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Purification and Characterization of Thermotolerable Alkaline
Protease by Alkalophilic Bacillus sp. No. 8-16

Bae, Moo* and Pil-Yon Park

Department of Biology, Ewha Womans University, Seoul 120-750, Korea

Thermostable alkaline protease of alkalophilic Bacillus sp. No. 8-16 has been purified, and the
properties of the enzyme investigated. The characteristic point of the organism used is especially
good growth in alkaline and thermal condition. The alkaline protease of the strain No. 8-16 was
purified from crude enzyme by acetone precipitation, CM-cellulose ion exchange chromatography,
Sephadex G-100 and Sephadex G-75 gel filtration. Through the series of chromatograpies, the en-
zyme was purified to homogeneity with specific activity of 37 fold higher than that of the crude
broth. Characteristics of the purified enzyme were as follow; K,, value for the enzyme was
1.3 mg/ml, the alkaline protease showed a maximal activity at 70°C and from the pH 6.0 through
12.0, and stable for 1 hr. at 60°C. The moleclar weight of the enzyme was estimated to be 33,000
by Sephadex G-100 gel filtration. The activity of the alkaline protease was inhibited by iodoacetic
acid and Ag+, Hg+, PMSF (phenylmethylsulfonyl fluoride), and activated by Ca2+ and Mn2+,
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Fig. 1. Ion exchange chromatography of alkaline pro-
tease using a column of CM-cellulose.
Column size: 2.5x100 cm
Flow rate: 9 mi/hr
Phosphate buffer: pH 8.0
0-0: 0.D. at 280 nm
®-@: protease activity
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Fig. 2. Gel filtration chromatography of alkaline pro-
tease using a column of Sephadex G-100.
Column size: 1x100 cm
Flow rate: 9 ml/hr
Phosphate buffer: pH 8.0
0-0: 0.D. at 280 nm
@-®: protease activity
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Fig. 3. Gel filtration chromatography of alkaline pro-
tease using column of Sephadex G-75.
Column size: 1x 70 cm
Flow rate: 9 ml/hr
Phosphate buffer: pH 8.0
0-0: 0.D. at 280 nm
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Table 1. Summary of the purification protease of the
strain 8-16.

Total  Total  Specific
Steps activity protein activity Yield (%)
(unit) (mg) (unit/mg)
Culture fluid 636,640 5400 80.8 100
Acetone 280,400 1011 2717.3 88
CM-cellulose 259,600 223 1164.1 81.5
Sephadex
G-100 196,860 129 1526.0 61.8
Sephadex 150800 56 20380 349
G-75
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Fig. 4. Determination of the molecular weight of the
protease by Sephadex G-100 gel filtration.

The standard proteins used and their molecular weights
are:

1: Bovine'serum albumin (66,000)

2: Ovalbumin (45,000)

3: Carbonic anhydrase (29,000)

4: Lysozyme (14,300)

O: Standard protein, @: Protease (sample): Strain 8-16

G-100 &2 gel filtration 3tA ek, o wi 23 10-24
oA whiA Rl a4 Z4do] velytz o] wjo] w]
242 1526.0 units/mg protein °] 3 cH (Fig.2).
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16-32 014 =haid Hajas gAo] ez, o] uf
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olFA sted 36.7¥) HAY 47+ AU (Table 1).
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Fig. 5. Polyacrylamide gel electrophoresis of the
purified enzyme of Bacillus sp. 8-16.

acrylamide gel & A71%953 A 3= Figh st 7o,
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(Fig4).
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Fig. 6. Optimum pH on the protease activity.
Enzymes were assayed at 70°C (10 min), various

pH range.
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Fig. 7. Effect of temperature on the alkaline protease
activity.

Enzymes were assayed in sodium borate buffer (pH 11)
at various temperature.

pH6-11 ¢ AHslel4 b4 Aoz ol 816 F
Foll o3 WA protease o 7% pHell sk =1$-
bdE Aoz HAoH(Fig8).
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Fig. 8. Effect of pH on stability of protease
(30°C, 30 min preincubation. 70°C, 10 min).

00{

®©
(]
Y

Relative activity (%)
[- 2]
=

'S
>
—F

[
=
T

A " ' A ' L L

30 40 50 60 70 80 90
Temperature (°C)

Fig. 9. Effect of temperature on stability of protease
(30 min preincubation. 70°C, 10 min).
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Fig. 10. K, value on the reaction rate of the pro-

tease from strain 8-16.

Casein concentration: 1,2,4,8,10 mg/ml. temperature:
70°C

time: 10 min

pH : 11

Table 2. Effects of metal ions on the protease activi-
ty (30°C, 30 min preincubation),

Relative activity

Reagents 1 mM 2 mM 10 mM
None 100 101 100
AgNO, 108 101 56
BaCly 2H,0 100 9 82
CaCl, 81 102 106
CoCl, - 6H,0 110 98 67
CuS0,- 5H,0 115 104 114
Fey (SO,)g 110 106 70
HgCl, 106 100 41
Li;SO,- H,0 100 100 96
MgS0, TH;0 116 110 98
MnCl,- 4H,0 120 116 108
Na, WO, 2H,0 104 104 100
(NH,), SO, 106 99 57
ZnSO0, - TH,0 120 109 82
thylsulfonyl fluoride), iodoacetic acid ol 2] =A

A3l vkgkeh (Table3 ).
2 o
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Table 3. Effect of chemical reagents on protease ac-
tivity (30°C, 30 min preincubation).

Chemical reagents ag?‘l,?tt;(’% )
Control 100
Serine inhibitor
PMSF 2 mM 31
0.5 mM 90
Cysteine inhibitor
iodoacetic acid 2.5 mM 47
0.5 mM 100
SDS 0.2% 49
Metal chealator
EDTA 10 mM 83
1 mM 100
Sodium oxalate 10 mM 83
1 mM 72
Calcium specific chelator
EGTA 10 mM 89
1 mM 98
Zinc specific chelator
O-phenanthroline 10 mM 37
1 mM 37
Reducing agent
potassium cyanide 10 mM 67
1 mM 84
L-cysteine 1 mM 98
0.1 mM 100
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