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Medium optimization for enhanced production of carbonyl
reductase by Candida tropicalis 104 by response surface
methodology

Pu Wang, Liming Sun, and Junyao He
College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310032, China

Abstract: Using response surface method, we optimized the medium for the asymmetric whole cell biotransformation by Candida
tropicalis 104. This strain was wused for microbial reduction of 1-[3,5-bis(trifluoromethyl)phenyl] ethanone to
(S)-1-[3,5-bis(trifluoromethyl)phenyl] alcohol, with enantiomeric excess(e.e.) reached more than 99.9%. Fractional factorial design
was used to evaluate the effects of medium components on carbonyl reductase activity of Candida tropicalis 104. Yeast extract,
glucose and NH,Cl were the most important factors among six tested variables that influence the enzyme activity for the
biotransformation process. Based on the experimental results, the path of steepest ascent was undertaken to approach the optimal
region of these factors. Central composite design and response surface analysis were subsequently employed for further optimization.
The optimal medium for Candida tropicalis 104 was composed of (in g/L): glucose 47.14, yeast extract 13.25, NH,Cl 2.71,
MgSO,7H,0 0.4, KH,PO,4 1, K,HPO, 1. Under the optimum conditions, the maximum enzyme activity of 852.75 U/L in theory and
851.13 U/L in the experiment were obtained, with an increase of 65.2% compared to the original medium components.

Keywords: Candida tropicalis, carbonyl reductase, (S)-1-[3,5-bis(trifluoromethyl)phenyl] alcohol, response surface methodology,
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Candida tropicalis 104

Aureobasidium pullulans ACCC 30142
30156

ACCC

Pichia membranaefaciens

Hansen Rhodotorula glutis 2.102
Saccharomyces cerevisiae B5 Candida
mogii IFFI 01257
12 EREREBEFREH
(g/L): 10, 3,
5, 20 30°C 3~5d
(g/L): 30, 6,
NH,4CI 6, MgSO,47H,0 0.4, KH,PO, 1, K,HPO, 1
75 mL 250 mL
, 30°C 200 r/min 16 h,
10% 75 mL
250 mL ,30°C 200 r/min
20 h,
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: 30°C 1-(3,5-
) 1 ug 1-(3,5- )
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Fig. 1 Chromatogram of standard sample. A: 1-[3,5-bis
(trifluoromethyl) phenyl] ethanone (11.982 min); B: dodecane
(17.865 min); C: (S)-1- [3,5-bis(trifluoromethyl)phenyl] alcohol
(18.715 min); D: (R)-1-[3,5-bis (trifluoromethyl)phenyl] alcohol
(19.147 min).
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Fig. 2 Chromatogram of substrate, product and internal standard
with Candida tropicalis 104. A: 1-[3,5-bis(trifluoromethyl) phenyl]
ethanone (11.982 min); B: dodecane (17.865 min); C: (S)-1-
[3,5-bis(trifluoromethyl) phenyl]alcohol(18.715 min).
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Table 1
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Bioreduction of 1-[3,5-bis(trifluoromethyl)phenyl] ethanone with different microbial cells

Strain

Substrate concentration (mmol/L) Time (h) Enzymatic activity (U/L) e.e. (%)

Pichia membranaefaciens Hansen
Rhodotorula glutis 2.102

Saccharomyces cerevisiae B5

Candida mogii IFFI 01257

Aureobasidium pullulans ACCC 30142
Aureobasidium pullulans ACCC 30156
Candida tropicalis 104

50
50
50
50
50
50
50

30 546.51 97.2(S)
30 411.82 80.3(S)
30 491.51 91.4(S)
30 597.30 96.5(S)
30 649.51 50.6(S)
30 614.73 51.3(S)
30 515.21 >99.9(S)

>

NH,4CI

)
, NH,CI

Y =1202.11 + 96.98X, + 134.595X,— 107.515X;
R?=0.9891,

>

NH,CI

Fz 2 KT 1/8 4 B F XU it 5 0m 5 & (n=6)

Table 2 Two levels 1/8 fractional factorial design and

responding value(n= 6)
Run Xi Xz X3 X4 Xs X Y (U/L)
1 -1 -1 -1 1 1 1 578.54
2 1 -1 -1 -1 <1 1 593.43
3 -1 1 -1 ~1 1 -1 650.73
4 1 1 -1 1 -1 -1 796.71
5 -1 -1 1 1 -1 -1 465.90
6 1 -1 1 -1 1 -1 497.22
7 -1 1 1 -1 -1 1 515.14
8 1 1 1 1 1 1 710.93

x3 BMERMTMW

Table 3 Effects of different factors

Variables Level Test of significance
Code Factors(%) Low(—1) High(+1) t Pr> |t
X Glucose 2.00 4.00 11.6144 0.0547
X5 Yeast extract  0.50 1.00 16.1191 0.0394
Xs NH.,C1 0.40 0.80 —12.8760  0.0493
X4 MgSO,4 0.03 0.06 8.8497 0.0716
Xs K,HPO, 0.07 0.14 1.9838 0.2972
Xs KH,PO4 0.07 0.14 —0.3808 0.7683
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Table 4 Experimental design and results of steepest ascent

Run X X2 X3 Y(U/L)
1 4.00 1.00 0.40 773.12
2 4.20 1.10 0.35 784.40
3 4.40 1.20 0.30 797.25
4 4.60 1.30 0.25 806.95
5 4.80 1.40 0.20 789.74
6 5.00 1.50 0.15 765.18

*5 MEESHRIEERKEE
Table 5 Factors and level value of response surface
analysis

Variables Level

Code Factors (%) Low(—1)  Center(0)  High(+1)

Xi Glucose 4.40 4.60 4.80
X Yeast extract 1.20 1.30 1.40
X3 NH,CI 0.20 0.25 0.30

24 FEAERBMHIEFERE
Box-Behnken
s 6 SASS8.0

Y =833.4367 +41.375X; + 18.775X,+ 25.155X;—
32.90208X,X; — 0.3275X;X;— 9.2075X, X5 —
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26.48208X,X; — 13.2525X,X;5—20.11208X5X;

7, 8
, R?=0.9592,
a=0.0007, 0.05,
F ;
(3~
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Table 6 Response surface Box-Behnken design and Y 09 -0.9
corresponding response - )
Fixed levels:X3=0
Run X X, X3 Y(U/L)
1 - - 0 728.13 I sl S e N
! ! 3 B EWMAEEMEREMEE %00 5 E E
2 -1 1 0 751.47 Fig. 3 Surface layer of the mutual-affection of yeast extract
3 1 -1 0 797.29 and glucose concentration on enzyme activity.
4 1 1 0 819.32
5 0 -1 -1 715.20
6 0 -1 1 806.07 8251
7 0 1 -1 794.12 i
8 0 1 1 831.98
9 -1 0 -1 704.59
10 1 0 -1 820.00 =]
11 -1 0 1 759.26 E
12 1 0 1 837.84 725
13 0 0 0 831.30 ~0.9
14 0 0 0 836.98 0.9
X -0.9 09
15 0 0 0 832.03 '
Fixed levels:.X;=0
F 7 EVAEBIFES
25 37 B R B SE Sy 22 it
Table 7 ANOVA of quadratic polynomial model EI 4 WEHEF NH.CI ’&Eﬁﬁﬁ’aj}ﬁ’;m B I 1 T
Fig. 4 Surface layer of the mutual-affection of glucose and
Source  DF SS MS F Pr>F ammonium chloride concentration on enzyme activity.
Model 9 29687.51 3298.612 13.06938 0.005641
Error 5 1261.962 252.3924
Total 14  30949.47
*8 MERAFREANEZFMHHLER
Table 8 Significance test of regression coefficient
Term Estimate t Pr > |t|
Xi 41.375 7.366224 0.000724
X2 18.775 3.342619 0.020494
X3 25.155 4.478486 0.006528
XXy -32.9021 -3.97955 0.010535 9
X, -09 0
XiXa -0.3275 —-0.04123 0.968709 .
Fixed levels Y, =0
XiX3 -9.2075 -1.15913 0.298746
XaoX, -26.4821 -3.20304 0.023914 & R B R BB 1 B0 A
5 NH,CIFA IR S X AR
XoXs ~13.2525 ~1.66836 0.156117 ) 4 By R TR D) R o .
Fig. 5 Surface layer of the mutual-affection of ammonium
X3X3 -20.1121 —2.43258 0.059192

chloride and yeast extract concentration on enzyme activity.
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3~5
s Y , Y
3 X1 X3 X3)
025 0.41) 47.14 oL,
NH,CI 1325 gL 271 gL,
852.75 U/L

X Xy X
852.75 U/L,

(0.57

25 IGESRIY
> 5
250 mL s 848.65 U/L
854.26 U/L 850.40 U/L 852.63 U/L 849.70 U/L,
851.13 U/L, R

104

(g/L): 47.14,
13.25, NH,C1 2.71, MgSO,7H,0 0.4, KH,PO, 1
K,HPO, 1 , 104
851.13 U/L,
65.2%,

>99.9%,
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