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Tab.1 Factors and levels in single factor experiment

(C) 20 30 40 50 60 70
pH 4 56 7 8 9
(h) 12 18 24 30 36 42 48
(%) 0.5 1.0 1.5 2.0 2.5
0.1g/L
Sg/L
(g/L) 0.1 02 03 04 05 06 07 08 09 1.0
(g/L) 1 23 45 6 7 8 9 10
Smmol/L Cu®" Ca** Ni*¥ Mg* Co* K' Fe'* zn*
Cu”*  (mmol/L) 1 35 7 9 11
(g/L) 0 05 1.0 1.5 2.0 25
NacCl (g/L) 10 20 30 40 50 60

% 2 Plackett-Burman 3235 1 52 0@ Bacillus sp.Carl9 7=
B Y E & &K TFE
Tab. 2 Factors and levels affecting Bacillus sp. Car19
production of carrageenase in Plackett-Burman
experiment % 3 Box-Behnken L FHERKTF
Tab.3 Box-Behnken factors and level values

>
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pH X, 4 9 X (<) 36 48 60 48  9.79
(h) X, 12 48 X, Cu  mmolL) 2 5 9 533 286
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(g/L) X, 1 10 s y
Cu?" (mmol/L) X, 1 11 2 ERGaH
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1323 Box-Behnken [18] 1461 bp, NCBI Bacillus licheniformis
Design-expert.v8.05 Box-Benhnken DHXJ13 168 rDNA 99%,
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Bacillus sp.Car19 NCBI ,
3, GenBank (KT865196), Bacillus sp.Carl9
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| Bacillus sp. R-33575 (AM910346)
- Bacillus sp. Car19" (KT865196)

Bacillus licheniformis strain DHXJ13 (JN244983)

1 Bacillus sp.Carl9 16S rDNA
Fig. 1 Neighbor-joining tree of Bacillus sp.Carl19 based on 16S rDNA gene sequence
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Fig. 3 Influence of different culture conditions on Bacillus sp. Car19 growth and carrageenase production
a—I1 pH Cu**
NaCl Bacillus sp. Carl9

a—1 represent the influence of culture temperature, pH, time, inoculation quantity, carbon source, nitrogen source, galactose concentration, NHsNO;
concentration, different metal ion, Cu®* concentration, carrageenan concentration, and NaCl concentration on Bacillus sp. Car19 growth and carrageen-
ase production, respectively
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% 4 Plackett-Burman 38 i+ R [ (E L5 R
Tab. 4 Plackett-Burman design and response results

X, X, X, X, X; X, X Xq X, (U/mL)
1 1 -1 1 1 -1 1 1 1 -1 15.06
2 -1 1 -1 1 1 -1 1 1 1 10.07
3 -1 -1 -1 -1 -1 -1 -1 -1 -1 9.35
4 -1 1 1 -1 1 1 1 -1 -1 10.25
5 -1 -1 1 -1 1 1 -1 1 1 11.14
6 1 1 -1 1 1 1 -1 -1 -1 10.48
7 1 -1 1 1 1 -1 -1 -1 1 10.39
8 1 1 1 -1 -1 -1 1 -1 1 15.08
9 1 1 -1 -1 -1 1 -1 1 1 14.35
10 -1 -1 -1 1 -1 1 1 -1 1 10.92
11 -1 1 1 1 -1 -1 -1 1 -1 9.45
12 1 -1 -1 -1 1 -1 1 1 -1 14.66
% 5 Plackett-Burman 338 + 3 5 47 F6 mEMREIKRZITRER

Tab.5 Analysis of main effects of Plackett-Burman design Tab. 6 Experimental design and response of steepest ascent
F Pr>|f] X1 (C) X;(mmol/L) Xg(g/L) (U/mL)
X 102.96 0.0096 1 1 30 1 28 9.84
X, 1.13 0.3985 9 2 36 2 30 10.46
X; 1.25 0.3802 8 3 42 3 32 12.59
Xy 18.59 0.0498 4 4 48 5 34 15.07
Xs 16.66 0.0551 5 5 54 7 36 14.73
Xs 3.15 0.2180 6 6 60 9 40 12.31
X7 35.90 0.0267 2
X 19.50 0.0476 3 Box-Behnken ,
Xo 1.70 0.3219 7 7 ,
R, X, Cu*’
Bacillus sp.Car19 X, NaCl Xq :
, Cu®™ , NaCl ,» P Ri=12.47+2.61.X,+2.67X+2.86X5—0.24X,X,+2.48
0.05, 3 Bacillus sp.Carl9 X Xst1.42X7X4-2.03X,°=2.14X,*-2.90.X5”
) 3 8
Bacillus sp.Carl9 P=0.0401 0.05, >
2.4.2 X X5 Xg P 0.05,
Plackett-Burman Bacillus sp.Carl9 )
i Bacillus sp.Car19 XXs Xi& P 0.05, Bacillus sp.Car19
, 6
54°C  Cu®" 7 mmol/L NacCl R*=0. 9056, CV=27.04%,
36 g/L )
15.07 U/mL, Box-Behnken Bacillus sp.Car19
X, Cu” X, NaCl Xz
243 Box-Behnken (1) Cu*’
NacCl
, 4~ 6
, factors=3, run=15 R, s
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% 7 Box-Behnken LIt RER (1)
Tab.7 Box-Behnken design and results
X, X; X (U/mL) ’
1 0 1 -1 7.69 ’
2 1 -1 0 10.49 0, ’
3 -1 1 0 6.59 R1 [20]2 X1:52.31
4 -1 0 1 6.37 X=6.93 X¢=37.03, 52.31°C  Cu**
5 1 0 -1 3.75 6.93 mmol/L NaCl 37.03gL
6 0 ! ! 15.02 R, 15.82 U/mL
7 0 -1 -1 2.37
8 0 -1 1 432 > ’
9 0 0 0 10.57 ,
10 0 0 0 12.47
1 ! ! 0 12.53 R=15.21 U/mL, :
12 -1 0 -1 4.68
13 -1 -1 0 3.58
14 0 0 0 14.36 1.5 Bacillus
15 1 0 1 15.06 sp. Carl9

x8 EAFEFESH

Tab. 8 Analysis of variance by regression equation

F Prob>F
265.17 9 29.46 5.33 0.0401*
X, 54.65 1 54.65 9.88 0.0256 *
X; 57.08 1 57.08 10.32 0.0237 ¢
Xg 65.44 1 65.44 11.83 0.0184*
X X; 0.24 1 0.24 0.043 0.8448
X1 Xz 24.60 1 24.60 4.45 0.0487 *
X7X5 8.07 1 8.07 1.46 0.2812
X’ 15.17 1 15.17 2.74 0.1586
X7 16.94 1 16.94 3.06 0.1405
X2 31.04 1 31.04 5.61 0.0440 *
27.66 5 5.53
20.47 3 6.82 1.90 0.3630
7.18 2 3.59
292.83 14
28 0.01<P<0.05,
w1
12
10
< 8
64
4 ]
2 S—
e K a—— ‘
0.5 03—-_-63?_1.6::—1:0"__0,_5 00 03 ~1.0 -05 00 0.5 1.0
NaClyf Jif Ot HiFriE HiFriE
4 NaCl Bacillus sp. Carl9
Fig. 4 Response surface and contour plot of NaCl concentration and temperature influence on Bacillus sp. Carl9 carrageenase
production
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Fig. 5 Response surface and contour plot of Cu>" concentration and temperature influence Bacillus sp. Carl9 carrageenase pro-
duction

0.5 0.0
NaClik i
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Cu™ ¥R

6 NaCl Cu** Bacillus sp. Carl9

Fig. 6 Response surface and contour plot of NaCl concentration and Cu”* concentration influence on Bacillus sp. Carl9 carra-
geenase production

3 ik ’
1966 (24] Bacillus sp. Carl9

Pseudomonas carrageenovora®"

) s , Bacillus sp. Carl9
NaCl Cu**
[22]
, Bacillus sp. Carl9 ,
(5°44'46"N, 105°35'12"E), 50~97°CM, , :
, Bacillus 91 HC4 ,
23] : NaCl . NaCl
A- s K- 20 g/L R NaCl
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Optimization of fermentation conditions for thermostable
K-carrageenase production of strain Bacillus sp. Car19

XIE Mai-sheng, LI Jiang, LIN Xue-zheng, HE Pei-qging
(First Institute of Oceanography, SOA, Qingdao 266061, China)

Received: Jan. 25, 2016
Key words: Hot spring bacterium; Carrageenase; Optimization; Response surface

Abstract: In this study, we identified a high-yield k-carrageenase bacteria strain by its 16S rDNA sequence and
optimized the fermentation conditions using a response surface methodology. The results show that the hot-spring
bacterium was 99% identical to Bacillus sp. and therefore we assigned it to the Bacillus genus and named it Bacillus
sp. Carl9 (GenBank accession number: KT865196). The optimized fermentation conditions of Bacillus sp. Carl9
involve nine factors that affect Bacillus sp. Carl9 carrageenase production, and the three main factors are culture
temperature, Cu®" concentration, and NaCl concentration. Combined with subordinate factors, the final optimized
fermentation conditions for maximal activity, as determined by regression analysis are as follows: a culture temper-
ature of 52.31°C, a Cu®" concentration of 6.93 mmol/L, an NaCl concentration of 37.03 g/L, medium pH = 6, 1%
inoculation quantity, 36 h incubation time, a galactose concentration of 0.3 g/L, an ammonium nitrate concentration
of 7 g/L, and a carrageenan concentration of 0.5 g/L. The supernatant carrageenase activity after optimized fermen-

tation can reach 15.82 U/mL, which is 1.5 times that without optimization.

(ALt #E: BTR 3k)
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