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Increased Alkaline Protease Production from Bacilus clausi 1-52

by Experimental Design Methods
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Production of alkaline protease by Bacillus clausii 1-52 was optimized by experimental design methods. Among 7 medium
components, three (wheat fiour, sodium citrate, sodium carbonate) were selected as components affecting the protease
activity significantly by Plackett-Burman methods. Furthermore the ranges of effective concentrations were determined by
Box-Behnken methods. The objective function describing the alkaline protease production was obtained and optimum
concentration of 3 components was determined by using response-surface methods (RSM). Theoretical maximum production
was 74000 U/mL (Wheat flour: 0 g/L, Sodium citrate: 5 g/L, Sodium carbonate: 10 g/L). With the optimized medium

composition, 92000 U/mL alkaline protease was produced experimentally, resulting in 90% increase compared to
before-optimization production (49000 U/mL).
Key Words : Alkaline protease, Bacillus clausii, experimental design method
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Table 1. Plackett-Burman Experimental Design
RUN A B C D E F G
1 + - + — - — +
2 + + - + - - -
3 - + + - + - —
4 + - + + — + -
5 + + - + + - +
6 + + + - + + -
7 + + + - + +
8 - + + + - +
9 - - + + + -
10 + — — - + + +
11 + — - - + +
12 - — — - - — -
13 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0

(+) indicates the addition of each component as in the medium
composition (see Materials and Methods). (-) indicates no addition.
(0) indicates the addition of each components at 50% of medium
composition (A: Soybean meal, B: Wheat flour, C: Sodium citrate,
D: Potassium phosphate, E: Sodium phosphate, F: Starch syrup, G
Sodium carbonate).

Table 2. Box-Behnken experimental Design

RUN W. flour (g) S. citrate (g)  S. carbonate (g)
1 —_ _— —_

2 0 - -

3 + + 0

4 0 + -

5 0 0 0

6 - 0 +

7 0 + +

8 - + 0

9 0 — +

10 + 0 +

11 + — 0

12 — 0 -

13 0 0 0

14 0 0 0

15 + 0 —

"+ " and "0" levels indicate the higher, lower and medium

levels, respectively, of a factor in that combination. Wheat flower
g (+; 1.0, 0: 05,-:0); Sodium citrate (g/I) (+; 1.0, 0: 0.5,-:0);
Sodium carbonate (g/l)(+; 22, 0: 16,-:10)

gl d B giE Caseind 7148 AMgdA AL =
At caseing 0.1 M glycine-NaOH (pH 11) €5 Hoj
05% FEZ =9 & ALl E4+ 15000 rpmoll A
1087 gA823 %, 0.1 M glycine-NaOH (pH 11) &%
oHoll 100 FAMhA AMESIHTE WS B AL 1.888%
acetic acid, 2.992% Sodium acetate, 1.8% TCAE E3}3l4
AT

24 HH“OM]AM BAAAL 05 mL 712& 7 15 mL
tubeo] i1, 60CoIA 1087 AAMAAT HME B4
0.01 mL& blank—a— A2 UmA tubeo] d7}8tx, 10 min
ZF 60CoA Hhg & 4CoA 10 mingt A 5HTE 4R
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Table 3. Increased protease activity by medium optimization

Lavels before Level after

optimization optimization Protease activity

Variables

optimication After optimization

Prodicted Experimental

W.flour 1% 0%

S.citrate 0.25% 0.5% 49000 U/m1 74000 U/mI 92000 U/mMI

S.carbonate 0.6% 1.0%

9 AE S o)&siA JAAY FEAE BAY F
A oA sEE Tt SASE 4% 244
A Ake MINITAB® software (Minitab Co. version 14, USA )
& AH&-3ST

Zn o

Main effect M3
Bacillus clausii 1-529] 32 vjx& XAs7] Ysis A
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W pHEL AN 9T FE FRY A4 A
ARG,

242 BHF 1709 WFAL 48N T A
¥, O BAEL BHE S4e0 22 AA 4% A
Aboll o83t th(Table 2). o] A9 AT weld Fsf
Ko A 71 9% Bl Fr Ares AW 3
2] ¢1&}+= Wheat flour, Sodium citrate, Sodium carbonate©]

t}(Fig. 1).

Box-Benken experimental Design
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Figure 1. Effect of experimental factors on alkaline protease production.
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Figure 2. The effect of wheat flour on protease production.
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Figure 3. The effect of sodium citrate on protease production.
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(K: Protease activity, X: W.flour, Y: S. citrate, Z: S.
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Figure 4. The effect of sodium carbonate on protease production.
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Figure 5. Surface plot of protease production for two components
((a) Sodium citrate and Wheat flour, (b) Sodium carbonate and
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