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Optimization of the Production Conditions of HMPC Hydrolase
Employing Response Surface Methodology
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1. Department of Chemical and Biochemical Engineering Zhejiang University Hangzhou 310027 China 2. The Key La-
boratory of Industrial Biotechnology Ministry of Education Wuxi 214036 China

Abstract Response surface methodology RSM  was employed to optimize culture medium for the
production of a hydrolase which is useful for the enantioselective hydrolysis of racemic 4-hydroxy-3-
methyl-2- 2-propenyl -cyclopent-2-enone rac-HMPC acetate. The influences of carbon and nitrogen
resource was investigated. Then a Plackett-Burman design was used to evaluate the effects of different
components in the culture medium. Olive oil soy bean meal and K,HPO, have significant influences on
the hydrolase production. The path of steepest ascent was used to approach the optimal region of above
three factors. The concentrations of three factors were optimized subsequently using central composite
designs and response surface analysis. As the result the production of hydrolase in shake flask increased
from 94U/1 to 358U/1 with the optimal medium. The yield is increased by 281%.
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2.0 3.0 NH, ,S0,2.0 K,HPO,2.0 NaCl
50 1.0 MgS0,0.2 pH7.0"
20% g/L 10.0 10.0
NH, ,S0,2.0 K,HPO,2.0 NaCl 1.0 MgSO, 0.2
8 S - pH7.0
IR 3R : 1.3
S - 8% 250 mL
30 °C 220 r/min 18 h
10% 100 mL
20 mL 24 h
’ 1.4
S - 10 mL 45
mmol/L 30 C 220 r/min 30 min
2 4 000 r/min
R - 10 min FULI-
57% ee, S 9790 120 C 230
98 % S - °C FID N, 30 mlL/min
30 mL/min 300 mL/min
S - § U 30 C
Plackett-Burman 20 1 wmol
1.5
’ e 1.5.1 Plackett-Burman PB
PB
1
1.1 PB
-80 ’
N=12 PB 3
> 98%
1.5
1.2 1 2 SASS. 01
g/L 5.0 3.0
1 N=12 Plackett-Burman
Tab.1 Experimental design and results of the Plackett-Burman as N =12
X, X, X, X, X, X, X, X, X, Y/ U/L
MgSO, K,HPO,  NH, ,S0, NaCl pH
1 1 -1 1 -1 -1 1 1 1 -1 320
2 1 1 -1 1 -1 -1 -1 1 1 1 328
3 -1 1 1 -1 1 -1 -1 -1 1 1 310
4 1 -1 1 1 -1 -1 -1 -1 1 306
5 1 1 -1 1 1 1 -1 -1 -1 288
6 1 1 1 -1 1 -1 1 -1 -1 310
7 -1 1 1 1 -1 1 -1 1 -1 279
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X, X, X, X, X X X, Xq X, X0 Y,/ U/L
MgSO, K,HPO, NH, ,S0, NaCl pH
8 -1 -1 1 1 1 -1 1 1 -1 1 280
9 -1 -1 -1 1 1 1 -1 1 1 -1 296
10 1 -1 -1 -1 1 1 1 -1 1 1 317
11 -1 1 -1 -1 -1 1 1 1 -1 1 286
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 299
2
Tab.2 Levels and effects of variables
1 &L 1 &L t Pr> 1t
X, 10 15 17 0.037405 * %
X, MgSO, 0.2 0.3 —2.42857 0.248668
X, -1 1 - -
X, K,HPO, 2 3 -9.28571 0. 068296 % %
X NH, ,S0, 2 3 —-2.42857 0.248668
X -1 1 _ _
X; 10 15 —-11.28570 0. 056262 Kk
Xy NaCl 1 1.5 3 0.204833
X, -1 1 - -
Xio pH 7 8 5 0. 125666
1.5.2
2
2.1
6
Plackett-Burman -80
10 -80
1.5.3
11 -
12
k
X, X, X, Y
k k
Y =8, + ZB,'Xi * ZﬁuX,z + ZBL‘,‘XL'X,' 2.2
i=1 izl i<y .
Y U/L By Bi Bi By
X, Xj 3 4
10 g/L
SAS8. 01 10 &/L
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10 ¢/ 223%
94 U/L 304 U/L
3
Tab.3 Influences of carbon resource
/ / / / / /
g/L U/L g/L g/L U/L g/L
99 2.84 h 10 163 2.30
a 10 150 1.92 i 10 0 3.18
b 10 78 3.52 J 10 191 1.94
c 10 117 2.65 k 10 0 3.55
d 10 52 2.69 l 10 0 0. 81
e -80 10 255 2.47 bS5 +e5 228 2.43
f 10 288 2.30 bS +f5 251 2.61
g 10 43 3.64 e5 +f5 273 2.61
Tab. 4 Influences of nitrogen resource
/ / / / / /
o/L U/L /L o/L U/L /L
94 2.76 G NH, ,S0, 10 33 0.60
A 10 102 2.60 B5 +E5 285 4.16
10 177 4.20 B5 +C3 +G2 108 4.93
C 10 210 3.00 A3 +B5 +G2 81 3.16
D 10 29 0.70 B 5 167 2.41
E 10 304 3.50 BS5 +F5 159 2.43
F KNO3 10 17 0.60 B5 +D 5 206 2.12
2.3 PB K, HPO,
5 PB
K,HPO,
Y, =301.5833 +9.916 667X, — 1. 416 667X, - X, 2.48 X,
0.75X, —5.416 667X, — 1.416 667X - 0.27 X, 1. 65
2.583 333X, - 6.583 333X, + 1.75X; + 10 5
6.75X, + 2.916 667X, 17.46 ¢/L K,
7 MgS0, HPO, 1.96 /L
K,HPO, NH, 50, 9.2 o/L 343 U/LL
NaCl pH
9.916 667 -1.416 667 -5.416 667 -1.416 667 25
—6.583 333 1.75 2.916 667 SAS
R, 98% 98%
F P=0.092539 3
t 3 8
K, 6 6
HPO, X, K,HPO, X,
2.4 X,

Plackett-Burman 6 7
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5

Tab.5 Experimental design of steepest ascent and corresponding response

X,/ ¢/L X,/ ¢/L X,/ g/L Y/ U/L
1 PB 12.5 2.5 12.5
2 PB 2.5 0.5 2.5
3 PB 9.916 667 —-5.416 667 —-6.583 333
4 2 % 3 24.791 668 —-2.708 334 -16. 458 333
5 4 0.1 2.48 -0.27 -1.65
1 12. 50 2.50 12. 50 302
2 14.98 2.23 10. 85 317
3 17. 46 1.96 9.20 343
4 19. 94 1.69 7.55 298
5 22.42 1.42 5.90 175
6
Tab. 6 Levels of the variables tested in central composite design
-1.682 -1 0 1 1. 682 Ax;
X,/ ¢/L 13.295 15 17.5 20 21.700 2.5
X,/ g/L 0.659 1 1.5 2 2.341 0.5
X,/ ¢/L 6.977 8 9.5 11 12.023 1.5
7 1~3
Tab.7 Experimental design and results of central compos- 350 U/L
ite design
X, X, X; Y/ U/L 350
1 -1 -1 -1 233
2 -1 -1 1 245
3 -1 1 -1 270
4 -1 1 1 283 i
5 1 -1 -1 291
6 1 -1 1 274
7 1 1 -1 266 2
8 1 1 1 302
9 -1.682 0 0 180
1 X, X,
10 1.682 0 0 254
1 0 ~1.682 0 285 Fig.1 Response surface plots of X, and X, on hydro-
12 0 1.682 0 343 lase production
13 0 0 -1.682 216
14 0 0 1.682 318 120
15 0 0 0 347
16 0 0 0 352
17 0 0 0 339 i
18 0 0 0 345
19 0 0 0 351
20 0 0 0 353
120
Y =347.527 70 +16. 581 67X, +12. 853 92X, +
15.782 79X, —-44.259 47X, X, -9X, X, - 2 X, X,

0.75X,X, -9.964 73X, X, +6. 75X, X, -
26.581 76X, X,

Fig.2 Response surface plots of X, and X, on hydro-

lase production
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X, K,HPO, X,
120 X, 17.8 ¢/L 1.78 ¢/L 10.2 g/
L 356 U/L
N 358 U/L
120 3
Plackett-Burman
3 X X
Fig.3 Response surface plots of X, and X, on hydro-
lase production 17.8 g/L 10.2 ¢/ NH, ,S0,
SAS R* 93.35% 2 ¢/ K,HPO, 1.78 ¢/L. NaCl 1 g/L. MgS0O, 0.2 ¢/
93.35% F p L pH7.0
=0.000 1 94 U/L 358 U/L
281%
SAS 3
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