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Abstract Asymmetric reduction of ethyl-4-chloro-3-
oxobutanoate to (S)-ethyl-4-chloro-3-hydroxybutanoate in
aqueous medium by resting cells of Candida parapsilosis
ATCC 7330 was optimized. The inXuence of culture
parameters (inoculum size, inoculum age and biocatalyst
harvest time) and reaction parameters (co-substrate, resting
cell, pH and substrate concentrations) on the asymmetric
reduction were studied. It was found that these parameters
signiWcantly inXuenced the rate of the asymmetric reduc-
tion. Under the optimum conditions, the Wnal concentration
of (S)-ethyl-4-chloro-3-hydroxybutanoate, enantiomeric
excess and the isolated yield of (S)-ethyl-4-chloro-3-
hydroxybutanoate were 1.38 M (230 g/l), >99 and 95%,
respectively. The space time yield was 115 mmol/lh, which
is signiWcantly higher than other whole cell biocatalysts
reported so far.
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Introduction

(S)-Ethyl-4-chloro-3-hydroxybutanoate ((S)-CHBE) is a
key chiral intermediate in the synthesis of Slagenins B and
C [1], HMG-CoA reductase inhibitors and 1, 4-dihydropyr-
idine type �-blockers [2]. The preferred method for the
synthesis of optically active ethyl-4-chloro-3-hydroxybu-
tanoate is asymmetric reduction of prochiral ethyl-4-
chloro-3-oxobutanoate (COBE) and is known to be carried
out by chemical catalysts [3–6] and biocatalysts [7–10].
The intrinsic advantage of the asymmetric reduction is that
its yield could be 100%, whereas the yield of resolution can
not be more than 50%.

Biocatalytic asymmetric reduction of COBE resulting
in (S)-CHBE has been reported using Baker’s yeast (rate
3.4 mmol/lh, ee 97%), Candida magnoliae (rate 9 mmol/
lh, ee 96%), Aureobasidium pullulans (ee 97%) and Lac-
tobacillus keWr (rate 85.7 mmol/lh, ee 99.5%) [7–12]. We
previously showed that Candida parapsilosis ATCC 7330
is an eYcient biocatalyst for the deracemization of aryl
substituted �-hydroxy esters by a stereo inversion mecha-
nism to give the optically pure (S)-enantiomer in high iso-
lated and optical yields (up to 80% and ee up to >99%)
[13, 14]. We now report the asymmetric reduction of
COBE (an aliphatic �-keto ester) by C. parapsilosis
ATCC 7330 (Fig. 1). Asymmetric reduction of COBE by
C. parapsilosis ATCC 7330 was optimized with respect to
culture and reaction conditions to give an eYcient and
improved rate of formation, yield and enantiomeric excess
of (S)-CHBE.
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Materials and methods

Chemicals

COBE was purchased from Lancaster (Morecambe,
England) and distilled under vacuum before use. Racemic
CHBE was synthesized by sodium borohydride reduction
of COBE. All other chemicals were purchased from Merck
(India).

Microorganism

Candida parapsilosis ATCC 7330 was obtained from
ATCC (Manassas, VA) and maintained at 4°C in yeast malt
agar medium that contained 5 g/l peptic digest of animal
tissue, 3 g/l malt extract, 3 g/l yeast extract, 10 g/l dextrose
and 20 g/l agar.

Cultivation of microorganism

Candida parapsilosis ATCC 7330 was precultured for 12 h
at 25°C with shaking at 200 rpm in yeast malt broth
medium that contained 5 g/l peptic digest of animal tissue,
3 g/l malt extract, 3 g/l yeast extract and 10 g/l dextrose.
The precultured broth, 2 ml [4% (v/v)] with a cell density
of 1.7 g/l, was transferred to a 250-ml Erlenmeyer Xask that
contained 48 ml of yeast malt broth. The culture was grown
on rotatory shaker at 25°C and 200 rpm for 14 h. The culti-
vated cells were harvested by centrifugation (10,000 rpm,
10 min) at 4°C and washed thrice with distilled water.

Asymmetric reduction of COBE

Resting cells, 19 g cell dry weight/l and 50 g/l glucose in
25 ml of potassium phosphate buVer (10 mM, pH 6.8),
were pre-incubated in a 150-ml Erlenmeyer Xask capped
with cotton plug in a water-bath shaker at 200 rpm and
25°C for 15 min. A solution of 0.12 g of COBE in 0.5 ml of
ethanol was then added to the reaction Xask. Incubation was
continued for 15 min after addition of COBE, after which
the reaction mixture was extracted with 2 £ 100 ml of ethyl
acetate. The organic layer was dried with anhydrous
sodium sulphate, and the pure product was obtained by sil-
ica gel chromatography using hexane/ethyl acetate (9:1) as
a mobile phase. To determine the optimum pH for the
asymmetric reduction of COBE, the reaction was carried
out at diVerent pHs using 10 mM buVers: citrate buVer for

pH 5.8, phosphate buVer for a pH range 6.8–7.8 and Tris–
HCl for pH 8.8. The enantiomeric excess (ee %) was deter-
mined by HPLC. In order to determine the rate of formation
of CHBE, 0.5 ml of sample was taken every 5 min and cen-
trifuged (10,000 rpm, 10 min) at 4°C to remove cells. The
supernatant was extracted with 1 ml of ethyl acetate, and
1 �l of organic layer was injected into the GC to determine
the concentrations of COBE and CHBE.

Asymmetric reduction with intermediate addition of COBE

The mixture consisting of 19 g cell dry weight/l of resting
cells and 50 g/l of glucose in 25 ml of potassium phosphate
buVer (10 mM, pH 6.8), in a 150-ml Erlenmeyer Xask
capped with a cotton plug, was pre-incubated in a water-
bath shaker at 200 rpm and 25°C for 15 min. Every 15 min,
0.12 g of COBE in 0.5 ml of ethanol was added to the reac-
tion Xask. After 90 min, fresh biocatalyst was added to the
reaction mixture to increase the resting cell concentration
from 19 to 200 g/l, and the reaction was carried out for 12 h
with intermediate addition of COBE every 15 min.

Preparative scale asymmetric reduction of COBE

A mixture consisting of 200 g cell dry weight/l of resting
cell and 50 g/l glucose (maintained constant through out the
biotransformation) in 100 ml of potassium phosphate buVer
(10 mmol/l, pH 6.8), in a 500-ml Erlenmeyer Xask capped
with a cotton plug, was pre-incubated in a water-bath
shaker at 200 rpm and 25°C for 15 min. Every 15 min,
0.48 g of COBE was added to the reaction mixture. After
12 h the reaction mixture was extracted with 2 £ 100 ml of
ethyl acetate. The organic layer was dried with anhydrous
sodium sulphate, and the pure product was obtained by sil-
ica gel chromatography using hexane/ethyl acetate (9:1) as
a mobile phase.

Analytical methods

Concentrations of the substrate (COBE) and product
(CHBE) were determined by GC using TC Wax capillary
column under the following conditions: oven temperature
130°C, injector and detector at 250°C, carrier gas: He at
1 kg/cm2, detector: Xame ionization detector. Sample injec-
tion volume was 1 �l. The enantiomeric excess (ee %) was
determined by HPLC analysis on a Jasco PU-1580 liquid
chromatograph equipped with a PDA detector. The chiral

Fig. 1 Asymmetric reduction of 
COBE by Candida parapsilosis 
ATCC 7330
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column used was Chiralcel OB-H (Daicel, 4.6 £ 250 mm).
The mobile phase used for the chiral HPLC analysis was
hexane/isopropanol (95:5) at a Xow rate of 0.5 ml/min at
25°C, and the absorbance was monitored using PDA detec-
tor at 220 nm. 1H and 13C NMR spectra were recorded in
CDCl3 on JEOL GSX400 spectrometers operating at 400
and 100 MHz, respectively. Chemical shifts are expressed
in ppm values (�) using TMS as an internal standard. Infra-
red spectra were recorded on a Shimadzu IR 470 Instru-
ment. Optical rotations were determined on an Autopal®

digital polarimeter. Thin layer chromatography was per-
formed on silica gel 60 F-240 precoated silica gel alumin-
ium sheets to monitor the progress of the reaction. The
mobile phase used for the thin layer chromatography was
20% ethyl acetate in hexane. Mass spectra were recorded
on a Finnigan Mat 8230-GC-MS Spectrometer. Cell density
in the medium was monitored by measuring the optical
density using Jasco V-530 UV/Vis spectrophotometer at
600 nm. Dry cell weight was calculated from the estab-
lished calibration (OD600 of 1 corresponds to 0.26 g dry cell
weight/l). SpeciWc growth rate was calculated by exponen-
tial growth model.

Results and discussion

Preliminary asymmetric reduction of COBE (substrate) car-
ried out using C. parapsilosis ATCC 7330 resulted in the
formation of (S)-CHBE (product) in 45% isolated yield and
>99% enantiomeric excess in 15 min. The product was
characterized by GC, HPLC, NMR, GC-MS, FT-IR and
speciWc rotation in comparison with that reported in the lit-
erature [15]. InXuence of culture parameters (inoculum
size, inoculum age and biocatalyst harvest time) and reac-
tion parameters (co-substrate resting cell, pH and substrate
concentrations) were studied to improve the yield and the
rate of asymmetric reduction.

EVect of co-substrate (glucose) concentration 
on the asymmetric reduction of COBE

It is well known that glucose and ethanol have an important
role in the reaction medium for the regeneration of cofac-
tors in yeast-mediated asymmetric reduction [16]. Addition
of ethanol (1–5% v/v) did not show any signiWcant change
on the rate of asymmetric reduction of COBE by C. par-
apsilosis ATCC 7330, but addition of glucose increased the
rate of asymmetric reduction of COBE. At a concentration
of 50 g/l, glucose showed a maximum asymmetric reduc-
tion rate of 43.4 § 2 mmol/lh with 100% conversion and
>99% ee in 30 min (Fig. 2). The rate of reaction was
enhanced 1.5-fold in the presence of glucose as co-substrate
as compared to the control (no glucose), possibly because

glucose is an eYcient co-substrate to generate co-factors
(as compared to ethanol) for yeast-mediated asymmetric
reduction [17].

Optimization of culture conditions

Optimization of culture conditions includes inoculum age,
inoculum size and biocatalyst harvest time. Inoculum age
and size signiWcantly aVected the asymmetric reduction of
COBE. It was found that 4% (v/v) (cell density 1.7 g/l) of
12 h inoculum resulted in the maximum rate of asymmetric
reduction with an enantiomeric excess of >99% in shake
Xasks (Fig. 3a, b). The production of carbonyl reductase
(enzyme involved in the biocatalytic reduction of prochiral
ketones) in C. viswanathii was also shown to depend on
inoculum age and size for enhanced asymmetric reduction
of prochiral ketones [18]. In the present study, maximum
activity was achieved with the 12 h inoculum (mid expo-
nential phase), and decrease in enzyme activity and growth
was observed with aged inoculum [19]. Growth and
enzyme activity reached the maximum at inoculum concen-
tration of 4% (v/v). At lower inoculum concentrations
(<4%), the number of yeast cells may not be suYcient to
utilize the available amount of nutrients, and at higher con-
centration, the tremendous growth of yeast results in a
nutritional imbalance in the medium, leading to decreased
growth and enzyme activity [20]. C. parapsilosis ATCC
7330 harvested at mid exponential phase (»14 h) exhibited

Fig. 2 EVect of glucose (co-substrate) on the asymmetric reduction of
COBE by C. parapsilosis ATCC 7330. Culture conditions: inoculum
age, inoculum size and biomass harvest time were 14 h, 5% (v/v) and
22 h, respectively. Reaction conditions: 15 g cell dry weight/l, glucose
concentration was varied from 0 to 75 g/l, 0.12 mg of COBE in 0.5 ml
of ethanol, 25 ml of potassium phosphate buVer (10 mM, pH 6.8), and
incubated at 25°C and 200 rpm. All the experiments were performed
in duplicates, and each measurement was done twice
123
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maximum activity beyond which the activity decreased
(Fig. 4), whereas in the case of C. tropicalis and C. visw-
anathii, maximum activity was recorded at the stationary
phase [21, 22].

EVect of resting cell concentration 
on the asymmetric reduction

The eVect of resting cell concentration on the asymmetric
reduction of COBE revealed that 19 g cell dry weight/l
recorded the maximum rate of asymmetric reduction of

163 mmol/lh with an enantiomeric excess of >99% (Fig. 5).
The enantiomeric excess of the product was found to be
>99% at all concentrations of resting cells, indicating the
high enantiospeciWcity of the enzyme(s) involved. And as
expected, the rate of the asymmetric reduction was signiW-
cantly aVected by the resting cell concentration.

EVect of pH on the asymmetric reduction of COBE

To determine the optimum pH of the biocatalytic asymmet-
ric reduction of COBE, the reaction was carried out in
media with diVerent pHs varying from 4.8 to 8.8. The reac-
tion carried out at pH 6.8 recorded the maximum rate of
asymmetric reduction (163 mmol/lh). The ee and isolated
yield were >99 and 96%, respectively. This substrate,
COBE, on asymmetric reduction by C. magnoliae and
A. pullulans (which produces (S)-CHBE) also exhibited
maximum activity in the range of pH 6.5 to 7.0 [10, 12].

EVect of substrate concentration and substrate 
feeding on the asymmetric reduction

The eVect of initial COBE concentration on the rate of
asymmetric reduction, yield and enantiomeric excess is
shown in Fig. 6a. Rate of asymmetric reduction
(163 mmol/lh) and isolated chemical yield (96%) were
found to be maximum at COBE concentration of 4.8 g/l.

Fig. 3 EVect of culture conditions on the asymmetric reduction of
COBE. a EVect of inoculum age on the asymmetric reduction of
COBE by C. parapsilosis ATCC 7330. Culture conditions: inoculum
age was varied from 8 to 19 h, inoculum size and biomass harvest time
were 0.03 g dry cell/l and 22 h, respectively. Reaction conditions: 15 g
cell dry weight/l, 50 g/l glucose, 0.12 g of COBE in 0.5 ml of ethanol,
25 ml of potassium phosphate buVer (10 mM, pH 6.8), and incubated
at 25°C and 200 rpm. b EVect of inoculum size on the asymmetric
reduction of COBE by C. parapsilosis ATCC 7330. Culture condi-
tions: inoculum size was varied from 2 to 10% (v/v), inoculum age and
biomass harvest time were 12 and 22 h, respectively. All the experi-
ments were performed in duplicates, and each measurement was done
twice

Fig. 4 EVect of biocatalyst harvest time on the asymmetric reduction
of COBE by C. parapsilosis ATCC 7330. Culture conditions: C. par-
apsilosis ATCC 7330 was grown under optimum conditions (inocu-
lum age 12 h and 4% v/v of inoculum whose cell density is 1.7 g/l),
and biomass was harvested at diVerent time points; their correspond-
ing eVect on the rate of asymmetric reduction, yield and enatiomeric
excess was determined. Reaction conditions: 15 g cell dry weight/l of
resting cell, 50 g/l glucose, 0.12 g of COBE in 0.5 ml of ethanol, 25 ml
of potassium phosphate buVer (10 mM, pH 6.8), and incubated at
25°C and 200 rpm. All the experiments were performed in duplicates,
and each measurement was done twice
123
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Decrease in the rate and yield of the asymmetric reduction
was observed when the COBE concentration was more
than 4.8 g/l, indicating substrate inhibition in aqueous
medium at higher concentrations of COBE [23]. The
product enantiomeric excess was found to be >99% under
the range of COBE concentration tested. The problem of
substrate inhibition can be avoided by batch conversion
with intermediate addition of COBE [24]. In the present
study, after every 15 min, 120 mg of COBE was added to
the reaction mixture, and the rate, enantiomeric excess
and yield were determined. The reaction rate and conver-
sion remained constant up to 6th addition. Successive
addition of COBE (4.8 g/l £ 6) made it possible to isolate
28.8 g/l of CHBE in 90 min (Fig. 6b). Intermediate addi-
tion of COBE in batch conversion resulted in a sixfold
increase in CHBE [product] concentration from 4.8 to
28.8 g/l with an enantiomeric excess of >99%. After
90 min the concentration of the biocatalyst was increased
from 19 g cell dry weight/l to 200 g cell dry weight/l since
there was a drop in conversion from 100 to 75% (Fig. 6b).
Addition of fresh biocatalyst after 90 min boosted the
conversion to 100% and maintained it for 12 h. This strat-
egy led to a further increase of almost tenfold in product
(CHBE) concentration from 28.8 to 230 g/l with an enan-
tiomeric excess of >99% in 12 h. The catalytic productivity

(1.15 g CHBE/g dry cell) and rate of asymmetric reduc-
tion (115 mmol/lh) were not aVected up to 200 g cell dry
weight/l, but above this resting cell concentration, a drop
in catalytic productivity (0.96 g CHBE/g dry cell) and rate
of asymmetric (109 mmol/lh) reduction was observed
(data not shown).

Fig. 5 EVect of resting cell concentration on the asymmetric
reduction of COBE by C. parapsilosis ATCC 7330. Culture
conditions: C. parapsilosis ATCC 7330 was grown under optimum
conditions (inoculum age 12 h and 4% v/v of inoculum whose cell
density is 1.7 g/l), and biomass was harvested at the 14th h. Reaction
conditions: resting cell concentration in the reaction mixture was
varied from 7.5 to 26 g cell dry weight/l, 50 g/l glucose, 0.12 g of
COBE in 0.5 ml of ethanol, 25 ml of potassium phosphate buVer
(10 mM, pH 6.8), and incubated at 25°C and 200 rpm. All the
experiments were performed in duplicates, and each measurement was
done twice

Fig. 6 EVect of substrate concentration and substrate feeding on the
asymmetric reduction. a EVect of substrate concentration on the asym-
metric reduction of COBE by C. parapsilosis ATCC 7330. Culture
conditions: C. parapsilosis ATCC 7330 was grown under optimum
conditions (inoculum age 12 h and 4% v/v of inoculum whose cell
density is 1.7 g/l), and biomass was harvested at the 14th h. Reaction
conditions: 19 g cell dry weight/l of resting cell, 50 g/l glucose, COBE
concentration was varied from 2.4 to 14.5 g/l, 25 ml of potassium
phosphate buVer (10 mM, pH 6.8), and incubated at 25°C and
200 rpm. b EVect of substrate feeding on the asymmetric reduction of
COBE by C. parapsilosis ATCC 7330. Culture conditions: C. par-
apsilosis ATCC 7330 was grown under optimum conditions (inocu-
lum age 12 h and 4% v/v of inoculum), and biomass was harvested at
the 14th h. Reaction conditions: 19 g cell dry weight/l of resting cell,
50 g/l glucose, 25 ml of potassium phosphate buVer (10 mM, pH 6.8),
25°C and 200 rpm. Every 15 min 0.12 g of COBE in 0.5 ml of ethanol
was added to the reaction mixture. All the experiments were
performed in duplicates, and each measurement was done twice
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Preparative scale asymmetric reduction

Under the optimized conditions, preparative scale (100 ml)
asymmetric reduction of COBE was carried out using
C. parapsilosis ATCC 7330. Every 15 min, 480 mg of COBE
was added to the reaction mixture. Asymmetric reduction was
carried out at 25°C and 200 rpm. Space time yield, Wnal con-
centration of (S)-CHBE, enantiomeric excess and isolated
yield of the asymmetric reduction of COBE by C. parapsilo-
sis ATCC 7330 were 115 mmol/lh, 230 g/l (1.38 M), >99 and
95%, respectively. These data are seemingly better than all the
reported data so far [7–12]. As compared to the reported
whole cell, yeast and fungal biocatalytic systems for the
asymmetric reduction of COBE [Baker’s yeast (ee 97%),
C. magnoliae (ee 96%) and A. pullulans (ee 97.7%)] [8–12],
C. parapsilosis ATCC 7330 as reported in this paper resulted
in improved stereoselectivity, space time yield and Wnal con-
centration of the (S)-CHBE. Asymmetric reduction of COBE
with high stereoselectivity (ee >99%), which is comparable to
C. parapsilosis ATCC 7330, were reported using L. keWr and
recombinant E. coli [7, 8]. However, asymmetric reduction of
COBE by C. parapsilosis ATCC 7330 in aqueous medium
showed an improved Wnal concentration of (S)-CHBE and
space time yield when compared to the asymmetric reduction
of COBE using recombinant E. coli (space time yield:
96 mmol/lh, 1.25 M) and L. keWr (space time yield: 85 mmol/
lh, 1.2 M) [7, 8]. Moreover, asymmetric reduction of COBE
by recombinant E. coli requires external addition of the
expensive cofactor NADP, and E. coli cells needed to be per-
meabilized by pretreatment with Triton X-100 [8]. In this
study, the biocatalyst shows high stereoselectivity without any
pretreatment. The use of organic solvents in the asymmetric
reduction of COBE using C. parapsilosis ATCC 7330 is
minimal, and the addition of external cofactors is not
necessary.

In conclusion, C. parapsilosis ATCC 7330 is an eYcient
biocatalyst for the asymmetric synthesis of (S)-CHBE in an
aqueous medium. The high space-time yield (115 mmol/lh)
and high Wnal concentration of (S)-CHBE (230 g/l) with
enantiomeric excess (>99%) without pretreatment of the
biocatalyst makes it a potential biocatalytic process for
large-scale applications.
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