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Effective Synthesis of Ethyl (S)-4-Chloro-3-Hydroxybutanoate

by Recombinant E. coli CCZU-K14
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(School of Pharmaceutical Engineering &. Life Sciences, Changzhou University, Changzhou 213164, China)

Abstract: To avoid adding additional expensive cofactor NAD™ and effectively biotransform ethyl 4-chloro-
3-oxobutanoate ( COBE) into ethyl (S )-4-chloro-3-hydroxybutanoate ((S)-CHBE), L-glutamine
(200mmol/L) was used to enhance the intracellular NADH content and the catalytic activity of E. coli CC-
ZU-K14. A 1. 1-fold of biocatalytic activity was increased over the control without L-glutamine. Further-
more, B-cyclodextrin (n (B-cyclodextrin):n (COBE)=0. 4:1) was added into this reaction media containing
L-glutamine (200mmol/L), and the biocatalytic activity of E. coli CCZU-K14 was increased by 1. 35-fold
than that without B-cyclodextrin. In this B-cyclodextrin-L-glutamine-water media, (S)-CHBE (>>99% e.
e.) was obtained from 3 000mmol/L. COBE at 94. 9% vyield after 12h. In conclusion, these results will lay
the foundation for the effective industrial production of (S)-CHBE.
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-] 0L 43566 B 3 (Beckman) 3 [H IR R 5 & K ( B
TR ED s pHS-2C K5 % pH 3 (il B RE A &
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1.3 EXREREREFREZFH

T AL L I COBE & i (S)-CHBE (>
99% e.e.) ) NADH K i % & J5 fifg & 20 1tk E.
coli CCZU-K14 “MEAE T4 M K29 T3 5
5,

LB (Luria-Bertni ¥ 5%3£ (1 L) : 10g NaCl,10g
HEHHMROg BRI . pH 7.0, T 121°C i k78
VA K T 20min,

E. coli CCZU-K14 FfFi 557 : 7€ 50mL B K
B LB &g, 3 A E. coli CCZU-K14,F 37°C,
160r/min % KB 3% 150, RIS Fh T .

E. coli CCZU-K14 45 £ 3% . 78 500mL 1) K
HRiFRHE P, A 1omL E. coli CCZU-K14 F 7
W, F 37°C. 160r/min # JK 55 3%, 24 ODy 15 7
0. 60, MMAEFH IPTG (K EH 5X10 ° mol/
L),i%5S 6h J5, FIFHE L HL8 000X g, 30°CH IR
E. coli CCZU-K14 4 }fi, #F — 26 F T 4E W fiE ik
COBE )i .
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¥ 10. 0g GBH) E. coli CCZU-K14 4 il &%
F 200mL B2 2 b % W (pH 7.0, 100mmol/L)
LM A 1 500mmol/L % 2 B Al 200mmol/L A A
RIAR CD-#% 8 L-#% 05 . D-2% & W B . -7 &0 B e
L-RA& 2R W AR s H 2 12D 50 100pxmol/L
NAD", 3f it A 1 000 mmol/L. COBE, F 30°C,
160r/min 8 FE K A R B 1 b 2R 45 35 45 K
TR TR £ T v W2 B, T2 O <A o i Ak T
COBE #l CHBE #k gL,
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¥ 10. 0g GBE) E. coli CCZU-K14 20 &%
F 200mL #5822 A W (pH 7.0, 100mmol/L)
i, A 1500 mmol/L % %9 #%. 1 000 mmol/L
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LR TR FE R, A U R SO €83 46 COBE I
CHBE e gl ,
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5 200mL B MR 2% o ¥ W (pH 7.0, 100mmol/L)
i, A 1500 mmol/L % % #%. 1 000 mmol/L
COBE.200mmol/L L-45% k% f1— & W 19 B-3
kS (n (B-FRMIKE) : n (COBE) N 0.2~0.6), F
30°C \160r/min 6 £ PR H RN . 50 45 ) o 55 14
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Fig.1 Effects of different precursors on the biocatalytic

activity and the optical purity of (S)-CHBE
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Fig.2 Effects of L-glutamine on the catalytic activity and

intracellular NADH concentration

AT EAE L-4 & BE R (200mmol/L) &2 75 fE 42
% COBE i J& & i (S)-CHBE %% %, /& BF 58 %
1 000mmol/L #13 000 mmol/L COBE ¥ f# 1k it Ji
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COBE [ ¥ 2h, (S)-CHBE /™= %8 79. 7% ; i K
SN2 6h J5 ] 58 54k COBE 2 (S)-CHBE,
FEARA —HR — T ER-/K (o (BB7K —H R — Tl =
S50Y) AR R, A4 E. coli CCZU-Y10 41k
1 000 mmol/I. COBE 24h, (S)-CHBE 7* % N
99.0% M, WML, 7E L-A & Bt (200mmol /L)-7K
MK R P, E. coli CCZU-K14 i i COBE 5 3 45

. M E. coli CCZU-K14 43 541k 3 000 mmol/L
COBE 8h Fil 12h ], & J5i 7= #) (S)-CHBE f9 ¥ £ 53
W1 585. 4mmol/L 12 177. 2mmol/L., 4k %L ik
KAk [ B #) 24h B, (S)-CHBE 7= %4 80. 0% .
R, 76 2 AR R PRI L -4 & Bk i (200mmol /1)
ALSEE L AN IR I NAD T, 9 H E. coli CCZU-K14
I V5l A ) A A R B R Y A AL B T P S B
(S)-CHBE, KT, E. coli CCZU-K14 fi#£1£ 3 000
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Fig.3 Time courses for the biocatalytic reduction of 1 000
—3 000mmol/L COBE in the presence of L-gluta-
mine (200mmol/L)
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HHIAE) : ¢ (COBE) N 0. 4 i} 3 Ji B % M e e, A
RN B-FRRRG B 4 TR S 1 1. 35 £ . 4 c (B3
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Fig.4 Effects of B-cyclodextrin dosage on the catalytic activity
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Fig.5 FTIR assay of COBE, B-cyclodextrin and their product

B2, T E BEHMOR (n (BIRRIHE) ¢ n
(COBE)=0.4: 1)l L-% 2 I e (200mmol/L) 7K
FHIR 2R (L -4 24 Tk e -B- R W kG -7k TR il E. coli
CCZU-K14 f#ft COBE & B (S)-CHBE /2 b i 2 ,
R HE 6 i, BIRY W 1 000 mmol/L B,
2t 2h Y 5E &AL N (SH-CHBE, il WL E. coli
CCZU-K14 1t COBE #9 1% 1 % F 3¢k [3-4. 10
M B . YK ) ¥ A 3 000 mmol/L ), 8h B
(S)-CHBE # ¥ &2 610mmol/L, (S)-CHBE 7= %
9 87.0% ., MR iR L 12h, (S)-CHBE J 2 846
mmol/ L, H =N 94. 9%, Wi 7E RGN B-FF 40
I E. coli CCZU-K14 44kt )53 000 mmol/L K
COBE 7£ 12h B} (S)-CHBE 1= 4K 72. 6 % (&
3). YRR, 7E FF E-IK (o CFF 2K =50 %) AR &
i, B4 Streptomyces coelicolor A JRUTE R R AR
1t COBE & i (S)-CHBE =% 93.0% ", HZ
ERMNARRPMEA T &R, F, Y
A L4 2 Bt -3 Wi KRG -7K B B 1k & L E.
coli CCZU-K14 A LI SE 83 000mmol/L COBE
o A8 T LA VR T 1 I S

3 000, o
2500

= 2000

= —=— CHBE, 1 000 mmol/L

1500 —s— CHBE: 3 000 mmol/L

g —o—COBE, 1 000 mmol/L

g —s— COBE 3 000 mmol/L

< 1000 .

! T ] ‘ﬂ
0 4 8 12 16 20 24
Ff 1) /h

6 T L-A& SRR MB- Kk B ENLL 000~
3 000mmol/L COBE i# &

Fig.6 Time courses for the biocatalytic reduction of 1 000

—3 000mmol/L COBE in L-glutamine-B-cyclodex-

trin-water media

2.3 (S)-CHBE By#l&

£ 200mlL L3 2 Tk ii-B- PR BRG- /K Ak & b 2B )
41 000mmol/L COBE [ I 2h J& 1) 5 N I Jin #4 )
60°C -4t Ff 30min, i S W A ot A & 11 58 42 A
P L b — 25 V8 A1 R B O L0 I 2 728 M 1 240 it e
R R DLVE . RS B0 1 WOF A 2mol/L
NaOH #8745 pH % 8. 5, 2R J5 H S5 AR B H R AL | 3
W AR iR 78 & e 4.t 1 000mmol/L COBE
ALK T 100 Y0, FRA (0 R ™ i 5 42 2R FH ke
AR R T AT R M e gl . REE
HLZS R SR 200Pa B, B B 2 90~101°C Z [H] Y
FENE T ARAR T B 28. 95, R R 87. 2% . X7
(S)-CHBE #4743t . HoAL 22 41 B2 Ry 99. 096, M2 4k
i e.e.™>99%;'H NMR (400MHz, CDCl,): 8 1.29
(t, 3H, J =7.2Hz2), 2.63 (d. 2H, J =7.2H2),
3.61 (d, 2H, J =2.8Hz), 4.19 (m, 2H, J =
7.2Hz), 4.24~4.29 (m, 1H),

3 4

2459 v 1] R 1 BIF 5 02 B R B 9T AR R
WFSE & B, AXEFRIE . COBE fY 7K A K2 AR & iR
T Rl AR R L -3 2 Bk (200 mmol /L) , 7] ik
W& S B 5 I+ NAD', 3 H ol & & E. coli
CCZU-K14 COBE it JFUEfEfb 16 M. 53 4h 76 R0
REFIMA B-HWIAE o] LS5 IR Y8 i & 4, $2 &
JIK¥) COBE 9 4= 9 A1) FH BE LA Bk D il 0% M . 76
B-FRHIKE (n (B-FAMIKE) : 2 (COBE) =0. 4: 1) fil L-%&
F e (200mmol /L) K AR AR Z (L -4 2 Ik e -B- 24 40
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