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Abstract — An antifungal antibiotic-producing bacterium was isolated from soil and identified as
Bacillus sp. CJ-1. The culture supernatant was found to have a strong and stable antifungal acti-
vity against Colletotrichum gloeosporioides. Culture conditions for the maximum antifungal
activity were examined. Glucose and yeast extract were selected as the best carbon and nitrogen
sources. The optimum C/N ratio was 3. The optimum temperature and initial pH were determined
as 35°C and 6.0, respectively. Under these conditions, the production for the antibiotic was
maximized at 72 hr at 35°C after cultivation. Microscopic observation showed that the culture
supernatant of Bacillus sp. CJ-1 had a strong inhibitory activity on the mycelial growth of the test

strain at above 12.5 pL. mL~! of concentration.
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Aell ot el 3 AEiA g2 zE]3 widAk A
Aol W 234 otod Foz Az BAEAE
of7]3}3L gltk(Ames 1979). whebr] 15t F2 A
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Vincente et al. 2003). v] Y &-& =
A S A9AEE A B S
Yo} Ao TEeto s WUT] Yolg oA
St ABAE ek wHs v dEe] Ylahe
GRS Amwetes Auete] ogsks W o
2 AR Az I A
2 0] &3l= ¥l So] 9lo}(Staub and Sozzi 1984). &
5 WS 27 AAAEE oo o gohe FE
A e Hg A7 196039 Fkel] bla-
sticidin S2] 7d& A3
polyoxin, validamycin 52| AH#A] ¢} aermectin, tetranac-
tin 5-2] AbZA) 2 bialaphos, cyclohexamide 5-2] A%
A7F A, AL3E A () 1978). 53] =4 WA
E & F2 Bacillus 3} Pseudomonas <& 71 3}n] A E-o|
st A7t FHEHA o] Fo] A e Pseudomonas
APATE o4 A2 WAy Aol A o
7} 7}&F wke] ¥ wr)l 3 9)oh (Xu and Gross 1986;
Elad and Chet 1987; Fravel 1988; A % 1993; Kim et al.
1998). Bacillus 48] 73 <33 <17bell Al n]H 14 o]
] AEd viA] 2 AEBEAREIs) 2 oduEx glon
WA 24} (endospore)E =R #F AAE o] &3
2l S3b, $A 59 ool A Agoz olgat 4+
olotar 4= A 9)lo} (Phae et al. 1990). =3t Bacillus -2
279 MEHEH &4 Bul ol (Phister et al. 2004)
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o} (Gueldner et al. 1988; Ferrira et al. 1991; 71 5 1991;
£ 5 1994; Vanittanakam and Loeffler 1994; Spadaro et al.
2005).
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7+ 50 uL mL~!, 25 uL mL~!, 12.5 uL mL"!, 6.25 pLL mL!,
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Table 1. Physiological properties of strain CJ-1

Characteristics
Temperature range for growth 20~50°C
pH range for growth 5~10
NaCl tolerance for growth <5%
Catalase +
Oxidase +
Urease +
Lipase (Tween 80 hydrolysis) +
B-Galactosidase +
Arginine dihydrolase +
Phenylalanine deaminase +
Hydrolysis of; ~ Starch +
Casein +
Cellulose +
Esculin -
Indole production +
H>S Production on TSI agar +
Levan formation from sucrose +
NHj3 production from arginine +
NH; production from peptone -
Gelatin liquefaction +
Utilization of citrate +
Methyl red test +
Nitrate reduction +
Denitrification +
Action on milk; Coagulation -
Peptonization +
O-F test Fermentation
Degradation of tyrosine -
Table 2. Sugar utilization by strain CJ-1
Sugars
Arabinose +
Cellobiose +
Cellulose _
Dextrin +
Fructose +
Galactose +
Glycerol +
Inositol +
Inulin +
Lactose +
Mannitol +
Mannose +
Raffinose +
Soluble starch +
Sorbitol +
Sucrose +

+: Utilized; —: Not utilized

Hell= A3 o), A FHYA

21]4 A8 Z9k31, pellicle

3
o]
o

o AH WL e,

Ao
YA v 1182 AFel i} 28] 32 nutrien
3 < ¥



Isolation and Cultural Conditions of a Bacillus sp. with Antifungal Activity 387

Table 13} o} 2 FF2] A&Lx W= 20~50°Co| Ago] 7lssld). 28] catalase AL, oxidase 2A]
S A% pH W9IE 3~ 1005w, G5 5% 9 propionate o[ 44 UERiIKien] A¥E S
shick et el olg4 e Amstel & A3 Al
Table 3. Sugar fermentation by strain CJ-1 AFL-3F o] 7R & Fo|A] celluloseS A3 =& o
S Production of < FA A8l o] L3}l (Table 2), 2] W& Al
ugars
: Acid Gas Y A3 Q¥ Foz e Aol AHHAAY AT
Arabinose - - = gro 2 nE AAEZA 9ok} (Table 3).
gg}z?sg:e J_r _ o|Ake] A= uleglo g HI|FFZ2 Bergey’s manual
Dextrin - - of systematic bacteriology (Holt ef al. 1994)el] F38}o 7
lérulctc;se + - E3}9S | Bacillus sp.2 574 3}913, Bacillus sp. CJ-1
alactose - —
Glyeerol + - oz Wyt $F ueh AT Sgo] 27
Inositol - -
Inulin - - - L .
Lactose - - 3.8 e 93 dFFA AP
Mannitol + - )
Mannose + - AT 1F wAHHF (C. gloeosporioides KACC
ooaose * - 4003)9) w2 FFel B T AFAA WL W)
Soluble starch — - ~ o _ . )
Sorbitol - - 733tell Al A7) 9lste] I AEe] EAE 9 wA
Sucrose + - A& A =5 2AHE A3 Fig. 16242} 7o] nlj ok
+: Positive; —: Negative ATl Al 28552 HrLE 2o AL A 34

Bacillus sp. CJ-1

. -

(D) 12.5uL mL""! (E) 6.125 uL mL"! (F) 3.0625 uL mL"!

Fig. 1. Microscopy of fungal inhibition by culture filtrate. (A): Distilled water was added instead of culture filtrate as control. (B)-(F): Various
concentrations of culture filtrate were added.
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Table 4. Effect of the cultivation time on the cell growth and anti-
fungal activity

Culture DCW#*

Inhibitory zone (mm) against

time (hr) (gmL™") Final pH Colletotrichum gloeosporioides
24 0.04 6.92 15.4
48 0.06 6.60 214
72 0.05 6.84 24.3
96 0.03 6.70 20.0

*Dry cell weight

Table 5. Effect of the temperature on the cell growth and antifungal

activity
Temperature DCW Inhibitory zone (mm) against
°0) (g mL1) Colletotrichum gloeosporioides
0 . 8

25 0.02 18.4

30 0.04 24.1

35 0.06 25.6

40 0.02 19.2

Table 6. Effect of the initial pH on the cell growth and antifungal

activity
. DCW . Inhibitory zone (mm) against

Initial pH (gmL™1) Final pH Colletotrichum gloeosporioides

3 8

4 . . 8

5 0.02 5.75 184

6 0.05 6.82 25.9

7 0.04 7.42 23.8

8 0.03 8.27 22.1

9 0.03 9.34 19.0
Hoe= A& 2ok = 92 Bacillus sp.& A48t
AT A Aakz7ed #3E Aol e pH 7o)
A HA FAL B (0] 5 2008) = B. licheniformisZ
ARgsE el M= #A pH7L 82 Haigl wp Qe (2
5 2005). 2} & 52 7, A pH7L 6°l2ta B
28t v} 59| B.subtiliss AHE-SE AR F AT AT
Sl QAL weAFHE F 2006).

7] ©adE 1.0% (w4 Arketa S
W ekl & 1.0% (viv)H A E3}e], 35°Coll Al 72417 218
W FAIZ & DA st wok Al FHEdE &
A sted o). Table 73} Zro] glucoseS EBlAf o= AL4-3}
Q& o A o] P wdet =3 A EA YA 9
gt glucose =2 ZESH A3} Table 8ojl4 ¥ nle}
Zro] glucose?] HEE 1.5% (w/iv) A718tE S o 71A
B9ron, 1 o] FElAE Bashe AFE
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Table 7. Effect of the carbon sources on the antifungal activity

Inhibitory zone (mm) against

rbon sour . S
Carbon sources Colletotrichum gloeosporioides

Control 24.9
Dextrin 18.4
Glucose 26.8
Mannitol 18.2
Sucrose 24.1
Fructose 21.0
Lactose 21.1
Raffinose 18.0
Cellulose 14.0
Galactose 15.0
Maltose 18.0
Soluble starch 25.9
Xylose 19.0

Table 8. Effect of the glucose concentration on the cell growth and
antifungal activity

DCW#* . Inhibitory zone (mm) against

Cone. (%) (gmL™") Final pH Colletozricyhum ggoeogpo%‘ioides
0.5 0.03 6.64 20.1
1.0 0.04 6.70 20.2
1.5 0.06 6.75 26.5
2.0 0.05 6.97 244
2.5 0.05 6.74 21.3
3.0 0.04 6.95 20.4

*Dry cell weight

Table 9. Effect of the nitrogen sources on the antifungal activity

Inhibitory zone (mm) against

itrogen sourt . L
Nitrogen sources Colletotrichum gloeosporioides

Control 26.2

Yeast extract 27.5

Peptone 24.2

Tryptone 23.2

Beef extract 22.1

NH,4Cl1 8.00

(NH4)2S04 8.00

NHsNO; 8.00

(NH4);HPO4 8.00
Nt o] Aok Dagle) Eqol wet nlgEe] S
I o] X} AALEQl AFEA L] Ak ZA L
Fohe AH I 92519 o (Lounes er al. 1996) A4 5
= o]AFY] glucosed 7} A HEAL ZFAE catabolite

repression©. 2 ¢lst Azt=z A Z+E o)

5) Aol I

eta9d o= glucose’} 1.5%7F A7l 7] Euj Aol Z+
Fo 4710403 FAALLE A 10% WA A
7¥etal FF el Fd S 1.0% (V/V)%] A 53le, 35°Cel| A
T2A17E Bt A A7l F ARl st wiek e

Table 10. Effect of the yeast extract concentration on the cell growth
and antifungal activity

DCW*

Inhibitory zone (mm) against

Cone. (%) (gmL™") Final pH Colletotrichum gloeosporioides
0.5 0.07 6.64 27.8
1.0 0.05 6.70 26.7
1.5 0.04 6.75 25.5
2.0 0.04 6.67 249
2.5 0.04 6.74 24.8
3.0 0.05 6.75 24.0

*Dry cell weight

S U ol 4
= Table 93} #ro] yeast ex-
2 AHg H’i“ o Aol 7HE Sk
2 93} yeast extract == 7 E3F
73}, Table 100 4] B nlel 7Eo| yeast extract?] ¥ %
2 0.5% (w/v) A7)slge o) 7HAF Z29kon], I o) Ake)
Rl e ANE Bl dashs AR ehhgic
A AR A Bl g Age 9
SRA vehd Aelsk nialA @ges Az,
B Axl= ZA7}e] B. licheniformis$} B. megaterium-2 A}
&+ TZA AFSo)|A = yeast extract7} 7}
S A7 PR ARk wwd A% 4
st A3}= B o Fe} (Lee er al. 2001; Jung er al. 2003).

¥ 2

Mz P FARDPLE BHo2 TFUA

Wl Colletotrichum gloeosporioides®)| ©)| 3t %*E%‘é
+ e vAES Bofoz R et AT A

3}, Bacillus sp. CI-12 SA3}3]c}. 344 37::14 3 A
3 vz AS =3 ZAF, glucose 1.5% (w/v), yeast
extract 0.5% (w/v), pH 6.02] ¥ X]Z A}8-3}o] 35°Col| A
T2717F A ' wjFtl S W FAdBA ] T Eghe
o, o|u] I HFQ C. gloeosporioidesol] T wl oFe 2]
A& A 82 oF 27.8mm=E FHd o] FHAS HeF9o
7<) C. gloeosporioidesel| w8t vl okel o] A&
e Wee Fo) WA A9} el 125 mL o]
Ao FxolA T AeAHALE HFT U
—fﬁ ol IZ ZAe] WoldA|d AT Aol )
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