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Acetobacter sp. CCTCC M209061 Cellsiin a Monophasic System

HUANG Yu-mei', XU Yu', ZHAO Bing-yi', LOU Wen-yong"?

(1.Lab of Applied Biocatalysis, College of Light Industry and Food Sciences, South China University of Technology,
Guangzhou 510640, China) (2.State Key Laboratory of Pulp and Paper Engineering, South China University of Technology,
Guangzhou510640, China)

Abstract: Optically pure 3-chloro-1-phenyl-1-propanol is‘an important intermediate for the synthesis of drugs for treating depression. In
the present study, biocatalytic asymmetric reduction of 3-chloropropiophenone to (S)-3-chloro-1-phenyl-1-propanol with immobilized
Acetobacter sp. CCTCC M209061 cells was successfully conducted in a monophasic aqueous system with high efficiency and selectivity. The
immobilized Acetobacter sp. CCTCC M209061 cells\exhibited higher stabilities (thermal, pH, and operational stability) than the free cells. In
addition, the immobilized microbial-cells exhibited-a.relatively good recyclability; the relative activity of immobilized cells remained over 80%,
while that of the free cells under the same condition was less than 20%. In the studied system, glucose was the best co-substrate at an optimum
concentration of'50 mmol/L. The optimum buffer pH, reaction temperature, and substrate concentration in this reaction system were 5.5, 30C,
and 3.0 mmal/L, respectively. Under the optimized reaction conditions, the initial reaction rate, yield, and product e.e. were 1.77 mM/h, 88.9%,
and above 99.0%, respectively.
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Pt AR P AHGURAN (2002 A5 AR )
O, R AE CL A 5 b R S DU A 3 T o T
ks EEA: 2014-12-26
HeWH: EREARFESEIMA (212226065 21376096); T"HREH
ARFESESTE (52013020013049) ; LEmTHE T AS FRASHE AR
Ar55%8% (20132G0003) ; £EERMFELILIEHREME (201504)
EHEINYT: 'FE (1989-), &, MEMizE, MRARAFHEAINED
AN
BilEE: £3&E (1975-), B, #t, R, FRAEATIEL

124

TERM], A -G I 5 BT R 251
HEEIR, Hrb(S)-3- R A PIEEAT T BTAR 25
(R)-FEFEPEIT , (R)-3-5 A8 NI P I 1A BRATTAIVAR 245 (S) -
FEHPET, JF HR)-FLREPET 2GR0 (S)-FL = Phi T i)
o Y, HAT, i 3-EURNEIAKHRILF ] % (S)-3-
SRR (75712 2 B A A2 AR M A AL M
M, SHIEAME, EPEGERA TS RNk
PRECEGRAT, SRR ROSACREED. i,
AN 3-SR DI BRAS FRIE S A (S)-3- A T



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

i BAA T B2 .

125, EWAME AT %(S)-3- SR A
IR FAREARZ, HERIAKIA . FHEa
AL 3-FUR NI B b0l B L T 1992 4, tHRe
S gt NS 2 R A A 3-SR I
WIERJE, BT F=PRR T S B, H v i it 7
1 G ee) WL 99.0%LL b, HF=REAL, (A
3.9%. JE, RRESPZEM 20 Bl RFE ik T
T e B R 3-SR AT AN X PR S okt 3-SR
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Fe2-BEM AN, ZREERIRRERAL. R AL
3-SR A FRAS X TR S (S)-3-F AN EE, HIRS R s
IF=R K= eedd. BEFERY, SRR,
K FHE Y A A E A TAS 75 Ehdt— 2D b g L
Fo RN B 5 e . T S0 B A M A B e
Acetobacter sp. CCTCC M209061- 4 ifd H A7 e i itk
Fasetk. AFEE ERITA RIS E A m] AR, PRt
ZAk, [EEteapE e R B EEAH, S5k
PSSR, 3T A] RS AR P RAR, AR L
PR, AV SCHEST 1 K AR R 13 7 1k, Acetobacter sp.
CCTCC M209061 4t faft: . 3-8k A B A BRIk J5 A
J(S)-3- T2 I IR RS A1, H RGBIRTT A G R 3
XA SRONE (1) s B, AR 2 7 s R ok ik 4
(S)-3-F RN AP N A 2R

1 MR5E

11 FERKA5H

& RRHT 1% Acetobacter sp. CCTCC M209061 7& A
BEZH N “HAETFER B RL(China kefir)” s 2 25484k
1S BN RN, ORAE T HErg B TR 22 B A= i
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phenylpropanol, £/ 98%) 45T J&K 7 R ik
AF] HERFI AL

H A i GC-2010 A~ UAH CL I AR FID ariil 2,
HP-Chiral T 144 (0.25 mm>80 m>0.25 um, 20%
Permethylated B-Cyclodextrin, & [E #H#/ 7)),

12 R F*

1.2.1 Acetobactersp. CCTCC M209061 £ /.44
FEIRB B F AL

Acetobacter sp. CCTCC M209061 (FtFRHT i) )%
Fell T

Brardt KRG EAM659/L, HbE259/L, ik
P88.6 g/L, iRtk 0.09g/L, pH N 5.7
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BRI S AR LA, 2% S A A TR SR T
o, R R HIZIE 30 ming SRS BT [
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100.0 mmol/L, pH 5.0) 1 /77, ¥4 C)&H.
1.2.2  TRERAE DA MRIEA 3- 25K 7 BF AT AR

1E 144~ 25 mL R ZE = A/ BImA 5 mL %

125



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

3.0 mmol/L ) 3-5ZE P 3%(m/V) DMSO(TEJEMI
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Trichosporon rmentans . ¥ ¥ 4 1§ i
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CCTCC M209061. E KA1 Bacillus megaterium.
2 ECHSHT 1 Acetobacter pasteurianus GIM1.158. IR
ZEAFT I Bacillus cereus. P#HliT i Alcaligenes) T4
S, OSSR ERHURE 50 pl, F 50 pL £ 5.0
mmol/L P ARPI(IE+DUKE) (1) 2,08 2 Fe 26 B Aisk
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Ganiie
1.2.3 # &A= Acetobacter sp. CCTCC
M209061 £m At 3- 7 K 7 B 3 ARAE R Z bk
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(30 °C, 180 r/min), #AJ5 ] gE — fiffi o3 s
0.05 g/mL i 2 4M ik 0.80" g/mL J# & AL 4 o (4 e
#H 0.05 g/mL) 46 8, B IS REH B B 50 L,
F1 50 pL 7 5.0 mmol/L WA=4I(1E-T-DUke) i £ 2.1
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RIEW, At GC .
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BT 30 °C. 40 "CH1 45 C S EIR IR 28 3T
H AR E R EL 0.25 g JERI4EEY 4.0 g [ AL
HA(A AR 0.25 g)FF L E 30 'C, SRl HAH
X .

pH F25E k. 7E 15 > 25 mL [ R ZE =M 75
TN 0.25 g ¥iF B4R s 4.0 g [ e b4 (4N ARG &
0.259), Form =4, ®H A 10 mLpH 4 3.0,

126

5.0 LA 7.0 1) TEA-HCI ZZ15(100.0 mmol/L), SR 5
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6 min)J£H pH 24 5.0 BIZE s =ik, RSN 5
mL & 3.0 mmol/L 11 3-5Z (3% DMSO). 50.0
mmol/L (¥ & FE T TEA-HCHZZ17(100.0 mmol/L,
pH 5.0)BEAT SN, PRV SO PR A, Iy A4
VES MR (R R.6.0 h)o T [ 5 AL 20 st )
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IFRIEJE S SLIFE . SRR ARG T A
WIRYICE. LB SRR Hil. R, 1pH),
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[ 25~45 ‘C, PAYIE 0.00~1.25 mmol/L, JEAIIKIE
1.0 ~5.0 mmol/L.
1.2.6 AAEEE(GC) AT
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Table 1 Biocatalytic asymmetric reduction of 3-chloropropiophenone by different microbial strains in'monophasic aqueous system

Entries Strains Initial reaction rate/(mM/h) ~ Time/h Yield/%® - Config ele. /%’
1 Sigma baker’s yeast 0.2840.01 12.0 32.10#0.18 S 90.50+.44
2 Rhodotorula sp. AS2.2241 n.r. 12.0 n.r. n.r. n.r.
3 Trigonopsis variabilis AS2.1611 0.3740.01 10.0 16.7020.26 S 93.30#.81
4 Candia tropicalis CICC1316 n.r. 120 n.r. n.r. n.r.
5 C‘ér‘cd%é’&?gggﬁ's 0.4430,01 12045204072 'S 77.201.15
6 Lipomyces nr. 12,0 n.r. n.r. nr.
7 Trichosporon cutaneum n.r. 12.0 nr. n.r. n.r.
8 Trichosporon rmentans n.r. 12.0 n.r. n.r. n.r.
9 Chryseomonas luteola n.r. 1200 n.r. n.r. n.r.
10 Acetobacter sp. CCTCC M209061 3.8540.03 6.0 83.9040.59 S >99.0
11 Acetobacter pasteurianus GIM1.158 0.5940.01 4.0 28.0040.44 S 74.6040.59
12 Bacillus megaterium n.r. 12.0 n.r. n.r. n.r.
13 Bacilluscereus n.r. 12.0 n.r. n.r. n.r.
14 Alcaligenes n.r. 12.0 n.r. n.r. n.r.

72: 2The maximum yield. ° Thejproduct ele.. n.r.:no reagtion.

AICESEM 14 BRUEREAE YT AR  EAT IR,
DU S A5 68 e 2 A4 8-S A PR A %of R Ji ] 2%
(S)-3-F AR ARE Itk . I W %N, AT SRGUAEY)
PR R AT DML 3-SR A AR FRIE S5 S 82, BRI T
Sigma baker s yeast. — fil# 1k Trigonopsis variabilis
AS2.16111, JEF i i 22 1% £} Candida Parapsilosis
CCTCCM 203011 FER#T B Acetobacter sp. CCTCC
M209061 - 2 [ B T 1" Acetobacter pasteurianus
GIM1.158, SR80y S A, {HJ23X 5 Fil
TP B A A SOSEIR = 3K, T4 e e fEANEEAR
TMEERRHT 14 Acetobacter sp. CCTCC M209061 {1k, 3-
SRR FRIE SR R SRR B b, FR SR
o 3.85 mM/h, FEERA 83.9%, A4 ee fHFIA 99.0%
PL o [Rlth, FEACHIT 7Tz FH SR B Acetobacter sp.
CCTCC M209061 1E Ayl 4 (S)-3- A T B 1) AE AL,

il

2.2 e FnfE E 1k Acetobacter sp. CCTCC

M209061 4 e fi 1t 3- 22K 7 BR A~ xf AR 3L JR 2 th

£

K 1 mrAn, & 5 2 6 Acetobacter sp.
CCTCC M209061 4 fitd —#& HIRE sk B b 3-8
RAIANRIC IR, 724 e.e {374 99.0%LL .
R S A A, 3-SR P R AN KRR Ji s 7 PRI RT3k
T [ E AL 41 E(3.85 mM/h vs 1.63 mMI/h),  Hik
B S NPT S I 7 S B T B S T A
(6.0 hvs 10.0 h). JLJ5 R AT g /& AN 22 [E 2 4h ) A0
FEDNIAR T H TR o 25 RS 1 ] e TH 20 PRI 1 (A
FasE k. pH B PE e Ra e 1) 35 B AR Tl 2 4
M, HIAEAE 3-SR TR FRANK AR I I (S)-3- A A TR I
7 28 5 it B A O AF 24.(82.9% s 83.9%), P HII] e.e.
BN 99.0%LL ., #hik FH & %E 1k Acetobacter sp.
CCTCC M209061 i Ayl £-(S)-3- AR I RE I AE )
AT
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Fig.1 Comparison of asymmetric reduction of
3-chloropropiophenone between free and immobilized Acetobacter
sp. CCTCC M209061 cells
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Fig.2 Comparison of thermal stability between free (a) and
immobilized (b) Acetobacter sp. CCTCC M209061 cells
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M209061 4 A FFIAF X ¥ 14 i B At Y 680% . 7F
45 CTWE G, PWEMANEEXIEHE . 770
Acetobacter sp. CCTCC M209061 £ ifa [&] 5 11 J #ka i
AR B TR AR

T B ANE e AL ANBR Y pH FRsE L 3a. b R,
£ pH 4 5.0 I E 6.0 h J5, e L ApuiR
BT 90.0%LA b RIMIUGTEE, TiFES Acetobacter sp.
CCTCC M209061 4tifituf 5% A7 38.2%f1 % Vs 7£ pH
3.0 8% 7.0 IZZ R I & 6.0 h, JifF B 4IRS PE 45 %
R, AR 20% K11, - T AH R AR A ] E A A
MRS 1R AR F-50%. LAl L, [EEfeits 7
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Fig.3 Comparison of pH stability between free (a) and
immobilized (b) Acetobacter sp. CCTCC M209061 cells
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ER et m T 4. H—J7 1, P2 eefE5A
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ML IR ORI S EERRA IR G EUARE e G, H
FEtE (ARE e, pH RENE, BER e 15317
B . PRIk, ANHI TR F [ A AR i s R
(RIEEMIEAL ]

2.4 [ H R X RO B
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Fig.4 Comparison of operational stability between free and
immobilized Acetobacter sp. CCTCC M209061 cells

= 2 TEHRYMEIE Acetobacter sp. CCTCC M209061 LHBEAELY, 3-SR A ABHA XFRAFR & B BYSZN
Table 2 The effect of different co-substrates on the biocatalytic asymmetric reduction.of 3-chloropropiophenone with immobilized
Acetobacter sp. CCTCC M209061 cells

Co-substrates Initial reaction rate/(mM/h) Time/h Yield/%® e.e/%°
No co-substrate n.r. n.r.
Ethanol 0.0620.00 12.0 1.9040.03 >99.0
Isopropanol 0.2140.01 12.0 5.0020.02 >99.0
Glycerin 0.05260.00 12.0 2.4040.01 >99.0
Glucose 1.6340.02 10.0 82.904.07 >99.0
Fructose 0.1140.00 12.0 67.3040.11 >09.0
25 B R M AR B EINRFETEREIN, P00 e e AHIBEA AL
. KM UL N W HY 7 . . , .
I B PR A EC AR P2 9 50.0 mmol/Lo
= 20f e 26 il pH 4R B9
EE L8 ./‘k—‘\.\.\. ~80 E
= & _ _
= 14r ] 3 = 90
g 150 é‘ % 207 1o g
5 121 - initial reaction rate 140 2 S 181 i o
g 10l = product yield n s or 170 8
T‘: . product yie 430 w § l4r {60 =
% 081 —e-product e.e. 420 ;\; g 1.2+ 150 é—
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Fig.5 Effect of the co-substrate concentrations on asymmetric
reduction of 3-chloropropiophenone with immobilized
Acetobacter sp. CCTCC M209061 cells
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Fig.6 Effect of buffer pH on asymmetric reduction of
3-chloropropiophenone with immobilized Acetobacter sp.

CCTCC M209061 cells
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Fig.7 Effect of reaction temperature on asymmetric reduction
of 3-chloropropiophenone with immobilized Acetobacter sp.
CCTCC M209061 cells
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Table 3 The effect of appended products on the biocatalytic asymmetric reduction of 3-chloropropiophenone with immobilized
Acetobacter sp. CCTCC M209061 cells

Addition of product/(mmol/L) Initial reaction rate/(mM/h) Time/h Yield/%® e.e/%’
0.00 1.7740.03 10.0 88.9040.54 >99.0
0.25 1.4640.01 10.0 87.7040.91 >99.0
0.50 1:3540.02 10.0 84.0040.32 >99.0
0.75 1.1140.01 10.0 83.2040.72 >99.0
1.00 1.0240.01 10.0 74.1040.82 >99.0
1.25 0.9540.01 10.0 71.00+4.03 >99.0

& 4 IKABR R P RHIREE X Bl L Acetobacter sp. CCTCC M209061 LRREMELL 3-EARREIANMFRIT R & R HIEZ
Table 4 The effect of substrate concentrations on the biocatalytic asymmetric reduction of 3-chloropropiophenone with immobilized
Acetobacter sp. CCTCC M209061 cells

Substrate concentration/(mmol/L) Initial reaction rate/(mM/h) Time/h Yield/%* e.e /o’
1.0 0.9720.01 8.0 91.0040.72 >99.0
2.0 1.3540.01 10.0 90.70+.03 >99.0
3.0 1.7740.02 10.0 88.90+.76 >99.0
40 1.7440.01 10.0 87.1040.96 >99.0
5.0 1.5640.01 10.0 80.60+1.05 >99.0
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