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Effect of substrate on protease yield of thermophilic Bacillus subtilis
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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,
Box-Behnken design, Response surface
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) 7.0; BKEERFRHE(g/L): SRR 60, HiZH
60, Na,HPO, 4, CaCl, 0.5, LB TKERAZE 1L
Jri V& pH %1 8.0,

12 7%

1.21 EMRENRIEF: T LB [EAER Gk,
50 °C fH 5% 24 h,

1.2.2 #FLEE: B 250 mL =A% LB ik
FiFRAk 50 mL, HeRh TR BRI BY2S 5, T
PEIK 40 °C. 180 r/min #RZ% 557 12 hAE AR
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Table 1 Experimental range and levels of
independent variables

JK3F Levels

[N Variables

-1 0 1
A HE W 1.0 3.5 6.0
Glucose (%)
T‘ [ =S
B &l kg 1.0 35 6.0
Tofu waste (%)
2
C ¥4 pH B 70 7.5 8.0
pH value

1.2.4 FHESRIREN: RELEHUSE | mL 55 R T
1.5 mL Eppendorf &, 4 °C, 8 000 r/min &5.(»
10 min, T4 b3 BI A A B .

1.25 ZEABEHMNE: ZRAE N IEE N
55 °C, PHICR AR 75 TR E & A
FivE 77, ¥ E5FRUE 10 000 r/min B5.OHBC R, DUE
24 pH Z8 R FR IS, B 200 uL FA 2 mL B0 4
H, 55 °C ZKIAFIE 1 min, A 200 pL 2% K 7%
W, 55 °C KIRIR 10 min, HEHA 600 L
0.4 mol/L =S LM% RN, Z i E 15 min,
10 000 r/min &[> 10 min, B 3E 500 uL, & Fik
B, A 2 500 puL 0.4 mol/L FRER AN 1

500 pL fEARES TAEW, TR2), 40 °C 7K 20 min
Jei, ME 680 nm W HGRE o X BEAE AT 2 VAR
FEMA =R LR, HAR R AIEAHE K558k
RS R PR 1 pg B 2R P it SO — AR
15 I8

1.2.6 WHEFETEAPTENE ALK PR
F P B R S UK, TG PR
AT IR ARISCEE o DR L AR AT R 25 BSO8R A B
PRI R b ARV SR RS . R 4 °C
IR 1 000—2 000 r/min &[> 10 min EFRZE)S,
BLELEREBZCKREMM T ELE D,
8 000 r/min B5.0> 10 min J5% FIEW, 60 °C HEZE1H
FFREARTE, B ELRAKR3IITER,

2 HBR55H
21 EHRTEERVIERZES RBES
SEIZERNGE 2 R, IR AR P
AT ESEAMS RIS, @il
SRR BB T kSR N
Y=1.589+0.1294-0.145B-0.143C-0.0164C+0.017BC
+0.000 4B%; Y RREKTE, A ZHW%h, B RS
WAL, C RAIUA pH fH.

% 2 Box-Behnken SEI&i& it R HLER

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

SLI AL N B . & E EEr= i WiETH
Run Observed yield by proteolytic activity (U/mL) Dry cell weight (g/L)
1 0 0 0 11450 0.81
2 0 1 18 253 1.63
3 0 =il =il 4843 0.68
4 0 0 0 10 999 0.68
5 1 0 1 8 834 0.37
6 ! 0 -1 8434 0.56
7 0 0 0 10 599 1.00
8 1 1 0 15328 1.50
9 1 =il 0 3447 1.00
10 0 =il 1 4381 0.44
11 1 0 =il 9521 1.19
12 =il 1 0 15000 1.38
13 0 1 =1 14 405 1.00
14 =1 =1 0 6679 0.38
15 =1 0 9 747 0.56
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o EARFEZEAVERT, gl A K & [ g
M SEVE A B 225

221 AREHREERMKETHAREKS
FEBRIRER: K 2 R, Ml BN
Rb TR KB, A AR 4G pH B &
it 136 3 RN A P T B s e e B B SR EAE A
S e 2R R AR 2 B T T % e 1, TR 8 3 P AR [
T2 Ml AT, A IR A v X8RS fe s o 5 AR T
IO 10 /L B, 7=l 76 7 DX 3o 2E A
EPFRASIIE 22.8 /L. PIhh pH{E 7.4 &b, BEHE =
] o A S A O B BN 5 3 0 DX ) Ao L )
PRSI 5 . W R pH [ S A bR 8l . 4G
] o A2 S S O S B S P o R S N £ 60 /L B
e T 7 D G s B B BN A R It 35.6 g/L
With pH 8.0, IR & BL, A0 A KA X o B
s IO . A LA IR AN A I
A P A R SR I DX AR e e AR A VS D o 60 /L. W)
G pH A 7.0 BT, 1izX I E A S 15 miE T
R XA FLRAAR T 50%. T2 351 i 3 T s o e
IKE] 60 o/L B, AE A K AR A KB A— 4 —,
ST HECEIAEBR A S ARSI 60 g/L . ¥I4A pH {E 7.0
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®3 MEEREGENST

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

i Sy AR =hii0i ¥ iy F{H Pl
Factor Sum of squares  Degrees of freedom Mean square F value P value
I Model 1.945 6 0.324 6.735 0.008°
A 0.174 1 0.174 3.617 0.094
B 1.133 1 1.133 23.534 0.001 *
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’ 0.258 1 0.258 5.353 0.049°
5%2% Residual 0.385 8 0.048
42l Lack of fit 0.333 6 0.056 2.144 0.352
4[i{R 7% Pure error 0.052 2 0.026
41t Cor total 2330 14

R*=0.835, #4% R’=0.711, {ZM:H=7.924

. ' P<0.05 %E%
Note: *: P<0.05 is significant.
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Figure 1 The normal probability of the dry cell weight yield
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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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Figure 3 Contour plots exhibiting the interactive effects between initial pH value and tofu waste (other variables were
held at their respective levels)
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