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Chitinase of Multifunctional Antagonistic Bacterium Bacillus amyloliquefaciens 7079 against Phy-
tophathogenic fungi. Han, Ok-Kyung, Eun-Tag Lee, and Sang-Dal Kim". Department of Applied Microbi-
ology, College of Natural Resources, Yeungnam University, Kyongsan, 712-749, Korea — An indigenous
antagonistic bacterium Bacillus sp. 7079 was isolated from a local soil sampled at Kyongju area in Korea. The
strain has strong antagonistic ability which was originated from multifunctional mechanisms of chitinase and
antibiotic, and is a powerfu] antagonistic biocontrol agent against red-pepper rotting fungus Phytophthora
capsici and wilt fungus Fusarium oxysporum. The chitinase might degrade the cell wall of Fusarium species.
The selected Bacillus sp. 7079 was identified as a Bacillus amyloliquefaciens 7079. The maximal production
of the chitinase from B. amyloliquefaciens 7079 were obtained in chitin-yeast extract medium containing
0.7% K;HPO4, 0.2% KH>PO4, 0.1% (NH4)2804, 0.05% sodium citrate, 0.01% MgSO, 7H,0, 0.1% yeast
extract and 0.1% colloidal chitin after cultivation for 3 days at pH 7.0 and 30°C. The best carbon and nitrogen
sources for the production of the chitinase from B. amyloliquefaciens 7079 were determined to be 0.1% colloi-
dal chitin and 0.15% proteose peptone NO. 3, respectively. The antagonistic activity of B. amyloliquefaciens

7079 was confirmed using P, capsici by in vivo pot test with red-pepper plant (Capsicum annum L.).
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o], v|E2= Serratia[2,20], Pseudomonas[11,16)], Strepto-
myces[9], Aeromonas[4,8], Bacillus[1,19], Enterobacter[15],
Aspergillus[5], Penicillum[17], Trichoderma[6] & A
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. &, colloidal chitin 84 0.5mi¢} 1/15M phosphate
buffer(pH 7.5) 1mlel] &4 [ mlZ 718 45°Celx] 24]
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Fig. 1. Inhibition of the growth of Fusarium oxysprum and
Phytophthora capsici by Bacillus sp. 7079 by pairing culture on
PDA.

Up: Bacillus sp. 7079 + Fusarium oxysprum.

Down: Bacillus sp. 7079 + Phytophthora capsici.

shown). =3t API® SOCH teste} ZF5 A3}sbd AAAAL
223 MicoLog™ system& ©]43F 54 A3} Biologht
2] data baseolX Bacillus amyloliquefaciens?] 7} &4
Fo= FAe] HYK(Table 1).
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Fig. 2. Clear zone formation by Bacillus sp. 7079 on chitin-
yeast extract agar.

A, Bacillus sp. 7079; Up and down, control strain

Cultivation was carried out in the chitin-yeast extract agar for 3 days
at 30°C.

Table 1. Identification of the Bacillus sp. 7079 isolated as an
antagonistic bacterium against phytopathogenic fungi

Characteristics Bacillus Strain
amyloliquefaciens 7079

Gram stain + +
Motility + +
VP-TEST + +
Catalase TEST + +
Acid from D-Glucose + +
L-Arabinose - -

D-Xylose - -
D-Mannitol d -

Gas from glucose - -
Hydrolysis of casein + +
gelatine + +

starch + +
Utilization of citrate + +
Nitrate reduced of nitrite + +
Formation of indole - -
Growth at pH 6.8 nutrient broth + +
5.7 + +

Growth at 10°C d -
30°C + +

40°C + +

50°C d -

Symbol: +, 90% or more positive; —, 10% or less positive; d, 11-
89% positive
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Fig. 3. Effect of pH on the chitinase production from Bacillus
sp. 7079.
-@®-: Cell growth, ~O-: Chitinase activity.
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Fig. 4. Effect of temperature on the chitinase production from
Bacillus sp. 7079.
—-@-: Cell growth, —~O~-: Chitinase activity
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Fig. S. Effect of culture time on the chitinase production from
Bacillus sp. 7079.
—®-: Cell growth, ~O-! Chitinase activity.
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Table 2. Effect of carbon sources on the production of chitinase
from Bacillus sp. 7079

Table 3. Effect of nitrogen sources for the production of chiti-
nase from Bacillus sp. 7079

Carbon source Relative activity (%)

Sodium citrate” 2.62
Glucose® 33.78
N-acetylglucosamine” 65.43
Lactose’ 47.62
Sucrose” 26.53
Cellulose” 7.55
Chitin" 34.45
Chitosan” 8.00
Colloidal chitin® 100.00
Sodium citrate™ 98.77
Glucose™ 9.88
N-acetylglucosamine™ 71.60
None* 100.00

*Various carbon sources (0.1%) were added to the medium [0.7%
K;HPO4, 0.2% KH,PO4, 0.1% (NH4)2SO4, 0.01% MgSO,7H,O
and 0.1% yeast extract, pH 6.8]. Cultivation was carried out for 3
days at 30°C.

*Sodium citrate, glucose and N-acetylglucosamine of 0.1% were
added to the medium [0.7% K,HPO., 0.2% KH,PO4, 0.1%
(NH,4)2804, 0.01% MgSO47H,0, 0.1% yeast extract and 0.1% col-
loidal chitin, pH 6.8]. Cultivation was carried out for 3 days at 30°C.

0.8 -

Cell growth (0.D.,660nm)
o o
N o

Chitinase activity (Unit)

0.2

T T T T ~ 0.2
0.00 0.06 010 0.15 0.20 0.25 0.30

Protease peptone concentration (%)

Fig. 6. Effect of the concentration of protease peptone No. 3 on
the production of chitinase from Bacillus sp. 7079.
—-®-: Cell growth, ~O— Chitinase activity.

glucosaminedl] 2JhME % 70% 7FF AYAke] ZFHAFNC}
(Table 2). ©] ZA#}=2 E AJFFL shdozn #E8A
EAE SAoR o8-8 I X3} 'Y e R o]43p|
9&)ed colloidal chitin® ¥313 4= 91¥ chitinase® fr=
AAreRs AoE A4

Nitrogen source Relative activity (%)

Beef extract 4333
Yeast extract 666.7
Proteose peptone No. 3 2588.9
Peptone 1966.7
Tryptone 2466.7
Urea 911.1
NH4Cl1 477.8
(NH4)2S04 400.0
(NH4),8,04 0.0
(NH4),HPO4 277.8
(NH4)6M07024 666.7
NaNO, 577.8
None 100.0

Various nitrogen sources (0.1%) were added to the chitin minimal
medium [0.7% K;HPO,, 0.2% KH;PO4, 0.05% Sodium citrate,
0.01% MgS0O47H,0 and 0.1% colloidal chitin, pH 6.8]. Cultivation
was carried out for 3 days at 30°C.

FAMMO| O|Xj= Baplel S

Chitinase®] AJAtell ZHE A41e] F3ks oobry] 93]
CY vlA|A|A yeast exractS Al9]3t chitin minimal(CM) ¥l
ol 7+ ALPE 47 0.1%7F HE=F H7RE F 30°C
of|A] 397} RAefujoFsted chitinase AL ZAd)e] E A
F (NH,),S,0500 &#ir= ddAe] Aol =HA] o} Ea
Aato]l M=, 1 9 Aol s FH G
FAAAMY o] F71=I%ic}. B3], proteose peptone NO. 3,
tryptone, peptone®}t Z-Z f7|AAr FriALLYE G
chitinase AJARE- o] AT A2 Yepdtl(Table 3).

Chitinase®] WAHS 73] F3lsh= 7 |ALAELS o
Ao Fa AARE A% 3 FEE doli] H3 CM
vlR]ell proteose peptone NO. 3 E=: tryptone?] w7}
0%-0.3%7} F=F 3H718E F 30°CelA 39zt Aledu)ofsl
o] chitinase G FHsled B A} 0.15% proteose
peptone NO. 39} 0.1% tryptonesil A Zd|3H41-& ehlisd
t}(Fig. 7, 8).

In vivo pot test® S ZEEE HS

% 3AFA Q3FF B amyloliquefaciens 70797}
AA EoollA AlE el wAEE LA A
AZe7] ¢Jsled 2FE A} 7]1FAER in vivo pot test
£ AAIg 2T, 28°C, 60% FEF A8 234l
A 715218 32571 o)A Fe] Qe potell, PlE] V8 TRl
Aol wiekste] 38 P capsicid] A 3Fsle] B
F AE F, 197 FAHE(28°C, FE 70%)5kL 7]
o AMbel WA B. amyploliquefaciens 70792 *2]3l3
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Fig. 7. Effect of the concentration of tryptone on the produc-

tion of chitinase from Bacillus sp. 7079.
-@—: Cell growth, ~O-! Chitinase activity.
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Fig. 8. Effect of colloidal chitin concentration on the produc-

tion of chitinase from Bacillus sp. 7079.
-®-: Cell growth, ~O- Chitinase activity.

A B

Fig. 9. In vivo antifungal activity of Bacillus sp. 7079 on the
growth of red pepper (Capsicum annum L.).

A, Non treated (control); B, Only Phytophthora capsici infected;
C, Phytophthora capsici + Bacillus sp. 7079; D, Bacillus sp. 7079
only.
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sl AAMOR Bacillus amyloliquefaciens 70792 &7
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