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Fig.1 The reaction catalyzed by two different carbonyl reductases. RCR. R -specific carbonyl reductase SCR. S -specific carbonyl reductase R -
PED. R -l-phenyl-1 2-ethanediol S -PED. S -1-phenyl-1 2-ethanediol.
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Table 1 Strains and plasmids
Strains and plasmids Characteristics Source
T e
g ZZZ Eﬁ‘;ﬁ Host of pETDuel- rer-ser This study
Plasmids — Amp’ two promoters two multiple cloning sites MCS 5420 bp Novagen Co.
pETDuet -1 1.0 kb DNA fragment with rer gene in pETDuet™-1 6.4 kb This study
pITDuet-rer 0.8 kb DNA fragment with rer gene in pETDuet-rer 7.2 kb This study
. Fjl? e e Detererser Ampand Cni  recombinant strain harboring rer and ser genes This study
* Amp' <50 mg/L Amp Cm' <34 mg/L, Cm.
1.2 GATGGGCGAAATCGAATCTTATTG -3"  EcoRI
g/L. 40 5 SCR_ R 5’- TGACTGCGGCCGCCTATGGACACGTGTA
NH, ,HPO, 13 KH,PO, 7 ZnSO,- 7H,0 0.3 NaCl TCCACCGTC-3" Notl PCR
0.1 pH7.0 LB g/L 10 PCR 50 pl PCR
5 NaCl 10 pH 7.0 50 95C 5 min 94°C 1 min 56°C 1 min 72°C 1 min
pg/mL 34 pg/mL 30 72°C 10 min
1.5% 1.5
C . parapsilosis 50 mL DNA PCR
250 mL 30°C 150 r/min Nde | Xho 1 rer
48 h pETDuet™-1 DNA
1.3 DNA rer
C. parapsilosis 8000 x g 20 pETDuet- rer EcoR 1
min 2 Not1 scr - pETDuet-rer
DNA Genomic DNA Extraction Miniprep DNA 2
System VIOGENE rer - scr pETDuet- rer-scr
1.4 rer scr
C . parapsilosis rer - ser
Accession No. DQ675534  DQ295067 " " 1.6
DNAMAN RCR_F 5'- pETDuet-rer-scr
ATCGATCGCATATGTCAATTCCATCAAGCCAGTAC-3’ E . coli Rosetta DE3
Ndel RCR_R 5'-TGACTCTCGAGTGGATTAAAAA 50 mg/L 34 mg/L

CAACTCTACCTTG-3" Xhol SCR_F 5'-ATCGAATTC ¢ wmaysmmpertnmsemanmine el neeo:/
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0Dy, 0.6~0.8 1 mmol/L. IPTG 13.9 min  16.9 min
30°C 10 h SDS- PAGE 2
1.7 2.1 rer Jfdh
1 mlL 0.1 mol/L pH 5.0 ~ C. parapsilosis RCR_F
6.0 pH6.5~7.0 Tris-HCI1 RCR_R PCR
pH 7.5~8.0 105 mmol/L rer 1% 1.0 kb
0.1¢g 0 ~5 mmol/L. SCR_F SCR_R C. parapsilosis
30°C 48 h 2 mL DNA PCR scr
Chiralcel OB-H 0.8 kb rer
HPLC ser 113
S - % e.e. 2.2 pETDuet-rcr-scr
R - S - rer scr PCR
Ori Lacl
Genomic DNA from C.parapsilosis
PCR with primers PCR_F Amp Mes2
with primers |
pETDuet'™ -1
and PCR_R o eS|
Treated with Nde [ Ori
and Xho |
Nde 1 Xho 1
| |
Genomic DNA from C.parapsilosis |
PCR with primers l Ligation
SCR_F and SCR_R Ori Lacl
Amp MCS2
pETDuet-RCR
6.5 kb
Treated with EcoR | RCR
and Not [
Ori
EcoR 1 l Not 1
Ori l Lacl
SCR
Amp
pETDuet-RCR-SCR
7.5 kb
RCR
Ori
2 pETDuet- rcr-scr
Fig.2  Construction of Iecomhlnant ]%la%mld P ETDuet- rer- N - )
© P ERF R RE IS F'TEH?UH%AF*#"E http://journals. im. ac. cn



R S - S - Vi 2009 49 2 207
rer pETDuet™-1 coli Rosetta/ pETDuet- rer-scr
Nde I Xho 1 37 kDa 30 kDa
T4 4 R - RCR S -
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EcoR1  Not 1 ser - 1 2
pETDuet- rer
DNA ser = 5-"-% ——
pETDuet- rer E. coli 66— o | :_E
DH5a Amp" Cm’ 13— I =
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3 «—R(R
rer scr 3 rer 31— — . = < scr
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Gene ID DQ675534  DQ295067 76— G
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Fig.4  Expression of recombinant proteins of RCR and SCR in an

pETDuet- rer-scr

Agarose gel electrophoresis of pETDuet-rer-ser with restriction

Fig.3
endonuclease. M1. DL2000 DNA Marker 1. pETDuet™-1 treated with
Nde 1 /Xho 1 2. pETDuet™-1 treated with EcoR 1/ Not I 3.
pETDuet-rer treated with Nde 1/ Xho I 4. pETDuet-rer-ser treated
with EcoR [ /Not I ~ M2. ADNA/Hind[ll Marker.

23 R- S -
pETDuet- rer-
ser E . coli Rosetta
Amp"  Cm'
E . coli Rosetta/pETDuet-rer-scr
0Dy, 0.6 ~0.8
1 mmol/I.  TPTG 30°C 10 h
R - RCR S - SCR
5x
10 min 8 pL SDS-PAGE
IPTG
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enzyme-coupling system. M. Protein Marker 1. E. coli Rosetta/
pETDuet rer-scr - after induction with 1 mmol/L IPTG 2. E. coli

Rosetta/ pETDuet- rer-scr before induction.
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Fig.5 Effects of different pH value on biotransformation efficiency.
2
Table 2 Asymmetric conversion by recombinant strains
Strain/plasmid Optical purity /  Yield Zinc
tramn/plasmi % e.ec. /% sulfate * Schmid A Dordick JS Hauer B et al. Industrial
biocatalysis today and tomorrow. Nature 2001 409 1
E. coli Rosetta/pETDuet™-1 4.3 3.2 - 258 — 268.
5.0 3.4 + . . .
E. coli Rosetta/pETDuet-rer-scr  86.6 67.4 _ Liese A Karutz M Kamphuis J et al. Resolution of 1-
91.3 75.9 + phenyl-1  2-ethanediol by enantioselective  oxidation

* Notes
sulfate.

3

+ " adding 5 mmol/L zinc sulfate

“

RCR

R -
scr
coli Rosetta
R -
S - SCR
105 mmol/L R -
S -
e. 75.9%
R -
SCR
7-8 13 R -
S - SCR
5 mmol/L Zn**
Zn2+
9%
R - RCR
7t

" Without adding zinc

rer S -
pETDuet™-1

RCR

91.3%e.
S -
S -

RCR

5%ce.e.

14 R -

overcoming product inhibition by continuous extraction.
Biotechnology and Bioengineering 1996 51 544 —550.

Andreas L. Murillo VF. Production of fine chemicals using

biocatalysis. Current Opinion in Biotechnology 1999 10
6 595-603.
Hummel W. Reduction of acetophenone to R - + -

phenylethanol by a new alcohol dehydrogenase from
Lactobacillus  kefir .

1990 34 15-19.

Applied Microbiology Biotechnology

. R -
Acta
Microbiologica Sinica 2008 48 12 1629 — 1633.
Yun H Yang YH Cho BK et al. Simultaneous synthesis
R -1-phenylethanol and R -a-

methylbenzylamine from racemic a-methylbenzylamine using

of enantiomerically pure

w-transaminase/ alcohol dehydrogenase/ glucose

dehydrognease coupling reaction. Biontechnology Letters
2003 25 809 - 814.

. 2-

R - . Chemical

Industry and Engineering Progress . 2006 5 10 1231 -

1236.

Chemical Industry and

© fhERE I gneing iR ragnes & 20080 2519 / /10821711088 -ac. cn



R S - S - ./ 2009 49 2 209

9 Mu XQ Xu Y. Steady state kinetics of the oxidation of Candida  parapsilosis. ~ Applied  and ~ Environmental
S -1-phenyl-1  2-ethanediol catalyzed by alcohol Microbiology 2007 73 11 3759 - 3764.
dehydrogenase from Candida parapsilosis CCTCC M203011. 12 MuXQ XuY NieY etal. Candida parapsilosis CCTCC
Journal of Molecular Catalysis B Enzymatic 2006 43 23 M203011 and the optimization of fermentation medium for
-28. stereoinversion of S -1-phenyl-1 2-ethanediol. Process
10 NieY XuY YangM etal. A novel NADH-dependent Biochemistry 2005 40 2345 - 2350.
carbonyl reductase with unusual stereoselectivity for R - 13 . R -

specific reduction from an S -1-phenyl-1 2-ethanediol-

producing micro-organism purification and characterization. Microbiology 2006 33 4 112-118.

Leiters in Applied Microbiology 2007 44 555 -1562. 14  Nordling E  Jomvall H. Persson B Medium-chain
I1 Nie Y Xu Y Mu XQ et al. Purlfication dehydrogenases/reductases  MDR . Family characterizations

characterization gene cloning and expression of a novel including genome comparisons and active site modeling.

alcohol dehydrogenase with anti-prelog stereospecificity from European Journal of Biochemisiry 2002 269 4267 - 4276.

Construction of an enzyme-coupled system consisting of R - and S - specific
carbonyl reductases for one-step preparation of S -1-phenyl-1 2-ethanediol

Rongzhen Zhang Yan Xu Ying Sun Yawei Geng
Key Laboratory of Industrial Biotechnology Ministry of Education School of Biotechnology Jiangnan University Wuxi
214122  China

Abstract Objective To prepare S -1-phenyl-1 2-ethanediol by a one-step method we constructed an enzyme coupled
system consisting of R - and S - specific carbonyl reductases in Escherichia coli. Methods The genes coding R - and
S - specific carbonyl reductases from Candida parapsilosis were inserted into a co-expression vector pETDuet™-1. The positive
plasmid was transformed into codon optimized E. coli Rosetta and an enzyme-coupled recombinant strain E. coli Rosetta /
pETDuet- rer-fdh was constructed. When the ODgy, value of the culture reached 0.6-0.8 IPTG with a final concentration of 1
mmol/L was added to induce both target proteins at 30 C for 10 h. Results SDS-PAGE analysis showed that two target enzymes
were expressed simultaneously with the relative molecular weights of 37 kDa and 30 kDa. When 5 mol/L, Zn** was added into a
phosphate buffer pH7.0  the biotransformation results showed that the product S -1-phenyl-1 2-ethanediol was produced
with the optical purity of 91.3% enantiomeric excess and a yield of 75.9% by E. coli Rosetta/pETDuet-rer-scr.  Conclusion
The functions of two redox enzymes were integrated by molecular recombinant technique and a one-step method for preparation of
S -1-phenyl-1 2-ethanediol was developed through an enzyme-coupled system. The method may supply a new procedure in
chiral alcohols preparation.
Keywords Carbonyl reductase CR  molecular recombinant technique enzyme-coupled system biotransformation S -1-

phenyl-1 2-ethanediol
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