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Optimization of fermentation conditions of a fibrinolytic enzyme
stain CNY 16 with high activity and preliminary study of its
enzymatic propertie
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University, Dalian, Liaoning 116622, China)
(2. College of Food Science, Shenyang Agricultural University, Shenyang, Liaoning 110866, China)

Abstract: [Objective] Response surface analysis was applied to optimize the fermentation
conditions for producing fibrinolytic enzyme strain CNY16, and preliminarily studied its
enzymology characteristics. [Methods] Through the Plackett-Burman design, the most significant
effect on fibrinolytic enzyme production was obtained which include yeast extract, sodium chloride
and revolving speed. The highest fibrinolytic activity area was investigated by the steepest climbing
experiments, then, the optimal fermentation conditions of producing fibrinolytic enzyme strain
CNY16 was analysised by Box-Behnken central composite design experiments. [Results] The
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optimal fermentation conditions of strain CNY16 was determined for 3.28% yeast extract, 1.14%
sodium chloride, rotate speed at 166 r/min, the enzyme activity was 875.932 U/mL, the optimized
enzyme activity was 46% higher than before. The optimum temperature for the fibrinolytic enzyme
was 30 °C and the optimum pH was 6.5. [Conclusion] This experiment determined the most optimal
fermentation conditions for producing fibrinolytic enzyme strain CNY 16 and researched part of
enzymatic properties, laied a foundation for further research and experiment of the the pilot study.

Keywords: Fibrinolytic enzyme, Standard curve, Response surface, Optimization of fermentation

conditions, Fiber protease spectrum
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Figure 1 Urokinase standard curve
A C

Note: A: Arithmetic product of two diameter; C: Concentration of
urokinase.
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F1 mBEREKRIEIRIT RIS

Table 1 Experimental design and the results of steepest ascent

A B C
No. Sodium chloride (%) Yeast extract (%) Rotate speed (r/min) Enzyme activity (U/mL)
1 0.75 3.50 150.00 724.70
2 1.00 3.20 160.00 760.60
3 1.25 2.90 170.00 708.80
4 1.50 2.60 180.00 690.40

F2 EHZEKTHY

Table 2 Coding of factors and levels

Level
Factor
=1 0 1
A Sodium chloride (%) 0.75 1.00 1.25
B Yeast extract (%) 2.90 3.20 3.50
C Rotate speed (r/min) 150.00 160.00 170.00

% 3 N=15 BJ Box-Benhnken it 1%t

Table 3 Result and design table of Box-Benhnken (N=15)

N Sodium chloride (%) Yeast extract (%) Rotate speed (r/min) 7 ity (U/m
o A Code A B Code B C Code C nzyme activity (U/mL)

1 0.75 l 2.90 -1 160.00 0 730.40

2 1.25 1 3.50 1 160.00 0 833.80

3 1.25 1 3.20 0 150.00 =il 765.50

4 1.00 0 2.90 -1 150.00 ! 702.90

5 1.25 1 2.90 -1 160.00 0 795.50

6 1.00 0 3.20 0 160.00 0 835.50

7 1.00 0 3.20 0 160.00 0 828.80

8 1.00 0 3.20 0 160.00 0 840.80

9 1.25 1 3.20 0 170.00 1 838.70

10 1.00 0 3.50 1 150.00 =il 778.50

11 0.75 =1 3.20 0 150.00 =il 735.60

12 1.00 0 3.50 1 170.00 1 835.80

13 1.00 0 2.90 -1 170.00 1 826.50

14 0.75 =1l 3.50 1 160.00 0 786.90

15 0.75 =1l 3.20 0 170.00 1 757.80
232 [EVEPBRBEIEHEH H: A? C? (P<0.05)
Design-Expert.V8.6.0.1 3

(U/mL)=835.033+7.850A+ P 0.106 7>0.05
22.463B+34.538C—4.550AB+12.750AC—16.575BC— R’=0.994 0
29.954A’—18.429B*-30.679C> R*(Adj)(0.905 7>0.80)
(45 9.43%
P<0.05
4 A B C [14-15]
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Table 4 Regression coefficients and their significance of the quadratic model

F P

Variable Coefticient estimated Standard error F value Prob>F
A-Sodium chloride (%) 27.850 4.996 31.070 0.002 6
B-Yeast extract (%) 22.463 4.996 20.212 0.006 4
C-Rotate speed (r/min) 34.538 4.996 47.783 0.001 0
AB —4.550 7.066 0.415 0.548 0

AC 12.750 7.066 3.256 0.1310

BC -16.575 7.066 5.503 0.065 9

A? —29.954 7.354 16.589 0.009 6

B? —18.429 7.354 6.279 0.054 1

c’ -30.679 7.354 17.402 0.008 7

Note: R?=0.994 0; Adj R*=0.905 7.

®5 MEPEAAREMAEDN

Table 5 Variance analysis for regression equation

Variance sources Degrees of freedom Sum of squares Mean square F value Prob>F
Rl 9 2.866E—004 3.185E-003 15.946 0.003 6
Residual 5 998.539 199.708
Lack of fit 3 926.213 308.738 8.537 0.106 7
P s 2 72.327 36.163
S i 14 2.966E—004

233 MMRzE5Hh: 160 r/min

( 2 3 4
234 mMEHNHESWIE: Design-
[16-17] Expert.V8.0.6.1
) 1.14% 3.28%
2 3 4 166.12 r/min 856.553 U/mL
0.75%-1.05% 1.14%
3.28% 166 r/min
2.9%-3.3% 875.932 U/mL
3.3% 2.3%

150—-160 r/min
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Figure 2 Response surface plot and contour plot for the effects of sodium chloride and yeast extract on the enzyme activity
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Figure 3 Response surface plot and contour plot for the effects of sodium chloride and rotate speed extract on the
enzyme activity
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Figure 4 Response surface plot and contour plot for the effects of yeast extract and rotate speed extract on the enzyme activity
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Figure 5 Predict the best conditions and enzyme activity
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Figure 6 The optimal temperature curve of enzyme action
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Figure 7 The optimal pH and its stability curve of
enzyme action
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