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Carbonyl Reductase on Its Catalytic Performance for Asymmetric Reduction
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Abstract: Based on homology modeling analysis, the sites, P124 and W125, in cofactor-binding domain of the carbonyl reductase SCR1
were found to have a steric effect on the binding of NADPH. The site-directed mutagenesis of these two sites using the amino acid residues
with small side group showed that the substrate sepcificity and stereoselectivity of the enzyme were both changed in some level, indicating
that these sites have a critical role in binding the cofactor, and the configuration of catalytic active center formed from enzyme/cofactor com-
plex determines the recognition of the enzyme to substrate of different type and also the product of different stereo-configuration. Regarding
the substrate specificity, the wild-type enzyme showed activity toward 2-hydroxyacetophenone, 2-bromoacetophenone and its derivatives,
while the catalytic efficiency of mutants toward acetophenone and its derivatives and 2-octanone was enhanced. On the other hand, the
stereospecificity of some mutants was even found to be inverted. The mutants P124A/W125A and P124G/W 125G exhibited a shift of enan-
tioselectivity toward 2-hydroxyacetophenone and ethyl 4-chloro-3-oxobutanoate to give the product in (R)-configuration.
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Fig. 1. Structure alignment of SCR1 (gray) with alcohol dehydro-

genase from Lactobacillus brevis (black) (PDB: 1ZK4) (a) and the
configuration of cofactor-binding domain and the relevant key sites

(b).
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W, %R G BE W 1 pral, SR A DL =
Pk @ i E 4 SCR1 MBI, i it QuikChange®
Lightning Site-Directed Mutagenesis Kit #1758 48 #k
(10 e 4, e Ji 20 e DR DA o o H bR AR R
PR AE R PCR WV 4542 95 °C 2 min; 95°C 20 s,
60 °C 10's, 68 °C 3.5 min, 18 MEH; 68 °C 5 min.
1.2 REHRBFMEREFGWL

¥ H ks A KR 1) B DNA S N EIATE £ E
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SRR PR R IR I 4 A FE ALK R R AR S
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AT RRIEAT 4y B il BARERAE W R w5k e A
E T 15 ml Binding buffer (0.02 mol/L Tris-HCI, 0.04
mol/L WKW, pH = 7.5) &%, W27, FH A 75 Ik i e 4
MO (RS AF: BB 1s, 45 3's, BTl 5 min). BRI
7t 12000 r/min, 4 °C 145 #F ~ 250 30 min, b B
KB AR5 T His BRG] R i 2R AT 70 3 24k,
ARSI B His 8244 F 20 384, A EDE Y 1 ml,
a2 o K 5 ) /E i I 8R4 1 46 Binding

buffer V4735 FFE, K200 0.45 um /K 5L € )5 (1)
FEL VBN 2 A, VR 243930 4 40, 60, 80 AT 100
mmol/L ¥ K M 45 B 155 DR 0 25 B 2% a1, o e
300 mmol/L Rk M5t i B 1 2 1, JF e B v ok
4 43 ; H Econo-Pac 10DG columns ( 3% [# Bio-Rad)
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R BT 45, B A5 3 5% A% T 4l il A
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B AR A -0 S (V95 7).

R 0 5 A5 e o A JE 4 OV A A P B, R R
N AK Z A 100 ul, Horr 0.1 mol/L 4 B2 81 2% i (pH
=6.5) 30 ul, 0.6 mmol/L %l NADPH (Jb 5 & F} %
B BRA ) 10 pl, 5 mmol/L JEY (2-F 3L 2K 2,1 Wy
F TCI, COBE I 1 Sigma-Aldrich) 10 ul 5 50 pl 4f
(200 F i3 4% 1X (Thermo Scientific Multiskan Spec-
trum) [7) B 4745 2% BEAE 1 =340 nm Kb W6 B A8 4L

2 S G AR WIS S MR T, B R N AR R AR A
29 100 pl. H:F 1 mmol/L ) %fi B NADPH 10 pl, 6
mmol/L IR (F7 A= 24l 52 56 5 il 4, JoAthic
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FIHH B 3R 7039 4 0.1 mol/L 4 B2 41 22 v i (pH =
6.5).
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B T A X8 B§YE (nmol/min) = EW x
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x1 ERRTIRITHIGHY
Table 1 Primers designed for mutagenesis

WI125A

W125A-F: CCAACGCTGGTATTCCAGCGACGGATGGACCAGAAATTG

WI125A-R: CAATTTCTGGTCCATCCGCGCTGGAATACCAGCGT TGG

W125G

W125G-F: CCAACGCTGGTATTCCAGGGACGGATGGACCAGAAATTG

W125G-R: CAATTTCTGGTCCATCCGTCCCTGGAATACCAGCGTTGG

P124A/WI125A P124A/W125A-F:

GCCAACGCTGGTATTGCAGCGACGGATGGACCAGAAATTG

P124A/W125A-R:

CAATTTCTGGTCCATCCGTCGCTGCAATACCAGCGTTGGC

P124G/W125G
P124G/W125G-R:

P124G/W125G-F: GCCAACGCTGGTATTGGAGGGACGGATGGACCAGAAATTG

CAATTTCTGGTCCATCCGTCCCTCCAATACCAGCGTTGGC

The primers were designed according to QuikChange® Lightning Site-Directed Mutagenesis Kit.
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Fig. 2. The SDS-PAGE analysis of the crude extract and purified
enzyme of engineered enzymes. (a) Crude extract of enzymes; (b) The
purified enzyme M (Protein molecular weight marker). The proteins
were separated on a 12% SDS-polyacrylamide gel and stained with
Coomassie Brilliant Blue G-250.
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Table 2 Specific activity of purified SCR1 and mutants

Specific activity (nmol/(min-mg))

Substrate

SCR1 WI25A WI125G P124A/W125A P124G/W125G
2-Hydroxyacetophenone 22.0+5.0 34+0.6 40+04 28+0.2 94+27
COBE 73.0+6.0 52+04 13.6+£0.2 100£1.3 29.6+0.2

Reaction conditions: total volume 100 pl, 0.1 mol/L potassium phosphate buffer (pH = 6.5), NADPH 0.6 mmol/L, substrate 5 mmol/L, suitable vol-

ume enzyme.
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Table 3 The specific activity toward different substrates of purified SCR1 and mutants
Specific activity (nmol/(min-mg))
Substrate
SCR1 WI125A W125G P124A/W125A P124G/W125G
Acetophenone and its R,=0-Cl 6.0+0.5 49+0.5 50=+£0.2 40+04 6.4+0.1
derivative R,=m-Cl 4.0+0.2 57+0.1 6.5+0.9 11.0+1.2 63+0.3
¢ R,=p-Cl 58+0.2 0 57+0.5 9.2+0.1 6.4+ 0.4
= Ry R,=H R,=p-Br 204+43 4.7+0.6 0 53+£0.2 42+0.2
R2_\ | R,=p-CH3 0 7.0+0.1 52+04 6.8+0.5 7.0+£0.1
R,=p-OCH3 22+0.5 6.8+1.3 55+0.6 3.0+£0.2 5.0+0.1
R,=H 34+0.6 7.0£0.1 7.7+£0.2 5.0£0.3 6.0£0.5
R,=OH R,=m-CI 94.0+4.0 1.6+0.2 1.6+£0.2 0 0
R,=H 54.0+2.0 48+0.1 6.7+0.1 1.0£0.1 5.1£0.2
R,=p-CH3 154.0+4.5 32+0.8 0 51+0.3 7.4+0.6
R;=Br Ry=p-CI 90.0 £ 3.0 5.5+£0.6 53=+0.5 0 8.7+£0.5
R,=p-OCH3 106.0 £3.2 0 7.0+0.8 0 6.8+0.2
Valerophenone 56+1.3 43+0.6 54+0.8 8.6+0.1 45+0.2
Keto ester R=Phenyl 56+14 5.0+0.8 75+0.3 6.7+0.4 6.5+0.3
a 0 R=CF, 14.0 4 0.5 5.1+0.1 8.1+0.5 57402 78402
RMO/\ R=CH,Cl 114.0£4.8 79+1.6 8.1+04 122 +0.1 12.1+£1.0
Aliphatic ketone R=2-octanone 2.6 £0.6 5.0+0.3 9.0+0.8 93+04 6.7+0.2

Reaction conditions: total volume 100 pl, 0.1 mol/L Potassium phosphate buffer (pH = 6.5), NADPH 1 mmol/L, substrate 6 mmol/L, suitable volume

enzyme.

FT AR B 2- = T ) A 3% 1 38 A BT 2
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BB MR, BRI A AU T Bl 8 A )
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B il 5 5 B, L 5 W I A I R 1 45 R
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(b)

3 HARESS5RTE P124GWI125G Ml SEI R E R L ZEMRAI LR
Structure and configuration comparison of cofactor-binding domain and active sites between wide type SCRI1 (a) and its mutant
P124GW125G (b).

Fig. 3.



www.chxb.cn

B A BRI R AT 45 A AL 1 S AR FL AN B AL P RE S R 335

S LA 2-F2 32K Z i Al COBE b ¥ T M B F 4k & 9
JEW, SR 45 A R P124, W125 {7 £ 58Xt T
e A Al A7 A BE TR (R RE ), &5 A TR 40 WTLLR
H, DL 2-F2 0K AW K A, W25 A7 1) B 1 5848
T EEEANZ R (S)-F —PE W #E T X P124
W25 PEAN 7 5[] I EAT 98 AR I, Bl A A 5 A
Tolo JEC 42 1 B Bk ) 2 T S B, B 2-3 R 2K 2 1 A
COBE V13 Ji ™= 4 ¥ 24 35) ¢ B 22 UG 1) (S)-% — 1k
ARy (R)-— k. IX R W il g &5 & 38l b ax W AN
R SR ANAS AT 1) 4 038 B 1 R A W) S e, i HL
P124 {7 1 1 578 5 A7 ) -1 o0 A% g 1 S7 A4 ik
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Table 4 Reduction of 2-hydroxyacetophenone and COBE by whole

cell

Strain cel%
2-hydroxyacetophenone COBE

BL21 0 0

SCR1 97.2+£0.2 (S) 90.0 £ 1.0 (S)

WI125A 69.4£5.0(S) 0

W125G 7.0+ 1.0 (S) 0

P124A/W125A 233+ 1.6(R) 90.0 £2.0 (R)

W125G/P124G 90.0£2.0 (R) 90.0 £ 1.0 (R)

Reaction conditions: total volume 2 ml, 0.1 mol/L potassium phosphate
buffer (pH = 6.5), substrate 1 mmol/L, 0.2 g wet whole cells, 20 mg
glucose, 30 °C, 150 r/min, reaction time 48 h.
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