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Table 1  Strains and plasmids used in this study
Strains and plasmids Characteristics Source
Stains
C. parapsilosis CCTCC Our lab
M203011
Escherichia coli DH5 F~ merA A (mrr-hsdRMS-merBC) j80 lacZ AMI5 A lac X 74 recAl Invitrogen
deoR araD139 A
Saccharomyces cerevisiae W303-1A MATa, leu2-3, ura3-1, trpl-1, his3-11, ade2-1,canl-100 Novagen
Plamids
pEGFP-N1 Amp", the source of EGFP gene Invitrogen
pYX212 Amp' Invitrogen
pYX212 - egfp - rer Amp", the gene EGFPRCR in pYX212 This study
pYX212 - egfp - scr Amp", the gene EGFPSCR in pYX212 This study

1.1.2  FERF| ML LY : Tag DNA Polymerase , T4
DNA Ligase | FR il 4 A U] i \IPTG (JE [N 241 DNA 42 U
KA & kLB BT DNA [ iR R & e T
TaKaRa /LW BR A o 5140 o1 b i 28 77 B 1N ¢
ARABRZLF (SBS) & . 2-F A £ i #% IR Liese
ATk A T AR 3 O A B

MicroPulser electroporator, Machine Olympus
confocal FV500 Olympus F1ER B 8% #2443 51 W F 56
[ BIO-RAD 2t ®], H A 9 2~ w #1 3¢ [H Sonic
Materials 2> &l
1.2 HERESF

e 5 IR JE (g/L) : W % B 40, BERE YOS,
(NH,),HPO,13,KH,PO, 7,ZnSO, -7H,0 0. 3, NaCl
0.1,pH 7.0; YPD W A $: 3 4k (¢/L) « 45 0 20, iR
FUPR 10, BEREFF 55 LB 1SR 5 (/L) < RS H1 ik 10,
BERESE U 5, NaCl 10, pH 7. 05 FH AT A 2R 75
B2 (50 mg/L) o [EREEFRELAIN 1. 5% BRH

¥ C. parapsilosis B F B F T4 AT 50 mL i
B2 250 mL B ,30°C 150 r/min PR 5 55 5
48 h,
1.3 EF4H DNA g

BB 32 ]G W) C. parapsilosis T 8000 x g B .[»
20 min, A= BRER K VE ¥R 2 S R AT TR AR USSR T AR

[KZH DNA 45 B 50 G B BORE R 4
1.4 rerflser SRAXEOMAEEENTE

WG C. parapsilosis ) rer F ser H: A ¥ 5
(Accession No. DQ675534 #1 DQ295067 ) t1o-11] LI K
(R)-BEL 30 Il (RCR) Ak DA A o B 9250 8 1
(EGFP) 2 [H )% 3] , %3 EGFP-Linker-RCR ) §f 422
5= B A B E 1 (T R 2358 43 S R S Pk g U0 467
B ULF 20 R SOE-PCR'™ J5 i 4K 4% il & 4 4
%% egfp-rer F egfp-scr,

x2 ARHRETABSY
Table 2 The primers used in this study

Primers Sequences(5'—3")

ATCGAGAATTCATGTCAATTCCATCAAGCCAGTAC
(EcoRI)
CGAGCCGCCACCGCCCTTGTACAGCTCGTCC
GGCGGCTCG GGT GGC ATGTCAATTCCAT
TGACTCCCGGGCTATGGATTAAAAACAACTCTA
CCTTC ( Smal)

EGFPRCR_F1

EGFPRCR_RI:
EGFPRCR_F2

EGFPRCR_R2
ATCCCACCGGATCCATGGTGAGCAAGGGCGAG

( BamHI)
CGAGCCGCCACCGCCCTTGTACAGCTCGTC
GGTGGCGGCTCGGGTGGCATGGGCGAAATC
GAATC

CGCCCGGGCTATGGACACGTGTATCCAC ( Smal)

EGFPSCR_F1
EGFPSCR_RI
EGFPSCR_F2
EGFPSCR_R2

1.5 REHEWHE
FIFHBR &P N VI B EcoR 1 A1 Smal 1 X} 4l 1k J5
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(4 egfp-rer F pYX212 4351345 Wi U, Wl U1 /= 110 7
DNA 7 B 3 o Rl 14 R 3 28 436, AR A A7 H R R i
LR pYX212-cgfprer, [FEE 97 5 i FF L 0
VI BamH 1 F1 Smal 1 %t K egfp-ser Fl pYX212 43
S HEAT i U0 AL PR R A BTORL pYX212-egfp-scr,
20 R 22 b 5 B R I T B E
1.6 BRABGHEGEHRLTEMENLFHGE

P35 Ak B4 R P B W303 8P T 25 mL YPD |
R EEFE R 30°C 200 r/min ¥R % 55 55 15 7% ; B2 mL
FAREEF R A2 100 mL YPD ) 500 mL = £
iR ,30°C (200 /min 4k 3 5 3% 2 65U 0, 4°C
8000 x g B UAERE A, FH 40 mL Flvd 19 JC B 4l K
U AN, AE VKoK I 10 min, T8 T 4l K BE %R R A
2 WK Pk RSO S TR 4E ML 300 L B
1 mol/ LIl BEBEVS R s LA 10 ol 2k P46 21 o
KL(>1 pg) , 72 VKK TR &) 5 B A UKLV 1 JC T
FEALAR (cuvette, 0.2 em) 7, 7E 1500 V s 0 A
1 LR B4 B4 10 A P T 5 MR b 3 ol e A0 R0 T A
T R 85 A il B 5% 55 (YNB) ~F- 42 ; 30°C {81 5 8% 5%,
PRIk 0 v o B AT B sl A S E B R TR TR
PCR )7 ¥ %2 A7 AL vk % 5 PCR 45 5, 0
eI 20 AL T,
1.7 BMEEAMRE

W T 2L 9% B 20 mL YPD A B 5 R
Frad B, B0 WOER B T AR B A 200 mIL YPD B 5% 5t
oK SR 48 h R TR R IR BT, TR AR Y
B B, A T 2 mmol/L ZnCl, FIJ K 3% 5 v o
Ay HAR R R RS B R A A ISR
PR HEAT IC4EE AT SDS-PAGE 43 HF ' FN i T3 i)
Mt
1.8 EAZAMHAK

BRI A F T pH 8.0 19 Tris-HCI 22
PR P RS, B0 B R, B A R
HLT W 2 56 B 5 H] 2 ®) 19 HisTrap HP  affinity
column SEFIZ BT J7 1 47 24k, B JH AKTA-purifier
BHARG %ot = A B A4S NG SRR
#T .Resouce Q (1 x1 em) FH & F )2 ¥ fl SuperdexTM
200 (10/300 GL) #Efg it &' "™, B A b vk 48 4 3 75
4°CF AT o AUBEHOB IS AT o T T )n e85 5 .
1.9 SHAEREYHMRE

76 1 mL 0.1 mol/L #§fz £k 2% vh i (pH6.5) 1,
JMAS ¢/L2- 3R FFEZ M 0.1 ¢ WHEMAK,BRYET

30°CHEIR LI 48 hy B0 B FIE OB, 11 2 mL &
W2 T8 75 W ; 2 U AE Chiraleel OB-H A% | i F
P [ 7 A i OO (3 3% (HPLC) #E47 30 B, AR 45 U
AT RS2 ) (S) KL B8 % e. e.
B3, (R)-F(S) - & B Ay Y W I ] 45 53]
% 13.9 min 1 16. 9 min,
.10 #£REEHUE

W B RE R CEE 1 x 10° > 40 i k47 30 2 5
R MBENEE . B AL pYX212, pYX212-egfp-rer B
pYX212-egfp-scr ) W303 4 i 7 24 LA 155524 h
Jo L, BO R AN R A0 B T A b DLBOE St
AR U AT IR A0 M W B, WOk ey K
488 nm K 4 L 77 AR 1 9O LI CCD g, I BL A
Za(E) B, 3R A Fluoview version 3.0
AT AT W o

2 HERMAPAHN

2.1 FHEEE egfp-rer 1 egfp-scr IS E

PL pEGFP-N1 KLy 5 iz , PCR J5 2% 977 19 H 1
SR 1 (EGFP) By egfp , LA 1 1 i 22 1§
CCTCC M203011 F:[H4H DNA SRk, 43 il 84 B
(R)-F(S) ¥ He i Jri g He (K . K )5 A F SOE-PCR
ST K egfp 53 50 5 PR A i B i i it B DR rer D
ser PEATDRRE " L BRI R K 20 T 4 S 2 T 7 b D 4
PRI KNS R 1.7 kb #1015 kb (1), R/N 5 Rl
EFH egfp-rer Fl egfp-scr — 3N,

1 2 M
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Fig. 1 Agarose gel electrophoresis of egfprer and egfpscr. 1.
egfpscr; 2. egfprer; M. DL2000 DNA Marker.

2.2 REFRHHHE
FHBR & E N DI EcoR T A1 Smal T 4351 3547 i
DIDHE W) egfp-rer A1 pYX212 F KA, BIUCE H
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T4 % $2 T WG 25 38 3 R PR R o AT . ALK
J K BT 114 RS2 S A0 . coli DHS o, 28 Tl VT 36 3iF , 3%
P4 BHE BORL pYX212-egfp-rer (P 2) o [m] 2 Ay 2 5 4
ki pYX212-egfp-scr, 25 BamH 1 Fl Smal 1 Y] %
IE, B V) 45 R 2 0] egfpser BRI A 3K K
pYX212 (& 2) o [R] B0 7y 25 SR i — 20 E 52 T il
B HH egfp-rer Fl egfp-ser B ¥ 315 W & 11 (1) ¥ 51
[F] J5 M35 K 100%

S M2 Ml 2
23130 — bp
9426 —
6557—
4361 —
2322 — 000
1000
500

2 EHARNEYIRIKE

Fig. 2 Agarose gel electrophoresis of pYX212-EGFPRCR and
pYX212-EGFPSCR treated with restriction endonuclease. 1. pYX212-
EGFPSCR/BamHland Small; 2. pYX212-EGFPRCR/EcoRI and
Small; M1. DL2000 DNA Marker; M2. ADNA/EcoRI and Hind Il
DNA Marker.

2.3 HELEBEREBESPHRIE

K HL o B A0 /Y J7 25, % B AL BURL pY X212-
egfp-rer Ml pYX212-egfp-scr 43 | 5% A0 TR T 1% £ 1 bk
W303 RS2 . Amp" HTPEF AR R 4T 0 3%
ARAS ELH R B R Bk W303/pYX212-egfp-rer il
W303/pYX212-egfp-scro ¥4 5535 BAK B O IEE 5 A
BEENY YPD Rrge3Lrh 30°C FE7 32 48 h, Bl (R) -
e e 30 T il A PR TP 40 P A5 K35 . SDS-PAGE 41
Préf R s 5 UKL pYX212 B 46 )5 1 TR 9 9% £ 15
FEH L, W303/pYX212-egfp-rer il W303/pYX212-
egfp-ser WA 43 A — 2 W] W 1 2 R GA AR, B AT
AR RH X 43 ¥ BT B R /N2 Sy 62 kDa FiT 55 kDa( 181 3) ,
LR A2 4 50 1 (EGFP, 4 15 y24. 6 kDa)
fill 5 J5 1 (R) -3 B 38 J5U (RCR,36 kDa) F1(S) -k
BLIE 5 (SCR,30 kDa) 437 K/NHYI & o
2.4 EHEKREXFEEMNSL

T ERKRGE W303/pYX212-egfp-rer il
W303/pYX212-egfp-scr it , 75 #L 2F 4 () N oK 3 & B0

kDa M 1 2 3
92 — — ! v
-
—_—
66 — "S—_ —
~———62kDa

55 kDa
45 — -

3

I

31— - 1
l’
3 EHAHE W303 Rk~ SDS-PAGE

Fig.3  SDS-polyacrylamide gel electrophoresis of cell-free extracts in
W303 transformants. Lanes 1, W303 bearing pYX212; Lanes 2,
W303 bearing pYX212-egfp-rer; 3, W303 bearing pYX212-egfp-scr;
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=
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Lane M, molecular mass markers. The target proteins were marked

with arrows.

Bl AT 6 x histine B 4525, KM Al J AKTA-purifier
EAMALRGE, 2t A E AL 3R NS TSR A2
Hr .Resouce Q (1 x1 em) [ & T 2 Al SuperdexTM
200 (107300 GL) &l o € , 4k 5 (14 35 1 28 SDS-
PAGE 737 (& 4) , 45 3R R B 7E W303/pYX212-egfp-
rer Fl1 W303/pYX212-egfp-scr 1145 23 HA — 401 i
(AR 2500 IZEE R/l 62 kDa i 55 kDa, 53k
J8F C. parapsilosis (#9557 A= Y FI 3 58 750 52 ' 86 11 il
BIREAKD—F " BOEE s e gt R R
A BT 345 04 3 4 2 1 A B 3 7E 90% LU I
2.5 EHAMMEBMENRIFREN K

M H PRI AL TAESS A0S , DA 2-F2 5608 Z i
JEW 430 B B (R) -1 (S) -4k 35 340 Ji il 2 17 g
W E, (R)- F1 (S)-#k B b J5 B 19 e % N
16.8 U/mgfil 124.7 U/mg (3 3) , 435Il Lo AH I B A=
B 2 P AR TR 20% A1 25% T
ARSI A5 R (3R 3) F WA i I 1A J g 2 AT AN X
PRIk 2-F2 FE IR T, 7= A AN [R) S R 356 88 1 R 5k
SEER Y DA . B W303/pYX212-egfp-rer
AL PR AT (R) - 5L 20 /s, 77 W) 1) 2 & B F
PRy Wk 86.6% F1 70.4% , T 4H B W303/
pYX212 ~ egfp — scr fifk 2-F2 LI LW, 7= (S) -
I 2 T WO R RN ARy 00 92. 3%
81.8% . TiM e R A /b 5 Pk i I i B TG, 3
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e M ! 2 AL B AT 7 I ee fEE 39 ARAG . L) 2 g 2
2 ) , 2 0 7 400 1 2 0 7 5 A
= p— R 7 19 441 4R M % % . 4l EGFP-RCR 1 EGFP-SCR
. — 55 kDa M) B A R TR T R R G R R 5y B R 72.5% F

84.3% ;Wb i fE 5k 89.1% F194. 7% . |
. AR R 7 4 7L 2 1 PP -k TR 4 6 T 41K M 1 L
A5 5 B T R AT
2.6 7B g I Y B B B o ) T 48 LR i
T HE— AT (R) () -3 3 0 S5l i
o Rk W303 20 19 5 37 4% T 4L FORE pYX212-egfp-
rer Kl pYX212-egfp-scr 43 il 554k W303 Ji& 2 75 40 0,
14—

4 4ifEgH) SDS-PAGE 447

Fig. 4 SDS-PAGE of purified enzymes. Lanes: 1, egfp-rcr; 2, egfp-
scr; M, Low molecular weight protein markers. Proteins were
visualized with Coomassie Brilliant Blue R-250 and destained in a 50%

(v/v) methanol/10% (v/v) acetic acid solution.

F OG5 AR B AU UL 5 EGFP 76 41 it 4 11
ARG VO bR S e R AR I T A TR Y R Y R
IR KPR 48 5 6 o B 5T 45 R 3 W6 I (W303/
pYX212 ) 4t g A ¥ A AT Al & €5 5 O (18] 5-A) T &2
pYX212-egfp-rer 1 pYX212-egfp-scr 4k i) W303 4
J, S T Y Skt e 5t (18] 5-B F1 5-C) , H R 43

®3 BRELEBAMENRENELER

Table 3 Reducing activity of carbonyl reductases and biotransformation results
. . Enzyme activities/ PED" e.e. /% Yield/ %
Strains and Plasmids ’ ; ;
(U/mg) Whole cell Purified enzyme’ Whole cell Purified enzyme’
W303/pYX212 0.01 4.8° 6.1° 2.3° 4.6
W303/pYX212-egfp-rer 16. 8 86. 6" 89. 1" 70. 4" 72.5"
W303/pYX212-egfp-scr 124.7 92.3° 94.7° 81.8° 84.3°

Notes: * PED:1-phenyl-1,2-ethanediol, ;R: (R)- PED;S: (S)- PED;

" The purified enzyme of W303/pYX212 means the cell-free extract from W303/pYX212.

BSs FARMEL WS ARPERERESHHNHELERERRBEUR
Fig.5  Observation of the green fluorescence distribution in pYX212-egfp-rer and pYX212-W303/

pYX212-egfp-scr transformed W303 cells under laser scanning confocal microscope ( x 400). A:
Control, W303/pYX212; B: W303/pYX212-egfp-rer; C: W303/pYX212-egfp-scr.

PGB PR I3 AT T 40 I A (AT RE Sy i 2K S AR S N
FEEAR ) A i, A0 B SOIR 20 A T AR M R e )
3G SR AR I B WL e B () - ik o D G il 2
FY 2850 B o T (R ) -FR B 34 JUe , D6 (S) - 2k
0 TR A TR T B T PR W303 v ) 2 ik K P T i T
(R) -HRHE ik B

3 it
ABPFEAEA LA (R)-FI(S) Bk i It g 2
S PR G ALY TR R R SR T, R P A Linker K

3 5 Y o 0, 9 6 &K 1 (EGFP) R LAl 3 11 2 47 3%
1% ,SOE-PCR 3% s |6 1 EGFP JE R P A e 5 id0 I
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T e PR F) Bl A A FG B SR A T pYX212 I A
TEIF CAE 3 7 58 145 ) R 5 2 R 7E 8 R 4
AR 7 2 20 b s R b SR 35 . L EGFP S 0 %
A 3 A O S R A O B R B A A R 1k
B84 LIS 1% R 200 PR A L S o R Rk, D B
RS 7 40 v e (T R N A A R T A 5 4
2 ) o AT BE T (S ) - e R G T IR
TR B0 2 38 K BT T (R) -3 3858 T
TR il T 12 2 BLAE 5 H B 9, 4% ) LG A B T
PR T A HE T AR T 2 20% I 25% o RN Bk
TSz g4 SR W (R) -1 (S) -3 i 380 5L G 24 R fiE 1
JEEH 2-5 B 2, 7 AR DG T M R 2
B, 77 0 9 O 2 03 7 R 2 T S 8 T A X 7 g
sl 778 3 B R

L4558 % B 111 — R FI AR (1 3 B 2E 4 T
%R FRT R FH 0 40 0 2 (45 % TR 2 —. GFP
5 1 TR T RS 5 ) S0 9B 1 A R 2 0 ) i
TE 305 200 MK I (0] 77 7 , 9% ' 2 e 410 U5 35 PR 6 3% 1 2
PR B PRI TS S 3O 1 B O 4 B 1
TE 3 20 L P9 1 38 36 0S8 o, HE — 2B M ISl RE I &
PR R e B UL G &
16 32 S 1 S0 40 5 2 K AR 2R A A L R T %%
A B 78 1 TR, -4 A VR R 9 % HG A B T i
T B B T LA 5 A, AR IR 5 A R
i 40 i e 6 5 A S kB A 0 T e AR T S
4R WmMAGAELEN S (R) - (S) HE
TR AR IS, AN B W 5 25 B4 1F B 4T & RIS A E
X AT TF 199 A B A AL D) i TG AT 0 T4, ik —
A R A TG E 11 2 R KO B T RE B R B I
TR B Tl Al A 77 B85 TR IR S R
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Expression and subcellular localization of (R)- and (S) -
specific carbonyl reductases from Candida parapsilosis in
Saccharomyces cerevisia

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

Abstract: [ Objective | The (R)- and (S)- specific carbonyl reductases ( RCR and SCR) with enhanced green
fluorescence protein ( EGFP) were expressed in Saccharomyces cerevisiae W303-1A. By analysis of EGFP expression
spectrum, the protein distribution and subcellular localization of two enzymes were determined. [ Methods] By SOE-PCR
method, the fused genes of RCR and SCR with EGFP were cloned and constructed on an eukaryotic expression vector
pYX212, and transformed into S.

expression and distribution of RCR and SCR were observed. [ Results] The EGFP expression in S. cerevisiae cells was

cerevisiae by electroporation. With fluorescent protein as selection marker, the
observed under the laser scanning confocal microscopy. It was showed that the two enzymes expressed stably in S. cerevisiae
and mainly distributed in the intracellular membrane and cytoplasm, while minority were dotted in the center of cells.
According to the fluorescent intensity, the expression level of SCR was much higher than that of RCR in S. cerevisiae. The
biotransformation results showed that the fused proteins EGFP-RCR and EGFP-SCR reduced 2-hydroxyacetophenone to
give (R)- and (S)-1-phenyl-1,2-ethanediol (PED) respectively, with the optical purity of 86. 6% in a yield of 70.4%
for the former enzyme and with the optical purity of 92.3% in a yield of 81. 8% for the latter one. [ Discussion] The
fusion of RCR or SCR with EGFP showed no effect in protein conformation and biological activity. When compared with
the recombinant Escherichia coli harboring RCR or SCR, the genetically engineered S. cerevisiae had obvious advantages in
the biological function. The study provided the solid foundations for visible research of functional expression controlling
and subcellular localization of carbonyl reductases.

Keywords: carbonyl reductase ( CR), saccharomyces cerevisia, fluorescence protein expression spectrum, subcellular

localization, 1-phenyl-1,2-ethanediol
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