& é % % iﬁﬁ Oct. 20, 2016, 43(10): 21292137

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150688

EMEAIE CLP0279 & E 4 F={KiE SOD 1ExE ik
FEd FROESRE RKKE RPE IR

( 116622)

B E. (8 IRSEAWITE CLP0279 & B A & 1KIR A2 AL 4) 3 1B (Superoxide dismutase,
SoDyafe . L ik Y B2 B & =5 2 sk £, KA Plackett-Burman (PB)iX . Box-Behnken (BB)
EAt Fevt) L & A7 % (RSM), 3T & B3 i R st A7k, [ 45 R 1AM SLAF B CLP0279 = f%:% SOD
RAER B (/L) E R4 25.000, AHER — 547 2.600, BRER S, —4F 1.830, FLBER4R 0.011,
FBRAE 0.014. FERAEIFIE LM T Z8E /A5 194.82 U/mL, Z4EALFTE 1.36 45, [44]
@it g m AT, AR ILATE CLP0279 L B4 K75 SOD #93: R A AT, ARRZT
TR, AT BB A AT . FABAR A BRER A A R BRI A P Rrh R 3 /AN X ERTF. A
R 4ER A SOD 89 & B KAZABE T ARIE.

KR HEHIATH, KEBRAIHBIEE, KB, i

Optimization of fermentation medium for a cold-adapted superoxide
dismutase (SOD) produced by Lactobacillus plantarum sp. CLP0279

LI Xiao-Yan YU Shuang DOU Shao-Hua ZHANG Qing-Fang CHI Nai-Yu
WANG Xiao-Hui

(College of Life Science and Technology, Dalian University, Dalian, Liaoning 116622, China)

Abstract: [Objective] In order to increase the activity of a cold-adapted superoxide dismutase
(SOD) from Lactobacillus plantarum sp. CLP0279. [Methods] Based on the single-factor
experiment, the fermentation medium for the production of SOD was optimized using
Plackett-Burman method, Box-Behnken design and response surface analysis. [Results] The optimal
fermentation medium (g/L) was determined as follows: corn meal powder 25.000, KH,PO, 2.600,
K,HPO,; 1.830, CuSO45H,0 0.011, ZnSO47H,0 0.014. Under these conditions, the maximum
activity of SOD was 194.82 U/mL, which was 1.36 times comparing to that before optimization.
[Conclusion] The activity of the cold-adapted SOD was obviously increased after optimization and
three crucial factors (K,HPO,4, CuSO4 5H,0 and ZnSO,4 7H,0) were verified by the response surface
analysis, which might provide a foundation for the scale-up culture in the future.
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Lactobacillus plantarum sp.
CLP0279 SOD
1.4.2 Plackett-Burman (PB) & % 7K F X %% 31X
it 5 12
(n=12) 6 (A CE G J
L) 1
143 EBEMIE L. Plackett-Burman
SOD

1.4.4  Box-Behnken (BB) 3t I i& it :
Plackett-Burman 3
n=15 3 3

n=15 Box-Behnken 2
1.45 #IE2#7: Plackett-Burman (PB)

(Balanced incomplete blocks)

(18] (RSM)

% 1 Plackett-Burman (PB)3238 & F HA07K Fi&it

Table 1 Factors and levels of Plackett-Burman (PB)

design
Levels
Parameters
Code (/L) Low High
(&) D
B Corn meal powder 20 25
D Potassium dihydrogen hosphate 2.1 2.6
F Potassium phosphate dibasic 1.2 1.6
H Copper sulfate pentahydrate 0.006 0.010
K Zinc sulfate heptahydrate 0.007 0.013

% 2 Box-Behnken (BB)3:5G % & HE#7K Fig it

Table 2 Factors and levels of Box-Behnken (BB) design

Factors Levels
(g/L) -1 0 +1
Potassium phosphate dibasic 1.6 1.8 2.0

Copper sulfate pentahydrate 0.010 0.011 0.012

Zinc sulfate heptahydrate 0.013 0.014 0.015

[19]

2 HR5aMh
21 BARREABEESABIERENSERER
AL
SOD
Lactobacillus plantarum sp. CLP0279
15-50 °C 160 r/min 48 h

1A 20 °C
SOD
25.0 g/L 2.6 g/l
1.6 g/L 0.010 g/L
0.013 g/L
2.2 KEIEFEEM Plackett-Burman (PB)i&it
1 Minitabl7 PB
3 n=12 PB 3
3 2 PB
4 4
Lactobacillus
plantarum sp. CLP0279 95%
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2.3 EBEMEHKE LY
3
3
5
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0.011 g 0.014 g
2
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Figure 1 The results of single factor experiment in culture medium
A B C D E F

Note: A: Temperature; B: Corn meal powder; C: KH,PO4; D: Ko;HPO4; E: CuSO4-5H,0; F: ZnSO4 7H,0.

%= 3 n=12 B Plackett-Burman (PB)iX 3% i+ 5 {ER

Table 3 Experimental design and response of Plackett-Burman (n=12)

Serial number (A) B © D (E) F (G) H (@) K (9 Enzyme activity (U/mL)
1 1 -1 1 =l =1l =1l 1 1 1 -1 1 146.31
2 -1 1 1 =l 1 =1l -1 -1 1 1 1 139.39
3 -1 1 =l =l =1l 1 1 1 -1 1 1 190.27
4 -1 -1 =l =l =1l =1l -1 -1 =l =l =1l 130.05
5 -1 -1 =l 1 1 1 -1 1 1 -1 1 164.76
6 = 1 1 1 =1l 1 1 -1 1 =l =1l 167.42
7 1 1 =l 1 =1l =1l -1 1 1 1 =l 164.12
8 1 -1 =l =l 1 1 1 -1 1 1 =l 171.81
9 1 -1 1 1 =1l 1 -1 -1 -1 1 1 185.33
10 1 1 1 =l 1 1 -1 1 -1 =l =1l 178.03
11 1 -1 =l 1 1 =1l 1 -1 -1 -1 1 133.42
12 -1 -1 1 1 1 =1l 1 1 -1 1 =l 163.81

Note: R?= 93.52%; Adj R*= 88.12%.
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%< 4 Plackett-Burman (PB)i% it 89 B &= 7K F & ¥ 1 E 0

Table 4 Factor levels and effect estimates of Plackett-Burman design

Code Factors (g/L) n Levels " t value Prob>t Importance
B Corn meal powder 20.0 25.0 0.45 0.671 5
D Potassium dihydrogen hosphate 2.1 2.6 0.97 0.369 4
F Potassium phosphate dibasic 1.2 1.6 7.62 0.000 1
H Copper sulfate pentahydrate 0.006 0.010 3.37 0.015 3
K Zinc sulfate heptahydrate 0.007 0.013 4.00 0.007 2

RS HBEMREEEIRITRREER

Table 5 Experimental design and the results of steepest ascent

Potassium phosphate dibasic Copper sulfate pentahydrate Zinc sulfate heptahydrate Enzyme activity

Serial number

(gL) (gL) (g/L) (U/mL)
1 1.6 0.010 0.013 186.56
2 1.8 0.011 0.014 194.68
3 2.0 0.012 0.015 178.70
4 2.2 0.013 0.016 176.43
24 KRE2EFER Response surface method 3 2
(RSM)i& it 6 Minitab17
2.4.1 Box-Behnken (BB)H /(¢H & 32881% 1t
3 3 15 242 ZREVFAMEEAES: 20°C pH7.0
12 3 160 r/min 2d Minitab17

% 6 n=15 A Box-Benhnken SE3&1& 11 5 o f {8 =

Table 6 Experimental design and response of Box-Benhnken (n=15)

Serial Potassium phosphate dibasic (g/L)  Copper sulfate pentahydrate (g/L)  Zinc sulfate heptahydrate (g/L) Enzyme

activity

number X, Code X; X Code X, X Code Xs (U/mL)
1 1.8 0 0.011 0 0.014 0 195.90
2 1.8 0 0.012 1 0.015 1 157.28
3 1.6 — 0.010 1 0.015 0 146.29
4 1.8 0 0.010 — 0.013 -1 179.45
5 1.8 0 0.011 0 0.014 0 193.96
6 1.6 = 0.011 0 0.013 -1 175.85
7 1.8 0 0.010 — 0.015 1 133.67
8 2.0 1 0.011 0 0.013 -1 175.98
9 1.6 = 0.011 0 0.015 1 149.29
10 1.8 0 0.012 1 0.013 —i 151.72
11 2.0 1 0.010 1 0.014 0 173.59
12 2.0 1 0.012 1 0.014 0 152.31
13 1.8 0 0.011 0 0.014 0 189.92
14 1.6 = 0.012 1 0.014 0 180.95
15 2.0 1 0.011 0 0.015 1 169.34
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0.222>0.05

Y=193.26+2.355X,+1.158X,-9.178X5-8.945X,-21.03

X?~16.7%:2-13.985X X +4.98X Xs+12.835X:X 243 WEES
78 2-4

R?=97.59%
8
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Table 7 Regression coefficients and their significance of the quadratic model

Variable coefficient Coefficient estimation Standard error t value Prob>t
Xi 2.355 1.739 1.354 0.234

X2 1.158 1.739 0.666 0.535

X3 —9.178 1.739 —5.278 0.003

Xi Xi —8.945 2.560 —3.495 0.017

X2 Xy —21.030 2.560 —8.216 0.000

X3 X3 —16.700 2.560 —6.525 0.001

Xi Xo —13.985 2.459 —5.687 0.002

Xi X3 4.980 2.459 2.025 0.099

X2 X3 12.835 2.459 5.219 0.003

Note: R*=97.59%; Adj R*= 88.12%.

#8 MEEAFEMAESN

Table 8 Variance analysis for regression equation

Variance source Degrees of freedom Adjustment sum of squares Adjustment mean square F value Prob>F
Regression 9 4 893.08 543.675 22.48 0.002
Linear 3 728.90 242.966 10.04 0.015
Square 3 2623.71 874.469 36.16 0.001
Interaction 3 1 540.47 513.490 21.23 0.003
Residual error 5 120.95 24.189
Loss of quasi 3 102.33 34.110 3.66 0.222
Pure error 2 18.62 9.308
Total 14 5014.02
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Figure 2 The response surface (A) and corresponding contour plot (B) for CuSO45H,0 and K,;HPO, on the SOD activity
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Figure 3 The response surface (A) and corresponding contour plot (B) for ZnSO47H,0 and K,;HPO, on the SOD activity
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Figure 4 The response surface (A) and corresponding contour plot (B) for ZnSO,7H,0 and
CuSO45H,0 on the SOD activity
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Figure 5 Optimal graph about K;HPO, and CuSO45H,0 and ZnSO,7H,0

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



CLP0279 SOD

2137

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

% 3 W
Castellano I, Di Maro A, Ruocco MR, et al. Psychrophilic
superoxide dismutase from Pseudoalteromonas haloplanktis:
biochemical characterization and identification of a highly
reactive cysteine residue[J]. Biochimie, 2006, 88: 1377-1389
Bafana A, Dutt S, Kumar A, et al. The basic and applied aspects
of superoxide dismutase[J]. Journal of Molecular Catalysis B:
Enzymatic, 2006, 68(2): 129-138
Dong L, He YZ, Wang YL, et al. Research progress on
application of superoxide dismutase (SOD)[J]. Journal of
Agricultural Science and Technology, 2013, 15(5): 53-58 (in
Chinese)
, , , . (SOD)

[J]. ,2013, 15(5): 53-58
Chen RX. Research and application in marine fishery industry of
superoxide dismutase[J]. Chinese Fisheries Economics, 2014,
32(5): 85-91 (in Chinese)

U1
,2014, 32(5): 85-91

Yi JF, Li YM, Liu T, et al. Mn-SOD and CuZn-SOD
polymorphisms and interactions with risk factors in gastric
cancer[J]. World Journal of Gastroenterology, 2002, 16(37):
4738-4746
Zeinali F, Homaei A, Kamrani E. Sources of marine superoxide
dismutases: characteristics and applications[J]. International
Journal of Biological Macromolecules, 2015, 79: 627-637
Hu B, Wang CL, Lu MF. Optimization of fermentation conditions
to superoxide dismutase by Escherichia coli[J]. Food Research
and Development, 2008, 29(9): 64-67 (in Chinese)

> s . [J].
, 2008, 29(9): 64-67
Ma HD, Zhang LY, Zhao HD, et al. Cloning and expression of
manganese superoxide dismutase gene by food-grade vector in
Lactococcus lactis[J]. Food Science, 2015, 36(1): 135-139 (in
Chinese)

[J1]. , 2015, 36(1):
135-139
Liu JL, Lu XL, Cao XY, et al. Identification and fermentation
condition optimization of a SOD-producing strain isolated from
soil[J]. Food Science, 2011, 32(9): 146-150 (in Chinese)
SOD

> > >

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. ,2011, 32(9): 146-150
Uchihara Y, Tanaka K, Asano T, et al. Superoxide dismutase
overexpression  protects against  glucocorticoid-induced
depressive-like behavioral phenotypes in mice[J]. Biochemical
and Biophysical Research Communications, 2016, 469(4):
873-877
Rujito L, Mulatsih S, Sofro ASM. Status of Superoxide dismutase
in transfusion dependent thalassaemia[J]. North American Journal
of Medical Sciences, 2015, 7(5): 194-198
de Vendittis E, Castellano I, Cotugno R, et al. Adaptation of
model proteins from cold to hot environments involves
continuous and small adjustments of average parameters related
to amino acid composition[J]. Journal of Theoretical Biology,
2008, 250(1): 156-171
Karan R, Capes MD, Dassarma S. Function and biotechnology of
extremophilic enzymes in low water activity[J]. Aquatic
Biosystems, 2012, 8: 4
Merlino A, Krauss IR, Castellano I, et al. Structural and
denaturation studies of two mutants of a cold adapted superoxide
dismutase point to the importance of electrostatic interactions in
protein stability[J]. Biochimica et Biophysica Acta (BBA) -
Proteins and Proteomics, 2014, 1844(3): 632-640
Abrashev R, Feller G, Kostadinova N, et al. Production,
purification, and characterization of a novel cold-active
superoxide dismutase from the Antarctic strain Aspergillus
glaucus 363[J]. Fungal Biology, 2016, DOI:
10.1016/j.funbio.2016.03.002

Wang QF, Wang YF, Hou YH, et al. Cloning, expression and
biochemical characterization of recombinant superoxide
dismutase from Antarctic psychrophilic bacterium
Pseudoalteromonas  sp. ANT506[J]. Journal of Basic

Microbiology, 2015, DOI: 10.1002/jobm.201500444
Marklund S, Marklund G. Involvement of the superoxide anion
radical in the autoxidation of pyrogallol and a convenient assay
for superoxide dismutase[J]. European Journal of Biochemistry,
1974, 47(3): 469-474
Ma L, Wang L, Tang J, et al. Optimization of arsenic extraction in
rice samples by Plackett-Burman design and response surface
methodology[J]. Food Chemistry, 2016, 204: 283-288
Jiang Z, Wang H, Wu QN. Optimization of polysaccharide
extraction from spirodela polyrrhiza by plackett-burman design
combined with box-behnken response surface methodology[J].
Journal of Chinese Medicinal Materials, 2015, 38(6): 1283-1286
(in Chinese)

s s . PB BBD

[J]. ,2015, 38(6): 1283-1286

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



