
微生物学通报 May 20, 2014, 41(5): 1020−1027 
Microbiology China © 2014 by Institute of Microbiology, CAS 

tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.130217 

 

                           

基金项目： (No. BY2011166) 948 (No. 2011-G25)

(No. 2011YL 01) (No. 2013BAD11B01) 

*通讯作者：Tel 86-25-86881589 xglin@issas.ac.cn 

收稿日期：2013-03-26 接受日期：2013-05-22 优先数字出版日期(www.cnki.net) 2013-10-11 

主编点评文章 

响应面模型分析高温蛋白酶菌株增殖和产酶关系 
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摘  要 【目的】【方法】采用 Box-Behnken 法设计三因素三水平响应面实验，对比分析了高温

蛋白酶高产菌株枯草芽孢杆菌 BY25 发酵过程中细菌生长与产酶之间的关系。【结果】实验表

明，细菌生长与产酶的关系在各因素交互影响下变化显著。在中低水平的有机氮源添加条件下，

细菌的大量繁殖显著抑制了蛋白酶产量，而在高水平的有机氮源添加条件下，细菌量的增长对

产酶的作用由抑制转为促进。【结论】该结果表明，产酶诱导物有机氮源豆制品废渣的添加很

可能显著提高了枯草芽孢杆菌群体中产酶菌的比率，而在没有合适诱导物的情况下通过增加细

菌量并不能有效提高蛋白酶产量。 
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Abstract: [Objective][Methods] Box-Behnken design combing with response surface modeling was 

used to study the relationships between cell growth of a moderate thermophilic Bacillus subtilis 

BY25 and its thermostable protease yield under different carbon (glucose) and/or nitrogen (soybean 

waste powder) sources as well as pH values. [Results] The higher values of the coefficients of de-

termination, lack-of-fit<4 and P value<0.05 were in good agreement with the optimum combination 

of process parameters, which proved the fitness of the selected model for analyzing the experimental 

data. Data revealed that both low and medium nitrogen applications greatly contributed to the growth 

of Bacillus subtilis, which however inhibited the yield of thermostable protease; under high nitrogen 

application both bacterial growth and protease yield were stimulated. Contour plots displayed the 
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maximal enzyme yield was accompanied with 47.3% and 61.4% maximal biomass under low and 

medium nitrogen applications, but with 96.3% maximal biomass under high nitrogen application. 

[Conclusion] The higher nitrogen concentration could increase the specific enzyme productivity, and 

soybean product waste could contain a better inducer for protease synthesis in Bacillus subtilis. 

Keywords: Thermostable protease, Dry cell weight, Fermentation condition optimization, 

Box-Behnken design, Response surface 
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1  材料与方法 

1.1  材料 

1.1.1  供试菌株： BY25

(CGMCC No.4439)  

1.1.2  培养基：LB (g/L)  10

 5 NaCl 10 1 L pH

7.0 (g/L) 60  

60 Na2HPO4 4 CaCl2 0.5 1 L

pH 8.0  

1.2  方法 

1.2.1  菌株活化及培养： LB

50 °C 24 h  

1.2.2  种子发酵： 250 mL LB

50 mL BY25

40 °C 180 r/min 12 h  

1.2.3  高温蛋白酶产酶条件的响应面优化：

25 mL 30 °C 180 r/min

76 h pH

Box-Behnken 1

3 15

1 (A) 10 35     

60 g/L 2 (B)

10 35 60 g/L 3 pH

7.0 7.5 8.0  
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表 1  Box-Behnken 响应面实验设计 

Table 1  Experimental range and levels of  

independent variables 

 Variables 
 Levels 

−1 0 1 

A  

Glucose (%) 
1.0 3.5 6.0 

B  

Tofu waste (%) 
1.0 3.5 6.0 

C pH  

pH value 
7.0 7.5 8.0 

 

1.2.4  粗酶液获取： 1 mL

1.5 mL Eppendorf 4 °C 8 000 r/min    

10 min  

1.2.5  蛋白酶活力的测定：

55 °C

10 000 r/min

pH 200 μL 2 mL

55 °C 1 min 200 μL 2%

55 °C 10 min 600 μL    

0.4 mol/L 15 min

10 000 r/min 10 min 500 μL

2 500 μL 0.4 mol/L    

500 μL 40 °C 20 min

680 nm

1 μg

 

1.2.6  枯草芽孢杆菌细胞干重测定：

4 °C

1 000−2 000 r/min 10 min

       

8 000 r/min 10 min 60 °C

3  

2  结果与分析 

2.1  菌体干重回归模型建立及数据分析 

2

Y=1.589+0.129A–0.145B–0.143C–0.016AC+0.017BC

+0.000 4B
2

Y A B

C pH  

 

表 2  Box-Behnken 实验设计及其结果 

Table 2  Box-Behnken design matrix with three independent variables expressed in coded 

 

Run 
A B C 

 

Observed yield by proteolytic activity (U/mL) 

 

Dry cell weight (g/L) 

1 0 0 0 11 450 0.81 

2 0 1 1 18 253 1.63 

3 0 −1 −1 4 843 0.68 

4 0 0 0 10 999 0.68 

5 1 0 1 8 834 0.37 

6 −1 0 −1 8 434 0.56 

7 0 0 0 10 599 1.00 

8 1 1 0 15 328 1.50 

9 1 −1 0 3 447 1.00 

10 0 −1 1 4 381 0.44 

11 1 0 −1 9 521 1.19 

12 −1 1 0 15 000 1.38 

13 0 1 −1 14 405 1.00 

14 −1 −1 0 6 679 0.38 

15 −1 0 1 9 747 0.56 

 
 



: 1023 

 

http://journals.im.ac.cn/wswxtbcn 

Sen Swaminathan
[14]

ANOVA

( 3) B

B
2

Y

0.835 0.711 2.14

7.924 P 0.352

 

1

 

2.2  响应曲面等高线分析 BY25 细菌生长与产

酶的关系 

2 Design-Expert 7.16

2 3

 

2.2.1  不同豆制品废渣添加水平下的细菌生长与

产酶的关系： 2 (B)

pH

10 g/L

22.8 g/L pH 7.4

pH

60 g/L

35.6 g/L

pH 8.0

60 g/L

pH 7.0

50%

60 g/L

60 g/L pH 7.0

10 g/L pH 8.0

 
 

表 3  响应面模型方差分析 

Table 3  Analysis of variance (ANOVA) response surface model for the prediction of cell yield 

 

Factor 

 

Sum of squares 

 

Degrees of freedom 

 

Mean square 

F  

F value 

P  

P value 

 Model 1.945 6 0.324 6.735 0.008
 a
 

A 0.174 1 0.174 3.617 0.094 

B 1.133 1 1.133 23.534 0.001 
a
 

C 0.023 1 0.023 0.480 0.508 

AC 0.168 1 0.168 3.493 0.099 

BC 0.189 1 0.189 3.932 0.083 

B
2
 0.258 1 0.258 5.353 0.049

 a
 

 Residual 0.385 8 0.048   

 Lack of fit 0.333 6 0.056 2.144 0.352 

 Pure error 0.052 2 0.026   

 Cor total 2.330 14    

R
2
=0.835  R

2
=0.711 =7.924 

a
P<0.05 . 

Note: 
a
: P<0.05 is significant. 
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图 1  细胞干重得率的正态概率分布图 

Figure 1  The normal probability of the dry cell weight yield 

10 g/L

6 060 U/mL 22.8 g/L

2.5 35 g/L

86.5% 11 300 U/mL

28.8 g/L 26.3%

5 60 g/L

1.9 17 400 U/mL

35.6 g/L 56.1%

pH 7.0  
 

 
 

图 2  初始 pH 值与葡萄糖交互作用等高线图 

Figure 2  Contour plots exhibiting the interactive effects between initial pH and glucose (other variables were held at 

their respective levels) 
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图 3  初始 pH 值与豆制品废渣交互作用等高线图 

Figure 3  Contour plots exhibiting the interactive effects between initial pH value and tofu waste (other variables were 

held at their respective levels) 

 
60 g/L BY25

BY25

10 g/L

pH

35 g/L pH

pH  

2

10 g/L

22.8 g/L pH 7.4

0.587 g/L 47.3%

35 g/L

( 28.8 g/L pH 7.7)
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0.701 g/L

61.4% 60 g/L

(     

35.6 g/L pH 8.0)

1.539 g/L 96.3%

 

2.2.2  不同葡萄糖添加水平下细菌生长与产酶的关

系： 3 (A)

pH

 

3  讨论 

BY25

55 °C 50 °C
[15]

55 °C

304 U/mL

4 170 U/mL
[6]

(g/L) 35.6

60 Na2HPO4 4 CaCl2 0.5 76 h 

BY25 55 °C

18 000 U/mL  

20 30

[8-9]

[3-6]

BY25

 

Veening
[16]

López Kolter
[17]

“ ”

[18]
BY25

30 °C 50 °C

30 °C 55 °C

50 °C

 

Cho Kwon 2010 2011

14 500 U/mL

60 g/L
[19-20]

18 000 U/mL

1.63 g/L
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