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Table 1 ~ Strains and plasmids
Strains and plasmids Characteristics Sources
Strains
Candida parapsilosis Source of scr]l gene This lab
E. coli DH5« Host of T-scr Il This study
E. coli BL21 (DE3) Host of pET28a-scr Il This study
Plasmids
pMD19-T "Amp’, 2692 bp TaKaRa Co.
T- ser 1l 0. 84 kb DNA fragment with scr Il gene in pMD19-T, 4.1 kb This study
pET28a *Km', 5369 bp Novagen Co.
pET28a-scr I 0. 84 kb DNA fragment with scr [l gene in pET28a, 6.2 kb This study

1 Amp’ <50 mg/L. 2 Km' <50 mg/L
1.1.2  F L #]: Tag DNA Polymerase, T4 DNA
Ligase BRI £ ) VI i Xho 1 1 BamH [ [IPTG Iy T
K (%) EY TR H),DNA Marker I T | ¥ 18 %
AR IR A H], BORL B B0 ) & W T OMEGA
BIO-TEK, fisg [l 32 7] 5 0 T b 52 18 R 48 v A 4 Jk
HE AR AR TR A A 2- R EE R QB T TCI( |
W) A Tl & A R L 51 W0 i L 2 g g
R ARA BRA W (SBS) & 1. HAv il R 2 4 =77 4y
Mrédi,
1103 J5geJk W bR o5 95 5L A A b 40 /L, BE B
# 5 g/L,(NH,),HPO,13 g/L,KH,P0,7 g/L,ZnSO0,
- 7H,0 0.8 g/L,NaCl 0.1 g/L,pH7.0; LB ¥ ¥ 3
BEAK 0 o/L, BB RY) S o/L, A Ak B
10 g/L,pH7. 2 ; LB [ {4 K5 7% Bk . 76 W A4 55 77 5 1 Bt
filt EANBRAE Ry 15 o/ Ly i I BEGH V8- A . 78 LB [ 4
R FE LM SRS oin X-Gal 4 ¢/L,IPTG 2.4 o/L; 5%
BESEFRBEL AN A 8 35 A AT AR 5 3 R 5
IR R BLWE 50 mg/L,
1.2 EFE A DNA 1R A2 B

C. parapsilosis F& R 4 $& WL = 2% 1 ifg e %5 iy 18
(7780 R 3 B A R S AR i 7 s R AT
1.3 scrT EFR=EE

AC B 1Y ser B K i & ¥ 911 (DQ675534)

XF, KB — B ser (4 [ IRy 0, 3 0 R B Ok
85% ,F|F§ DNAMAN Bt g~ (F RN
FE 4] {7 #5) : SCR Il _F:5-ATCGGATCCATGGGCG
AA-ATCGAATCTTATTGC-3" (BamH 1 ) ;SCR 1 _R:
5'-TGACTCTCGAGTGGACAA-GTGTAACCACCATCG
AC3" (Xho 1),

LI ST ¥ M 22 T g L R 21 o A, SR A PCR 1Y
TrERY G sor T EEW, ¥ 18 4514 J9:94°C 4 min,
94°C 1 min . .56°C 1 min.72°C 1 min,30 MNGE¥,72°C
10 ming U3 WL &34 7 W) FH 1% B i HHEE 1 i, vk A6
W, PCR - yadmrmikdgfbzim, 5
pMDI19-T 7£ 16°C F %4 8 h, ##= Wik ik E. coli
DH5 o J83Z 25 41 L, 25 W5 11 30 07 18 A1 6 D) 35 UF 4% 15
BH A L T-ser 1T o
1.4 REZREWHBFMENEERMNERIE

FHBR 0 PE ] YD i BamH 1 1 Xho 1 43 51 %F 2% 4
pET28a 15 kL T-ser I FEATIH AL , B ser I FEP 5 2
PEACEAR 7 Boie 3, 3% 3 7 W) G AL 2 S AN L E.
coli BL21 (DE3) , i RAF% R (50 mg/L) it -F
M, WY1 AT DNA U P 56 F |, 0 328 3R A5 FH 1 se b E.
coli BL21/ pET28a-scr I , ¥k Wt B 3 I 42 Fb T & [l
FEPUPER) LB ARG F2 b YRR KR 3R 10 0D, 0
iK% 0.6 -0.8 B, A 0. 1 mmol/L IPTG,30%C i/ 5

9 €. Pt FERATE AR OT B T O RSREE EY Pt SPSSRrRAT B i .
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SCRI_R N5I%¥, %M PCR By 77 ey #3545 1 % ik
B, gift/5 1) PCR P29 5 pMDI19-T 2 K 4 % 3%,
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pET28a 2k & 4351 Fl BamH 1 F1 Xho 1 347 XUHG Y],
PR AR YRR U, i T4 DNA Ligase K¢ 9 % 9517 4%,
ily U) 56 UE 2% 15 PH M E 20 3% 0k kL pET28a-ser 1
DNA 1 J5 45 R W ser 11 [ 32 HE A B 837 bp , 4
279 MEEMR, 5 ser —FEN 85% .
2.2 SCRI SEBF 55

B ser 1 2 % 19 279 A~ 28 B e 5 8 12000 )%
( Protein Data Base,PDB) 14K [ 3 5 47 L X (
1), 5MiZH 5 C. parapsilosis Btk 3% i i il SCR
— M E (85% ), 5 Bacillus anthracis $it 3% 8 5
fiti . Thermotoga maritima # %5 #% W2 i & B (19 — B
3900 36% F1 32% . it — 2L oy Hr K B SCR I ¥ 3]
w7 LRV S 2 S DR 4
A3 5T %] Thrd0-Gly41-( X)) ,-Glyd5-X-Gly47 F1 8

Scr1I MGEIESYCNKELGPLPTKAPTLSKNVLDLES) S S TfewAvara vido IWYN.SHPAD 71
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A S e a0 o on 0 0ot a D00 a0 a0 ooE A I[E€RATIRT DK [VVNYAGNEQKA 42
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# 14
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NNI\€VTKDNLLMRMKE . . EENDTVHNT 112

2UVD NEVVDEIKKL{€SDAIRVRADVANAEDYTNMVKQTVD QVIR T
KLpT

1VL8 EAAQKLTEKY[€VE TMRFRCDVSNYEEYKKLLEAVKE NAREINRRHPAEEFPL. . DEFRQVEEV 129

ScrII YCAHTVGKIFKKNGKGSLVITSEMSGT IVNVIEQOLOARMN CTHETINSTIAVIZWAPE . ARWMNCV 214
SCR YCSHNIGKIFKKNGKGSLIITSHISGKIVNIEQOLOAPMNT, ci SLATISWAPF . ARWNTI 214
2UVD FLCTKAVSREMMRQRHGRIVNIAR. VVGVTGNIEGQ . ANMV. GVIGHETINT SKI¥LASRNI TIUNAT 182
1VL8 TYYVCREAFSLLRESDNPSIINIGSLTVEEVTMENI . S SIGGVASHT AL& GRYGIRWNVI 200

1 74

EISDFVEKD. . MKAKWWOLTISL.GREELAQELVGAYLYIEWNASTYT NLA Y@C 278

scr 1l SjZeYT

SCR SiZe€YIDIDITDFASKD. .MKAKWWOLTIFLGREELTOELVGGY LYW NASTETIN€ SDVV I YHC 278
20VD FIAWDMTDVLDEN. . IKAEMLKLIJZAAQFE@EAQDIANAVTFERSDOSKY TIN€OT L, VM 246
1VL8 YRIKMTEAVFSDPEKLDYMLKRI)ELGRTEVPEDLKGVAVEILESEEAKY QOII WTA 266

B 1 SCRIMARMGHMEBHEERFIILTER(SLEEIRTIHEEEFI)
Fig.1 Amino acid sequence alignment of SCR Il with other typical short-chain dehydrogenases. A novel carbonyl reductase from C.
parapsilosis (SCR1I ), carbonyl reductase from C. parapsilosis ( Protein Data Bank accession codes:3CTM) , 3-oxoacyl-( Acyl carrier

e AR R B L A T O PR AR TS SRS AR b ety IBU P & im. ac. ¢

aligned sequences are indicated by dots.
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Fig.2  Expression of recombinant SCR II in E. coli BL21
(DE3)

M. Protein Marker; 1. E. coli BL21 (DE3)/ pET28a-scr Il
before induction;2. E. coli BL21 (DE3)/ pET28a-scr Il after
induction with 0. 1 mmol/L IPTG.

2.4 ERAXBIFEANREDFEN

PL10% (w/v) i3 40 K i AT B8 4= 4 i A=
L], 6 o/L 1) 2-5 30K Z B AR Y, 78 30°C |
pH 6. SI 55 T AT R . 458 (K 3) B/ H4
A AL 2- 38 K R R RIS = (S) R 2
P, Ul B SCRIT X 2-¥2 3 2K 2, Wi 2L A7 558 G 9 57 1R ik
Bt o XTEGACIERE W BOIE EAT T — 2T 2= 00, 4
RN AN 4, BE 2 N IR PR (S) -3
BT PR RE AP, 48 h JE TR, 1t
B, 2 4l B AN 7R 0 5 R 95% e e F1T6%
2.5 BMREANAGURELEYIEENIIE

o2 A 20 6 P I R A IR A, R £ 5 N

e s ) B A B s A

mAU
30007

2500

2000

15004

AZ]5

1000

5004

2-hydroryaceto

-phenone

> (S)-PED
>

[}
o] > (R)-PED

%)
=

25
mAU
30001
2500
2000

S 15004
10004

5004

2-hydroryaceto
-phenone

(=}
? (S)-PED

=)
W
)
[
S
S
INY
W
(o)
S

mAU
30007

2500
2000
< 1500

1000

2-hydroryaceto
-phenone

5004

| >

3o}
wn
[N
(=}

0 5 10 15 20
t/min

3 EAEANRER2-BEXZEH
Fig. 3 Asymmetric reduction of 2-hydroxyacetophenone using
recombinant E . coli whole cells. A Retention times of standard
samples are as follows: (R)-PED, 19.0 min, (S)-PED, 22.4
min; 2-hydroxyacetophenone, 27.1 min. B: Reaction products
catalyzed by E. coli BL21 (DE3)/ pET28a-scr I whole cells. C:
Reaction products catalyzed by E. coli BL21 (DE3)/ pET28a whole
cells. PED ;1-phenyl-1,2-ethanediol.
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B 5 SCRIKEHERFENIEEL(A)F SDS-PAGE #illZ45 R (B)
Fig.5 Elution profile from HisTrap HP affinity column chromatography ( A) and SDS-PAGE (B) of purified SCRIl. M.
Protein Marker; 1. Cell-free extract of E. coli BL21 (DE3)/ pET28a-scr Il ; 2. Purified enzyme.
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Gene cloning and expression of a novel (S )-specific
carbonyl reductase

Yawei Geng, Rongzhen Zhang, Shanshan Wang, Yan Xu”
(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi
214122, China)

Abstract . [ Objective ] A novel (S)-specific carbonyl reductase gene (scr Il ) was cloned from the genome of Candida
parapsilosis CCTCC M203011, and its catalytic function for the biotransformation of chiral alcohol was verified.
[ Methods] The possible carbonyl reductase gene scr [l was amplified by PCR method from the C. parapsilosis genome.
Using the recombinant Escherichia coli BL21/pET28a-scr Il as the catalyst and 2-hydroxyacetophenone as the substrate,
the biotransformation was carried out. The optical purity and yield of the final product were investigated by HPLC
analysis. The optimal pH and temperature of the reaction were also determined. [ Results]The gene scr II coded 279
amino acids with an open reading frame of 837 bp. It shared 85% identity with the reported gene scr. By analysis, SCR
Il contained two typical motifs of the short-chain carbonyl reductase including a Rossmann-fold Thr40-Gly41-(X) ,-Gly45-
X-Gly47 and a conserved catalytic triad Serl72-( X ) n-Tyrl187-(X),-Lys191. SDS-PAGE results showed that SCR Il was
overexpressed at 30°C after the induction of 0.1 mmol/L IPTG. When the concentration of 2-hydroxyacetophenone was 6
g/L, 10% (w/v) wet recombinant E. coli cells showed excellent performance to give (S)-1-phenyl-1,2-ethanediol with
high optical purity of 99.1% enantiomeric excess in a yield of 89.6% under the optimal conditions of pH 5.5 and 35°C.
SCR Il catalyzed the transformation of ( S)-1-phenyl-1,2-ethanediol more efficiently than SCR. When compared with
SCR, its substrate concentration was increased by two-fold, and the optical purity and yield of (S)-1-phenyl-1,2-
ethanediol were improved by 10% and 28% , respectively. [ Conclusion] The gene coding for novel carbonyl reductase
SCR 1l was isolated using the molecular cloning technique and its discovery supplied a solid research foundation for chiral
alcohol preparation efficiently.

Keywords: short-chain carbonyl reductase; gene cloning; expression; (S)-1-phenyl-1,2-ethanediol; biotransformation
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