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In the previous paper, we isolated a bacterium that can hydrolyze various organic materials from soy-
bean paste, including cellulose, lipids, starch, and protein. The activity and chemical properties of the
crude enzymes produced by the isolate Bacillus subtilis CK-2 were further investigated. Cellulase
showed the highest activity at pH 5.0 and 55°C. The stability of cellulase was mamtamed within the
ranges of pH 5.0~10.0 and 20~50C. Cellulolytic enzymes were activated by a Co’ ion, demonstrating

the highest activity at a 0.45%(w/v) concentration of Co’"

. The optimal conditions for amylase were

pH 5.0 and 50C. The activity of amylase was stable w1thm the ranges of pH 4.0~5.0 and 20~50C.
The Co”™" ion Jwas also necessary for amylase activity, which was the highest at a 0.2%(w/v) concen-

tration of Co*".

The optimal pH and temperature conditions of protease were pH 8.0 and 50C. The

activity of protease was stable within the ranges of pH 7.0~8.5 and 20~50C. Protease activity was cat-

alyzed by Mn”", which was the highest at a 0.125%(w/v) concentration of Mn *

*. The isolate B. subtilis

CK-2 demonstrated a high activity of autolysin. Based on these results, we identified and suggested
the optimal pH, temperature, and metal ion concentration in the use of the hydrolytic enzymes of B.

subtilis CK-2 for industrial purposes.
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Fig. 1. Effects of temperature on activity of hydrolytic enzymes
produced by Bacillus subtilis CK-2. A; cellulase, B; amy-
lase, C; protease.
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9|3 YA H protease, Bacillus subtilis LY-353 [24] 3 A3
¥ protease®| 7 &4 2%} 55T, Bacillus subtilis CCKS-
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Fig. 2. Temperature stability of hydrolytic enzymes produced
by Bacillus subtilis CK-2. A; cellulase, B; amylase, C;
protease.
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Table. 1. Effect of metal ions on activity of hydrolytic enzymes
produced by Bacillus subtilis CK-2

Relative activity (%)

Ton Metal
Cellulase Amylase Protease

Mg™  MgSO; - 7H,O 66.0 99.0 121.3
Zn™"  ZnSO, - 7TH,0 55.6 784 85.1
Ca"™  CaCO; 69.1 120.1 97.9
K K 71.0 91.2 100
Cu™  CuSO, - 5H,O 1134 92.8 117.0
Co™  Co(NOs); : 6H,O  186.4 167.1 91.5
Mn"™  MnCl, - 4H,0 159.3 91.8 376.6

- NONE 100.0 100.0 100.0

E4840| V¢ AT A EHE YERIAT, Mg G,
a8l K= 84 %”é% Aaf gt *}é" el OH’EM.

3] C = z47}o}aa~ uﬂ 1021 units/
mg protein® &, -‘?«i 2] 79| 6.11 units/mg protein®l] s}
4 £ a2 FHE YUt 2 S AR S de
a4l 20% oA Zadtga, Mg o] & FFo] A9
siton, K, Cu®, 181 Mn™oll el e Eaggo] of
10% A== AL A3t o2/ ¢ Z 7= Roh 5[35]0]
B3 Bacillus sp. TR-259 &3] A H a-amylase®] 7%
Ca™'oll 93 &4 Aol X1, Mn™H Cu™'e &4 A
of & WAA FYrhs B Zelrt Ao
Protease &4 Mg™, Cu”, 21282 Mn™ & 718142 1
ax8H0 E9kow, £3) Mn™ o] &S Hs Y& P&
1.77 units/mg proteinZ A 74 72 047 units/mg protein
of Hlste] 3u o] Ea4 FHS FUAIE AoE YEth
o]t A= Choi 5([7]9 Bacillus subtilis CCKS-111¢} Kim
5[24]9) Bacillus sp.7} A4 8H= protease”} Cu*"oll o&) &4
ol 74 Btk Bag} Aolrh ok Wi Zn* g A7} 89
< o o 15% Co" & F7ek S W oF 9% Eadgol oA
HA =, ol Chung 5[9]9 Bacillus subtilis7t A/ 3t&
protease®] 7% Zn2+°ﬂ osf gAo]l FXNHGE= Bals} Aol

7} °‘E} K" 0] 22 protease Z40l GFo] vXA b= Ao
gl E AT
50|29 =0l ME g2y
Cellulose®} amylase®] &4 & £AF F&0|2 5 A0
}ZL EQE Co™* o] &7} Protease9] 4E& Fske Ao
AR Mn™ o] &S Ao R vEo] 4 7 G284 T

ok J&‘A

Y% 24T A3 Fig. 3, Fig 4, 1912 Fig. 5
Cellulase®] 7§ Co™ o] &0 9J3) &40 ZAHE A
gl 5 e, FA T 643 units/mg proteind! B
A 0.35% ©]d] Co(NOs)E Aelst% S W 1650 units/mg
protein =9 &4-& UEbY 024 250% o] &4 £
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Fig. 3. Effect of cobalt ion concentrations on the activity of cellu-
lase from Bacillus subtilis CK-2. m, relative activity; #, cel-
lulase activity.

160

140

120

100

80

60

Relative activity (%)

40

20

Fig.

Relative activity (%)

Fig, 5.

Cellulase acitivity (units/mg protein)

0 0.05 0.1 0.15 0.2 0.25 0.3 035 0.4 045 0.5

Concentration (%)

7
6 5
2
=l
a
,SM
i E
Zz
4-E
L 2
,3£>
3 2
2 2
I 2
.'—11
L 1 &=
£
<
- Ll o

0 0.05 0.1 0.15 0.2 0.25 0.3

Concentration (%)

4. Effect of cobalt ion concentrations on the activity of amy-
lase from Bacillus subtilis CK-2. W, relative activity; #,
amylase activity.

-
W
Protease acitivity (units/mg protein)

Ly
o

o
wn

o
<)

0 0.025

0.05 0.075 0.1 0.125 0.15

Concentration(%)
Effect of manganese ion concentrations on the activity
of protease from Bacillus subtilis CK-2. W, relative activ-
ity; #, protease activity.

ZAolle FAE T = 4.62 units/mg
S el 9 0.1% 0] 4] Co(NOy)Z

Journal of Life Science 2017, Vol.27. No.7

AgstAE W 6.90 units/mg protein A EE 150%
g4go] ZAEE AL FlatAh Protease®] 45l
gFe A 049 units/mg protein® FHE e

0.025% °l’¢el MnCLE A#st¢lS o) Ao £315 3

809

°
o

2

=
=
Lls

r2

o,

0.75% °1’¢ A2kl W H I 1.82 units/mg proteinE Al

370% AEZ d4o] £XH= AL A4,

EAUSO| K pH

Cellulase, amylase %

protease?] pHol w2

A 100

20

60

40

Relative activity(%)

20

B 100 r

80

60

40

Relative activity(%)

20

C 100

80

60

40

Relative activity(%)

20

6.0 6.5

7.0 7.5 8.0 85
pH

Fig. 6. Effect of pH on the activity of hydrolytic enzymes

3.0 40 50 6.0 7.0 80 9.0 10.011.012.0

9.0 95

pro-

duced by Bacillus subtilis CK-2. A; cellulase, B; amylase,

C; protease.



810 BB UPIX| 2017, Vol. 27. No. 7
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W2 MM A A debd e 24 pHOl B ok
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