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Optimization of fermentation conditions for
B-1,3-1,4-glucanase production by the thermophilic Bacillus
subtilis D-6 using the response surface methodology
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Abstract: [Objective] [Methods] The fermentation parameters on the B-1,3-1,4-glucanase
production by Bacillus subtilis D-6 in a batch fermentor (5 L) were optimized by statistical
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analysis using response surface methodology (RSM) based on Box-Behnken design (BBD)
analysis of variance (ANOVA). [Results] The results showed that under the optimized condi-
tions, with agitation, aeration, and pH at 500 r/min, 1.05 vvm and 5.08, respectively, the high-
est B-1,3-1,4-glucanase activity of 2 294.4 U/mL was obtained after 22 h of cultivation. [Con-
clusion] This study proved that RSM could efficiently be applied for modeling of
B-1,3-1,4-glucanase production in submerged fermentation.
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Table 1 Process variables and their
levels for BBD experiments
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Fig. 1 Time course of B-1,3-1,4-glucanase production
from Bacillus subtilis D-6

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



554 A=) 24 384 Microbiol. China

2013, Vol.40, No.4

FIFFEET™ B-1,3-1,4- 1 SR BEEGAH LL, D-6 EATH]
=B, L AAEIRIA Y B-1,3-1,4- 1 R VEREG
iR TSI A E—AN L B D-6 K
PRI RIS, — BT B-1,3-1,4- 4 RN il
£ 50 h 2247 BT R 3 7= il g 0 B 11210 g ]
KIAFI T Tl fb A=
22 AEEEAESW

D-6 FEREIMRIRGE RS TR R RS 1.
TR A TeA HRBRTE, ASEE A shi il v &
pH {B, PRI ey R il pH LA & e ] 45
W, ##—-LFEHM 5 L kL™
B-1,3-1,4-H MM, RILERIWE 2. FIHGT
R AF Design-Expert (FRAS 7.1.6) % 2 2 3856 56 17F

AT 1RG0 o A5t DAL X i 7 Py 52 FH O 7
R 1 Y=2202.99+275.66X;+30.22X,+55.79X s+

9.41X;Xy+4.14X, X5+3.90X,X3—286.91X,%-233.90X,>—~
357.11X5°

XPIZIGRI AT T 2553 B R i S5 PR ARG 30 DL 3% 3,
3T LIA H, %A ] 3% (P<0.000 1), 7
R Xy A X (U2 M R, HZ B Y
R°=0.9959, [0l )7 FE /3 Hr LA HF Il iR T 4%
PR 28 A W AE 22 [RIOC 2R, 1) ) A R 2 e
FEREFRAMF . [FIR, 3B FT LUF H 5 (F=481.56)>
pH (F=19.72)>3i 4 5t (F=5.79), 136 A %% % H i
PRI K AR, B HAEY
M) 2 PR v 5 A SRR MR, 3 i S el s T i
TR I

F2 HERIHTRER

Table 2 Design and results of Box-Behnken design

R [ % &K Coded level of variables NTE

Trial No. X, X, X3 Enzyme activity (U/mL)
1 =i -1 0 1379.9
2 1 -1 0 1922.3
3 =i 1 0 14233
4 1 1 0 2003.2
5 -1 -1 -1 1240.3
6 1 0 =il 17735
7 =il 0 1 1300.2
8 1 0 1 1849.9
9 0 -1 =il 1491.0
10 0 1 -1 15420
11 0 -1 1 1638.2
12 0 1 1 1704.8
13 0 0 0 2196.4
14 0 0 0 23011
15 0 0 0 2172.6

Note: X,: Agitation; X,: Aeration; Xs: pH.
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Table 3 ANOVA for response surface quadratic model analysis of B-1,3-1,4-glucanase from Bacillus subtilis D-6

JiRERIR i i Hyjs 2% F i b SF
Source Sum of squares DF Mean square F-value '

G .
U 1.537E+006 9 1.708E+005 11.15 <0.000 1 B
Model

X1 6.079E+005 1 6.079E+005 481.56 <0.000 1

X, 7 305.38 1 7 305.38 5.79 0.061 2

X3 24 896.85 1 24 896.85 19.72 0.006 8

XXy 354.00 1 354.00 0.28 0.6191

X1X3 68.48 1 68.48 0.054 0.8251

XoX3 61.00 1 61.00 0.048 0.8347

Xf 3.039E+005 1 3.039E+005 240.77 <0.000 1

X2 2.020E+005 1 2.020E+005 160.02 <0.000 1

X32 5.195E+005 1 5.195E+005 411.54 <0.000 1
ﬁi 6311.94 5 1262.39
Residual

)5t s

KA . 3969.51 3 1323.17 1.13 0.524 4 e
Lack of fit
M=t
bRi 2 342.43 2 1171.22
Pure error

oG =T
B2 1.544E+006 14
Cor. total
R? 0.9959
Adj R? 0.988 6
Pred R? 0.955 4

2.3 ML 3D HiE 4

HE 2 ATLVEH, 24 X Xo Fl X Horpr—AM48
R, FE e AR R, B-1,3-1,4-
IR RIS ) 2 LTS TR, A
Design-Expert #fF, @it WG4, %
500 r/min. A HE 1.05 vwm FEFREE pH (5
508, fE UL & MR B MR O AT ik
2195.8 U/mL. Jy T B i ik s R i a5k, 4418
M) 1o 1T P 1) & B 4% R 2R AT B TR SE B, W] A
2294.4 UlmL, 5P 0 AREIS 4R, K
AL S S BT

2.4 5L kEEGEFT p-1,3-1,4- B RIERERYHIE

D-6 DA 5 L K EEHEF™ B-1,3-1,4- 4 BTG [
FRUNE 3 fim . ZBERT 12 h N, BRI LA
FEHE, M 12 h 54U R 2RI N, 2 15 h A,
BTG 13k Bl B e P Y 509% L I, 55 22 h ik E|
e E, ZJRERG IR TR, 52 B
A BEM L, BERE 1A DV N, Bk EERE R
Pk ) i P A (AN 22 h, TR K BEIR A
PR E] 1Y) 1/3, KORZaHE T KBRS, BB Hh Y
BATRA, FITREA =, 1AHh, B 4 £H
D-6 Ir= UM A 2 4% B-1,3-1,4- 7 R HBEHT,
Iy Fm B A 27-35 KD Z [,

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



556 WY 24 4% Microbiol. China

2013, Vol.40, No.4

Enzyme activity (U/mL)

— 0.75  Aeration rate

(vvm)

Enzyme activity (U/mL)

Enzyme activity (U/mL)

Aecration rate
(vvm)

2 R, BSEF pH XEETE RN E 2
Fig. 2 Three-dimensional response surface plots for the
effect of fermentation parameters on f-1,3-1,4-glucanase
production by Bacillus subtilis D-6

Note: A: Effect of pH and aeration; B: Effect of pH and
agitation; C: Effect of aeration and agitation.
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Fig. 3 Time course profile of pB-1,3-1,4-glucanase

production by Bacillus subtilis D-6 using submerged
fermentation in a 5 L fermentor
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Fig. 4 SDS-PAGE and zymogram analysis of
B-1,3-1,4-glucanase production by Bacillus subtilis D-6 in
a5 L fermentor
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Note: M: Low molecular weight calibration kit; 1-9: 15-23 h,
respectively; 10: B-1,3-1,4-Glucanase zymogram of the crude

culture supernatant; 11: Amylase zymogram of the crude
culture supernatant.
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