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Table 1  Strains and plasmids
Strains and plasmids Characteristics Source

Strains

Candida parapsilosis Source of rcr gene This lab

Candida boidinii Source of fdh gene This lab

E. coli DH5a Host of T-fdh and T-rer This study

E. coli BL21 Host of pETDuet-rcr-fdh This study

E. coli Rosetta Host of pETDuet-rcr-fdh This study
Plasmids

pMD19-T Amp"’, 2692bp TaKaRa Co.

T-rer 1.0 kb DNA fragment with rcr gene in pMD19-T Simple, 3.7 kb This study

T-fdh 1.1 kb DNA fragment with fdh gene in pMD19-T Simple, 3.8 kb This study

pETDuet™.-1 Amp", two multiple cloning sites (MCS), 5420 bp Novagen Co.

pETDuet-rcr 1 kb DNA fragment with rcr gene in pETDuet™-1, 6.4 kb This study

pETDuet-rcr-fdh 1.1 kb DNA fragment with fdh gene in pETDuet-rcr, 7.4 kb This study

*Amp" <50 mg/L Amp.

1.1.2 Tag DNA Polymerase T4
DNA Ligase X-Gal IPTG 200 bp
DNA Ladder Marker 1 kb DNA Ladder Marker
DNA DNA
Plasmid
Mini Kit OMEGA BIO-TEK 2-

1.1.3 40 g/L
5 g/L (NH4),HPO, 13 g/L KH,PO, 7 g/L
ZnS04.7H,0 0.3 g/ NaCl 0.1 g/L pH7.0 LB

10 g/L 5 g/L
10 g/L pH7.2 10 g/L
5 g/L 10 g/L 15 g/L
X-Gal 4 g/L IPTG 2.4 g/L pH7.2 LB
50 mg/L 34 mg/L

1.2 HHEH DNA R9$REL
Candida parapsilosis  Candida boidinii

30 150 r/min 48 h

DNA DNA

1.3 rer 70 fdh EE# R
[91 C.
parapsilosis  rer
( ) Rer-Fl: 5 TATCGCATATG-

TCAATTCCATCAAGCCAGTACGGATTCGTATTCA-
ATAAGCAATCAGGACTTAAGTTGCGT-3 TNde )

Rer-F2: 5 TGCATTGCGTGAAATTCGTATCTTG-3 “
Rer-R1: 5 “CAAGATACGAATTTCACGCAATGC-3 7
Rer-R2: 57T GACTCTCGAGCTATGGATTAAAAACA-
ACCGACCTTCATAAGCATTGTTACGCAA-3 TXho )
C. boidinii fdh

(Accession No. AJ011046) DNAMAN

Fdh-F: 5 “CCACCGAATTCATGAAGAC-
TAGTC-3 TEcoR ) Fdh-R: 5 “TGACTGCGGCCGC-
TTATTTCTTATCGTGTTTAC-3 TNot )

(SBS)
rer
AGA CGA CGT
rer SOE-PCR (10, 11]
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Rer-F1 Rer-R1 Rer-F2 50 mg/L 34 mg/L
Rer-R2 61 ( 1 5 57 ( 6 LB ,
10) 53 ( 11 35) rcr ¢cDNA ODg0 0.6 1 mmol/L IPTG
rer 30 8h
cDNA 72C SDS- PAGE
Taq DNA Polymerase 10 min 1.6 FHE ALK EAGN
PCR PCR Rer-F1 - Rer-R2 I mL pH7.0 6 mg
30 rer  fdh PCR 2- 4.5 mg 0.1 g 30
94 3min 94 1lmin 55 1min 72 48 h 2 mL
1 min 30 72 10 min 5 uL HPLC
1 PCR (R)- % e.e.
pMDI19-T
E. coli DH5a. 2 éﬁj: %% é}#ﬁ
T-rer  T-fdh 2.1 rer £AES fdh EHEARYIRE
1.4 FTiEFHFIKBHHWE Rer-F1  Rer-R1 Rer-F2  Rer-R2
Nde Xho PCR rer 800 bp
pETDuet™-1 T-rer rer 200 bp SOE-PCR
Rer-F1
pETDuet-rcr EcoR Not Rcr-R2 PCR
T-fdh  pETDuet-rcr Sfdh rer 1 1.0 kb
pETDuet-rcr E. coli DH5a DNA
pETDuet-rer-fdh( 1) 1.1 kb [12]
EcoR |
22 rer BEAE fdh BEMRIE
rer  fdh  PCR DNA
Not | T4
Nde 1 pMD19-T E. coli
SETDued-rorofh DH5a Amp’ T-rer
7444 bp T-fdh DNA
rer  fdh Sfdh
Yol C. boidinii (Gene ID AJ011046)
100
2.3 pETDuet-rer-fdh RIEFARMMHESLEE
T-rer pETDuet™-1 Nde
Xho DNA
Bl K& IKpETDuet-rer-fdh I E T4 DNA Ligase
Fig. 1 construction of expression vector pETDuet-rcr-fdh.
pETDuet-rcr pETDuet-rcr
15 HEEmHtRIX T-fdh EcoR Not fdh
pETDuet-rer-fdh E. pETDuet-rcr Amp'
coli BL21(DE3)  E. coli Rosetta (DE3) pETDuet-rcr-fdh
50 mg/L rer fdh
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24 R)-EF-MHRELRBMARRSEBEXGTE 24 E. coli Rosetta/
Ry RIE pETDuet-rcr-fdh 2- (R)-
pETDuet-rcr-fdh E. coli 78 4 323
BL21 E. coli Rosetta E. coli Rosetta/pETDuet-
, Amp Amp Chl rer-fdh (R)-
100 e.e. 85.9
0D600 0.6 , 1 mmol/L
IPTG (R)- rCR 3 Wt
(FDH)8 h 5x
6 min 10 uL  SDS-PAGE
(R)- rer 5
E. coli Rosetta/ pETDuet-rcr-fdh R
37kDa 40kDa r
lac

( 2) E coliBL21/ pETDuet-rcr-fdh

kDa M I 2 pETDuet™.-1
97_‘ " - — - oy .
ey E. coli Rosetta
66— , = ==
—
ras e 2- 6 g/L
13— s
= - ﬁ ~— 40kDa FDH
- E ~— 37kDa E. coli Rosetta/pETDuet-rcr
3| — e P 76.9%  31.8%
- (R)-
—— [14]
21—
fdh  (R)- rer
. ) 0.1 g/mL E. coli
2 EHERESREER
Fig. 2 Expression of rCR and FDH proteins in E. coli Rosetta Rosetta/pETDuet-rer-fdh €.e.
(DE3). M. Protein Marker; 1. E. coli Rosetta/ pETDuet-rcr-fdh 72 100
before induction; 2. E. coli Rosetta/ pETDuet-rcr-fdh after in- [13]
duction with 1 mmol/L IPTG. 38 85.9
4 (& q \‘ N
25 EHEEAIIRER KL 0.5 g/L 6 g/L
2- 0.1
g 9.
2
NADH
E. coli Rosetta(DE3)
6 g/L
LA (R)-
*2 EHREEUEGER
Table 2 Asymmetric conversion by recombinant
. . optical purity . sodium NADH
strain/plasmid 1% c.e.) Yield/% formate
E. coli Rosetta/pETDuet™-1 3.8 2.5 -
4.1 24
E. coli Rosetta/pETDuet-rcr 76.9 31.8 -
75.8 31.5
E. coli Rosetta/pETDuet-rer-fdh 78.4 323 - 100%
100 85.9 (R)-
“+’’add 4.5 g/L sodium formate; ‘- Without adding sodium

formate.
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Co-expression of formate dehydrogenase from Candida boidinii and (R)-spe-
cific carbonyl reductase from Candida parapsilosis CCTCC
M203011 in Escherichia coli

Ying Sun, Rongzhen Zhang, Yan Xu’

(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] To overcome coenzyme restriction in the asymmetric reduction at high substrate concentration, we con-
structed a recombinant Escherichia coli with (R)-sepcificity carbonyl reductase coupled with formate dehydrogenase for cofactor
regeneration. [Methods] The R-carbonyl reductase gene (rcr) and formate dehydrogenase gene (fdh) were amplified from Candida
parapsilosis and Candida boidinii genomes by PCR technique respectively. Then the purified PCR products were inserted into a
co-expression vector pETDuet™-1 to construct plasmid pETDuet-rer-fdh. The positive plasmid was transformed into codon opti-
mized E. coli Rosetta, and a recombinant strain E. coli Rosetta/pETDuet-rer-fdh was obtained. [Results] SDS-PAGE analysis
showed that two enzymes were expressed simultaneously. Isopropyl-p-D-thiogalactopyranoside (1 mmol/L) induced at 30  the
expression of both proteins encoded by rcr and fdh genes with the molecular weights of 37 kDa and 40 kDa. The biotransformation
experiments were done using 2-hydroxyacetophenone and sodium formate as substrates. When the concentration of
2-hydroxyacetophenone was 6 g/L, the (R)-1-phenyl-1,2-ethanediol was produced with the high optical purity of 100% enanti-
omeric excess and a yield of 85.9%. Compared with the recombinant strain E. coli Rosetta/pETDuet-rcr without fdh gene for co-
factor regeneration, the optical purity and yield of product from the asymmetric reduction of 2-hydroxyacetophenone by E. coli
Rosetta/pETDuet-rer-fdh were increased by 1.3 and 2.7 times, respectively. [Conclusion] This method supplied a foundation for
biosynthesis of (R)-1-phenyl-1,2-ethanediol for the cofactor regeneration by genetic engineering.
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