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Characterization of highly stereoselective oxidoreductase for
asymmetric reduction of
N,N-dimethyl-3-keto-3-(2-thienyl)-1-propanamine
LIBin' NIE Yao'" XU Yan'?

(1. School of Biotechnology, Key Laboratory of Industrial Biotechnology of Ministry of Education, Jiangnan University,
Wuxi, Jiangsu 214122, China)
(2. State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] To construct a biocatalytic system for enzymatic synthesis of
(8)-N,N-dimethyl-3-hydroxy-3-(2-thienyl)-1-propanamine (DHTP), several stereoselective
oxidoreductases were expressed from recombinant strains and explored on their properties of
catalyzing asymmetric reduction toward N,N-dimethyl-3-keto-3-(2-thienyl)-1-propanamine (DKTP).
[Methods] From available recombinant strains involving oxidoreductases, enzymes were purified by
Ni-ion affinity chromatography and their catalytic activities and stereoselectivities were evaluated
toward DKTP. Among them, CR2 was further characterized, which could catalyze highly stereospecific
synthesis of (S)-DHTP. Then, the catalytic process of CR2 was studied for asymmetric reduction of
DKTP under optimal conditions. [Results] Enzyme CR2 was obtained with high stereoselectivity and
catalytic activity for (S)-DHTP production. Its kinetic parameters of K, and k../K,, were determined as
0.135 mmol/L and 3.689 L/(mmol-s), respectively. For CR2, the optimal pH was pH 8.4 (0.1 mol/L
triethanolamine buffer) and the optimal reaction temperature was 35 °C. It was more stable at the
temperatures ranging from 10 °C to 45 °C and at the pH ranging from 7.5 to 8.5. Zn*" improved the
enzyme activity of CR2. When the reaction was carried out for about 6 h, the target product was
achieved with the yield of 92.1% and the optical purity of 99.9%. [Conclusion] This work provides the
research foundation for further improvement of the enzymatic conversion efficiency of asymmetric
reduction of DKTP.

Keywords: Oxidoreductase, Biocatalysis, Asymmetric reduction, (S)-N,N-dimethyl-3-hydroxy-3-
(2-thienyl)-1-propanamine, Enzymatic characteristics
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(S)-DHTP 80% 1x10° Pa 30 min
>99% 60 h 14 SHEEEEIIFSRIEIRS BHEK
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BL21/pET2lc-cr2 E. coli BL21/pET21c-cr4 E. coli ~ 40 mmol/L pH 7.0)
BL21/pET21c-krd E. coli BL21/pET21c-oye E. coli 10 mL Binding buffer
BL21/pET21c-rcr  E. coli BL21/pET21c-sI E. coli 10 mL 60 mmol/L (20 mmol/L Tris-HCI
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SDS-PAGE
(18]

1.5 EEFUIEREEEEREEF RN

100 pL
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Thermo Scientific
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(98:2 ) 0.8 mL/min
(R)-DHTP 16.4 min (S)-DHTP 18.3 min

2 ZRELH
2.1 EHFANTREEEHRIERAEL
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DKHP
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SDS-PAGE

kD M1 2 3 4 5 6

kb M7 8 910 1112

66.2 66.2
45.0 45.0
35.0 35.0

25.0 25.0
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B 1 FHHFNZERESH SDS-PAGE RKE %
Figure 1 SDS-PAGE analysis of purified recombinant
oxidoreductases

M Marker 1-12 ADHR Cl C2
CR2 CR4 KRD OYE RCR S1 SCR SCR1 SCR3.

Note: M: Marker; 1-12: Purified recombinant oxidoreductases
ADHR, Cl1, C2, CR2, CR4, KRD, OYE, RCR, SI1, SCR, SCR1,
SCR3.
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Table 1 Asymmetric reduction of DKTP by purified recombinant oxidoreductases

Recombinant . Specific activi Product Optical purit
oxidoreductases GenBank accession No. g (U/mg) v configuration p(% e.I;.) ¢
ADHR AY267012 — —
Cl ABO084515 - -
C2 ABO084516 - -
CR2 AB183149 1.16 S 99.9
CR4 E59061 0.58 R 99.9
KRD AF178079 0.39 S 32.7
OYE AB126227 1.25 R 99.9
RCR DQ295067 - =
S1 AB036927 - -
SCR DQ675534 - -
SCR1 F1939565 - -
SCR3 FJ939564 - -

e.e. .
Note: e.e.: Enantiomeric excess.
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2 Ei8E CR2 FMFRILR DKTP B4 547
Figure 2 Analysis of chiral products from asymmetric reduction of DKTP by purified recombinant CR2
A (R)-DHTP ( 16.4 min) (S)-DHTP ( 18.3 min) B DKTP ( 17.3 min)
C

Note: A: Standard samples (R)-DHTP (retention time, 16.4 min) and (S)-DHTP (retention time, 18.3 min); B: DKTP without enzyme
(retention time, 17.3 min); C: Reaction products.
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0.1 mol/L (PBS) (pH 6.0-8.0)
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(TEA) (pH 7.5-9.0)
pH 7.0 CR2
pH 7.5-9.0 CR2 50%
pH 8.4 (0.1 mol/L TEA)  CR2 DKTP
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[19-20]
(20-80 °C)
CR2 ( 5) 25-40 °C
CR2 80%
20-35 °C CR2
35 °C
40°C  CR2
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[20]

Exiguobacterium sp.  C. tropicalis
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[11-12]
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Figure 3 Recombinant CR2 double reciprocal curve
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Figure 4 Effect of pH on recombinant CR2 activity
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Figure 5 Effect of temperature on recombinant CR2
activity

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



N,N- 3o 32 )l- 7
[20] 10-45 °C 1 mmol/L (CaCl, CuSO; FeSO,
CR2 4 °C FeCl; MgSO; MnCl, NiSO, ZnSOj)
pH (6.0-9.0) 12 h CR2 Zn**  CR2
( 7)) pH6.0-9.0 12h  CR2 CR2
75% pH 7.5-8.5 CR2
CR2 90% CR2
C. macedoniensis CR2 Zn’*  CR2
[19]

234 TRBEFHEHASNLREE CR2 EMHHIE
ur'ﬂ:
CR2
2 EDTA(Na),
CR2
1 mmol/L EDTA(Na),
CR2 CR2

100 -

80 Ty

60 + \i
N

40 +

20 +

Relative activity (%)

0r —n

10 20 30 40 50 60 70
Temperature (°C)

Bl 6 =i CR2 BRI ENM
Figure 6 Thermal stability of recombinant CR2
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Figure 7 Effects of pH on recombinant CR2 stability
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CR2 1 g/lL DKTP
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Table 2 Effect of metal ions on recombinant CR2

activity
CR2

Compound Relative activity of CR2 (%)
No addition 100
EDTA(Na), 80
CaCl, 23
CuSOy4 65
FeSO4 84
FeCls 35
MgSO4 36
MnCl, 70
NiSO4 63
ZnSO4 108

120

5

c\"g 100F e o——e—o—o—o—o oo

2 80t

=

a.

5| 60 r —=— Yield

2 —e— Optical purity

QS 40

c\:

5 20 ¢

L

= 0 . . . . . . . . )
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1 (h)
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Figure 8 The determination of optimum reaction time of
CR2
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