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Abstract: In present study,-the highly anti-Prelog stereoselective reduction of ethyl acetoacetate (EAA) to (R)-ethy|-3-hydroxybutyrate
(EHB) with immobilized Acetobacter sp. CCTCC M 209061 cells was successfully conducted in a micro-water-containing organic solvent. Use
of organic solvent-containing system asthe reaction medium, in place of aqueous monophasic system, could not only effectively eliminate the
inhibition of the substrate and product, but also improve the concentration of the substrate and the product yield of the tested organic solvents,
n-hexane was selected as the most suitable organic phase for the reaction, due to its good ability to dissolve the substrate and biocompatibility
with Acetobacter sp. CCTCC M209061 cells. Therefore, the bioreduction reaction with n-hexane became faster and the achieved produd yield
was relatively higher. Isopropanol was found to be the best co-substrate for the bioreduction and its optimal concentration was 60 mmol/L. For
the bioreduction of EAA with immobilized Acetobacter sp. CCTCC M209061 cells, the optimum percentage of n-hexane, reaction temperature,
substrate concentration were 100.00% (containing around 0.01 wt% water), 35 C, 40 mmol/L, respectively. Under the optimized reaction
conditions, the obtained initial reaction rate, yield and product e.e. was 0.72 pmol/min, 85.24% and 99.00% above, which was better than the
results observed with aqueous monophasic system as the reactionmedium.
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Acetobacter sp. CCTCC M209061 Hi A f5iZH M
“rhAEIFIERERL (China kefir) Ry alifk /55,
LBk 2% Z.FE (Ethylacetoacetate, EAA) Fl1 = filii iz
Wi, 2RSS0 900 A b, THEBEIRTS CRED
BIRAF; 32T HRAHES (Ethyl 3-hydroxybutyrate,
EHB) . (R) -3# % T K 4l ( Ethyl (R)-3-
hydroxybutyrate, (R)-EHB); IEZ%%¢, ZlEFEIN 98%
PLE, WAPERIDRE RS (B RHAIR AR .
FeeinE A & Al

H A & 3 GC-20102 <A 1 {3 FIDA: Il 2%
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TE B 5) y A T ARRR B BRIV, SR PR 4%
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pH5.5) H, % (4°C) &H.
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M209061 4l (4 = 0.045 g/mL) (AR HHLE
A B ZRRClg. ok, IECkt. Bk, =¥
By EEEAIF 2R, EH Hh 8 AN 5 mL HE=
N 10 mL & 0.45 mg/mL &£k Acetobacter sp.
CCTCC M209061 4 A1 40 mmol/L EAA JE#) AN [H]
BHAER (. LERAER. Foke. 1IECkE. 1B,
SEEfE. SEEEFIEZ), #E 30 ‘C. 180 r/min [IHEIR
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Fig.1 Comparison of asymmetric reduction of EAAwith
immobilized Acetobacter sp. CCTCC M209061 cellsinaqueous
monophasicsystem and in n-hexane/buffer biphasic system.

E RS A K A4k AR 4 235 °C, 220 r/imin, 55 mmol/L

EAA, [E< tLAcetobacter sp. CCTCC M209061%m f#24.5 g, 480
mmol/L# H 45, EC I ik sAnikZ d. 35 °C, 220r/min,
55 mmol/L EAA, [E < 1 Acetobacter sp. CCT CCM 209061 49/t.4.5

4-80 mmol/L # % #%, TEA-HCI buffer (100 mmol/L, pH5.5)
5 E AR A2,
£ 1 FEIBHBFIXIE EW Acetobacter sp. CCTCC M209061

YHREHEIL EAA RXIFRIEIR K R H9F20R
Table.1 Effect of various organic solvents on the biocatalytic
asymmetric reduction of EAAby immobilized Acetobactersp.
CCTCC M209061 cells

Initial reaction rate Yield e.e.

Organic solvents  LogP
Kumol/min) /%%  /%°

Ethyl acetate/buffer 0.68 0.18 48:59 > 99.00
M ethylbenzene/buffer 2.80 0.24 33.11 > 99.00
n-Octanol/buffer . 2.90 0:34 31.37 > 99.00
Cyclohexane/buffer 3.00 0.40 45.62 > 99.00
n-Hexane/buffer 3.50 0.42 73.94 > 99.00
Isooctane/buffer 3.90 0.35 38.91 > 99.00
n-Octane/buffer 4.50 0.33 34.73 > 99.00
E: R A 35 °C, 180 r/min, 35 mmol/L #5 EAA,

AL Acetobacter sp. CCTCC M209061 2t 45 g, 5mL A4
15.1 mmol/L £ 2z (M 4R47) 89 FI A L Fl4= 5 mLTEA-HCI
% ik (100 mmol/L, pH 5.5), 80 mmol/L # &#%: ® The
maximum yield; °Theproducte.e..

HRIATED, 2 Bk R BL AR 2l A HLAH
W, SNATE LR, RIS, X AR 2 T Log P
1B /N T 2.0 B A BL I 77 5% KPR B 0R, x [ E
Acetobacter sp. CCTCC M209061 41 5 P K . B %
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AN Log PAEIFHET, [ AT FE A= 2835 A i
fRI35 . B 5E fLAcetobacter sp. CCTCC M209061 4l 7£
A E ORI N AR R PRI Bom AT, R
JSL PRI FEEAR =22 2w T H ARG MUIA ) ORIBIATIE FE -
0.42 pmol/min; =% 73.94%); {HAEA NIV Log P
{E = T35 R N R, SN A R~ R b A
A WL B P ) 588 Tk /s O N ATHE = 0.35~0.33
pumol/min; 7. 38.91%~34.73%). {EFHT A HL
WA, e e HERARE1E99.00% L 1y ULRA T 5%
{1 WL 715058 122 SRUE PR et A S s il

- 100 F == Without substrate
= goh CWith substrate
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2 HO[
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Fig.2 Effect of various organic solvents on the glucose metabolic
(MAR) of Acetobacter sp. CCTCC
M209061 cells
3R 2 EAA T EHB EE TR B AT R PRI S E R E
Table 2 Partition coefficients of EAA and EHB in various

activity retention

organic solvent-containing systems

Partition coefficients between the two p hases

Media EAA EHB
Ethyl acetate 12.49 4.63
M ethylbenzene 6.51 1.20
n-Octanol 2.53 111
Cyclohexane 1.68 0.90
n-Hexane 1.60 1.02
Isooctane 1.84 0.60
n-Octane 1.01 0.14

N T SR PR AN R B TR S SR L
RAPEYIN ee B2 M, RATHE T FHE N
Acetobacter sp. CCTCC M209061 Zifitd % AS [ KLV 77
i szt (B 2), KITEX 7 MANLERIH, 4 Log
P<3.5 i, [ 5E 1k Acetobacter sp. CCTCC M209061 i
¥ MAR B A L7 Log P I KT 6K s 24 Log
P>3.5 i, [#5%E 1k Acetobacter sp. CCTCC M209061 4H
ML MAR B4 Log P RIS KT I8N - FH LG TT ]
1k, Acetobacter sp. CCTCC M209061 4 A [F1A Kl
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& R B R, HAEH T O BN E 4k
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REAK. KILEEEHRE, EE) 7 MAFEAIE
il L s EARY S S REA S AL BT SR Y1 £ B

2.2 ETHRAERE 2t K8

e o 2 _% 1100
E sof e %
E ast . a5 s F
=5 7_'_"; -q-— — -d =
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= otk o prosduct vield {70 =
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= L5 J1n
.3
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E 3 EeRAFRE S R RS0

Fig.3 Effect of volume percentage of n-hexane on the reaction

E: R 4tF: 35 °C, 180r/min, 35mmoll EAA, Elx
tAcetobacter sp. CCTCC M2090614m 4.5 g (i £0.45 @),
A TEETEARE S ET I (4151 mmol/L Atr4mE &
%) ITEA-HCI #i% (100 mmol/L, pH 5.5, 480 mmol/L# %
) BRI IR

AR 1, P ARAA R Er 1 520e) 79 A ) ST TRIAR
AR WA TN RV AL . BI3RM, &
8L AT]3 AN 7 FR 2 WA I 2 b A AR g0 B KT 1
K, T Piee i — EIRFREI.O LA L. HIECKE
PRABUE 43 FLt K% 279 100.00% B0 J 17 1A 5204 IE 2L 4
BRI R, RS AN FR KB i KR, SN
0.51 pmol/minfl80.72% . {H.Z HifIH 5T R IM, # 4k
HIE WUAFWE N VR 0T, S ST BN ™ 2
SHPUMETREE, UL R b RS B AR YA 5T
3 DR A R B R 3R, T HA R IR SRk
058 ASCHU HE S 2 A o Pk 2 B2 00,01 witde.  FERLAIT T
rh, [#5E fbAcetobacter sp. CCTCC M209061 401 7E 1E &
Bk 2 R I ARSI, PRy —T7
i, [ A B 2R AR IR i, (A5 ] 5 A /R )
AL T LK Gy 1 5 SR ORAPE M 35 7K B 58
Wy 55— 5T, EAARIEHBTE IE CLbe /2% M A &
H o REE R R (R2), MIEC R E bt

1L F]£)100.00%)5, B NiAr BN IECHE, EAARIEHB
AW FAAET IEC ke, (CH /BT EE
BRET S KA, OSBRI BN . PRI, BRE
1E CBHARE 43 £079100.00%, B NA i &
K IE Ebe (OKE #40.01 wit%) o

2.3 F[E R At RORL H R o

= 3 T EHHERIXHE EX Acetobacter sp. CCTCC M209061 ZH
Bt 1L EAA T3 FR R RLEIF2 M
Table 3 Effect of various co-substrates on the asymmetric

reduction of EAA catalyzed by immobilized Acetobacter sp.

CCTCC M209061 cells

Co-substrates Initial reaction rate Yield e.e.

/(umol/min) %2 1%P

No co-substrate 0.00 0.00 0.00
M ethanol 0.25 10.89  >99.00
Ethanol 0.22 13.81 >99.00
Isopropanol 0.51 80.72  >99.00
t-Butanol 0.14 25.43  >99.00
n-Butanol 0.11 12.85  >99.00
Glycerol 0.21 16.47  >99.00

Er R A: 35 °C, 180 r/min, 10 mL iE 2% (4 15.1
mmol/L # M ARE &4%), 35 mmol/L EAA, 80 mmol/L 7~ B ## &,
4, 459 B = Acetobacter sp. CCTCC M209061 #@f&; 2 The
maximum yield, ° Theproducte.e.

K 3 Af LU, M S B AR, EAA
ANfEwEIE 1k Acetobacter sp. CCTCC M209061 4l il
HEAL, R NI AR R 5 N s 23l N 1 4%
PRI G, 2R REIRREEAT . 450 EY RN
BEINS, SONVHIBLE R ORIy e . A
(1) 6 PRI, P e e B ARFFTE 99.0000 LA L.
R0k, 3k A B AR R OE C ke ik & A T e
Acetobacter sp. CCTCC M209061 Zilffufi: 1, EAA Axf
PRI 5N ) f5 e e o

2.4 R IR JE X R Ry e

e 4 Fiow, AR ENET 40 mmol/L i, %
LA TS RS R B R T R, KR L%
B4, —HEFE 83.1% A0 MIRIKREE A 40
mmol/L # K% 50 mmol/L B, o Wi AN e K s
R JEAI AR E PRI HG DR B, R % LE BTt FE
VIR EESEEIN, 7Y ee AHIDURFFIE 99.00%0A b 45
G 7 LB AT A= 2, RS UK IR IE Gt B A
A, 1% S R RIE 40 mmol/L.
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Substrate concentration ! (mmol/L) E ToF o - - R o oo
& 4 RIBREX EE Acetobacter sp. CCTCC M209061 £AA 3 65 ,f”i TR 190
A EAR TR RIRRIE B R R AOB 2O AT TR ek
Fig.4 Effect of substrate concentration on the bioreduction of P: itr g”’/ ¥ ;:: ";_"_
EAA with immobilized Acetobacter sp. CCTCC M209061 cells z 45¢ 1s0 «’;
i R 35 °C, 180 Umin, 10 mLESR (151 5 T e o
mmol/L &y M ARESIZ) , TR KA 49RA, 80 mmoliLF 7, Z a0l —o— product e w0
4.5 9B % fAcetobacter sp. CCTCC M209061 @i, E 35 30 35 a0 a5 w0
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= S z

z i T Jap =2
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Fig.5 Effect of co-substrate concentration on the bioreduction
of EAA with immobilized Acetobacter sp. CCTCC M209061
cells
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Fig.6 Effect of reaction temperature on the bioreduction of
EAA with immobilized Acetobacter sp. CCTCC M209061 cells
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Table 4 Comparison of aqueous buffer system and n-hexane monophasic system on asymmetric bioreduction of EAA Catalyzed by
immobilized Acetobacter sp. CCTCC M209061 cells

. . Optimal substrate
Reaction media

Initial reactionrate  Yield e.e. Time

concentration/(mmol/L) /(umol/min) 1%? 1P /h
Buffer 35 1.28 82.57 >99.00 2.00
n-Hexane 40 0.72 85.24 >99.00 4.00
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Fig.7 Operational stability of immobilized Acetobactersp.
CCTCC M209061 cellsin aqueous buffer system andn-hexane
monophasic system
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