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Abstract

Ayeast strainRhodotorulasp. AS2.2241, capable of reducing acetophenonexamemoacetophenone with high stereos-
electivity, was isolated from soil samples through a novel screening procedure in which acetophenone was supplied in vapor
state as the sole carbon and energy source. The biosynthesis of the ketone reductase in the yeast cells reached a maximur
of 41.0 U/l at 20 h of cultivation. The reductase isolated fromR@dotorulasp. cells was partially purified by 52.6-fold
through a single column chromatography of DEAE—cellulose. The catalytic performance of the partially purified reductase
was examined, and the highest activity was observed at pH 6.5 a@i $8e short-chain alkyl aldehydes such as acetaldehyde
and those aldehydes or ketones with a benzoyl group were found to be good substrates for the reductase. In the preparative
bioreductions of 50 mM acetophenone and 2 mNbromoacetophenone using resting cellfkbibdotorulasp. AS2.2241,
(9-(—)-1-phenylethanol (>99.5% enantiomeric excess (e.e.), 34.7% yield)R(e-J-2-bromo-1-phenylethanol (>99.9%

e.e., 19.9% yield) were obtained, respectively.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction products[2]. Since 1980s, both biological and chem-
ical methods have often been repor{@égB—9] As a
Stereochemically pure compounds are widely em- rule, biocatalytic approaches have remarkable pre-
ployed as useful building blocks in many areas, dominance due to their high enantioselectivity, mild
especially in pharmaceutical and agrochemical in- reaction conditions and environmental compatibility.
dustries. Asymmetric reduction of acetophenone and Several alcohol dehydrogenases and aldehyde re-
a-haloacetophenone is a convenient way to synthesizeductaseg10-14] have been isolated and applied for
enantiopure aryl alcohols, of which-halohydrins the preparation of chiral aryl alcohoSaccharomyces
are also potentially useful for preparing epoxides and cerevisiaehas often been used for the reduction of
1,2-diols. All these chiral intermediates are very useful «-haloaryl ketones and other aromatic ketones to
in the synthesis of some optically active natural prod- obtain chiral aryl alcohol$15-20] Various microor-
ucts [1] and many important chiral pharmaceutical ganisms such a€orynebacteriurrsp. [21], Crypto-
cocus maceranf2?], Hansenula capsulat§23] and

" Corresponding author. Tek: 86-21-6425-2498: Ge_otrichum§p.[24,25] were also used for the prepa-
fax: +86-21-6425-3904. ration of optically pure aryl alcohols. However, only a
E-mail addressjianhexu@ecust.edu.cn (J.-H. Xu). few of these previous studi¢$0,11,21,23,25could
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Fig. 1. Schematic illustration of a screening model for isolation
of acetophenone-utilizing microorganisms.

afford aryl alcohols with >98% enantiomeric excess
(e.e.) which is usually necessary for production of
enantiopure chiral drugs. It has been well known that
screening among the wide variety of microorganisms
living in the soil is an efficient method to obtain de-
sired enzyme towards an unnatural substfaé. In

our screening mode which was different from previous

ones, acetophenone was provided in the vapor state

from a separate container to a solid medium for en-
richment culture without any other carbon and energy
sourcesfig. 1). As aresult, a yeast isolate, designated
as Rhodotorulasp. AS2.2241, showed highly stere-
ospecific reductase activity towards acetophenone and
a-bromoacetophenone. This paper describes the iso-
lation of microorganisms for stereospecific reduction
of acetophenone angtbromoacetophenone, and also
the preparation of the corresponding aryl alcohols
using resting cells of the new isolatRhodotorula

sp. AS2.2241.

2. Results and discussion

2.1. Isolation of microorganisms for
stereospecific reduction of acetophenone and
«a-bromoacetophenone

No microorganism grew after 3-5 days of cultiva-
tion when suspensions of soil samples were sprayed
onto agar plates composed of mineral salt medium
(MSM) anda-bromoacetophenone (2-5 mM), even if
0.2% of yeast extract was supplemented to the agar
medium. This indicated tha&-bromoacetophenone
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produces a strong inhibitory effect on the growth of
microorganisms and is thus not a suitable substrate
for our screening. Therefore, we turned to acetophe-
none, a substrate of similar structure. The screening
was carried out as described@gction 3 This novel
screening procedure was quite efficient. Among 240
soil samples, about 130 strains of microorganisms
capable of utilizing gaseous acetophenone as sole
carbon source were isolated from the agar plates and
analyzed by TLC. Of them, 67 strains with obvi-
ous amaranthine spots on TLC plates were further
subjected to HPLC analysis with respect to the enan-
tiomeric excesses of the product in the bioreduction.
Of the 67 positive strains, 9 strains showed relatively
higher values of e.e. (>80%).

Among these active strains, a strain of yeast, origi-
nally designated as no. 3-16, was selected for further
study due to its high enantioselectivity (>99.9% e.e.)
and high activity (>35% conversion) in the subsequent
verification experiments.

Morphological, biochemical and physiological tests
of the yeast strain no. 3—16 were carried out as de-
scribed by Barnett et al. in “Yeasts—Characteristics
and ldentification”[27]. Assimilation and fermen-
tation tests were conducted as described by Kurtz-
man and Fell in “The Yeasts: A Taxonomic Study”
[28]. Cells of the strain are spheroidal or ovoidal,
non-motile, non-spore. Colonies on nutrient agar
plate were pink, wet and smooth. Lactose was not
assimilated and nitrate could be assimilated as the
sole nitrogen source. Starch-like substances were not
synthesized and fermentative ability was lacking.
Presence of urease was positive. All these taxonomic
studies of the yeast strain no. 3-16 indicated that it
belongs to the genuRhodotorula Now, the strain is
deposited at China General Microbiological Culture
Collection Center (CGMCC), with an access number
of AS2.2241.

To further characterize the new isolate, time course
of the enzyme production was monitored by culti-
vating Rhodotorulasp. AS2.2241 in 250-ml flasks
using fermentation medium (FM), as shown in
Fig. 2A. The reductase activity was measured with
a-bromoacetophenone as substrate, as described in
Section 3.4 The ketone reductase activity increased
in parallel with cell growth during the first 20 h. The
maximum activity of 41.0U/I was reached at 20h
when the dry mass of cells (DCW) was 5.91 g/l. The
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10 the beginning of the cultivatiorg. 2B). These facts
P -~ suggest that the reductase is an inducible enzyme and
= % 8 ; a-bromoacetophenone has a strong inhibitory effect
2 8) on the cell growth.
= 2 (=
= @ 16
> 2 20 . . -
S a P 2.2. Catalytic performance of a partially purified
g - 1 4 g reductase from Rhodotorula sp. AS2.2241
=
g5 2
83 2 R To further optimize the catalytic conditions for
R & E asymmetric reduction, the enzyme responsible for
M — 1 stereospecific reducing activity was partially purified

from a cell-free extract oRhodotorulasp. AS2.2241

0 12 24 36 48 by fractionation with ammonium sulfate (40-70%

(A) Cultivation time (h) saturation) and single column chromatography with
DEAE—cellulose. The anion exchange chromatog-
- raphy with DEAE—cellulose was quite effective in
. 16= purifying the enzyme. In the DEAE—cellulose column
T~ E chromatography, the only peak of enzyme activity
k> % =] was observed in the first protein peak, which was
S (=] 4 20 eluted at 0.10-0.18 M of NaCl. The reductase was
g X & purified by about 52.6-fold with an overall yield of
é. ~ E 28%. The isolated enzyme also showed high selectiv-
22 ity in the asymmetric reduction of acetophenone and
a-bromoacetophenone, giving corresponding prod-
. ucts with excellent enantiomeric purity (>99% e.e.).
0 As shown inFig. 3, the partially purified enzyme
0 4 8 12 16 showed the maximal activity between pH 6.0 and 6.5
(B) Acetophenone (mM) and the enzyme was stable over a wide pH range from
Fig. 2. Production of aryl ketone reductase ®hodotorula 6.0 t0 10.0. The optimum tempgrature of the enzyme
sp. AS2.2241. (A) Time coursesQ) reductase activity; H) was 50°C. The enz_yme was quite stable at_ t_empera—
biomass; () pH; (A) residual glucose. The reductase activities tures below 40C with nearly 90% of the activity re-
were determined by HPLC as describedSaction 3 (B) Effect mained, whereas, over 70% of the activity was lost at

of acetophenone as an enzyme induclf) biomass; Q) specific 60°C. These results coincided with those of resting
activity. cells. The highest activity of resting cells was demon-
strated under pH 5.0-8.0 and 8D. The activity of in-
cell growth continued in proportion to the decrease in tact cells was stable at pH 7.0-10.0 (data not shown).
the glucose concentration till its depletion. However, Therefore, the optimal conditions for asymmetric re-
the enzyme activity began to decline after 20 h. Rea- duction should be pH 6.5 and 3Q.
sons are not clear yet, probably because of the cease Other properties of the partially purified enzyme
of reductase synthesis in the aged cells and the degra-were also preliminarily examined. The reduction ac-
dation of the reductase by the in vivo protease during tivity of the enzyme was observed in the presence
the later period of growth. The enzyme activity was of NADH, while NADPH did not serve as a coen-
slightly induced by 0.01 mM ak-bromoacetophenone  zyme. Using Lineweaver—Bark (& ~ 1/[S]) plots
and the cell could not grow when 0.05 mM was added [29], the Ky, values of the partially purified enzyme
at the beginning of the cultivation. However, the re- towards acetaldehyde and NADH were calculated to
ductase activity was markedly induced by acetophe- be 0.095 and 0.23 mM, respectively, which indicated
none. The specific reductase activity of the cells was that the enzyme had a high affinity for acetaldehyde.
doubled when 8 mM of acetophenone was added at In both cases, typical saturation curves were observed
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Fig. 3. Catalytic performance of the partially purified enzyme
from Rhodotorulasp. AS2.2241. (A) Effect of pH: empty sym-
bols, activity measured at various pHs; filled symbols: residual
activity after incubation at various pHs for 1 h. Buffers use#, (
<) 50mM citrate; @, [J) 50mM potassium phosphate®( O)
50mM glycine—-NaOH. (B) Effect of temperatureOJ activity,
measured at various temperatures in 50mM KPB (pH 7@) (
residual activity after incubation at various temperatures for 1h.
All the activities were measured spectrophotometrically using ac-
etaldehyde as the substrate.

(data not shown). Heavy metal ions such as 0.1 mM
of Hg?t, Cw?t, Fet, Mn?t and Agh strongly inhib-
ited the enzyme, suggesting that the sulfhydryl group
is probably essential for the activity. Whereas, chelat-
ing reagents such as EDTA did not inhibit the enzyme
obviously at a concentration of 0.1 mM. This indicates
that metal ions are not essential for the manifestation
of activity and the enzyme may not be a metalloen-
zyme.
The oxidation activity of the partially purified

enzyme was also measured spectrophotometrically

using various alkyl and aryl alcohols, including
methanol, ethanolp-butanol, n-octanol and benzyl
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alcohol. The substrates (5 mM) were added directly
to the reaction mixtures. The highest activity was
observed with ethanol and-butanol, about 87% of
the reduction activity towards acetaldehyde (data not
shown). On the other hand, the reduction activity of
the isolated enzyme was determined towards a broad
variety of carbonyl compounds, including ketones,
keto esters and aldehydes. The insoluble substrate,
a-bromoacetophenone, was used in 5mM of emul-
sion prepared as followsa-Bromoacetophenone
(50 mg) was homogenized in 50 ml of 50 mM potas-
sium phosphate buffer (KPB, pH 7.0, containing 0.2%
Tween-80) by heating in boiling water for 2 min and
subsequently by sonication at 100 W for 1 min. Other
substrates (5 mM) were added directly to the reaction
mixtures. As shown iMable ] the enzyme catalyzed
the reduction of not only ketones but also aldehydes.
However, keto esters, such as ethyl acetoacetate and
ethyl 4-chloroacetoacetate were not reduced at all.
The enzyme showed high activity toward aldehydes,
including alkyl aldehydes and aryl aldehydes. The
highest activity of 49.4 U/mg was observed with ac-
etaldehyde (1667% in comparison with the activity
on a-bromoacetophenone), followed in sequence by
propionaldehyde and-butyraldehyde. This was why
we chose acetaldehyde as the indicative substrate in
the enzyme assaylso, benzaldehyde was a suitable
substrate for the enzyme. Based on these results, the

Table 1

Relative activities of the partially purified enzyme from
Rhodotorulasp. AS2.2241 in the reduction of various carbonyl
compounds (5 mM)

Substrate Relative activity (%)
Formaldehyde 367
Acetaldehyde 1667
Propionaldehyde 483
n-Butyraldehyde 400
n-Heptaldehyde 167
Benzaldehyde 383
Phenylacetaldehyde 0
Acetone 133
Acetophenone 33.2
a-Bromoacetophenone 100
Ethyl acetoacetate 0
Ethyl 4-chloroacetoacetate 0

aThe reductase activity was measured spectrophotometrically.
bThe activity with a-bromoacetophenone (specific activity,
2.98 U/mg protein) was defined as 100%.
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short-chain alkyl aldehydes and those aldehydes or
ketones with a benzoyl group seemed to be suitable
substrates for this enzyme.

The acetophenone andbromoacetophenone were
reduced respectively into S-(—)-1-phenylethanol
(>99.5% e.e.) andR)-(—)-2-bromo-1-phenylethanol
(>99.9% e.e.). These results showed that the en-
zyme might possess high stereospecifity towards a
series of ketones with a benzoyl group. The biore-
ductions obeyed the Prelog rul@0], which was
the same as baker's yeaft5-20] Cryptococus
macerans[22] and Corynebacteriumsp. [21]. It is
worthy to note that the absolute configuration of
(R)-(—)-2-bromo-1-phenylethanol is actually identical
with that of §-(—)-1-phenylethanol, although their
stereochemical naming is apparently opposite due to
the difference between the sizes of bromomethyl and
methyl groups in the sequence rule.

2.3. Asymmetric reduction of acetophenone and
a-bromoacetophenone at the optimal substrate
concentrations by resting cells of Rhodotorula
sp. AS2.2241

As shown in Fig. 4A and B, the highest ini-
tial velocities for the reduction of acetophenone
and a-bromoacetophenone were observed at 50 and
2mM, respectively. Therefore, 50 mM of acetophe-
none and 2mM ofa-bromoacetophenone were the
optimal concentrations in resting-cell reactions. It
was obvious thatn-bromoacetophenone had much
stronger inhibitory effect than acetophenone. The
inhibition was extraordinarily remarkable when
the a-bromoacetophenone concentration was above
20mM. And the reaction was almost stopped by
50mM of a-bromoacetophenone (data not shown).
However, the inhibition of acetophenone was quite
slight. About 75% of the highest initial velocity was
displayed at 100 mM.

According to the results earlier, the asymmetric re-
duction of acetophenone andbromoacetophenone
by resting cells ofRhodotorulasp. AS2.2241 were
performed at their optimal concentrations. Though
the optimal conditions were proved to be pH 6.5
and 50°C, we still chose pH 7.0 and 3C in ac-
tual preparation allowing for the thermal stability of
the enzyme and products. As shownFig. 5A, the
concentration of 1-phenylethanol increased linearly
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Fig. 4. Effect of substrate concentration on asymmetric re-
duction of acetophenone and-bromoacetophenone by rest-
ing cells of Rhodotorulasp. AS2.2241: (A) acetophenone; (B)
a-bromoacetophenone. The cell concentrations used in the reac-
tion mixtures for acetophenone amrdbromoacetophenone were
28.8 and 4.39g DCWII, respectively. The concentrations of the
products were determined by HPLC.

during the first 6 h. After 30 h of conversion, 27 mM
of product was obtained. The e.e. of the product
maintained >99.5% throughout the course. The time
course ofa-bromoacetophenone reduction is shown
in Fig. 5B. The initial reaction rate calculated over
first 15min was 6.14mol/ming DCW. After 3h

of conversion, 2mM of substrate was completely
transformed into 2-bromo-1-phenylethanol. The e.e.
maintained >99.9% throughout the course.

Finally, in the preparative bioreductions of 50 mM
acetophenone and 2 mitbromoacetophenone using
resting cells oRhodotorulasp. AS2.2241, 780 mg of
(9-(—)-1-phenylethanol (>99.5% e.e.) and 240 mg of
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30 Mineral salt medium (MSM): 0.2% (NIJ2SOy,
% 1 100 %% KHPOy, 0.1% NaCl, 0.02% MgS@7H,0, pH
% 20 | 180 s TGY medium (TGYM): 1% glucose, 0.5% yeast
£ 1 60 S extract, 0.5% peptone and 0.2% KIPOy, pH 7.0.
§ ¢ Fermentation medium (FM): 1.5% glucose, 0.5%
=10 1 40 = yeast extract, 0.5% peptone, 0.1% 04, 0.1%
é’ 1 20 KoHPQOy, 0.1% NaCl, 0.05% MgS©7H,0, pH 7.0.
—
0 —_— 0 3.2. Isolation of acetophenone-utilizing
0 10 20 30 microorganisms with highly stereospecific reductase
(A) Reaction time (h) activity towards aryl ketones
20 oo * 100 By supplying _a_\c_etoph_enone in_ its vapor state,
o, | acetophenone-utilizing microorganisms were isolated
2 15 | 1 80 from soil samples. Appropriate amount of soil samples
% % : S was mixed with 20 ml of tap water, and then 0.2 ml of
- % 10 | 1 60 : the supernatant was sprayed onto the MSM agar plates
g £ 1 40 & (containing 1.5% agar). The plates and a 25-ml beaker
° 5 filled with acetophenone were placed in a sealed
2 ¢ 05 20 plastic bag at 30C for 3-5 days. Monocolonies ap-
, J J peared on the plates were inoculated individually into
0.0 0 10ml of TGYM in 100-ml (25 mmx 200 mm) test
0 1 2 3 4 5 6 tubes which were constantly shaken on a slope for
(B) Reaction time (h) 1 day (120 rpm, 30C). The cells were collected by

i . . . centrifugation (4000 rpm, 10min) and re-suspended

ig. 5. Time-courses of asymmetric reductions of acetophe- . . .

none anda-bromoacetophenone by resting cells Rifiodotorula in 2ml of 50mM KPB (pH 7.0) to which a final

sp. AS2.2241: (A) acetophenone; (B)bromoacetophenone<) concentration of 10 mMx-bromoacetophenone was

Enantiomeric excess of produc®] concentration of product. The added. After 1 day of conversion, the reactants were

cell concentrations used in the reaction mixtures for acetophenone extracted with 2 ml of ethyl acetate and analyzed by

and a-bromoacetophenone were 23.7 and 3.76 g DCWII, respec- , . .

tively. thin layer chromatography (TLC) with hexane/ethyl
acetate (6/1 v/v) as eluent. Then, the TLC plate was
sprayed with vanilla solution (5g/l, in concentrated

(R)-(—)-2-bromo-1-phenylethanol (>99.9% e.e.) was sulfuric acid) and baked on a hot plate. The samples

obtained with an overall yleld of 34.7 and 19.9%, re- Showing an apparent amaranthine spot on TLC p|ate

spectively. Their chemical structures were confirmed at the same positionR¢ = 0.54) with the standard

by NMR and IR, as indicated in the following section. 2-bromo-1-phenylethanol indicate the aryl ketone
reductase activity. Finally, samples with an obvious
product spot were further analyzed by HPLC for

3. Experimental determination of conversion ratio and enantiomeric
excess (e.e.).

3.1. Chemicals and media
3.3. Culture conditions

a-Bromoacetophenone and ethyl 4-chloroacetoace-

tate were purchased from Acros Organics, USA. All  The isolated strairRhodotorulasp. AS2.2241, was

other chemicals were from local suppliers and of an- shaken aerobically at 120 rpm and D for 40 h in

alytical grade. Soil samples were collected from dif- 250-ml Erlenmeyer flasks with 50 ml of FM. The FM

ferent locations in several regions of China. was inoculated with a 12-h pre-culture. At each time
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interval, two flasks were withdrawn for determination the oxidation of Jumol NADH or the reduction of
of enzyme activity, dry mass of cells (DCW), resid- 1 umol NAD™/min under the conditions specified.
ual glucose concentration and pH. The enzyme activ-

ity was measured by HPLC analysis as described in 3.5. Enzyme purification

Section 3.4 The dry mass of cells was measured af-

ter drying the wet cells at 5TC till a constant weight. All purification operations were conducted &atd,
The concentration of residual glucose was measuredand 20 mM of Tris—HCI buffer (pH 7.5) containing
using a commercial kit of glucose oxidase. 1 mM EDTA and 2 mM cysteine was used throughout
the purification. Centrifugation was usually conducted
3.4. Enzyme assay at 18,000« g for 20 min. The protein concentration was

estimated by measuring the absorbance at 280 nm or

The activity of aryl ketone reductase in the cul- using the method of Bradfori@1] with bovine serum
ture broth was determined by HPLC as follows. The albumin as a standard protein. The enzyme activity
cells harvested from 1.5ml of broth were washed was spectrophotometrically analyzed as described in
with saline solution (0.85% NaCl) and re-suspended Section 3.4
in 1.98ml of 50mM KPB (pH 7.0). The mixtures Wet cells (49g) harvested from 140 ml of culture
were vortexed and pre-incubated on a shaker (120 broth were suspended in 20 ml of buffer and then son-
rpm, 30°C) for 10min. Then, 2@l of 0.20M icated at 400W for 25min (each pulse of 3s was
a-bromoacetophenone in ethanol were added, giv- followed by an interval of 7s). After centrifugation,
ing a final concentration of 2mM. The reaction was the supernatant was fractionated with ammonium sul-
carried out on the same shaker and the first 15 min fate (40—-70% saturation). The precipitated protein was
was calculated as the initial velocity. The reaction dissolved in 3ml of Tris—HCI buffer and dialyzed
mixture was saturated with NaCl and extracted by against 300 ml of the same buffer for 24 h. The di-
2ml of ethyl acetate. The extract was dried over an- alyzed enzyme solution (4.1 ml) was applied onto a
hydrous NaSO, and subjected to HPLC analysis to DEAE—cellulose column (5cm x 14 cm, bed vol-
determine the quantity of the alcohol produced. One ume: 25ml) pre-equilibrated with the 20 mM buffer.
unit of reductase activity was defined as the amount The enzyme was washed with 60 ml of 20 mM buffer
of enzyme catalyzing the formation of Iufnol 2- and then eluted with a linear gradient of NaCl solution
bromo-1-phenylethanol/min under above conditions. (0—1.0M in the buffer, 300 ml). The active fractions

The reductase activity of the partially purified were combined and used for further characterization.
enzyme was determined spectrophotometrically at
30°C by measuring the initial velocity of the de- 3.6. Bioreduction with isolated enzyme
crease in the absorbance of NADH at 340 nm. Instead
of a-bromoacetophenone, acetaldehyde was used as The bioreduction of acetophenone antiromoace-
an indicative substrate because of its high sensitivity. tophenone with isolated enzyme was performed in
The standard reaction mixture consisted ofubsol the test tubes containing 3 ml of mixture composed
of acetaldehyde, 04mol of NADH, 150umol of of 15pmol of each substrate, Owmol of NADH,
KPB (pH 7.0) and an appropriate quantity of enzyme 30umol of ethanol for coenzyme recycling, 1p@nol
solution, in a total volume of 3ml. The reverse re- of KPB (pH 7.0) and an appropriate quantity of en-
action of the enzyme was also measured at 340 nmzyme solution. The reaction proceeded by shaking
in 3 ml of reaction mixture containing J&mol of an for 24h at 25C and 120rpm. The concentrations
alcohol (e.g. ethanol), 4{omol of NAD™, 150p.mol and enantiomeric excesses of the products were deter-
of glycine—NaOH (pH 10.0) and an appropriate quan- mined by HPLC.
tity of enzyme solution. After 5 min of pre-incubation The optimum pH of the partially purified enzyme
without substrate, the reaction was initiated by the ad- was measured directly in buffers of various pHs. The
dition of the substrate. The blank contained buffer in- pH stability (residual activity) of the enzyme was
stead of the substrate. One unit of the enzyme activity determined after incubation at€ for 1 h in various
was defined as the amount of enzyme that catalyzesbuffers. The optimum temperature of the partially
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purified enzyme was measured at temperatures rang-less oil. IR (film) 3400 (OH), 1490 (€C) cm; 1H
ing from 25 to 70°C after pre-incubation for 10min.  NMR (500 MHz, CDC}), §ppm: 2.82 (1H, br s, ®),
The thermal stability of the enzyme (residual activity) 3.52 (2H, m, G&1,), 4.82 (1H, dd, @), 7.3 (5H, m,
was determined at 3@ after incubation at different  ArH); [«]2’ —38.6° (¢ = 0.29, CHCE) (Lit. [«]3®
temperatures for 1 h in 50 mM KPB (pH 7.0). —39.7, ¢ = 8.4, CHCB) [15].

3.7. Asymmetric reduction of acetophenone
and a-bromoacetophenone by resting cells of
Rhodotorula sp. AS2.2241

3.8. Analytical methods

The concentrations and enantiomeric excesses of

i . the 2-bromo-1-phenylethanol and 1-phenylethanol

The small-scale resting-cell reduction of acetophe- \yare determined by HPLC using a chiral column
none and a-bromoacetophenone were performed (chjraicel OD, Daicel, Japan; 250 mm in length, @
in test tubes as described Bection 3.4 For ace- 4 gmm). The mobile phase was hexane/2-propanol
tophenone., it was prepared into an .(.amulsmn of (98/2, viv) and its flow rate was 1.0 ml/min. De-
0.50M using Tween-80 as an emulsifier (200Mg (action was made at 212nm. The retention times
Tween-80/100 mI). The first 30min was calculated for (S)-, (R)-2-bromo-l-phenylethan0I andS)(,
as the initial velocity. Fora-bromoacetophenone, (R)-1-phenylethanol were 20.8, 26.0, 19.6 and
0.20 M a-bromoacetophenone in ethanol was used. 17 7 min, respectively.
The first 15 min was calculated as the initial velocity.
The time-course of the bioconversion was monitored
by withdrawing two test tubes at each time interval Acknowledgements
for HPLC analysis of the concentration and e.e. of

th%productsl. . f h q This work was financially supported by the Na-
ram-scale preparation of acetophenone  and i,,a| Natural Science Foundation of China (Grant no.
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The cells (wet weight, 50g) harvested from 1500 ml Wu for her helpful discussion and Mr. Q.-S. Tan for
culture broth were washed and suspended in 337.5ml his technical assistance
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