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Antifungal Activity of Bacillus sp. KMU-1011 Against Gray Mold Causing Botrytis cinerea. Park, Sung
Min, Hyun Soo Kim, and Tae Shick Yu*. Department of Microbiology, Keimyung University, Daegu 701-704,
Korea — We isolated a bacterium which produces antifungal substances from the Lake of Saimaa soils in Fin-
land. The isolated strain was identified as Bacillus sp. and shown a strong antifungal activity on plant patho-
genic fungi. Bacillus sp. KMU-1011 produced maximum level of antifungal substances under incubation
aerobically at 24°C for 48 hours in nutrient broth containing 1.0% glucose and 1.0% polypeptone at 180 rpm
and initiated pH adjusted to 6.0. Precipitate of culture broth by 30~60% ammonium sulfate precipitation
exhibited strong antifungal activity against Botrytis cinerea KACC 40573 by dry cell weight. Chloroform
extract of cultured broth also shown fungal growth inhibitory activity against 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. cam-
bivora KACC 40160, R. solani AG-1 KACC 40101, R. solani AG-4 KACC 40142, and S. scleotiorum KACC

by agar diffusion method.
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sp.[15)%} Streptomyces sp.[16,17] 53 22 vjEE o)
slo] FAAEAT v AE A AES A3 =HEe] AH
2o g o]Fo|R|L glHt.

ojo] B Aol Ml FFo|HH-S op|81= B. cinerea
ol sl et S Yeplie 355 HeElsln 2
)t AAakshs R Ao BARZE HESP A
W BGPEE AY 4 AE SN ALE 512 7)
5 vzt s

iz & 4y
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A =e] Lappeenranta X Hell $}X/51= Saimaa 57}
o] EokA® 10 g& IS 90 mioll YL 37°C water bath
ol Al 108-7¢ ekl ek ¥, 50°C water bathol| A 3087+ o
28] & sl o). LB agar(1.0% tryptone, 0.5% yeast extract,
1.0% sodium chloride, 1.5% agar, pH 7.0 = 0.2)¥l &}l
Ao Eaksled 37°Col M 3UzE wiokRr F, F2
g #FEE FEslgith 323 IS 5 BElE
Al Fsgolwle] 1Ql3FQ) Borrytis cinerea KACC 405732
UA g £ e d55 A ¢35k PDA(potato
dextrose agar, 2.0% dextrose, 0.4% potato starch, 1.5%
agar, pH 5.6 £ 0.2p0R]olA Sx]ul¥(pairing culture)S Al
Asled B. cinerea®) A% Asldle TFES YAH2E
Aakslgict, A #FES AR 7P 2 ASAA
4E A= dF2 AYshr] Ask e FF)
2 A 6 mm 27)2] culture disc® HE38}e] 24°Cel| A
24X 7F wiokgt ¥, 3 cm Doizl o] AWE FFE HA
AE3)a 24°CollA] 797E Wikl A ASAANE AV}
Ak, FATFQ B. cinerede $EAEA AR TG
T4 a0 4B R 2B (Korean Agricultural Culture
Collection, KACC)l|A] FoF wte] Al-8-35]% )

g2a|lgFe 3

FATF FAE Vb At R AAE AE
317) $)ste] FeNeHA, vk, AsEE BAAS AES)
gom, %% ZAiE Bergey's manual of systematic
bacteriology[18] 8 #1133 2™, APl kit(bioMerieux,
Francey& ©]-8-3le] A3

griz 2ael M

FAF B YAL 93 A EaAE Aeal] $lsiel
LB broth(1.0% tryptone, 0.5% yeast extract, 1.0% sodium
chloride, pH 7.0 = 0.2), nutrient broth(NB, 0.5% peptone
from meal, 0.3% meat extract), potato dextrose broth
(PDB, 2.0% dextrose, 0.4% potato starch), trypticase
soybean broth(TSB, 1.7% digest of casein, 0.3% soytone,

0.5% sodium chloride, 0.25% dextrose), “L2]3l yeast
malt broth(YM broth, 0.3% yeast extract, 0.3% malt
extract, 0.5% peptone, 1.0% dextrose)S- Al £3}e] pHE
7.002 A8 F, 121°CelA 1587 Batsk] AHEEtT)
Aufekel 2 244)7F Aol LB brothol] B FEWE AE3}
o] AMgslglon Zhte] AbhEeiazel Auiokd 100 uE
AE3 F, 30°C, 180 rpmoll A 24712k wioFaliet. At
9] AJ8-2 spectrophotometer(Shimadzu, JapanyE- ©]-8-3}eq
660 nmoll A FAMSIG o, A7 B ZAME #31ed
24°CoN A 1597} B. cineread w3t ¥, plated] HF<
10 mtE 713 3.8x106 spores/mlE. EA} et 2| Zx3)

o} goce] BASA LB A= 22 D 0.1

ml& PDA®] #7}8le] plates SHE F, 7] A&
12,000 rpm, 4°CellA] 1082} 228k A5l 20 pbE
paper disc(@ 6 mm)el] A x| 8}ed 7123 F, PDA platec]]
Hoi 24°CAA 7 7F Wikl EAFSIAT.

X7 239 Mio| n[xls HiRE W pHel HE

wjoke o] Wl whE gL TAEL] k] UollA
ZAHE 7R Rj el AuoFst S AHES F 24, 30,
37, Z28) 3 45°CoIA] 180 rpm, 24A17F wiokslel ABS- 4l &
A & AR,

%7) pHe| W3lo) @& S FARL7) $isted 7]
21¢] pHZ 3.001M 10.022 247k 2A 3l Fdat v
2 wjoFsle] 2ARKEH
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eh2919] Ayl w2 xl B Al st Je
ZAF8l7] $18le] arabinose, fructose, glucose, glycerol,
lactose, maltose, mannitol, soluble starch, sorbitol, ZL2} 1l
sucrose® SFellA] ZAMR 7]2ulAlof] 1.0% H7I31L SellM
2AHe pHE AT F AR83lsH.

A28 G 2ARP) Asted WA 2AE el
1L0%E 1WA A7 F, AP ammonium
chioride, ammonium phosphate, ammonium sulfate,
bactopeptone, bactotryptone, beef extract, corn steep
liquor(CSL), malt extract, polypeptone, urea, L] I yeast
extracts 247t 1.0%4 718l pHE 2A43sle] T3 v

Yoz zAjsigs,

H77 SAe| MM ChE HiSel o

24-TANZFERE MG PIFFE wioks T, 244171}
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Ab=]o]Al gl SR AYARNA] 300 miE AlZspa AR
TFE ShollA AR A uoFzAel A wjeksl F, 10,000
rpm, 4°CollA] 2087k A E2)E dled AFN-E 343lg]
o AT B JeRlE £ 343 Al 3%
3} wj el ammonium sulfate® 27} 0~30%%} 30~60%
FER AR F, 4°C 12717F84t AEPEA Rl E
Aol AA-E FE3ke] 10,000 rpm, 4°CollA] 2087 9418
g 3lo] 3)3ldt. slgt S Agke] 100 mM Tris-
HCI buffer(pH 8.0)2 =g ¥, 4°Ceollq 2447t T F
Aale] A3t} FATF< B. cinerea KACC 405739)
FAEEGNL 50 mie] PDBe HE3 T T} 353 &
AL 77 Artete] AT GAE A2 2T
= 529 Tris-HC! buffer(pH 8.0)% &7}5t3ic).

S TI? Spectrum

cheFst AN Tl E dAeR Fld AlLE 7ol
el AT 84S 2RI Rl 284S 28
7] $iste] ko] AT} FU7 22122 200 ml wieFE F,
vkl S Al ] st TAE A AL AATHel 26
volume®] chloroform® 713l 3AF EAE 49502
o] A7) BulE 3|pEted 50°C o]3ollA APsE3d F,
AT HS AR, AR 2R WEA Sl ¥
Al g2 A3 B. cinerea KACC 405738 ¥3tsle] AF
F2H TS oF7)8= Borytis fabae KACC 40962, L
F AL ob7|8le  Colletotrichum gloeosporioides
KACC 40804, 9] w©tA®lE& o}7)s}: Colletotrichum
orbiculare KACC 40808, 2t 22| sz« wZFv)s
5 oF718l= Didymella bryoniae KACC 40669, 2] A4
£ oV)8l= Fusarium graminearum KACC 41040, EvlE
A ESH L ob7|8l= Fusarium oxysporum KACC 40037,
e g vl 2RSS o8l Fusarium oxysporum
KACC 40052, EntE AW o}718= Fusarium oxysporum
f. sp. radicis-lycopersici KACC 40537, 1} 22714
o}7|8l= Fusarium oxysporum KACC 40902, 3 A&
o}7) 8} Monosporascus cannonballus KACC 40940, A}
I }E AW & oF7| 8} = Phytophthora camvibora KACC
40160, ¥ LA FHulEH & oF7|8l= Rhizoctonia solani
AG-1(TA) KACC 40101, 39 Z7]#8% & ofr| sl
Rhizoctonia solani AG-4 KACC 40142, 18|31 3% 3
WL op7|8)1= Scleotinia scleotiorum KACC 410655 AME-
st
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B2 iE F2d dF T
Aol AR FEEeAle 56 FFE E5E

s, 9o o 3
siget. A

W Zsgo]ul-& oF7)8lE B. cinerea KACC 40573 it
ZAtFE AE37] 43k PDA platedl| A SiA]moF 3l
24°Col| A wiekshaA A8 Assle AR AdE AR
11 #5 X2 A A4 45 FolA B
cinereal] W3l 7P T ASAANE Yell= 55
Atsled FFA o2 KMU-10110] 2} 385 Th KMU-
1011 2% °FA9) rod form o2 FAE JAslgiom 3
Ae A2 ¥¥ged FmL smoothdls] o w8l B
< YIS KMU-1011S 27148 MTF2 2 catalase,
gelatin liquefaction, Z.8] 2 nitrate reduction= FAIRF-&-S
vel gl 21 citrate utilization, indole test, production of
oxidase, voges-proskauer testiE= A2 2 FTALE G}, o]
g A#}E wielS =2 Bergey's manual of systematic
bacteriologys °]-83}e] ¥|8 A3}, Bacillus sp2- 255
ek (Table 1). o] A5 vl 2 Bacillus sp& 43
9 o]-4=oJX]= API 50 CHB B4 kitS AMEsle] 50714
o] el Ak A EAE ZARE F, API 20E kits o]
43le] 53k Al §7 API LABplus(V. 3. 3. 3,
bioMerieux, France) X2 1 o= 3teldt A3}, Bacillus
amyloliquefaciens®} 97.7%2] A4S Ve 28y
g g 4 AAE 4& 4 d& 165 DNA
sequences 52| Ao} v|ws}R] Eslod HFHOR Bacillus
sp. KMU-10112 9 3}51t}(Table 2).

712w =] 2] AHE $|5}ed LB broth, NB, PDB, TSB L
2|3, YM brothE |83 x4 A 7o AL =
A}8t A3} NBAA 13 mmZ 7F okssl AdF &AL v}
gl o wiAE ARS3E Aol bR ok
g 3R S Vel A82] 7%l TSBellA 7}

Table 1. Morphological and physiological characteristics of
selected strain KMU-1011.

Characteristics KMU-1011
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 -
20°C Growth
37°C Growth
52°C Growth
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Table 2. Biochemical characteristics(carbohydrates) of Bacillus
sp. KMU-1011.

Table 3. Antifungal effect in different culture broth of Bacillus
sp. KMU-1011.

Characteristics Result  Characteristics  Result

Glycerol - Salicine +
Erythritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose +
D-Xylose + Sucrose +
L-Xylose - Trehalose +
Adonitol - 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 -
a-Methyi-D-glucoside + L-Arabitol -
N-acetyl glucosamine - Gluconate -
Amygdaline + 2-Keto-gluconate -
Arbutine + 5-Keto-gluconate -
Esculine +

7y k3t Ao zAMERSH PDBS 7§l OD 0.63
L2 7pk unlEA ZARE Q] ot dE A2 10 mmE
A& v|wg o ofssl g AL ehlls e =
A= $iTH(Table 3).

2E ¥ pHOl| UE &ElE SEo Mt

W ofe-teol| whE Szl BAo) Ak} &L 2kl
28ke] NBE 7| ¥ A| & 3} Bacillus sp. KMU-1011%
Z¥7; 24, 30, 37, 28] 3L 45°CollA] 180 rpm, 244]7F wjeka)
73}, Table 49} o] 24°Col|A] 714 =& AF AL
EPSEh. 2ARRE 259 Wl Auby o kgt gl
T AL JEhIQ oY M e o) Bold4E AF &
A3t A5 Axr) FAste= A2z B w Bacillus sp.
KMU-10118} 53 3l £789) YAk 250l o= A
& o¥s ke ZleE A=l 53] 45°ce] A4 24°C
o} vlaed o 31%2] A FA o] A on A&
35% Zagk Zog A o2t AR 30°CIM =
= PR BAL kel B gk vk 5o A1318 e
W 25 vEpAH.

pHe) Wslol wE I EA9) Yakat B8-E Al
Az}, pH 6,014 714 kgt FAF B Jehhglen

. Growth Inhibitory zone
Media (OD660 nm) (%) nﬁﬁl)
LB broth 1.83 12
NB 1.67 13
PDB 0.63 10
TSB 2.23 12
YM broth 1.21 12

Bacillus sp. KMU-1011 was incubated at 30°C, 180 rpm for a day,
B. cinerea KACC 40573 was incubated at 24°C for 7 days and
antifungal effect was assayed by agar diffusion method.

Table 4. Effect of different growth temperature for producing of
antifungal substrate.

Temperature Growth Inhibitory zone
°O) (0OD660 nm) (@ mm)
24 1.77 16
30 1.69 13
37 1.23 13
45 1.15 11

(Fig. 1) pH 5.0~8.02] WH$ol|A] HRIA 2 k53t gl
S vieblislet. pH 9.001M% pH 6.02} B8t o 67%
9] 32T NS Vel o™ pH 3.0, 4.0, 28] 10.0
NAE S X315t A82] Sl pH 7.0014 713+
k33l Ao FAE e pH 8.0ME 72 Edgt A
2 el pH 5.09] 7ol A8 mu)sied 2t oF
38 ST A4S eI pH 8.09) 735l 53 A
& she Ao2 Ao g3 B4 pH 5.09) M)
& o) wu|gE Ao ZARECH pH 3.0~10.00014 Auk
Aoz gt AT 2L RHT Bast A 5o B

Fig. 1. Inhibitory zone of Botrytis cinerea by cultured broth of
Bacillus sp. KMU-1011.



ANTIFUNGAL ACTIVITY OF BACILLUS SP. KMU-1011 AGAINST GRAY MoLD CAUSING BOTRYTIS CINEREA 67

I[19]8h= Aelal vl =8 olEd AE uigeE
Bacillus sp. KMU-1011¢] AAMsR= 217 24 AJ5-9)
Axel Azl gl AR A3l th(Table 5).

ST ERO| LS fUfH A=A '

Bacillus sp. KMU-10110] AAbsl= &4x1g 222 Ak
of P2 vl °3kS ZARE A3 Table 65 2} A
71k 102 &4 FollA glucoseE A718I91E o 713
Fag AT FAS el fructose, glucose,
maltose, mannitol, sorbitol, Z2]3 sucroseE H7}5}15]S v
el S ArtekA| o2 dET-RY Rl Bl 10% 5
7bsle AoZ ALY 28 glycerol, lactose, 2231
soluble starchE- 7151538 o 317 B o] FHAs]g] om
glycerole 3718k 7% a7 FAL 279} v| w3}
28% 2B glucoseD A71ak A9} wawsted 35% A
o] ZAAast A o2 FAMEG o A8 WEA9) vl uf
30% AsH= A2 AT 52| 7-5ele sorbitol
& A7RE Al 136%2) 718 vehi e glycerolzt
lactose® A| 2|3t thE hAiflel] &3] A&-2 Fubse A
23 FAEEL

AT EAe] Ak Aol vHE Ao o e 2

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

Inhibitory zone

Growth

pH (OD660 nm) (@ i)
3 - -

4 - -

5 0.52 16

6 1.36 18

7 1.90 16

8 1.87 15

9 1.39 12
10 - -

Table 6. Effect of various carbon sources for producing of anti-
fungal substrate.

Carbon sources Growth Inhibitory zone
(OD660 nm) (© mm)
Control 1.50 18
Arabinose 1.86 18
Fructose 1.61 19
Glucose 1.81 20
Glycerol 1.05 13
Lactose 1.36 16
Maltose 1.60 19
Mannitol 1.79 19
Soluble starch 1.84 15
Sorbitol 2.04 19

Sucrose 1.81 ‘ » 19

AR37] Hste] 7] 2afA]ell ehAde® 1.0%2] glucosed #
7y ¥, 2] AAYE 1.0%4 H7H A= Table 73
7t} AAY L2 polypeptones F7181H-S Wl 25 mm=
71 k&gl A S-S v gl em Arer Aade
oJsled Aubd o FAF BAo] Frlske AR 2A
At 22} bactopeptone®] -f-oll= 279} v] g of
T FAde] 10% ashe 2o AR 82| 7
ol AUk o2 kg 8-S e Ao FAME S
= corn steep liquorg H7}st 7ol 714 k&gt A&
3l= 7oz A Urea®] 79l OD 0.822 714 v
Hgk A4S she Aoz FAbE o A B2 21
mmZ 3 A2 ZALEY o] A2 NE Fo S
I 2T G- A5 e AL o & 5 Tk
wWFd ol whd xld BAH YRS 2ALEE] S5
7] Em A2l NBell 1.0% glucose} 1.0% polypeptones &
7V8t F, pHE 6.02% FAsle] 1~3U7F wiokapaA] ZAt
gt A3, 29 wiekslol s o AP ks AT S8 v
effigl ot wiekd el mE AT A9 & ol Vet
WA edoron, 418 3dA7} 7Bt A AR

griy 232 =¥M % =T Spectrum

Bacillus sp. KMU-1011¢] AJAkgh 3=l E4-& 244
ste] AAFS T3 B cinerea®l AEol VA= 3¢S
28} 9ske] NBE 7| Ruf=| 2 ale] ehiglo g 1.0%
glucose®} AU S 2 polypeptone 718k pHE 6.02
2 ZAse] WA S Axg £, 24°C, 180 rpmoE 2Y 7}
ujeksted ARgSIATt. wiFl-g B8l 0~30%9F 30~60%
2] ammonium sulfateZ. 2F 2 A& F=3 &,
T @S AAs 234 AL 3Eisieh 50 ml
2] PDBell 38t E2S 5% AW B. cinerea®] EA}
Al 0.1 mE AHFshe] 24°C, 150 rpm e 7UZE ok
g F AxFee SAY AT, AET 034 g7 v}

Table 7. Effect of various nitrogen sources for producing of anti-
fungal substrate.

Nitrogen sources Growth Inhibito‘r:'y zone
(OD660 nm) (@ mm)
Control 1.90 20
Ammonium chloride 2.07 24
Ammonium phosphate 1.82 23
Ammonium sulfate 1.89 23
Bactopeptone 2.02 18
Bactotryptone 2.01 22
Beef extract 1.96 22
Corn steep liquor 2.43 21
Malt extract 1.96 22
Polypeptone 2.36 25
Urea 0.82 21
Yeast extract 2.37 23
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Table 8. Antifungal effect of chloroform extract of Bacillus sp.
KMU-1011 cultured broth.

Plant pathogenic fungi Inhibitory zone

(0 mm)

Botrytis cinerea KACC 40573 26
Botrytis fabae KACC 40962 18
Colletotrichum gloeosporioides KACC 40804 15
Colletotrichum orbiculare KACC 40808 24
Didymella bryoniae KACC 40669 26
Fusarium graminearum KACC 41040 -

Fusarium oxysporum KACC 40037 14
Fusarium oxysporum KACC 40052 14
Fusarium oxysporum KACC 40537 11
Fusarium oxysporum KACC 40902 15
Monosporascus cannonballus KACC 40940 20
Phytophthora cambivora KACC 40160 22
Rhizoctonia solani AG-1 KACC 40101 17
Rhizoctonia solani AG-4 KACC 40142 18
Sclerotinia scleotiorum KACC 41065 26

0~30% ammonium sulfate® 3 2]8F Z-$-oll= 033 g2 &
siegt 220 o8 ASANE A9 vehlA) ggrert,
30~60% ammonium sulfateZ- *2]3F 73-$<l 022 go = 3]
431 BAlol| 2Jsle] 35% H=9] 8ol A=k AL
o4 o A

oeFat 2HE YA Fgole) B8t Bacillus sp. KMU-
10119] 31 BA spectrumE ZARE] 993te] chloroform
< ol g3l AT EAL 34T F agar diffusion
method&- o]-83led ZARE A3}, clekat 2EHAA Fgol
o dsled ¥ FAF BEE ehll= Sl & 4 9l
k. B3] C gloeosporioides KACC 40804, D. bryoniae
KACC 40669, F oxysporum KACC 40037, F oxysporum
KACC 40052, F oxysporum f. sp. radicis-lycopersici KACC
40537, E oxysporum KACC 40902, M. cannonballus
KACC 40940, P cambivora KACC 40160, R. solani
AG-1 KACC 40101, R. solani AG-4 KACC 40142, 18]
I S scleotiorum KACC 410659 ©s}e] F 53t 3217
$4E Vel ITH(Table 8). o]2j3t A3E-S vleko = &
of A2 FFeolol Blgt ulAEA A2 Bacillus sp.
KMU-1011% o143 4 31& Rolehe 7FeA e el &
Ao, A4l AESH PAA ANEE 3t T,
AL Fo) st AL A o]t '

o =13
S =

H2t=2] Lappeenranta X| ol $|X]31= Saimaa 57}
o] Eox g2 NE 2219 Bacillus sp. KMU-10115- o] %
3o W 2Eel Y FFoE IS Bomrytis cinerea
KACC 405730 gk akzlyt A8 913 vkl s =4F

st

AT E3e] AARS A8 7B X Z nutrient brothE
ARgslgl o BRI 2 1.0% glucosedt AAHUCR 1.0%
polypeptoneE A7l S o 7M ¥ AT 4L v
ehfigiet. MikE7 0 2= 24°C, 180 rpm, 48A17F wekate]
£ 9 B 2 ST A4S VEISE

Ammonium sulfateE 30~60% H7}sle FRAF EAS
st o 7 ks JxFE FAE el e,
chloroformS: o]-4-3le] ujjefel ol Exlisl= A 24
< 3pste] Hekst A YA 3ol A3t spectrum$:
ZALEE A, Qg 1 v, e} whx,
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