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Table 1  Sequence of primers
Primers Sequence (5'—3")
E228S_R TGTCTTTACTAACAAAATCAGA
E228S_F TGTTAGTAAAGACATGAAAGC
ATCGGATCCATGGGCGAAATCGAATCTTATTGC
serll_F (BamH 1)
seorll R TGACTCTCGAGTGGACAAGTGTAACCACCATCGAC

(Xho1)

Note ; the mutated bases are bold ;the restriction endonuclease sites are

L1.2 350 54 8% : PCR T A1 5] L BR il 44 D
fit} \'T4 DNA % $E 0 AR5 7 B i b 4R 11 T K%
FAEWA BR 2 A BUR 4R BOR R & PCR 7= 4 [l i
A& RO & B A T A TR R
O] AR ST A ) S 6 R Y M B B Sigma
NEGWEAAHIEC S SR NEEWH EET T AR E
RO € 18X HP1100 15 [ 2 [ Agilent 2 7 ; 3 A
F-#EHE Chiralcel OB-H (250 mm x 4.6 mm) Il§ [ H
% Daicel /A &) 5 #8745 B £ Y VCX750 g [ 25 E Sonic
YNNI OSB3 b R E e T
1.2 REMIRERE

AT 5T O 28 1 2l v B 45 31 P o [) 905 B DY) ser
Flser 1,35 T E. coli BL21 (DE3) k47 T m 3k 3
ik WEFE R B 2 iR 4H i A REAE W) Bk 2-R R L
Fi , 7 () -OR & 1 (H J2 J5 3 1 i AL R0
TR . i — 0B &R 7 5 FUE 4548 T xT &
BB 22 R TR S A BF M oFG 2
B) 7 55 228 v iy R AN [A] (&1 1), PR 326 48 0t 2
BEPR AL R AT RE RURAE
1.3 REEFEMIKIMKEEE

K H & B A PCR 71k, LLBTRL pET28a- scr
I8R5 9 LA ser T _F il E228S_R .ser I _R #lI
B228S_F 31§ h G A5 0 6 00 2 B A
BP9 ;78 Taq DNA Polymerase 1EH T, 4l 4L )5 (1)
PCR =¥ 238 4%, T 72°C ZE 110 min, 3145 5¢
B WEE ,ANE N T —% PCR B9 AR ; LA ser I _F F0
ser Il _R A51%), F—% PCR ZRAF 1 BUEE DNA 5
B, PCR 4 8 i 45 58 48 B ] 2288 &= K ¥ 41 ; 4lifb
JE Y E228S KL 5 pMDI19-T #f4i@ of TA H #bi%

underlined 1 B WAL E. cloi DHS o JEZZS AN, 2
‘R BE oE BE 0FG
b —_—— ————— 0000
170 L 210 220 50 0

f

-------- Acitive site --------

o o PO "
SCR us K P OLOARYNNAKAACTHLI\KSLAMEWAP FARVNISESP G Y I [T HD FENIKDMKAKWWOL TP

--- Substrate binding site  ---

B 1 SCRIFISCRIMHOIEEFIILLXMER
Fig. 1  Alignment of partial amino acids between SCR Il and SCR.

BRE Ui 158 F0 D) 56 IE , AR A FE 41 kL T-E228S, E 4
kL% B A T A TR A BRAN R 56 E
1.4 RETHRPHE

A BRI N DB BamH T F Xho T 43 3 %) T-
E228S Fl pET28a i 17 B ), i [n] Wi 7 46 1k g 177 7™

Wy, kAL I pET28a 38 14 fI E228S JE [N i Bt 1 i
L0l Ligase MVEHTT , T 16 C #8212 h, i 8:" Y%
fb E. coli BI21 (DE3) 3% & 41 L, 4650 peg/mL
IRAE R Y LB V- 4 BLE 0 15, Y PCR A1 BamH 1
Rl Xho 1 XU VI 56 3 , 4K 74 P 1% T 41 B bk E. coli
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B121/pET28a-E228S,
1.5 EHEANFSERIE

P HCBH P B0 B v 4 A T4 mLE S50 pg/mLR R
FHRM LB AR R I, F 37°C,200 r/minfk 3%
B ok . W1 mL 3 3% W % 4% T 50 mL &
50 pg/mLRARE R MY LB IR S 3, F 37°C |
200 r/minfE % 85 35 & 0Dy, N 0.6 ~ 0.8 H}, [i] 1%
FWr N % 49k 0. 1 mmol/Lf IPTG, T 30°C
PR FRS h, 4 CE O ERK, Do WEEET
SDS-PAGE Hi yk Al H A5 &8 11 19 K38, 73 A &8 70 1

A 2 B AR K VRV 2 WK A T Tl O DU S RO X R
AL
1.6 E=AHEBFHNE

FRINO. 2 gt B4 14, Jin A3 20 mmol /L7 iz £
ZE P (pH 6.5) B TR A0 M , T vk & vh i A7 88 7 I 4
MOk i ( TAEL s, @3 s, TAERF 3 min) ,4°C 44
T12000 r/minE.0>30 minli £ | 3 W A S ML 0
DA T A A= (B 2) R i ke 0 o0 24 il % o il 0
MAE J7 ¥ 5 0 Tk 58 45 07 110 g 4 B i Ak R
1 pumol NADPH (¥ fiff it 2 SR 1 /4> il % B4

o] OH
X, o X,
‘ N Recombinant E.coli | N
X > A
/ /
Xl XZ Xl XZ
la H H 2a H H
Ib p-CH, H NADPH NADP* 2b p-CH, H
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B2 EAABHERERARZMOTEYHNRMEEXE

Fig.2 Schematic bioreduction of acetophenone derivatives with recombinant E. coli cells.

1.7 EHARTFHRANREREZMITED
FEARFEZ WK 5 3k (9 BE Al B S 9
AL | AR AT S R O Sl A L] R fel A At 2 R
9 €0 3 A S ST R L BT LR W ) o3 B R T
ROTAT YRR (£ 2) . 7E2 mLAY0. 2 mol/L

HIBE IR £h 22 wh il (pH 6.5) 1, il A0. 2 g i 14 44 1
2 mghyIRY (1a-1c) , T 30°C 200 r/minf) 45 JK
B2 b, B BR R, R RO 2 5 2
M2 TR A J, R AR L 1) 1o 280V A €835 ( HPLC ) A6 i)
D7 (3 2) MR e ThT BUEE 7 A R A 2 A

R2 FYBRRNTE

Table 2 Analytical methods of corresponding produtions

. Mobile phase/ Column Folw rate/ Peak time
Alcohols® Chiral column K R - -
hexane: isopropanol temperature/ C (mL/min) I, /min t/min
2a Chiralcel OB-H 9:1 25 0.6 13.8 10. 8
2b Chiralcel OB-H 9:1 25 0.4 18.7 16.5
2¢ Chiralcel OB-H 98:2 25 0.8 19.5 22.1
2d Chiralcel OB-H 9:1 38 0.4 19.5 23.5

* Alcohols were present in Fig. 2.

2 X

2.1 REH®RBEE

KM EBILM PCR T, 97 2 Brsg B
AL, 4lifb )5 1 PCR ¥ 5 pMDI19-T 2 ik %
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Ir I $ UBOREL , XAl V) 45 2R 2 W %8 A2 BE (4 E228S B

A E] pMD19-T 1 5 B i 1 o 2tk by 28 28 L A
E228S 55 pET-28a # A 28 Kfi 14 K 3y 1% #2, 5% fk E.
coli BL21 (DE3) &2 A5 4 L, £ R i PCR %7 (&
3), 3RS B TERE E. coli BL21/pET28a-E228S, il
J7 45 SR 1 — 20 UE S 58 AR 6 A B4 AL B 5 P 4
—
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Fig. 3
coli BL21/pET28a-E228S; M. DNA Maker.

The identification of positive colonies by PCR method. 1. E.

}i7%8 h,SDS-PAGE Z5 SR W/R: 5 A& H W EK M
XFHE(E. coli BL21/pET28a) Ml b, A RA KA H
HY A RUE TE E. coli AR B ik, M4
KNy Hy33 kDa( Bl 4) , FE R T8 H 4 Fr 3
TFFE (30 kDa) , X &l FERAE M CN i &
H— 6 x Histidine #2524,
2.3 EHARTEAWNEFHAUE

PIEOR R TR A RS, X9 A BR E. coli

B4 REZEENFSRE
Fig.4 Expression of recombinant mutated proteins.

1. E. coli BL21/pET28a; 2. E. coli BL21/pET28a-scr Il ; 3. E. coli
BL21/pET28a-E228S; M. Protein molecular weight marker.

pET28a-ser I 41T b 15 W& 1) 30 TR B 15 1 0EAT 00 %€ , 4%
HERMRASKR E. coli BL21/pET28a-E228S {1k 5
IR R 2-02 5L 0K £ T 1) Wi 5 0 O 1 A TR B T TR A
259 Fe Ay, MAHEAL IR ) A8 SR (4"- 1 BL R L 47 -54
TR R T 23 ) 2 R TR RR TG B 7 - 20 A% (3R

BL21/pET28a- E2285 Ml th & W #k E. coli BL21/ 3,
3 RTHRMEENE

Table 3 Specific activities of SCR I and its mutants with acetophenone derivatives as the substrates

Specific activities for substrates’/U+mg

-1b

Enzymes

la 1b le 1d
SCR II 0.011 £0. 001 0. 042 £0.003 0. 030 £0. 001 0.574 £0.012
E2288 0.243 £0. 008 0.286 £0.010 0.313 £0. 007 0. 146 +0. 004

* Substrates were present in Fig.2. "1 U-mg™'

2.4 REKRAWNBERXZEMLTED

o 2H T RR A R R e AR <R A A2 W Y A R (R
4) KW R E KR E. coli BL21/pET28a-serll%f 2-%5 3
AR A ARG EALROR I B R AR B AR & —
PR, X H B AR CEAG A AL BCRARAR . RS TR
¥k E. coli BL21/pET28a-E228S fi: fk 5 1R IS 1y 2- %5 4
RO FALT= ) (S) - He & ZREM A F2AUN T% /2

*4

was defined as 1 pwmol of NADPH converted in one minute by 1 mg of protein

A, AR BRI B 2 WA AR (R B 47-1
HIR LT A -RBAR L) =Pt s ol =99% , #45%
5 80% LA b I I 0 A ) A Al 24 2R 3 U i
PRALA S SCRITH 5 228 7 (147 2 R 5 Wi AL IS )
AR S PR DR O, 107 1 ) 2L S BCH AR W A 2
RE R AEAE AL, 32 B3 I Tl (A e 0 1) e — D55
T AR A S 0 A3 A 0 B4 R ) S 2

RERANREREZEETEY

Table 4 Asymmetric reduction of acetophenone derivatives catalyzed by SCR Il and its mutants

E. coli B1.21/pET28a-scr I

E. coli BL21/pET28a-E228S

Ketones' . K Optical Absolute . K Optical Absolute
Yield/ % . b . L Yield/ % . b ) -
purity/ % configuration purity/ % configuration
la 3.2+0.1 99.2 +0.1 R 80.4 +0.3 99.2+0.3 R
1b 7.3£0.1 99.3 0.2 R 84.5+0.4 99.1+0.1 R
le 13.1+0.3 99.0 0.1 R 88.7 0.6 99.3 0.1 R
1d 86.8 £0.5 99.1+0.3 S 7.2+0.1 99.2+0.2 S

* Ketones were showed in Fig. 2. " Yield and Optical purity were measured by chiral HPLC. “ The absolute configuration of predominant product alcohol

was determined by comparing the retention time with that of standard samples.



SR P4 T TR U T R 24 B R SCR T AL 2K S TRAT AR W IR W38 . /AR 9 4 (2011) 51 (6) 787

3 it

ETEYELRFMEEANEAOCR, ERRE
AR M R ) H 55 R A W A Ak S5 Y
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SO, v R TR AR W Y S RO R ) M i T
SCR T Ay 4= Wy Ak Th BE , PR ¥ 98 1 9% Bl AL 10 IS
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Broader substrate specificity of Candida parapsilosis SCR
Il for catalyzing acetophenone derivatives by site-directed
mutagenesis

Botao Zhang, Rongzhen Zhang, Shanshan Wang, Yan Xu”

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

Abstract: [ Objective | The function for catalyzing acetophenone derivatives of short-chain carbonyl reductase [ ( SCR
Il ) from Candida parapsilosis was modified by site-directed mutagenesis. [ Methods | An important site ( E228) was
selected for mutagenesis through amino acid sequence and protein structure alignment, and the corresponding variant
E228S was constructed in E. coli. Using the acetophenone derivatives as substrates, we determined specific activities and
biotransformation function of the variant. [ Results] The specific activity of the variant E228S was reduced to 25% of the
wild type for 2-hydroxyacetophenone reduction. However, it increased approximately 7-20 times for acetophenone, 4'-
methylacetophenone and 4'-chloroacetophenone. The biotransformation results showed that the variant catalyzed the
transformation of (S)- 1-phenyl-1,2-ethanediol in a yield of less than 10% , while exhibited excellent performance to
afford ( R)- 1-phenethylethanol, ( R)- 1-( 4-methylpheyl ) ethanol and ( R)- 1-(4-chlorophenyl )

acetophenone, 4’'-methylacetophenone and 4’-chloroacetophenone with high optical purity of 99% in a yield of above

ethanol from

80% . [ Conclusion] We broadened the substrate specificity and catalytic function of SCR I by replacement of the critical
amino acid (E228) inside the substrate binding pocket, which provided a novel approach for rational modification of
short-chain carbonyl reductases, making it as a potential tool for asymmetric reduction and chiral alcohol preparation.

Keywords: site-directed mutagenesis, short-chain carbonyl reductase I , acetophenone derivatives, biotansformation,

chiral alcohols
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