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Construction of engineering bacteria for conversion of acetophenone

to (S)-a-phenylethanol
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Abstract: [Background] (S)-a-phenylethanol is a kind of important pharmaceutical intermediate.
Conversion of acetophenone into (S)-a-phenylethanol by engineering bacteria has the advantages of
strong stereoselectivity and mild transformation conditions. The study of this synthetic method is of
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great significance for the future green industrial production. [Objective] Construction of engineering
bacteria capable of transforming acetophenone into (S)-a-phenylethanol, and the study on its
transformation conditions. [Methods] ReADH gene encoding carbonyl reductase and FDH gene
encoding formate dehydrogenase were cloned from Rhodococcus erythropolis and Candida boidinii,
respectively. The constructed pRSFDuet-ReADH-FDH (R1F2) and pRSFDuet-FDH-ReADH (F1R2)
were transformed into Escherichia coli, respectively. The enzymatic assay of ReADH and FDH were
analyzed. The optimized transformation conditions to produce (S)-a-phenylethanol were tested.
[Results] The enzyme activity of ReADH and FDH in R1F2 were 6.7 U/mL and 7.6 U/mL,
respectively. R1F2 had higher catalytic activity than F1R2. The optimum pH of ReADH and FDH
were 6.0 and 8.5, respectively. The optimum temperature of the ReADH and FDH were 40 °C and
35 °C, respectively. The optimum pH and temperature for the reaction of acetophenone catalyzed by
R1F2 is 7.5 and 30 °C. R1F2 co-expression strain could catalyze the reduction of acetophenone with
high substrate concentration, the conversion of 400 mmol/L acetophenone was over 98%, and the e.e.
of (S)-a-phenylethanol value was over 99%. [Conclusion] Conversion of acetophenone into
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(S)-a-phenylethanol by engineered strain has a good prospect for industrial application.

Keywords: Carbonyl reductase, Formate dehydrogenase, Co-expression, Biotransformation,

(S)-a-phenylethanol
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R (Rhodococcus erythropolis) FITHAR T 8 22 e+
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1.1 EHRSRH

K W ¥F T (Escherichia coliy DHS5a. . E. coli
BL21(DE3), 3¢ [ & A A4 fr 8 R A R 2wl
pRSFDuet-1, pET28a-ReADH ., pET21d-FDH A<
S A R
1.2 EERFINEE

KOD Plus DNA &1, AR5 LRk
BAMWRAT; RGIVENUIEG . T4 DNA ZEH#
DNA 73 FabnifE. EEFabriE, FER IR
B AR/ ; Plasmid Mini Kit I. Gel Extraction
Kit . Cycle-Pure Kit, Omega Bio-Tek 7 #) ;
ClonExpress” II One Step Cloning Kit, R 5UifsnfE%e
YR BR A ]

Mastercycler nexus GSX1 £ PCRAY, A
JBe03 23w 5 PowerPac Basic™ BIHLIKAL, {AISR2A
Hl; SpectraMax® M2 ZIIREMHRIY, EA>TAL
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AR,
1.3 HRIETERILE

LS 86 2 M A %) iR pET28a-ReADH J¢
pET21d-FDH Witk , FIHIT# ReADH. FDH
FLFG P DT PCR P74, (HHF 51 W 435
WA Neco UFI Not TIN5, 4391i% A pRSFDuet-1
H— M EERSHE . PCR JIWAAZR(50 pL): KOD Plus
DNA E4Wf(1 UjL) 1 pL, dNTPs (2 mmol/L)
5 uL, MgSO4 (25 mmol/L) 2 pL, 10xPCR buffer
5 uL, k. F¥#514(10 pmol/L)% 1.5 uL, itk
DNA 0.2 pL, #B2li/k 33.8 pL, PCR S 5544
94 °C 4 min; 94 °C 15 s, 60 °C 30 s, 72 °C
1 min, 30 fME¥R; 72 °C 5 min, ReADH. FDH %
A pRSFDuet-1 55 —NEAGHE A 1712 R R HUi e
ek IR A PR3 7] A% One Step Cloning Kit & F1M
BI45, L FORIAEAL E. coli DH5a B2 2%, (3L T
W PCR %7E PR AT I P 3k . DU A 1Y)
& 21 3 AK 73 9 4w 45 4 pRSFDuet-ReADH-FDH
(R1F2)F1 pRSFDuet-FDH-ReADH (FIR2)H-544k %
E. coli BL21(DE3)JE2 45
14 HRETIREEHEHRIE

PRECE A RIF2 A1 FIR2 BRI E. coli
BL21(DE3)H 7, #HME LB WIAR 7= H(H
50 pg/mL FAREZR)F, F 37 °C. 200 r/min £577
12 he PhO.1% 3R 5 H2 51 800 mL LB {AR =
FE(F 50 pg/mL RAPER), BT 3 LEHF 37 °C

% 1 ReADH 7 FDH ERE /511
Table 1 Primers of ReADH and FDH gene clones

HZ K BiL7)s 2]l
Primers Primers sequence (5'—3")

ReADH-F ATCATGCCATGGGCATGAAGGCAATCCAGT
ACACGAG

ReADH-R AAATATGCGGCCGCCTACAGACCAGGGAC
CACAACCG

FDH-F ATCATGCCATGGGCAAAATCGTTCTGGTTC
T

FDH-R AAATATGCGGCCGCTTATTTTTTGTCGTGTT
TGCCG

T USRI SRR AR AR .

Note: The added enzyme site was marked by lines.

B3R E ODgoo MHILF] 0.6-0.8 I, fIALYKSE N
0.1 mmol/L IPTG, 20 °C %S 12 h, 4 °C,
12 000 r/min B5.0> 5 min WEERE, HeE Ak E
100 mg/mL K AR TBERR A — 8 /i — =
ZE P (50 mmol/L, pH 7.5), B TFukoKisH, s
BTN 200 W SEAT 240 M RE O Sk 4 200 i A
PR . B AR 4 °C. 12 000 r/min 5.0
10 min, WA B3 RIAAHBRR . 43 5ICgE 4 20 M il
W SRR S T SDS-PAGE 347 -
1.5 EgTEMNEREEF MR

ReADH [ W& % . 50 mmol/L 1R & — # /15
MR A BRI (pH 7.5), 10 mmol/L 7K Z i,
0.5 mmol/L NADH % 10 pL HEGH, SARF
200 pL. MEFRINAANE NADH W IAR,
37 °C /K5 15 min, JIIA NADH 2R KN, FIF 4
MY FEICRETHE 340 nm 4RI E H: 1 min WG
54k, FDH VR Z . 50 mmol/L BB A —4H/i
TR A B R (pH 7.5), 20 mmol/L RN,
0.5 mmol/L NAD' K 10 pL HEGH , MK
200 pL. HEERINAANT NAD IRVIAZR, 37 °C
K 15 min, JIA NAD IR, FIFLIMME
FERETHAE 340 nm AbIE I 1 min OB fL. i
W X fE ERAMR, 1 min LR 1 pmol
NADH)PIf e oA 1 NS 1 5RAL

i s

i 1% (U/mL)=EWx V1x10/(6.22x0.5%V5)

Her, Ew. 1 min N 340 nm AbWESG(E A
fos Vie RBRRR; Vs FHERR AT

Fof pH ME. K 1.5 PR RUNAR R 2% i
43 s Y, 50 mmol/L A5 FR/F P IR EN (pH. 3.0—6.5)
50 mmol/L WEMRE _Al/HiiR — S 4P (pH 6.0-8.0).
50 mmol/L Tris-HCI (pH 7.5-9.0), 50 mmol/L H 2%/
AAAB(PH 8.5-10.5), 75! I H e Ik & Ak
FiAH) ReADH Fl FDH AUREESETE, LABES Mk E]
o ER 100%, AN R] pH T AR g 1
REEEE 3K,
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R TR B A2 o B TR R BAR R A SITE 20
25, 30, 35, 40, 45, 50, 55, 60, 65 °C {jE4t
FEIRHE M FIA) ReADH 5 FDH FOBGEE1E, LI
TR IR B HE R 100%, A RRREE T A+
XTEEM: . AP E S 3 IR,
1.6 &K AR FRIE R &M &S 30k HE &g
iy

KHARNAZ . 50 mmol/L BERR S —4/BER
AR (EH 7.5 ALK SE 100 mmol/L 2R
Z T (10% DMSO Bhi&), 0.5 mg/mL NAD',
300 mmol/L HI R4, ReADH Wii% % 1 U/mL Atk
FIAW RIF2 8% FIR2 440, SRR 1 mL.
30 °C. 200 r/min SZM 24 ho Bl 1 mL WK
IMASERR TR SR 20, PAiedR? 3 min,
14 000 t/min #.0> 2 min, W FEZAYHR TR
BV TEHET 90%IECHER 10% 5 N EER A 1’
o, RTERY S 022 um AP, SRR AH
3% (HPLC) K

HPLC ¥:iffif CHIRALCEL® OD-H #¥-, i
AR 90%IFE L+ 0% 5 PIEE, JiH: 0.8 mL/min,
HElf: 30 °C, AR AT S AMGI £ (VWD)
MR 220 nm. M TR SR IR A
RS-0 2K TG4l
1.7 HFEERIERLEH
1.7.1 ¥URMNARE pH

¥ 1.6 TR S AR ZR P (1R G2 o o3 i ih e Ag
FRIFTIEIRAN(PH 3.0-6.5), IR /B — =B
(pH 6.0-8.0). Tris-HCI (pH 7.5-9.0). HZ&AM/A %A
1E4h(pH 8.5-10.5), i 2 h )i, HIFH HPLC ¥
% pH TFRCEMEALR, Db S E N
100%, A pH T A AR, B HL RO
fid pH . B HE S 3 9K,
172 #BURNHRERE

¥ 1.6 BTk NS HIFE 20, 25, 30, 35,
40, 45, 50, 55, 60, 65 °C /K# 2 h, FfH HPLC

o A T BE R R S A AR, DA AR R dR
YEHR 100%, THAAFIEE T xS, e
HR P fGE i B . B PE S 3 K
1.7.3  RMIREmZ

W 1.6 P SR 2 i R R B 43 Rl
100, 200, 400, 500 mmol/L, F¥ kR K
E50mL, ERNNH2, 4, 6, 8, 12, 24, 36 hHL
F, FIH HPLC Bl i8R 2 s fb R . 44k
PR 3K,

2 ZR545W
2.1 HFIEEHREIE RIIE

ReADH 1 FDH J [ FF Il BelSEAE K/ N33l Ry
1 047 bp #1 1 101 bp., ¥f ReADH Fl FDH 3R %A
[T 4351 3% A pRSFDuet-1 FEFk 84N 2 4N
MAE, R E R EERE 1R, KA
HHTORIEE A E. coli DH50 SEFEHIRR, X PRI T4
HEATTR R PCRYEAE , §451551 2 200 bp Z247 19 BL
(F 2), KNP IEREAH R A E. coli BL21
(DE3)i s Rk,

22 HEFRAMIFESFRIX

P2 MR AR RIF2. FIR2 A3 3F1A S %
ik, BN e B ERRGEAT SDS-PAGE 43
Bro W 3 7R, 3X 2 bk TR B3 N v i B
H#Ek, HK/NA42kD, A ReADH 5 FDH 4+
HAHZEAK, HHTE SDS-PAGE 45 A7 /i
2 SRR AT, IR 3 SR AT, AR
FIR2 RiFWEHEE D,

2.3 ReADH %1 FDH HYE§F 14 /R
2.3.1 ReADH #0 FDH B9k iE 1%

T Rl TRE R #3589 ReADH A1 FDH J2& 75 H
AR, HETE TR RIF2 M FIR2 45
TR BEIAHEE N 100 mg/mL, 8 75 B EE 5 I 2 4]
e, 45 5 ] ReADH 1 FDH )45 fi AL
PE, H RIF2 H 2 Pl s P m (3 2)-
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Nco 1

T7 promoter-1
lac operator

Not 1

Lac 1

Nde 1

pRSFDuet-R1F2 FDH

5908 bp

Nde 1

B1 HREHEEEREE
Figure 1 Sketch map of co-expression vector
Note: A: pRSFDuet-ReADH-FDH; B: pRSFDuet-FDH-ReADH.

bp M 1 2

5000

3000

2 000
1500
1 000
750
500

250
100

2 HFTIAHKER PCR BIE

Figure 2 PCR verification of co-expression vector

1:: M: DL2000 43T 45 ; 1: RIF2 [ PCR j7#); 2: FIR2
i PCR =4

Note: M: DL2000 DNA marker; 1: PCR production of R1F2; 2:
PCR production of FIR2.

2 ReADH 1 FDH By {LIFE1E
Table 2 The enzyme activity of ReADH and FDH

T7 promoter-2

lac operator Lacl

T7 promoter-1 Neol
lac operator

Not 1

T7 promoter-2
lac operator

pRSFDuet-F1R2
5908 bp

Nde 1

kD M CK CK* RIF2 RIF2® FIR2 FIR2’

116.0 —
66.2 —

45.0 —
35.0 —

25.0 —

184 —
14.4 —

B3 #HFAEM RIF2.FIR2 ZE%Ri% SDS-PAGE 74
Figure 3 SDS-PAGE analysis of co-expression strain R1F2
and F1R2

i M: A TR CK: K& IPTG 5 TRIA 240
BRI RIF2, FIR2: 28 IPTG i3 TR A ARG ; CK
RIF2’, FIR2’: 4 IPTG i TR iAH B

Note: M: Molecular weight protein marker; CK: Whole-cell extracts
of engineered strain without IPTG; R1F2, FIR2: Whole-cell extracts

of engineered strain induced by IPTG; CK’, R1F2’, FIR2’: Cell-free
extracts of engineered strain induced by IPTG.

R T BRILIE 5 ReADH 1% 1 F R Ut FDH 35 1k
Strains Wet weight (g) Activity of carbonyl reductase ReADH (U/mL) Activity of formate dehydrogenase FDH (U/mL)
CK 2.31 0.1 <0.01
Coexpression 3.22 6.7 7.60
strain R1F2
Coexpression 3.68 2.1 3.10
strain F1R2

: CK: % pRSFDuet-1 23 K E bk
Note: CK: pRSFDuet-1 empty vector strain.
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2.3.2 pH %t ReADH #1 FDH B 14/I5M0 24 MBS YN
J T ¥ ReADH H1 FDH [ P2 7552 B i 4 MU 2 S5 R BA Z R R1IF2 #il FIR2 4>

A pH LI, EAE pH ZEmPIE T g dsie:, KOs 24 hJ5FIA HPLC A6 R1E2 Fil
RIF2 #lfiH#+ ReADH #1 FDH (HEYE, KBLpH  pIR2 Ay iiif, 2550018 6 Fir, 7E 6.620 min M3
Xt ReADH Al FDH HYEgIG PERZ MR, HP rempechyZe 2, 8.594 min i s B 408 9 (S)-0-26
ReADH [ pH 2 6.0, FDH i pH o 8.5 7 i, MR I3 2 BRI AL Bl Al 2y i
(&l 4). cefti(# 3), GHIRFIILRIKFE RIF2 XKL

2.3.3 REX} ReADH F1 FDH BgiE 4 AT R (e AL BOREE LT, AL %>96% H. e.e fl>99%, fi
TZ: Hfiﬁ”/ﬁﬁ?h(ﬂ‘ﬂ RIF2 *ﬂﬁ@(ﬁqﬂ ReADH Fﬁl?éj\:%% .)F;k %Z»@H%’f‘b ,H:E/Jﬁﬂ:%o

F1 FDH MRS TE, &I ReADH f 50 K2 v a0

. . s 6.620
40 °C, FDH Mf5id VIR EE A 35 °Co il EE>60 °C 4 1000}
i, ReADH 7l FDH $A g G PE(E 5). 5 800y
T 600
£
120 - _o ReADH 3 400}
-o- FDH &b
100 | « 200 ¢
g 0 A :
= 80Ff 0 2 4 6 8 10
= t (min)
3 60
2
g 40 B 800 8.594
= =)
20 f 2 600
0 — s o L = 400
<
20 30 40 50 60 7.0 80 9.0 100 11.0 5 200 6.620
pH (%)
0 L ke A
: 0 2 4 6 8 10
E 4 pH ¥ R1F2 1 ReADH # FDH B 480 &0 £ (min)
Figure 4 Effects of pH on the enzyme activity of ReADH
and FDH in R1F2 c 6.620
1400 | N
120 1200 - I
a1 |
- |
100 L —O0— g 1 000 ‘
9 £ 800f
2 80r T 600} I
= 2 ‘
= @ 400 f | 8.594
2 200 | "
Z 40} : : \ A
i) 0 n AW P [, e ' L
2 0 2 4 6 8 10
I ¢ (min)
0 y y . ; p y N \, ——— =
10 20 30 40 50 60 70 6 HPLC #& R IXE bk R 5%

Temperature (°C) Figure 6 HPLC detection of the reaction mixture of

co-expression strains

ES REX RIF2 § ReADH fll FDH & £ #9521 VE: Ar ZSIRIKEBRIZING B: RIF2 GG C: FIR2 S

Figure 5 Effects of temperature on the enzyme activity of Note: A: Reaction mixture of empty vector strain; B: Reactlon
ReADH and FDH in R1F2 mixture of R1F2; C: Reaction mixture of F1R2.
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*3 HREERNE CERELER
Table 3 Results of acetophenone catalysis by co-expression
strain

73 Al (S)-0-FK LG 2
Strains Conversion (%) e.e. of (S)-a-phenylethanol (%)
Coexpression 96.6 >99.0
strain R1F2
Coexpression 34.1 >99.0
strain F1R2

25 YRR EN
2.5.1 A[F pH TEZEIRELE

R ER IR ZRIR Y 2 NS pH AHZERCR, W
FE SN G ALK 2L SO0 50 pH, K R1F2 424
MIAEATE] pH 2504 F AT RO, Al ] R1F2 XK
LR IR B e = Y pH 2 7.5 (8] 7).
252 ARIRETHRCHRFELE

Shy R ik B T 4 A L A Ak 2R 20 TR S 1 )
M, A RIF2 4R NRRE FARERESRET
O, MELERF, 7E 20-30 °C WK LAY
ABEEN, SRS 30 °C IR L%
TR TR R 420 B % AL 2R 10 R (S)-a- 2K £ T
A ECE IREE N 30 °C (K 8),
253 RMKEMS M

TE 50 mL SOVAKRZRF 45 MREE S 100,
200, 400, 500 mmol/L 7K, Kl AS[R]
B[R]} R1F2 X2 2 G ALK (11 9) ., 4553k,
WU EE 43524 100, 200 mmol/L I}, W 12 h#%
&K 99%; JIRPIHE R 400 mmol/L B, S

—_ —_—
[ o
(=] (=]

®
(=]

&
(=)

o
(=]

Relative transformation rate (%)
D
[}

O i i i i i i i 3
20 30 40 50 60 7.0 80 90 10.0 11.0
pH

7 pH XX T R MBS0

Figure 7 Effects of pH on the biotransformation of
acetophenone

120

100

o2
<
T

S
<
T

N
<
T

Relative transformation rate (%)
[=2)
<

<

20 30 40 50 60 70
Temperature (°C)

<

8 REX I CHENEE L L R AE
Figure 8 Effects of temperature on the biotransformation
of acetophenone

24 h PSR 385 mmol/L, XA AT
ik 98%; YIEMINIE J 500 mmol/L i, J¥ 36 h
PR RN 425 mmol/L, X i 4 i % AL Kk
85%. Lid FRERIFEE R A IR B, KL
W 400 mmol/L, B 24 h IRV ARPFEN
AR,

3 WikE4ik
S s D I Al TP 2 A0 PR A G Tl ) S
TR ZR E O FEAR A 6 BUSAS B — T oA 3T B
Yz TR T S WG . FhEESE A
I B 225 (Candida parapsilosis CCTCC
120

100 A

80

60

40t

Transformation rate (%)

—e— 100 mmol/L
20} —o— 200 mmol/L
—v— 400 mmol/L

—— 500 mmol/L

0 1 1 1 L 1 1 A L ) 1 U TR T TN N1 1
02 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38
t(h)

B9 JEYREXE CEREE L BB 5200
Figure 9  Effects of substrate concentration on the
biotransformation of acetophenone
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M203011) 1 FEFEIS R (R)- PR EL A I L ] RCR, I
SN ERIEE FDH RS, TR
WA B BEJ 2R A5 SIS W A 22 R B
HE RS 2 (S)-FR LA R IL N SCR, 5% b
Ji A 5L R ADH L3Rk F 6 1U(S)- R B B,
IRPIEEAL R AN EF Al B KT 99%!7, R
A K FEHLRIA R R AT A BU(R)-HR OB RE,
Weckbecker 544 WEIER% 76 S BGIE R PNT . Bt
ABGEE ADH TP R i S B FDH L3RG5, 7]
i 66% K Z I MR- B, Yun 2545 e
Bl A T A R 7 A S L i S 5k
RZRTTHE 50% a- SR REAL N (R)-R B, ¥
aiFERT 99%", HRiAA XTIt RA KR
FE U(S)-0-7K L FERRE
AW 5T 43 N LD P 21 Bk T
erythropolis)%ﬂf@ﬁ} TR, (Candida boidinii)
T S B BRI [ L DK (ReA DH) R i Jid S I I
K (FDH), VAAS[EY §1 5% F pRSFDuet-1 k{4
W, SEEL T AR RO TR (S)-o- R
LRGN AIFREEREY], ReADH 2 NADH

& (Rhodococcus

g AR 20T, DR s o A ARG B e R P R R B
filf FDH pEA 73630k, DIARE S pH,  FRARRI S

7). ReADH F1 FDH BB P 0 45 S F 0
R1F2 # ReADH 1 FDH fiEfbiGPE T FIR2, X n]
AE UG PRI 2 A SR, B E HAE N

R EAZETA K, UM R R4 R R
W1, RNifid pH AR BS54 7.5 #1 30 °C, pH
AT A BHARSNG M f0E pH Z (8], 15 FDH {&
HIG VE RS IR B TERGE OV A5, RIF2

PRV AT DA A i Wk B2 AR WA 1554k, RN 24 h
X} 400 mmol/L 7K 2R KT 98%, H(S)-0-4
BRI E A E R T 99%, IR 451 2 7538
FT(S)-0- R L BER KA AE A itk — 2P e
XFF AL MR, S8 NAD FEME Ak S
FOAEFR A XA A R U A S b Y
LKA R T NADH MIRA I T(S)-0- K 2

WA B, O Tl AR P P O S R ) 1 25
ﬁﬁhT~4ﬁﬁ&*?&,ﬁEﬁ@jkﬂ&
FER T AR R T 2%

REFERENCES

[1] Du PX, Wei P, Lou WY, et al. Biocatalytic anti-Prelog reduction
of prochiral ketones with whole cells of Acetobacter
pasteurianus GIM1.158[J]. Microbial Cell Factories, 2014, 13:
84

[2] Ni Y, Xu JH. Biocatalytic ketone reduction: a green and
efficient access to enantiopure alcohols[J]. Biotechnology
Advances, 2012, 30(6): 1279-1288

[3] Pollard DJ, Woodley JM. Biocatalysis for pharmaceutical
intermediates: the future is now[J]. Trends in Biotechnology,
2007, 25(2): 66-73

[4] Forrest GL, Gonzalez B. Carbonyl reductase[J].
Chemico-Biological Interactions, 2000, 129(1/2): 21-40

[5] Ema T, Yagasaki H, Okita N, et al. Asymmetric reduction of
ketones using recombinant E. coli cells that produce a versatile
carbonyl reductase with high enantioselectivity and broad
substrate specificity[J]. Tetrahedron, 2006, 62(26): 6143-6149

[6] Yasohara Y, Kizaki N, Hasegawa J, et al. Molecular cloning and
overexpression of the gene encoding an NADPH-dependent
carbonyl reductase from Candida magnoliae, involved in
stereoselective reduction of ethyl 4-chloro-3-oxobutanoate[J].
Bioscience, Biotechnology, and Biochemistry, 2000, 64(7):
1430-1436

[7] Schoemaker HE, Mink D, Wubbolts MG. Dispelling the
myths--biocatalysis in industrial synthesis[J]. Science, 2003,
299(5613): 1694-1697

[8] Schmid A, Dordick JS, Hauer B, et al. Industrial biocatalysis
today and tomorrow[J]. Nature, 2001, 409(6817): 258-268

[9] Betancor L, Berne C, Luckarift HR, et al. Coimmobilization of
a redox enzyme and a cofactor regeneration system[J].
Chemical Communications, 2006(34): 3640-3642

[10] Liu WF, Wang P. Cofactor regeneration for sustainable
enzymatic biosynthesis[J]. Biotechnology Advances, 2007,
25(4): 369-384

[11] Yu HL, Huang L, Ni Y, et al. Advances in synthesis of chiral
alcohols by carbonyl bioreduction[J]. Chinese Journal of
Bioprocess Engineering, 2013, 11(3): 71-82 (in Chinese)
BRECEE, WA, A, SF. ORI R A T A Y
FRHERE]. AW Tad R, 2013, 11(3): 71-82

[12] Bommarius AS, Schwarm M, Drauz K. Biocatalysis to amino
acid-based chiral pharmaceuticals-examples and
perspectives[J]. Journal of Molecular Catalysis B: Enzymatic,
1998, 5(1/4): 1-11

[13] Bommarius AS, Drauz K, Hummel W, et al. Some new
developments in reductive amtnation with cofactor
regeneration[J]. Biocatalysis, 2009, 10(1/4): 37-47

[14] Yuwen WG, Zhang L, Wang ZX, et al. Co-expression of
glucose dehydrogenase and carbonyl reductase in Escherichia
coli and its application in asymmetric synthesis of

d-y-ephedrine[J]. Industrial Microbiology, 2010, 40(3): 19-24

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2584 A 2 A Microbiol. China

(in Chinese) 1I and glucose dehydrogenase[J]. Acta Microbiologica Sinica,

SESCHERI, W, T ERE, S BRIEV ORI 5 A A M B 2016, 56(10): 1647-1655 (in Chinese)

it R T R T T 10 35 1 % L A R e R B R LA, KR, FBER, 5. ()L 11590 % b

WP R L], TR, 2010, 40(3): 19-24 SR ICREAL F8 R(S)- A L . B, 2016,
[15] Li C, Qi NC, Peng G, et al. Screening and identification of 56(10): 1647-1655

[18

[}

S-phenylethanol-producing strain[J]. Journal of Microbiology, Weckbecker A, Hummel W. Improved synthesis of chiral

2013, 33(2): 43-47 (in Chinese) alcohols with Escherichia coli cells co-expressing pyridine
AR R, SR, S5 SRR T S ). nucleotide  transhydrogenase, NADP'-dependent alcohol
dehydrogenase and NAD -dependent formate dehydrogenase[J].
EYAARGR, 2013, 33(2): 43-47 Biotechnology Letters, 2004, 26(22): 1739-1744
[16] Sun Y, Zhang RZ, Xu Y. Co-expression of formate [19] Yun HD, Yang YH, Cho BK, et al. Simultaneous synthesis of
dehydrogenase form Candida boidinii and (R)- specific enantiomerically pure (R)-1-phenylethanol and
carbonyl reductase form Candida parapsilosis CCTCC (R)-a-methylbenzylamine from racemic o-methylbenzylamine
M203011 in Escherichia coli[J]. Acta Microbiologica Sinica, using o-transaminase/alcohol dehydrogenase/glucose
2008, 48(12): 1629-1633 (in Chinese) dehydrogenase coupling reaction[J]. Biotechnology Letters,
INE, AR, . (R — R 5N 5 RO U2 2003, 25(10): 809-814
[20] Hummel W, Abokitse K, Drauz K, et al. Towards a large-scale
PR R W A 0 o B9 3R 3k [J]. B 9 7 4, 2008, 48(12): asymmetric reduction process with isolated enzymes:
1629-1633 expression of an (S)-alcohol dehydrogenase in E. coli and
[17] Jiang JW, Zhang RZ, Zhou XT, et al. Efficient biosynthesis of studies on the synthetic potential of this biocatalyst[J].
(S)-1-phenyl-1,2-ethanediol catalyzed by (S)-carbonyl reductase Advanced Synthesis & Catalysis, 2003, 345(1/2): 153-159

RY Y R ARY R HRY Y R Y R HRY Y HRY Y R oY) R HRY Y Y Y Y AR Y AR oY Y oY Y ARY Ky R oY) Y ARY oY) R Y Y oY Y AR Y Y oY) Ry ARY oY) Y oY) Ry oY Ry R oY RY Y )

FT (PRAEYSIAIR) AT P iFEY IR %o

MHT, FEE SRR CER R, A Y 55 A SR, S8 SR I O A7 B S
bR T OAMRMAED Y Neess . SRR TR TR, B TR, AR TSN, HHEHE . TR, 9
KBbE L ARV ARV BESFE P O A A S IR T, A T IR G . A S A4
SRS RUR , DLSGZ AR S 8, 780 B4R (il ) msephg | SR mfER, 12
WHEERER R, AREASIREE N AR &, (Y ) W aUE A 2008 452, &
IR — B B R, TR R Ge b S R A P AR DG U sOR 2 B AR K s R it g, K4
] P A A A DG RIS A0 S B Pk B R A R T [ [l G RN A 25 e S i 2 I LA o R FH iy S5 A A 5 B
o FIMASIRA FRF AR kN, BIEIFHS L], RIEREmEattiEs, g iy
PUEA L BRI RE S, ASRALR . fedmEtR, IHRERENTE.

RPEL R TR, BREAT CHIUEEEN AT
1. BRI ERA CHE MIFER A T, 36 R IEE 4B 5
2. $EAHER T RIFR ) 3 T (http://journals.im.ac.cn/wswxtben) A SCUE T2 X T 8 LA P S 2 5 IR DL
E-mail fHA4A0TE &% BN gm0 (546 tongbao@im.ac.cn, FFIETFEMPAF: F AR ER . <L P I TR ;
3. HEE WA BEM, IEE TR, BRI Tel: 010-64807511; E-mail: tongbao@im.ac.cn.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



