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B OE: (BRI RBRATRBEARG LS. REARLE R HRAEMER TR, [F
% 1 A BT R B RULBR B ) #E4T BLAST 5 B F 873, RT3 14, AL At
Y& B4 (Kluyveromyce marxianus) CGMCC 2.1977 2 FH 0 H A4, i@id PCR ¥ 3¢ B ¢9 A
B, 5 &4 pET-28a £ 4, #IL X MATH KT £ H BL21(DE3)-(pET28a-cMCR) #=
Rosetta(DE3)-(pET28a-cMCR). [ 2 R 1 ¥ 3§ 4 5 7| &5 ©IRE &9 mer /531 A 100%[F) B 1+,
2K 1038bp, &%AD 345 NAJAER, B 9% & £ Rosetta(DE3)-(pET28a-cMCR)AF 2| T &
BORIE, KA 42KD. ZBERIER LR EH 40 °C, RIER M pH 2 8, #A8 25 pH
TR E . Ca¥ Xt BEE B A R A MEMER, LIRA A 0.5 mmol/L AT R &H4F. TLLE T
)R 4-2 T BE LB TES(COBE) A (S)-4-2.-3-# 3L T B TER[(S)-CHBE], A% 4% 4 100%,
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Cloning and expression of Kluyveromyce marxianus gene
encoding carbonyl reductase in Escherichia coli

YING Guo-Qing' YANG Yue-Wei' MEI Jian-Feng' YIYu' JIN Zhi-Hua®

(1. College of Phamaceutical Science, Zhejiang Univercity of Technology, Hangzhou,
Zhejiang 310014, China)
(2. Department of Biological and Chemical Engineering, Ningbo Institute of Technology,
Zhejiang University, Ningbo, Zhejiang 315100, China)

Abstract: [Objective] The gene encoding carbonyl reductase was cloned and expressed for
the synthesis of the chiral drug intermediates. [Methods] Based on the N-terminal amino acid
sequence of carbonyl reductase from GenBank, cmcr was cloned from Kluyveromyce marx-
ianus CGMCC 2.1977 and sequenced, an expression vector, pET28a-cMCR containing the full
length of cmcr was constructed and introduced into Escherichia coli BL21(DE3) and
Rosetta(DE3) to express the enzyme separately. [Results] This gene showing 100% similarity
to reported mer contains an open reading frame of 1 038 bp encoding 345 amino acid residues.
CMCR was overexpressed in Rosetta(DE3) with a protein molecular weight of 42 kD. The op-
timal temperature was 40 °C and pH 8. The enzyme has low thermal and pH stability. Ca®" ac-
tivates the enzyme activity, especially when its concentration is 0.5 mmol/L. The asymmetric
reduction of 4-chloro-3-oxobutanoate ethyl ester to (S)-4-chloro-3-hydroxyl butanoate ethyl
ester (CHBE) with Rosetta(pET28a-cMCR) cells, in which cmcr was expressed, as a catalyst
was investigated (100% e.e., 81.0% yield). The application of the cells to the asymmetric re-
duction of N,N-dimethyl-3-keto-3-(2-thienyl)-1-prapanamine(DKTP) to (S)-N,N-dimethyl-3-
hydroxy-(2-thienyl)-1-propanamine [(S)-DHTP] was also attempted. [Conclusion] The gene
encoding carbonyl reductase was cloned and expressed successfully in E. coli form Kluyvero-
myce marxianus CGMCC 2.1977 and can be applied to asymmetric reduction.

Keywords: Carbonyl reductase, Kluyveromyce marxianus, Asymmetric reduction

2013, Vol.40, No.8
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il 5 (S)-4- A -3- 52 2 T MR LR, e 2l ik 3]
98%, 7= ik 1.8 mmol/L ., Wada 25\
Exiguobacterium sp. F42 FElE HH—Fhogi 1 i) 0 5k
M SRR N, B AL 3-5010-3-(2-HEm))
IR 2T A (S)-3-F45E-3-(2-WEWY N IR TR, 7=
80%, JEFANE>98%, Nie 257N 22 e 6
(Candida parapsilosis) 5 [ I 3% 35 Bk & 16 I il ,
I T A FR A S v TR 54

AR T —RRBESS AR BE I AR FR 4 T
N0 H v B 5w B 4E Bk (Kluyveromyce
marxianus) CGMCC 2.1977, If5a & — 9w hs
FRFE A L N (emer), %55 M5 Kataoka %5
2006 M Candida macedoniensis AKU4588 Tif%&
1) mer (GenBank % 5% : AB183149)H-A 100%
W [FIEE . TEATEHRBN LKIN, emer TR
FFP BL21(DE3)H #b /K P4k, HIR AT REE
R R TR S R o e < I N (TR DN 7/ Al |
Rosetta(DE3) by ik 15 0, Al LIS 42 5% 3%
R ZRIBIK- o I T 235 104 B 2H B kit it
Frvimp T2y b R ) fiEfl, R4S T BT
AIEER . ABEFEADCN T AR & Rt 1
— MR AL, oy EAZAE YR A i
FEAE R IAT I h i s AR s 1R A T 45 =

1 RS

1.1 #R

L1l EARFRRL: D ow w4 R
(Kluyveromyce marxianus) CGMCC 2.1977 W H
ERIS T GR7/N RIS G AINN 71 SR B3 EN i A
pET-28a. 75 £ E. coli BL21(DE3)HI E. coli
DHS50 AT R T T 2B A ) T AR5
PR3 E. coli Rosetta(DE3)ESZ A H H 25 56
HW/Nw); pMD19-T Vector i) | TaKaRa Biotech
NI

1.1.2  EFE: PYD B3 (1%M S, 2% 1

R, 1% % 08) F T35 57 o 07 5 6 A I BE 40
LB B3R (1% B F R, 1% NaCl, 5%[FRE4EE
Y1, pH 7.0 T KT . LA B R FRIEA TR
1x10° Pa KB 20 min.
1.1.3 TEREREMT: R A 5 BGAH)
%, Tag DNA Polymerase, Protein Marker, IPTG,
X-Gal, A NHERHER, AFMEMRIBERY A
4 T/ w); T4 DNA Ligase, EcoR [, BamH 1
BRI N VDB, DNA Marker Al dNTPs Il Tk
TaKaRa A #]; 4-F LWk BR ZTiE(COBE), (S)-4-
A-3-FHE TR ZWR[(S)-CHBE]HI(R)-CHBE 11 H
Sigma 7y F]; N,N-H 334 JL-(2-BEW})-1- TN i
£h /2 £F (DKTP), (S)-N,N- - FH 3L 332 Hk -(2- ¢
W3)-1-PA ((S)-DHTP)AI(R)-DHTP g [ 71 M 15 5
A=A HOR A R W A iR 18 [ 7 4y
Mréti,
1.2 A&
1.2.1  cmer BYSERE: Hi HERERE L R 241 46 B3
& Ul B A 4R B v S v S AR RE 1Y 4 R A,
HR A8 C 28418 1 5 5 07 o - 2 P B i i it il
FEREIT 9, Rt BRI EtE, 4307 IE
Nt I LEESI A EcoR 1 . BamH 1 B 5 M
PRAPTRIEF A, SIS AT

1F Sk 5'-cggggatccatgacatttacagtggtgac-3';

Jx Lk 5'-cgggaattcttacccacggtacgegeecac-3',

PCR S 5514 94 °C 4 min; 94 °C 1 min,
52°C 40 s, 72 °C 2 min, 3t 30 MEFER; 72 °C
10 min,
1.2.2 TR pMD19-cMCR BJ#J%: PCR =
Y 2L FIE A I pMD19-T Vector {# 15 HH
FkAT, HHWHALE] E. coli DHSo A2 A4
L, W B A BH A s B, SR A MI13-F Al
M13-R 519 EAE T AR SERINY .
123 FRiA#H K pET28a-cMCR By E: X}
DH50-(pMD19-cMCR) B #4 £ B9 5 k7 1 2% {4
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pET28a 4T EcoR I Ml BamH 1 XY, 4lifk[w]
W B 4 B Y T4 DNA Ligase #E47i53:(16 °C
K)o

1.2.4 cmer BEREAMIFSRIE: 20K EH
i ki pET28a-cMCR #| Fi CaCl, i ¥ fk =
BL21(DE3)# Rosetta(DE3)/E~Z 2540 i rhr, 153
WA~ & 4] % 5 |k BL21(pET28a-cMCR) Fll
Rosetta(pET28a- cMCR). 7 HI7E{LE A 30 mg/L
IR ZMFER &4 30 mg/L KBEERYS
28 mg/L A& R MYPANT AR b U A X P T Ak,
TE P 37 5 PR HLERL TR 9% B HUTOR T A T XU ),
DAL R B B 8RR AT o A
XA R LB J5375EH, 37 °C R %
R, FLL 1%R e B2 20 i LB B3Rt
H, 37 °C R HE5E 3 h, A IPTG ELHRE N
0.3 mmol/L, 32 °C Zk¥2E155% 9 h, 4 000 r/min 5.0
15 min, USCHE R A= B KRR 2 WK, TIAR
AT 1/10 AYBE MO (50 mmol/L WlREh 2% i,
1 mmol/L PMSF, 300 mmol/L NaCl, 10 mmol/L Bk
e, pH 8.0)EETRIA, S A2 VR e A 188 75 A,
B0 53 MR 13 i M 14 T SDS-PAGE H
PRGN

1.2.5 MHELAFEMAREALE: FHEE SR
SCHRION T S

1.2.6 HRETRIBHEBHNE —MREYESME:
F AR Z 43 5176 F NADPH HI NADH 1 Jy il it
DL S g i A W e B, O I iR [R)JIS 4
(5 pmol/L)A#ALTE 71 o

127 EER N &ERERREREM: RNVIKR
ANAS, AR B AT RO, DA E A i iR
& SRIE, e RRR X R TR E 1 h, 7E
i i BE T I WA TS 0, DA S I T
FaENE .

1.2.8 BEERN&RIE pH & pH BITEEM: SOVIK
R, TERGEIREET, BB N IARP pH, Wl

http://journals.im.ac.cn/wswxtbcn

FE MBS pHo AR5 S ARG E AR pH A2 nh
WA TR 24 h, TERGEAMF T I B fL
671, VISR pH e .
129 £EBEFRREXNIEELEHINEZE: 7F
RSARZ A 0.5 mmol/L A E 4 & B, LA
B3 ST E R EALTE 1, LA T il JE 1
XTI T30 o SRS 5 SEAE SUBAR R s in
IR Y Ca™ %o B4 Feh AL 1 B2
1.2.10 EHE MM AT FRIE R B RE
E 2 WA T R IR I i it 17%) = 2 T (R A
4 4 g DCW/L)#4T COBE (4.0 g/L)FJAKIFRIL
Ji o, B 2644 2h: 30 °C., 200 r/min R34 S 24 h,
RN ARG, R OBRZERGY), TEZEEBG"Y)
HOIMA Z RS AR, SRS Gk
7=y e B LATHS 7= 38 I 7 0 Y e o 4
&, WOTR TR, SheK KR LR TR,
SRIE ITCIK S BV fd A =4, R ] TEARROAH €5,
TR =y S AURT R BU = &5, JEHHE S
I CA Al (e.e {H) . FZLTEXT 3.3 ¢/L DKTP i
AL, TR 4 g/L. RIS
A= Y)Efk COBE AR, K 48 h )&, 7 pH &
12 Zefh, MR BRI, Jieds LBRIEHE H 5
IBEES AT, SR AR 3 00 7= S BN
R B0 i

CHBE ARl 45 RH 1970F X
T, BANEH: SE-30; #T MR 1 uL it
i, QBT JOARIES . IR IR ] K
3.219 min, j=4) IR E R 3.946 min,

Bl £l 4E: Bie BN RV EE ) CHBE, Jin
5 uL ZHIESA AR, AR P B0 T AR
& bRt 2k, & ROl y=2.213 3x—
0.201 4, R*=0.996 8, 1 y fCE =W 5 Wb &
it U E, x ARR Y 5 WA AR LU (E .

DKTP AL R AR o i il 2540 SR
SinoChrom ODS-BP (200 mmx4.6 mm, 5 pm, K
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MR (AT, Rl 254 nm; FSNAHA
OME:pH 2.5 KHyPO,: = L H=40:60:0.1 (V/V/V);
W 1.0 mL/min; #EiE: 25 °C; #EFE 20 pL,
DKTP #5843 B 16] 24 5.554 min, DHTP A5 B )
6]k 4.773 min,

CHBE 5 DHTP Y2440 B ()300FH 3 A
%A% &M Sino-Chiral OD0B03013-C (200 mmx
4.6 mm, 5 pm, K&K A ER) O R% A,
1.0 mL/min, ¥:7&: 40 °C, ¥#4£ 5 uL., CHBE K&l
b R 217 nm; FShAH N IEC bE: TN
B =R B2=90:10:0.1 (V/V/V), S RS EA I E] Ny
5.196 min, R BI{R BE 15} 8] A1 6.369 min; DHTP Y62¢
SEFERIN 25 KD 203 nm, FEBIFHAIEC
ot L = L TR=95:5:0.1 (V/V/V), S BUA4 ER Bt ]
4 30.353 min, R BULR B E] Ky 24.987 min,

2 HZRE59H

2.1 cmer BYEE

KA TaE1Y, Lh K. marxianus CGMCC
2.1977 SR MR, & BT A FiEA T PCR,
AT THREER 1000 bp 2647 4550 (B 1)
HFZY A BRKES cmer R/IMEFF, FIL
T B AR A5 0 7 BAR T RER R H AR ol

bp Marker 1 2

2000

1000
750

500

250

1 PCR =R Kk4ER

Fig. 1 Agrose electrophoresis of PCR fragment
A 1, 2: emer PCR HLTK S5 .

Note: 1, 2: Agrose electrophoresis of cmcr PCR fragment.

TA SelEJTE, $%Y 18 F Bofl pMD19-T A% HZ,
AT pMD19-cMCR FAHHFAK, 544k E. coli
DH5a, RHCHM:FERE
22 cmer EEEFIIBNEL R

A IR BH 1 [ v 4 BRI 4 1 LA
M13-F 1 M13-R 5 1 %F #6477 500 o 45 5%
KM, Fr: AW PCR ¥R B R 2Kl
1038 bp MFFHLFEAE, I HILF5]5 GenBank
B EE RS AB183149 ik kA J5 il L P
HA 100% MR, %3 H 75 B 2l £
JKA 345 DEIEFREREE, SCHRIRE X B 7K
/NJg 42 kDB
23 FiEEKBIEE

R T ik emer, FIF] pET28a ##H T HA R
K JFk pET28a-cMCR, UKl 2 fiR, EALTR K
/NF 6 407 bp. SRIGHG ELL TR 5 34K E. coli
BL21 HlI E. coli Rosetta 3k 15 FH M 7 B%
BL21(pET28a-cMCR)Fll Rosetta(pET28a-cMCR).,
24 EZHE BL21(pET28a-cMCR)#1 Rosetta
(PET28a-cMCR)E B RIIF S &KX

4% 9 M BL21(pET28a-cMCR) #1 Rosetta
(pET28a-cMCR) 42t iifi, JFH EcoR 1 Fl
BamH 1 ATV A E o S5 5R3R 0], MU~ Y)0)
HK/NA 1038 bp (K13), Ui TP T %
IRBRR A e H S P EE A R

fl origin  EcoR T (192)

~_ BamH I (2 230)

ori (3 786) /

2 RiEFHIK pET28a-cMCR #HEEIL
Fig.2 Construction of pET28a-cMCR
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¥ R R 2L R S B TR A )
A FE S R BRI A & W 10 min, {5 SDS-PAGE H,
WKot, N 4 FE S pn. KIS IPTG
HERMPIFEHE B, 5 S50 Rosetta
(pET28a-cMCR) # 41 18 £ 1 R ik &= B B & T
BL21(pET28a-cMCR), 11555 1Y BL21(pET28a-
cMCR) 5 RIFEFIEAEM L, B ARIKIAZR
M, (B2 TAEREIE T BL21(pET28a-MCR)
AR ABA I,

bp Marker 1 2
10 000 — N
6 000
3000 [
-
1 000 -

B3 FikE KB RIKE
Fig.3 Expression vector digested by restrict enzymes
Note: 1: BL21(pET28a-cMCR); 2: Rosetta(pET28a-cMCR).

kD Marker 1 2 3

97.4—| w— g
66.2— w—

42,7 —  w—

4 BL21(pET28a-cMCR)E4HZ&EH SDS-PAGE
ZR
Fig. 4 SDS-PAGE of the expression of recombinant

protein
1 KRB ANAEN; 2: IPTG i FRUMEN AT &M, 3
IPTG 5 AN AR E F.

Note: 1: Soluble protein without induction; 2: Intracellular
soluble protein after IPTG induction; 3: Intracellular insoluble
protein after IPTG induction.
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cmer 1F Rosetta R IA K- 8 2 5 T BL21
() Ji PR AT e 5 % B R T AR A K T TR AR R
T4, FATH DNA 2.0 AT emer
Fis A7 300 FAPAENS I, B POZIE R PR fE 24K
AT B R A S (6, TRIZM 3 Fhasid+
TERIAFE T HEE/NT 0.1), 1M Rosetta(DE3)H?
WBIFAN T T RKIBFF Rk Z 1) 6 A %%+
(AUA, AGG, AGA, CUA, CCC, GGA)X} I 1)
tRNA, 7] LA &5l R A 25 i X 8 PR3k
B, 15 cmer XHP kb A EAZ ARG FER
13 LTERIAFF A 3Rk
2.5 EFAHKELERME MRS

FER I S A AL A SR R N, 3 D 76 Al il
ER AR ik R in A NADPH (#
NADH ¥JREHIN I EFA 1% P, L NADPH 1 Jy4l
FEE ARG 58 100%, LA NADH 1F g b 15
FEXT TS A 48% . 2 I X PR Ji 2 (1 5l
ity EE SR IR R, (HJE TR LI NADPH 1524
L

kD Marker1 2 3

97.4
66.2

42.7

31.0 —

5.

El 5 Rosetta(pET28a-cMCR)Z4H%EH SDS-PAGE
#HR

Fig. 5 SDS-PAGE of the expression of recombinant
protein

L RN ATEER; 2: FRRRN AR E
H; 3: RN AEEN.

Note: 1: Intracellular soluble protein without induction; 2: In-

tracellular soluble protein after IPTG induction; 3: Intracellular
insoluble protein after IPTG induction.
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ATGACATTTACAGTGGTGACAGGCGCAAATGGCTACATTGCCAAGCACATTCTTAAATCGTTA
TTAGAAGATGGTCATCGCGTAATTGGGACCGTGAGAAACAGCAAGAAGGCCGAGGAATTGA
AAAGGACTGTCAATGATGAGAATTTGATAGTGGAGTTGGTTCCCGACATGTTAGTGGAAAAC
GCATTTGACGAGTTGTTCAAGAAGTACAACACCCAAATCAAGTATGTGTTCCACACTGCGTC
CCCGGTTCTCGAGACGTCAAAGGACTATGAGAAAAGCTTGATCGAGCCCGCGATTACCGGTG
CGAAGTCAATGGTGGAAGCTATCAGGAAGTACTCATTGACATCGGTCGAGCACATTGTGTATA
CGTCATCGATTGCTGCCAGCTCGCTGGAATCTGAGTTTACCGATCCAACGCTCGTTGTCAGCG
AGGATAGTTGGAACCCACAAGGTTTGGAAGAGGCAAAGACGGAGTTTTTCACCGCTTACTC
GTACTCGAAGAAAATCGCCGAGAAGACGATGTGGGATTTTGTTGAGGAATACAAGGGGACT
GAGCACGAAATAAAGCTCACTACGGTCAACCCATGCTTCAACATTGGGCCCCAGGCGTACGA
GGCGGACGTTACCGAGACTATGAACTTCACGGCGGAGTTGATCAACCACGTTGTGGAAAGC
AAAGTGGGCGATCCGCTTCCTCCAACGAGAATTGTGCCATACGTCGATGTCAGGGACACTGC
GAGAGCGCATGTCGATGCGTTGAAGAACGAGAAGCTGGCATTCCAAAGACTGTTGGTGGTG
GGGCCCTTTTTGTCGAGCCAGCAGATCTACGATATTGTGAACGAGCGCTTCCCGCAATTGCGG
GGCAAGATCGCGCGGGGCGAGCCTGGCAGCGACAAGCTGGACCCTGCGAAGCTGGCCAAGT
TCGACCACGCCCGGACCACGCAAGCTCTCGGGTGGGAGTTCACGCCTATCGAGAAGGCTATA
GCTGACGAGGTGGCCCAGATCCTCCGTGTGGGCGCGTACCGTGGGTAA

6 cmcer HBZHRTHT

Fig. 6 Rare codons analysis of cmcr

e S A T 11 A 30 IR S I I A I
L s} 32 J 40z BEL e ] L Fb 5 S R R ), AR
SLETVAR T 4R OBEC TR OER . NN-H
-3 B HE-(2-WE WD) -1- PR e ER R R A'E A JEC 42 N 745l
WG, SRR 1, UL 4-E OB R LR AR
DA fhe v, M2 RIS BT, 2K 2 i A
N,N- B B3-S - (2-WE W3 )-1- TS g Eh R R4
W, oy E5H v o3 ) B A ORI RIEMY B, AR
BELAS T P R EG R 25 R 2S5, Ul A, B30 J2:
S AR YA I — A R R
26 EEHREALEBMNRERMEEREER
EfREMH

VL RE R M G — S CEE R R, Wil 7 R,
JiT 2% 38 1 T 4 B I 38 T 1) B 3 e N T EE A
40 °C, FETEA RS T AR E AR, DL 4°C iy
F AR BERE R 100%, MK 8 FTLAE Y, Bl R
1) Tt BERIE JIE T RE, YIRS 40 °C B, i
FITE F1 AT MRS IR B 71%, SiRE T, &
FIRG R TAS MRS Gl R R, 247 60 °C iR
24 h JE G R R 19.1%.

2.7 ERHELREEHHRIE pH R HE pHi2EMH

FEARTE] pH 250 T AR B EALTS o, 25
e 9 iR, B pH Wi T, BEASTE F120T

WK B N pH S 8. &l 10 FF7R, pH X i
MR EMEA R R W2, BEZE pH 7 BFHER
fesE, MiH pH AREMEMTEEIRA, MRk i
) PR 5 T 2 e Rt P 35 T

F1 EABRELREEMNEFE

Table 1 The substrate specificity of the
carbonyl reductase

7] Xl
Substrate Relative activity (%)
Acetyl benzene 53.1
4-Chloro-3-oxobutanoate ethyl ester 100

N,N-dimethyl-3-keto-3-

(2-thienyl)-1-prapanamine R

100
80 - /

40 -

/'\

Relative activity (%)
oy
S
T

20 +

0 1 1 1 1 1 1 1 1 1
20 30 40 50 60

Temperature (°C)

7 RENELHRELIREBELENOE

Fig. 7 Effect of temperature on enzyme activity
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100 - =
80 | \\/

60 |
40 |
20 | ~.
0 | L 1 L 1 L 1 L 1 L 1 L 1 N
0 10 20 30 40 50 60

Temperature (°C)

8 RENEAKRELIREEEELRZM
Fig. 8 Effect of temperature on the stabilities of en-
zyme activity

Relative activity (%)

100 F o
80 - _—
60 |

40 b

Relative activity (%)

20 -

0|I|I|I|I|I|I|I|J

pH

9 pH WEHHKELIREBELTE NN
Fig. 9 Effect of pH on enzyme activity

100

.

80 +
60 -

40 |

Relative activity (%)

20 |

pH

10 pH X EHHEILRESTEE R
Fig. 10 Effect of pH on the stability of enzyme

28 ERBTRREMNEHEKRELCRIGEL
im IR

M 2 PR, Fe’' . Na' |, Zn®', Cu' XA A
[FIFREEAOAHIVE, i Mo, Mg®" . Ca* XA

http://journals.im.ac.cn/wswxtbcn

AREA S AT VR . Horh, SO ES H J2: Ca™,
0.5 mmol/L ) Ca” 7] LA G fiEALTE F742 5 1.12
EERIE
2.9 EHFERENMHTXIRIER LN

EHRH ML COBE, 45RILE 3,
BL21-pET28a Witk A SEHAEN cmer
AR ABESS, 5 2L I T A R AR AR,
PLIE I XEEVE NS48 PCR, KB, w0
E. coli BL21 FFE A WEE-S cmer SnfS 117G H 2
[6] T.J ., 41 Rosetta(pET28a-cMCR)E L 4
fb 3R J& BL21(pET28a-cMCR)[Y 2.5 1%, BG4
PTG I DU RTE 1 19.3%, X 7]
RE A2 F T 40 X I 4 5 e i 52 P 6 440 e P it il

*2 ERBTXEARELREEEERN

Table 2 Effect of various metal ions on
enzyme activity

EEET X EEG
Metal ions Relative activity (%)
Blank 100
Fe? 59
Na® 60
Ca* 212
Cu** 70
Zn** 46
Mg 193
Mn?* 136

M —

S g0k

2 I

260

2 I

2 40

E I

~ 20

O 1 L 1 L 1 L 1

0.25 0.50 0.75 1.00

Ca?" concentration (mmol/L)

11 Ca’"iREE X EEHETREGE R

Fig. 11 Effect of Ca’* concentration on enzyme activity
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*3 EHEEEYSEM(S)-CHBE

Table 3 Bioconversion of COBE to (S)-CHBE with E. coli cells harboring pET28a-cMCR

BR etk Fay XA B
Bacterial strains Conversion ratio (%) Configuration Enanatiomeric excess (e.e., %)

BL21-pET28a 1.6 S 100
BL21(pET28a-cMCR) 32.8 S 100
Rosetta(pET28a-cMCR) 81.0 S 100
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Fig. 12 Bioconversation of COBE by whole cells of
Rosetta(pET28a-cMCR)
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Note: A: Yield of CHBE determined by GC; B: Configuration
and enantiomeric excess of (S)-CHBE determined by HLPC.
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Fig. 13 Bioconversation of DKTP by whole cells of
Rosetta(pET28a-cMCR)
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Note: A: Conversion ratio of DKTP determined by HPLC; B:

Configuration and enantiomeric excess of (S)-DHTP deter-
mined by HLPC.
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