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Optimization of Fermentation Conditions for Catalase by Serratia marcescens
SYB(C08 and Characterization of Its Crude Enzyme
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Abstract: The nutrient and environmental conditions for catalase production by Serratia
marcescens SYBCO8 were optimized with single factor experiment and orthogonal design in this
study. The optimum conditions were listed as follows: 25 g/L citric acid, 36 g/ L corn steep liquor
powder, initial pH 6.75, liquid volume 50 mL/250 mL flask, 4% inoculation, 35 C, 250 rpm,
for 36 hours. With the optimum conditions, the catalase titer achieved at 9553 U/mL, which was

5.49fold than that of the control Properties of the catalase after purification by ammonium
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sulfate precipitation were studied. At 60 C and pH 9. 0, the enzyme was stable for 150 min; at

65 C and pH 9, the half life of the enzyme was approximately 150 min; its thermo stability was

higher than that of commercial catalase from bovine. It was also active at 20 C and had 78% of

its activity at 0 C. T hese results suggest that the enzyme displays a property with cold adaption

and thermo stability, and it has potential applications in higlrtemperature, alkaline and low-

temperature conditions.
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Tab. 1 Effect on carbon sources on catalase activity and cell
growth
/ / / /
(12.5¢g/L)  (U/mL) (U/ mg) (g/L)
1 7401435 3 410%£853  5.28%0.38
1455%+122 3973%£335  3.73%£0.10
20371393 4057784  6.38%+0.20
2614535 53261092 4.61%0.28
2351%£361 4 709%724  4.50%0.22
2 1461304 5261%X747  4.70%0.12
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Tab.2 Effect on nitrogen sources on catalase activity and cell
growth
/ / / /
(15¢/ L) (U/mL) (U/mg) (g/L)
179%£22 6992+890  1.05%0.05
90*25 679911936 0.77%£0.15
462t43  3951%£372  1.28%0.17
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1 4631265 51911943 3.70%0.18
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Tab. 3  Effect on metal ions on catalase activity and cell

growth

/ / /
/(¢g/L)  (U/mL) (U/mg)  (g/L)

6 740 7 769% 6.65t

( ) 1 864 2148 0.57
4566 6118k 4.83%
NaC( 0.5) 1072 1436 0.32

5555 6 076x 4.83%

KH2PO4( 0. 5) 1057 1156 1. 53

3 513% 5481 = 4.52+

MgCL(0.5) 75 1131 0. 86

382 5806k 5.32+

CaCly(0.5) 1204 1810 1. 88

289 4620k 3.18%

MnCL(0.01) 738 1188 0.33

2 807 4 565% 3.83+

FeCl(0.01) 375 610 0. 41

2554 4251t 3.63%

ZnCL(0.01) 439 730 0. 34
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Fig.3 Effect of initial pH on catalase activity and cell
growth

25

4530t 531 5008t

! 15 16575 "4 072 1267
6951 7.65% 7484%

2 » 16675 "o 052 1013
6215t 7.66% 7 868%

3% 16 7.75 "¢ 0.88 1091
+ + ¥
i s w6 g5 6515 6.75% 7242

1380 0.28 1533

7232t 7.06% 8456k
> 2 6775 hss 0.70 1471

470+ 398+ 7276%
6 3 6575 s 0.60  16%

507 532 6546k
7 15 6 775 T 1005 0.45 1335

5181 7.18% 5 793%
8 B %675 To  0.36 1039

380t 3.76%x 5079%
o B 56 575 Tl 062 879

K, 16072 1769 13 112
K, 19364 18469 18 647
K; 14 797 14068 18 474
Kr 4567 4401 5535

26
[13]
’ [ 14]
250 mL
30 40 50 60 70 80 mL ,
4
50 mL
, 30 mL
27



414 £ % 5 42 ¥ H K F K %30 %

4% 18000F o fr-8 418
o YR
) 4% 16 000 'A'Hﬂiﬁj] =116
~ 140001 4114
B~
- R E2 12000¢ l 412
10000 %%%% 710 25 10000} {105
e - = N
9 000 19 R 8000| Lsuﬂmﬂ
L i i R
8000 8 @& 60000 16 3
%o:]swooo— l '73 4 000| 14
25 60008 1 2000- 1s
~ < 5000F 15 o8 0 . L ! L 0
R L 148 24 28 32 36 40
HEX 4000 4 ‘
o H W IE/C
& 3000 13
5000 ) 6 Serratia marcescens SYBC08
10001 11
ob—! | | ! | | 0 Fig.6 Effect of temperature on catalase activity and cell
30 40 50 60 70 80 growth
% ¥ &/mL
4 Serratia marcescens SYBC08 15000 F 115
Fig.4 Effect of loading liquid volume on catalase activi 12000 12
ty and cell growth /;D: =
g 29000 4o =
11000( 110 Ze g
10000 {9 Eﬂiﬂmom 15
90001 13 2E
< 8000F 175 3000} 43
£ 7000F 16D
25 6000F 1s 1 0 . ! ! ! | 0
-ﬁﬂﬁ 5000 e 90 120 150 180 210 240 270
paq 4000F S 144 B3/ (r/min)
-
3000} o E%% 13 7 Serratia marcescens SYBC08
20001 & tHVEDD 12
1000} 11 . . .
0 Fig. 7  Effect of speed on catalase activity and cell
1 1 1 1 1 |
0
2 4 6 8 10 12
B B/ gowth
5 Serratia marcescens SYBC08 210

Fig. 5 Effect of inoculation catalase activity and cell

growth 8
28 ’
0~ 4 h,
H 4~ 12h, 4
, 23 27 31 35 39 P ’
cs . 12~36h 4
| 6’ , 36 h pH
sC 2 211 pH pH )
29 P
; 30 C ( 9) ,
pH 7~ 9
’ pH 30 C 180 min,
’ H 6~ 1
250 t/min . , pH 6~ 10

190 r/min



2 3 H ¥ B & Ak Serratia marcescens SYBCO08 3T B AL A BEik 75 K BE T 709 6 AL REg PR AF 415

21000 21 120 ~
18 000 18
BB~ 100 +
£ 15000 15
SE <
=~ 212000 12 S 80
R )
ygs 9000 9 g ol
28 o0l 6 5
5=
3000 3 40 L
032812162024 283236 40 44 48~ °
20 b
B I [E)/h
8 Serratia marcescens SYBC08 0 1 1 1 1 1 I 1 1

0 10 20 30 40 50 60 70
pH /T
Fig.8 Effect of fermentation time on catalase activity,
cell growth and pH

10 Serratia marcescens SYB()8

Fig. 10 Effect of temperature on catalase catalytic ac

120r = B§vE S
- W he E T tivity
100
120 Serratia marcesens SYBCOS8Es 4~ AT &g
< 80F
B
w60k 100
& N
= 4l | £
® ,
g 60
20+
?;’ o
0 I 1 I 1 1 1 I 1 ) o0 65C
3 4 5 6 7 8 9 10 11 12 -~ 70°C
pH 20 | = 60°C
9 pH Searatia marcescens SYBQ)8 o *65C
0 30 60 ?0 ) 120 150
Fig.9 Effect of pH on catalase catalytic activity and PN [6/min
thermal stability 11
Fig. 11 Effect of temperature on catalase thermal stx
2 12 bility
( 10),
20 C, 0°TC 78% s
pH 90, 60 C , , 1470 U/mL
150 min ;65 C (9 553 U/ml),
150 min pH ,60 C 3 49
90 min , 65 C 30 Serratia marcescens SYBCO8
min ( 11) R
(pH 90),

?

3 & &



416 £ % 5 42 H H K F K %30 %

(References):

[ 1] , s , . [J]. ,2001, 28: 11— 14.

Wang Farr qiang, Wang Zheng xiang, Shao Wer lan, et al. Study on culture conditions of engineered strain of thermostable
catalase [ J] . Food and Fermentation industries, 2001,28: 11— 14.( in Chinese)

[2] Weck M.Hydrogen peroxide an environmentally acceptable textile bleaching agent, T ext[ J]. Prax is Int, 1991, 46: 144-
147.

[3] , . [J]. ,2005,21: 223- 232.

Liu Bing , Liang Chur juan. Recent advances of catalase in organism [ J]. Chinese Agricultural Sdence Bulletin, 2005, 21:
223- 232. (in Chinese)

[ 4] , s , . Bacillussp ¥26 [J]. ,2007,26: 77—
83.

HUA Zhao zhe, YAN Guo liang, DU Guo cheng, et al. Optimization of catalase production with a halophilic and alkaliphr
lic bacterium Bacillussp F26[ J]. Journal of Food Science and Biotechnolog, 2007, 26: 77— 83. (in Chinese)

[ 5] , , , . [J]. ,2006, 25: 74— 78.
DUAN Xu guo,SHEN Wei, L I Yarrli , et al. Construction of recombinant thermo stable catalase engineering strain and
optimization of its fermentation condition| J] . Joumal of Food Sdence and Biotechnolog, 2006,25: 74— 78. (in Chinese)

[ 6] Fusho Y, Yajima Y. Catalase from Bacillus subtilis IAM 1026 ( Ferm BP-4844) [ P]. US Patent: 5486467. 1996.

[ 7] Calandrelli V, Gambacorta A, Romano I, et al. A novel thermo alkali stablecatalase peroxidase from Oceanobacillus omr
corhynchi subsp incaldaniensis: purification and characterization [J]. World J Microb Biot, 2008, 24:2269- 2275.

[ 8] , , , . WSH DZ 01 [J. , 2001,
14 :544- 547.

DENG Yu,HUA Zhao zhe , ZHAO Zhrt jun, et al. Effect of nitrogen sources on catalase production by Bacillus subiilis
WSHDZ. 01 [J] . Chin JAppl Environ Biol, 2001 , 14 : 544— 547. (in Chinese)

[ 9] , , , . [J]. , 2006 , 14 : 544- 547.

LENG Shat xiang, QIAN Guo di, HUA Zhao zhe, et al. Catalase for H, 0, removal after cotton knits bleaching[J]. print
ing and dying, 2006, 14 :544— 547. (in Chinese)

[ 10] Nakayama M, Nakajimae Kambe T, Katayama H , et al. High Catalase Production by Rhizobium radiobacter Strain 2 1
[ J].J Biosci Bioeng,2008, 106:554— 558.

[ 11] Bradford M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of
proteirr dye binding [ J] . Anal Biochem, 1976, 72:248- 1254.

[ 12] Caridis K A, Christakopoulos P, Macris J. Simultaneous production of glucose oxidase and catalase by A lternaria alter-
natal J| . Appl Microbiol Biotechnol, 1991, 34: 794- 797.

[ 13] R R . Pycnoporus sp. SYBC—LI1 [J]. s
2009, 28: 832- 839.

WANG Zht xin, Cai Yu jie, Li Yamryan, et al. Effect of fermentation medium and conditions on laccase production by Py-
cnop orus sp.SY BC—LI1[ J] . Journal of Food Science and Biotechnolog, 2009, 28: 832— 839. (in Chinese)

[ 14] , , . [J]. ,2002, 29:17- 21.

LIU Jiarr Zhong, WENG Lr Ping,JI Liang Nian. optimization of bioprocess of catalase production by Asp ergillusniger
sing response surface methodology [ J] . Microbiology China, 2002 , 29: 17— 21. (in Chinese)



