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AHIRGFAE BRI 3Z M, ol 2 Ry,
FH TR IR IR A, 2 A7 28 W 1) B iR
FMipHS 5 Jy45 °CH18.0, FEMK T30 °C, pHYE

IR b, REE FE A B AR R (S)- R A i
Tit LR 4 ot 406 A 1) o) 260 W S g 1) e A TG L, A
WA F, R OB R IR A R, XAk
REERAMEI 10 g/L 2-F2 IR 2T BN X FRIA T
RN, RS- AR, T T Sl R AR
YIEik99% L I,

1 AR &

1.1 #8
1.1.1 HWERSERL. 1AW J B RR AN
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Wik £ TOMEGA BIO-TEK., DNA Markerlt
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6.0-9.0 51 FRaE et AW AE Lk iFsx

1. ERFIBTRL
Table 1. Strains and plasmids

LR AT HARGR R - o Hral .

Strains and plasmids Application Source
Strains

E. coli DH5a Host for cloning target gene Invitrogen
E. coli BL21(DE3) Host for target gene expression Invitrogen
E. coli BL21(DE3)/pET-SCRII E. coli BL21(DE3) harboring pET-SCRII This lab™
E. coli BL21(DE3)/pET-GDH E. coli BL21(DE3) harboring pET-GDH This lab™
E. coli BL21(DE3)/S-SD-AS-G E. coli BL21(DE3) harboring pET-S-SD-AS-G This study
Plasmids

pMD19-T The plasmid for target gene cloning Invitrogen
pET-28a The plasmid for target gene expression Invitrogen
pET-SCRII pET-28a containing SCRII This lab
pET-GDH pET-28a containing GDH This lab
pET-S-SD-AS-G pET-28a containing SCRII, SD-AS sequence and GDH This study

actamicro@im.ac.cn
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BRSO B € E Thermo/A H] 5 #R75 BRI VCX 750
W [ 3£ E Sonic /A H) ; AKTAZE H 4l fb {3 851
SEFZEHTHE M Superdex-2004E i #1:1 H 35 E GEZy
Al EROROAH 5 Agilent 110006 H 3¢ #2248
), WOAHFE: Chiraleel OB-H (4.6 mmx250 mm)
5 H H A Daicel 2\ #l .
1.2 BEARREREEARE

K EHEE. coli BL21(DE3)/pET-SCRIIFIE.
coli BL21(DE3)/pET-GDHAZFI £ % 50 ng/mLHR
TR MLBWIAEE & T, T37°C. 200 r/mindiz%
Bi#8 hig, Fi® LMFERFRE S, KiRE
ODgoo H0.6-0.8, [m] 1553 din A28k 0
0.1 mmol/LAYIPTG, T17 °CiEFHiF14hi5,
SETER . WIRZRB A T SDS-PAGE T, 5l
H AR EE 11 (S)-FR LA J5 (S CRIT) F 2 4 i 2L it
(GDH)RJFRIL
1.3 HZP4ik

Iy MIFREC10 iR KE. coli BL21/pET-
SCRIIFIE. coli BL21/pET-GDH, HH£T0.1 mol/L
Tris-HCI (pH 8.0) 1, F-vKifs vl m i e 4 e (TAE
1s, ka3 s, TAERFE20 min), 4 °CEKMHT,
12000xg B.0040 min, W I B A B
FI R 25 FUZ AT A FllSuperdex-200&E i AE 27~
afifb A, XFSCRIFIGDH#E T4k, BAK)7
2 CHR[15], 2l vRORE D8 ek 5 T i g
JE
1.4 FEEE M E

i T SCRIIFI GDH fi#t fk i &z v A= &
NAD(P)(H), F3340 nmib W G(E 1254k .
SCRIIFHEME : S NARFR100 pL, Zr5Hilhn A%
HeFE40.1 mol/LIYJPBS (pH 6.0), 0.5 mmol/LF
NADPHAI5.0 mmol/LF)2-F 37K 2, 35 °C i
2 min, fIIAGE T4 S IR 434340 nmALNOY
HAY2E 4 . GDHEGIEME . S W ARFR100 pL,
A3 I AL A BE 70.1 mol/LEY Tris-HC1 (pH 8.0) .

2.0 mmol/LINADP’ }0.1 mol/LID-#%jkH, 35 °C
PRIE2 min, AGE 4GRS TT 1R 45340 nmAb
WOGAH A8 A . B B E i U e >k A Bradford
B, LIS 1 FABSA bR . BTG 1@ X
H: TEERFMAT, B Al pmol 1y
NAD(P)(H) i i & 1 SR 1 Bl B3 o

R (AR R BHE (U)=EWxVx107/
(6220%0.3)

FEIE PR AR IS (U/mg) =i % (U)/

#H H 1 (mg)

Hrp, EW: 1 minN340 nm#b W ¢ B 1748
fbs Ve RBIRIIERF(mL); 6220: FERIEER
# [ L/(molxem) | 5 0.3: R E (cm).

1.5 AXEHRIE R R K AR

1 mLIYZE T, A0 mghy2-58308 2
i, 20 mgf %8, 2 mmol/LINADPHFIH &
1 URY4liESCRITFIGDH, T30 °C. 200 r/min N
RN, BERRO0.5 hHURE o B0 B B B v 2
mL R OBRAHL; ZEBORZHPLC /M, sl
fH: FECH : FHAEE=9:1; HiE: 0.4
mL/min; FEi: 38 °C; ARG EAMEI %7
(VWD), K A215 nm, M PEIER I
Y)(S)-2K £ BRI CAA AT ey 2RI
1.6 SCRIIFIGDHIL#AL AR KB

P4k 5 ISCRITFIGDH, 42 FEREE LE A1 < 20—
50 : 1, PEATXUEEHEAL2- IR 28, Y
(S)-R L ZEERDGAE A IS 2, LI SCRITH
GDHAAL A U(S)-A8 & B de fE L A1)

1.7 REFpHX WEILARL AL () - 2 )
-2

Sk 0 5 KU AR Ak 2 - 2 A 2 Y Gl IR
B, 3 EHAE20-60 °C . 200 r/minfZ v, THE
TEHI(S)- L R A IS, i g fad I
TR o Fdd SN pH IR A - 7 B T Ak
T, ZErRB B 0.1 mol/ L ik 2 - Tt 1R B 2% i
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(pH 5.0-5.5); 0.1 mol/LAYBERR S —4P-wifiz — &40
ZE M (pH 6.0-7.0); 0.1 mol/LiY Tris-HCI1ZE i
(pH 7.5-8.0)iF, THEAELpHAME T HI(S)- KL
TRERD GRS IR, i f W pH
1.8 WESLRIX R R

P8 1.2.5 7 & SCRITFIGDH = S AL (S) -5
O R EAERC L, BT T SCRITEE A B HE 3T I 3
¥, GDHERZEESIT, K T Iz
SRR, TE2A SR Z[EIF A T SD-ASFS, FEE
T2REGRILRIREH R . BAATT: SRA
HEMEMPCRM L, FAHER2H 59
SCRII_F#ilICo R} Co FMIGDH R, LLUFHipET-
SCRIIFIpET-GDH AR, 434" 3§ i He gk ik 1
HFSIRRT . a2 BT PR BT iR kS
HEH G T72 °CCAEDNAR A VE R T 2B 2 583

PIREE 5 DL b —F iR A5 Y 58 B XU DN A A5 AR
FIFHBEME[#ISCRIT_FFMGDH_RZ:id PCREAGIE
FIRHKS-SD-AS-G, #52/BL PR d i 43 3Rk
#HARpET-28a L, FFHALFIE. coli BL21(DE3)MH/
A, it I FIDNATFIE, 75 2 3
E. coli BL21(DE3)/S-SD-AS-G.,
1.9 WESSLRIXER A YL

HHMWE. coli BL21(DE3)/S-SD-AS-GF37 °C
FAFTHFR8 h, MMAZIKSE0.1 mmol/L IPTGH#AT
P, ARZEiFR14 hE, BUREIR . BIER R
KTE4 °CE&ME T, 12000xgES.0>10 min, £ FiE
W, FHAERRER KPR TRIARS IR, FEAEAH IR S50 B s
O ENSRAHR A, FREL0.1 gf¥R i AR F T A 0
B

7£1 mLIYPBSZE M (pH 7.0)F, MA10 mg

R2. MEARAHRAFENSY

Table 2. Primers used in construction of co-expression system

Primers Sequences (5'—3')

Co R CGGATACATGGTATATCTCCTTCCTATGGACAAGTGTAACCACCATCGAC
Co_F TGTCCATAGGAAGGAGATATACCATGTATCCGGATTTAAAAGGAAAAGTC
SCRIL_F ATCCTGCTAGCATGGGCGAAATCGAATCTTATTGC (Nhe 1)

GDH_R TGACTCTCGAGACCGCGGCCTGCCTG (Xho 1)

The sequence of SD-AS is bold; the restriction endonuclease sites are underlined.

B2- ¥ IE LT, 20 mghY% 4, 2 mmol/LAY
NADPHF0.1 gfE. coli BL21(DE3)/S-SD-AS-Gi#
Eik, T30°C. 200 r/min FJ)W12 h, B.0HC L
V2 mLO R CBE#HL; 2 BORZHPLC
ST, TFRTEIS) R L T BER A A R R
2 HRFPHT

2.1 SCRIFIGDHZAML B — H IS L
R3O, BN A H AR Y
SCRIFIGDH4 #4744k, 4 SDS-PAGEK ,

actamicro@im.ac.cn

afifbJ5 E H 7R/ 35 kDafi30 kDaZi 47
(K1) Hb B SCRIMEEA2-FEHEA T A T i
Mg, H W& 1 1.3 U/mg, GDHUALIE Y4
B G TS 1 M 13.5 U/mg. GDHAY LTG0
SCRIIAY10f5 54 o
2.2 SCRIIFIGDHEALEAL(S)-HZ BB fE
BT Al

BRGS0 1 URY 2l SCRITMGDHAY IR 24 il
W, IRAWHIML - 20-50 : 1 (U/U), T30°C,
pH 65510 F, #EAL10 g/LIN2- B EEHE 2R, 54
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AL W)(S)- AR L BERDGAR AR EE R %, S50
K2R, M4SCRIL:GDH/NT1 : 10, FE#H
SCRIIFY LGN, F=1)(S)- R & s R btz
Hghm; *4SCRILGDHZ[HJAYLLGIFEL = 155 : 12
[IF, 77 H)(S)-2 & A R A 7R 96.3% L), I

1 2 3 4 5 M kDa

s — 972
| mees —66.4

—— 443

S——29.0

20,1
L e 43

1. SCRUFMGDHE B4 1L SDS-PAGE S #[E

Figure 1. SDS-polyacrylamide gel electrophoresis of
purified SCRII and GDH. M: protein molecular weight
markers; 1: purified SCRII; 2: purified GDH; 3: cell-
free extracts of E. coli BL21(DE3)/pET-SCRII induced
by 0.1 mmol/L IPTG; 4: cell-free extracts of E. coli
BL21(DE3)/pET-GDH induced by 0.1 mmol/L IPTG;
5: cell-free extracts of E. coli BL21(DE3)/pET-28a.

100 1 —t—y 1 100
80 T bo1s0 ¢
3
X 60 f 160 >
3 £
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2
20 | —s— Yield/% 120 OQ-
—*— Optical purity/% e.e.

1:201:10 1:5 1:1 5:1 10:120:150:1
SCRII:GDH(U/U)

2. FEESER ELMSCRIIFIGDHE L L(S)-F T
3

Figure 2. Biotransformation of (§)-1-phenyl-1,2-
ethanediol catalyzed by the various ratio of SCRII and
GDH.

MSCRILGDHZ [/ EL Bl K5« 18, F=#idR
LT B R
2.3 EEAR RIS - R L B BEIR
B ApH

FESCRIIFMIGDHAC M1 = 1R, FIH
SCRITFIGDH AU HAE A 2- F2 LK 2 i A X FRids
JE R . g SR ANE 3 FI4FT AN, #E20-30 °CHY, [iff
THECEE AT 1AYSCRITFIGDHA: ¥y Ak 7= 11 (S)-2K

100 r 1 100
80 180 o
L o
X
< 60 | 160
5 | 2
[}
40 t \! 140 =
L 2
20 —n—Yield/% :\ 120 ©
- —e— Optical purity/% e.e. *
0 L 1 ( L

20 25 30 35 40 45 50
7/°C

3. [REXTSCRIIFGDHE LK (S)-K 2 B2 Y
A

Figure 3. Effects of temperature on the biotransformation
of (S)-1-phenyl-1,2-ethanediol catalyzed by SCRII and
GDH.

100 -1 100
80 - 180 o
o
X
X 60+ 160 3
= g

o
= 40 | 140 =
2
. =
20 —u—Yield/% 120 ©
« —*—Optical purity/% e.e.
0 l/\ L L L L 0
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pH

4. pHXSCRIIAGDHE I (S)-FZ ZEERN
A

Figure 4. Effects of pH on the biotransformation of
(S)-1-phenyl-1,2-ethanediol catalyzed by SCRII and
GDH.
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L BRI A IR B R S g e, 1730-50 °C
IF, P2 (S)- A4 & Z REAS FE B A IR B 1 T v T A
ik 7E30 °Ch, sk B Emmfl, 799.1%.
MpH 5.0-7.005F T, (- K L BT R
HpHAY TR MR, 1MpH 7.0-8.00F, F=#fH%K
Bl pHA FF R TR, 7EpH 7.08F, F=#15R ik
SRR, 599.6%.

2.4 SCRIFIGDHILZREA R R 5 RS

Fe .27 iR )y A e T SCRIDMIGDH iy 3t
Fik ki pET-S-SD-AS-G, #4LFE. coli BL21
(DE3)/&Z 4010, 28t B UJFIDNAMF 3k, 4%
13 FAMEVEREE. coli BL21(DE3)/pET-S-SD-AS-G.,

E. coli BL21(DE3)/pET-S-SD-AS-G%££0.1 mmol/L
FIIPTGT 17 °Cis'F 14 b, WAEREM, BEIRZLR
W4 SDS-PAGESHT. Z5REW: 5 HMWHE
(K% R RRE. coli BL21(DE3)/pET-28a# 1, 3t

2 1 M kDa

— — 072

- - e — 443
SCRIT —= A
GDH — — — 270

— — 20.1

143

5. HFJIX KRB RIASIEISDS-PAGE ST

Figure 5. SDS-polyacrylamide gel electrophoresis of
cell-free extracts in co-expression system. M: protein
molecular weight markers; 1: E. coli BL21(DE3)/pET-
28a; 2: E. coli BL21(DE3)/pET-S-SD-AS-G.
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FIRWMRE. coli BL21(DE3)/pET-S-SD-AS-G ! i
T2 B MEH RN, Hap 4835 kDa
130 kDa, 5SCRIIFMIGDHHfEA/N—F(KS),
YU ) 2R MO B TR BGIEA TS DU, SCRIE
IR 2- R H R S L 3% 77 20.76 U/mg, GDHAf
IR A AR G 770,73 U/mg, FRWIFLERE
1K Z H SCRIVFIGDHEHS LLFHI KL M1+ 1,
2.5 FERBEREUFEILE)-FZ B
PITELHE. coli BL21 (DE3)/pET-S-SD-AS-
GHEYMEALT, Ak 2- BRI Z W10 g/L)BIA
XPFRIEIESNE, R =1 (S)-A4 & —WEfie a3
R, g mEefiin, AN EWFALR N T
R, PEHI(S)-7K & RO 2R Al AR A Y R AE
99%LA |, I3 hiE, NAN2-FRHIR Sl A
SEARTHFE, FRHI(S)-7K 4 BRI AR R 1A 99% L
Fo HAUEA SCRIAFG I 20 KIGAFHE. coli
BL21(DE3)/pET-SCRIIH Lt, A=¥FEfbIr2-HEK
SR Y S o B R v T IR 245, S R
89.6% e 2199% LA | o F AL A AH LR /924 h
Wik T kA,

100 .- 1 100
B b S
P —
80 - E/‘j 18 o
e [
.4 1 =
S 60 T ¥ 160 =
3 / ] =
o A 2
>~ 40 f ;/ 140 s
/'/ . é
20 F " ——Yield/% 120 ©
—e— Optical purity/% e.e.

00 1234567289 1011121314150
t/h
6. E. coli BL21 (DE3)/pET-S-SD-AS-GH1LE£1K(S)-
K _EErYRTia phzk
Figure 6. Time course of (S)-1-phenyl-1,2-ethanediol
biotransformation catalyzed by E. coli BL21(DE3)/
pET-S-SD-AS-G.
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TR 5T 235 5 2 W o 21 R0 (S) - ik iR S i 1T 7
HEENADPHIZ 5T, MAb2-F8 3R Z i i AR
FRBJE R, A R(S)-28 2 B, (HBEE R Y2-
FRELIR T BE A 3G I, AR 1k TP A Y
BRAE N M TP A 0 S S A A
06 PR R G Tl %) (K A R 2 S B e R A TP ol
R RTB . ok B AT R Y A A G
AMEA) RS, e, AL
ZVEd, AT TFNADPHFINADH 276 4 B 4 1
BRI,

AWFFEWE Bacillus sp. Y X- 1557 8 i U BEVE A
B EEIAEE, 51 ARN(S)-BRIE IR BT 1L
(S)- R BRI T, AR
JLFIRIRFR o FZ A0 2 W 00 Sl LL AR 2 (S)- 3
W JREI A5 e A . R BRATIE BT ek ik
AT, SR 2R B TR, SRS E
B — A AR S R, DL A A
IR R R A S5 1, AR B FIpHAR . B R
IR A T P O A A 0 S ) il e
AL B S FEBITEL = 1305 - L(U/U)Z 0], Rl e
HIpHZ» 34930 °CH17.0, pHA T2 BAREAAE B i
pHZZ 8], T iR 52 E SCRITI FE iR, 729
(S)-7K & A R E T96%, #4E Fikafsr sl
W, AT LABERE(S)-FR B LT R 265 4 ot S
AL AT - 1, M ERIKIKRE. coli BL21
(DE3)/pET-S-SD-AS-G. HFSCRIE LA 5T
i35 5 1k J5 SCRITH £ ik & B i % T GDH,
MG, MRk E A Rk IR P SCRITEL
fif§ % "40.76 U/mg, GDHLILEHE ~0.73 U/mg, M
GBS AT 1, AR A I T Y
W, AR TR 2-FRFEOR T R FH 4 40 i 7 A
WV IR ES0 °C . pH 7.0/, fiEfk10 g/L
2-FRHOR SR, TE(S)- A L T RER LA Al B
REFIE99%LL . i FSCRIEMEIL & T

Y SChi i, B SRR SRR, PR T
Pkl 5 A A 52 17 200 B AR DG PRI T G
VB A B A SR A R IR R R AL 2- R HE IR L,
FEALT=H(S)-7K & B 6 40 B AR E 99% L)
o ZhouZ5BBFSE T (R)-F HL 140 5 T 014 26 W A
AR RIRE R, i O HNEARB RS
b, X T RE R TP, AT R
PI(R)-FI 2 R R A e Lise 9 T 4 7L
T 2 . il A i 1 Ui ) L 3Ras R R, Gl
W TR 3 B2 0 A B K Ak, SER T =)ok
A R, KRR AL R R 18 85% LA
b, PR R T 95% AR, TR
FAF TSl A R RA R R P T
I, B HAE M. SR EA R
FERAH LA, 123 FR R RAEL(S)- R & ZFER
e, ROURYIRBER S TR, YR
H189.6% 4 £199% A F, B A 5 )2 5L AL ]
FLIE SR 1924 hai 13 W' S SEproktE—
AT E A B B i SCRIUAUH T4 WG 24
B GDH PR R ANE, 38 442 = SCRITTY L A L1
B, 4 m TR RCE.
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Efficient biosynthesis of (S)-1-phenyl-1,2-ethanediol catalyzed by (S)-
carbonyl reductase II and glucose dehydrogenase

Jiawei Jiang, Rongzhen Zhang *, Xiaotian Zhou, Kunpeng L1, Jing Li, Yaohui Li,
Yan Xu

School of Bioengineering, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] To realize efficient biosynthesis of 2-hydroxyacetophenone to (S)-1-phenyl-1,2-ethanediol, we
designed a co-expression system containing Candida parapsilosis CCTCC M203011 (S)-carbonyl reductase 1I
(SCR1I) and Bacillus sp. YX-1 glucose dehydrogenase (GDH) in Escherichia coli BL21(DE3), based on the optimal
ratio between the specific activities of the two enzymes. [Methods] The enzymes SCR II and GDH were purified
from their corresponding recombinant E. coli strains. When the purified SCR II and GDH were used for the reduction
of 2-hydroxyacetophenone to (S)-1-phenyl-1,2-ethanediol, the optimal ratio between their specific activities, the
optimal temperature and pH were determined. Based on above results, a co-expression system E. col/i BL21(DE3)/S-
SD-AS-G harboring SCR II and GDH was constructed. [Results] SCR II and GDH exhibited specific activities of 1.3
U/mg and 13.5 U/mg. When the total enzyme activity was 1 U, the optimal ratio of their activities is between 1:1 and
5:1, and the optimal temperature and pH are 30 °C and 7.0, respectively. So we designed a co-expression system E.
coli BL21/S-SD-AS-G, in which the ratio of the SCRII and GDH genes is 1:1. The specific activities of SCRII and
GDH are 0.76 U/mg and 0.73 U/mg in the cell-free extracts of E. coli BL21(DE3)/S-SD-AS-G, respectively. The ratio
between SCRII and GDH activity is 1:1. Under the optimal conditions, the system showed excellent performance to
produce (S)-1-phenyl-1,2-ethanediol with an optical purity and a yield both over 99% during the reduction of 2-
hydroxyacetophenone. With respect to the recombinant E. coli BL21(DE3)/pET-SCR I, the co-expression system
obviously improved the yield of (S)-1-phenyl-1,2-ethanediol and reduced biotransformation time from 24 h to 13 h.
[Conclusion] This work provides the research foundation on the construction of a co-expression system containing a
target chiral catalyst and a cofactor-regeneration enzyme for efficient chiral biosynthesis based on the optimal ratio of
SCRII and GDH activities.

Keywords: (S)-carbonyl reductase II, glucose dehydrogenase, (S)-1-phenyl-1,2-ethanediol, asymmetric reductase,
enzyme-coupling system
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