4045 6 10 V) G N B N S ¢ Vol.40 No.6
20184F 12 H Journal of Wuhan Institute of Technology Dec. 2018

XEHS:1674 - 2869(2018)06 - 0619 - 08

780 TRV RG B 2 FRUF R B DR R R e B A 11
M )2 i LAk

WAL ERE R &R

AXIRRFREASS A AL FR, I XL 430205

O OE R R S0 A AL 0 B A% R T N T R R 2 AT DR R TR D bR ) LV R AR AR AT
A o 3 2T R PR 28 S 45 e N T Box—Behnken A5 8 A f0 IR 1A 22 T 15 35 2 8K, 0B — /KT 1) i B T 43 T
P B AR KBRS 5 A R - TR I 26.05 o/LL, A 4 B 29.29 ¢/, MgSO, 1.5 g/L., CaCl, 0.74 ¢/L., NaCl 10 g/L,
pH 9.0, % Fl & 3 % . TEI Ml K BEds 35 406 T, 90 50 0 45 o T 05 38 %) 2 186.17 TU/mL, te AL a4 1
269 % , 33X 3 I 1 TS O TR 2 AR R R B RE S T 0 B o N S TG 1 R 2 B R AR A R = g
AL T AR N 2

KRR - 9 SL UG 5 BT 5 A R AR R R AL

FE 525 :0939.97 XHERARIRAD : A doi: 10. 3969/j. issn. 1674-2869. 2018. 06. 007

Optimization of Fermentation Conditions for Nattokinase Production by
Genetically Engineered Bacillus Subtilis Using Response Surface Methodology

TIAN Li , LU Yinan , ZHU Jian , ZHANG Youhong'

School of Environmental Ecology and Bioengineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: A strain of Bacillus subtilis genetically engineered with high yield of nattokinase was previously
prepared. Its liquid fermentation conditions were optimized by single factor experiment and response surface
methodology (RSM) Box-Behnken model in the present work. The results of five-factor and three-level response
surface analysis show that the optimal fermentation conditions are obtained at peptone of 26.05 g/ L, glucose of
29.29 ¢/I., MgSO, of 1.5 g/L., CaCl, of 0.74 g/L., NaCl of 10 g/L., pH of 9.0, and inoculation amount of 3%, the
highest enzyme activity of nattokinase reaches 2 186.17 IU/mL, 269% higher than the one before optimization.
It indicates that response surface methodology can effectively improve the activity of nattokinase, which
provides a basic application reference for the production of nattokinase.

Keywords: Nattokinase ; enzyme activity; Bacillus subtilis; fermentation optimization
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Fig. 1 Nattokinase standard curve
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Tab. 1  Factors and levels in response surface analysis
- TG R R KT
-1 0 1
A(Peptone) / g/ 1, 0 15 30
B(Glucose) / g/ L 0 15 30
C(MgS0.) / g/ L 0 0.75 1.5
D(CaCl,) / g/ L 0 0.5 1
E(pH) 6 7.5 9
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Tab.2 Design and results of Box-Behnken experiments

E R (A)/ AT R E (B) /| MgSOJR R E(C)/ CaCLFi ¥ E (D) /

A (g/L) (/L) (g/L) (g/L) pHE) A FL e /mm
1 0 -1 0 0 -1 22.78
2 -1 -1 0 0 0 14.93
3 1 0 -1 0 0 18.73
4 0 0 1 -1 0 26.00
5 -1 1 0 0 0 21.23
6 0 0 1 0 -1 25.69
7 0 0 0 0 0 25.83
8 0 0 0 1 -1 19.73
9 0 -1 -1 0 0 15.79
10 0 0 0 0 0 26.02
11 0 0 -1 0 1 18.07
12 0 1 0 -1 0 22.92
13 0 0 -1 0 -1 17.54
14 0 -1 0 1 0 19.86
15 0 0 0 | 28.16
16 1 0 0 -1 0 26.33
17 0 0 1 1 0 25.9
18 0 0 0 0 0 26.14
19 -1 0 -1 0 0 14.78
20 1 1 0 0 0 26.79
21 0 1 0 1 0 2233
22 0 0 0 -1 -1 21.23
23 0 0 0 0 0 26.54
24 1 -1 0 0 0 22.96
25 0 0 0 1 1 2771
26 1 0 0 1 28.77
27 -1 0 0 0 1 21.98
28 0 -1 0 0 1 15.5
29 1 0 0 0 -1 26.55
30 1 -1 0 0 16.81
31 0 0 0 0 25.78
32 -1 0 1 0 17.49
33 0 -1 1 23.77
34 0 -1 -1 0 19.35
35 -1 0 0 -1 17.54
36 1 0 1 0 23.05
37 -1 0 1 0 0 20.6
38 -1 1 0 0 22.82
39 1 1 0 0 27.41
40 0 0 0 0 0 26.96
41 -1 0 0 -1 0 20.23
42 0 1 0 0 1 26.79
43 0 1 0 0 -1 24.65
44 0 -1 0 -1 22.26
45 1 1 0 28.98
46 0 -1 1 16.53
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Tab.3 ANOVA for Response Surface Quadratic Model Analysis of variance table

IR S5 A FI iy 3 ¥y FAa Pa BEN
Model 714.49 20 35.72 13.41 < 0.000 1 HAE
A-Peptone 178.09 1 178.09 66.85 < 0.000 1 A
B-Glucose 64.12 1 64.12 24.07 <0.000 1 ok
C-MgSO, 288.66 1 288.66 108.36 < 0.000 1 HAE
D-CaCl, 5.63 1 5.63 2.11 0.158 5
E-PH 14.14 1 14.14 5.31 0.029 8
AB 1.53 1 1.53 0.57 0.456 3
AC 491 1 491 1.84 0.186 9
AD 0.073 1 0.073 0.027 0.869 9
AE 1.23 1 1.23 0.46 0.502 7
BC 3.19 1 3.19 1.20 0.284 5
BD 0.82 1 0.82 0.31 0.5842
BE 22.18 1 22.18 8.33 0.007 9 *k
cD 1.85 1 1.85 0.69 0.4126
CE 0.94 1 0.94 0.35 0.5576
DE 7.40 1 7.40 2.78 0.108 1
A? 42.45 1 42.45 15.93 0.000 5 ok
B 60.42 1 60.42 22.68 < 0.000 1 HAE
c 71.07 1 71.07 26.68 < 0.000 1 ol
D’ 31.27 1 31.27 11.74 0.002 1 ok
E? 7.26 1 7.26 2.73 0.1113
Residual 66.60 25 2.66
Lack of Fit 65.56 20 3.28 15.73 0.303 1
Pure Error 1.04 5 0.21
Cor Total 781.09 45

233 @A ES5 Sk T  p i R A
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Tt 196 ) 5 I R A A 78 SR 7 TR 14 AW (A5 L S £
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MgSO0, 1.5 g/L, CaCl, 0.74 g/L, pH 9.0, NK [ % &5

fiti 1% 4 2 246.33 IU/mL. VL HE & B 2% 1 pE A7 52
¥ 00 0F, A ST K 3 W, BUNK TG (A
2 186.17 1U/mL, 5 Fl I K 422 3 , 3R W]z 452 A J2 ]
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Fig. 5 Response surface plots and contour line showing the interaction between each factor and nattokinase activity:

(a)(b) effects of petone and glucose mass concentration interaction on nattokinase activity, (¢)(d) effects of petone

and MgSO, mass concentration interaction on nattokinase activity, (e)(f) effects of glucose mass concentration and

pH interaction on nattokinase activity
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