ACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTT
CAGACATAAAAGGTGGCTTCGGCTACCACT TACAGATGGACCCGCGGCGC
ATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCC
TACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGT T TTCGGATCGTAAMGCTCTGTTGT
TAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTA
ACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG
TGGCAAGCGTTGTCOGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTT
CTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAA
ACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGG
TGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTG
GTCTGTAACTGACGCTGAGGAGCGAAAGOGTGRGGAGCGAACAGGATTAG
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAAGGGGT
TTCCGCCCCTTAATGCTGCAGCTAACGCATTTACCACTCCCGCCTGGGGA
GTACCGCCGCAAGACTGAAACTCAAAGGAAT TGACGGGGGCCCGCACAAG
CGGTGGAGCATGTGGTTTAATTCGAAGCAACGOGAAGAACCTTACCAGGT
CTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGEAG
AGTGACAGGTGGTGCATGGT TGTCGTCAGCTCGTGTOGTGAGATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGT
TGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGT GGGGATG
ACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAAT
GGACAGAACAAAGGGCAGCGAAACCGCGAGGT TAAGCCAATCCCACAAAT
CTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAA
TCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGT TCCCGGGCCT
TGTACACACCGCCCGTCACACCACGAGAGT TTGTAACACCCGAAGTCGGT
GAGGTAACCTTTTAGGAGCCAGCCGCCGAAGTGACAGATTGG

Figure 1. Partial nucleotide sequence of 16§ rDNA from the isolated
strain Bacillus sp. KMU-13.

Table 4. Effect of various carbon sources for producing of antifungal
substrate

Carbon sources Growth (OD660 nm) Inhibitory zone (g mq)

Control 1.54 16
Arabinose 1.65 16
Fructose 1.58 12
Glucose 1.66 12
Glycerol 1.29 -

Lactose 1.67 16
Maltose 1.46 19
Mannitol 1.60 14
Soluble starch 1.47 17
Sorbitol 1.72 13
Sucrose 1.55 10

T gAa9S oj&dte FAT EAY A4S A
§ 43}, Table 4914 yephd viel o] maltoseE Y7
AN 7 = Fd #FAS JERNSIL, arabinose,
lactose 18] soluble starch& 75 Afox dAF &
Ao dehjdoh agu, o2 gia99 AL gz

wae] gA7 BHl HxIE oz 2AAUL.
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mLE 3|31 F#9 butanolg FHUPstY BAYEAS
butanolF 0 2 o]BAIZ1 F, 50T o|3tllA #AdEH 83
th Z2dEEE 22EL 1/40 volume?] methanolol] & EHa}
I, agar diffusion methodE AME-3le AT FAL 39l
g 23}, Fig. 20149} Zo] v A: }3”361- clear zone
< 43910 1 T AT 45 o) AEHIU
A7) &) 2 chloroform : methanol : butanol = 7 : 2.5 : 0.5
< Abg3te] TLCE B8t A3}, Fig 33 3ol UV
365 molA o2 Aje] WMEE FYT 5 Qo TLC
plate Aol A AANE Z+de] W= 3434 methanold
=ol1, 50T o]stel A A st T&Fate] PRI G S
AES ZAx, Rf Zro] 0642 vkl IEHEOHHUJ Ligikiy
24E Yeldlle Zeg 2AEA

Ciekst XEHY FHolo st XTI spectrum

chorsl ZEW U FFold th3t B subtilis KMU-13¢]
YA FA spectrumS FAFS7] $13ta] butanolg o] 48}
o AT B4 34F F agar diffusion methodE o]
sto] A A, g AEHAAY FFold et ¥
PR A Yehlis A A F ST B
cinerea KACC 40573, C. cucumerinum KACC 40576, C.
gloeosporioides KACC 40804, D. bryoniae KACC 40669, F.
oxysporum KACC 40037, F. oxysporum KACC 40052, F.
oxysporum f. sp. radicis-lycopersici KACC 40537, F.
oxysporum KACC 40902, M. cannonballus KACC 40940, P.
cambivora KACC 40160, R. solani AG-1 KACC 40101, R
solani AG-4 KACC 40142, 1381 S. scleotiorum KACC
410659 it FEF FAF S e ATH(Table
8). olelgt ZAAEE wHOoE sto HEHAAY FFold
et | BEAAZ B subiilis KMU-13-& ©]-88
Aolgte 7tedS AT + U2, 2&FA HES
2 gAA RS A% 2HAYE, AENE Fo IS
FAME AP T oA H ol

rlo

Table 8. Antifungal effect of chloroform extract of B. subtilis
KMU-13 cultured broth

Plant pathogenic fungi Inhibitory zone

(2 mm)
Botrytis cinerea KACC 40573 22
Botrytis fabae KACC 40962 15
Cladosporium cucumerinum KACC 40576 24
Colletotrichum gloeosporioides KACC 40804 18
Colletotrichum orbiculare KACC 40808 20
Didymelia bryoniae KACC 40669 21
Fusarium graminearum KACC 41040 15
Fusarium oxysporum KACC 40037 10
Fusarium oxysporum KACC 40052 10
Fusarium oxysporum KACC 40537 18
Fusarium oxysporum KACC 40902 14
Monosporascus cannonballus KACC 40940 23
Phytophthora cambivora KACC 40160 20
Rhizoctonia solani AG-1 KACC 40101 18
Rhizoctonia solani AG-4 KACC 40142 18
Sclerotinia scleotiorum KACC 41065 22
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2 of
Qo)A ALY W2 Cladosporium cucumerinum KACC
40576°] Wdte & I 4L vEpllE KMU-132
Norway Lillehammer 1 EYA|RolA Eslgen, §
B4, vk 2 AgAHA EAS AG Aoe)t 168
DNA G/ ES BAe Ad, B subtilis2 W=
B. subtilis KMU-139] 337 =49 AL 93 HAxA
LB brothE 7|Eu|22 3o eAYoE 05% maltose
ALYO0E 0.5% bactopeptoneS AH713HS W A =
FT S vErgle, wigzde 30T, 180
pm, 48/‘]7&0]‘315-’, Hg27] pHe 6022 ZAEAT
TLCo A RfFfo] 0.64% B W=oAgt ¢ 4 &
7He AR zAMEoH AdIgolH, uF BAH,
4,

fo 1 o &

B9 VA, U 5O wAgEe YIehed, EoE
AgeH, 2eHees sleney, Erts A%, 5 9
Smu, a4, AGE 99, o SR,
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Norway Lillehammer <3l E%AF 30 g& 270 mLo] 2
4ol @31 shaking incubator® 10®-7F Mgwjds &, 4
Fzo] M 934 50T water batho| 4 3087 dA
28l LB agar (1.0% tryptone, 0.5% yeast extract, 1.0%
sodium chloride, 1.5% agar) B Ao HEsS dFE &
k. Ry #FEE AeE 20 Ty
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2 2y 9 Awaly) 98t} PDA (potato dextrose agar,
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ol A EHEAHE  (Korean Agricultural Culture Collection,
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o, 523 ZA#}E  Bergey’s manual of systematic
bacteriology(12)5 #1135}53.21, API kit (bioMerieux, France)
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(1.0% tryptone, 0.5% yeast extract, 1.0% sodium chloride)®]
HEshe] 30T, 2447+ wjFE &, 12,000 rpmo A 10EZF
4CE QARSI TAE FNHAFIL agar diffusion
method2 C. cucumerinum2 4 %E3}]% PDA plated] A%
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DNA %Z % 16S rDNAS| PCR &
Wizard genomic DNA purification kit (Promega, USA)E

olg3te} ByTFel chromosomal DNAZE Eel3ld
sequencing®]  AMR3Mg T PCRS  $)&ted  BioneerAt]

AccuPower PCR PreMix tubeo] DNA 1 g0 (%F 40 ug), Zb
Z+ 1 09 primers, 17 p09] B8 3% SHFE HUletd
2 29tk PCRE initial denaturation 94T, 3% denaturation
94°C, 1% annealing 55°C, 1% extension 72°C, 3#¢ &4
o2 32 cycleS AAF &, final extension® 72TolA 5&
7F A8 FZg F43 % 165 DNAY F£2 915}
o] E coli 16S rDNA EX o] conserved sequenced 7|ZE
ste] A% universal primer?l 27F (5’-AGAGTTTGATCAT
GGCTCAG-3)¢}  1492R(5’-GGATACCTTGTTACGACTT-3’)
& primer® AHE-3}AT

16S 1DNA¢] PCR AME& Wizard SV Gel and PCR
clean-up system (Promega, USA)Z o|-&3}4 A sH 4
A® PCR 2HE-E& ABI PRISM 3700 DNA AnalyzerZ ©]§&
sted @714 9e B4 F, BLASIN Z2IHE 0|83}
o] GENEBANKY] ribosomal DNA sequence$} Hln 3t &
AR TH13).
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935t LB broth, YM broth (0.3% yeast extract, 0.3% malt
extract, 0.5% peptone, 1.0% dextrose), PDB (potato dextrose
broth, 04% potato starch, 2.0% dextrose), 1|32 TSB
(trypticase soybean broth, 1.7% digest of casein, 0.3%



