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Fig. 1. Enantioselective Hydrolysis of o-Nitrostyrene Oxide by
Whole Cells of Aspergillus niger CGMCC 0496.
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The asymmetric biohydrolysis is described of o-
nitrostyrene oxide with high selectivity by whole cells of
Aspergillus niger CGMCC 0496. Both the epoxide and
diol could be obtained in a high state of optical purity
(over 98%). Product inhibition was found when using a
high ratio of substrate to cells.

Key words: enantioselective hydrolysis; epoxide
hydrolase; Aspergillus niger; o-nitrosty-
rene oxide

Chiral epoxides and their corresponding vicinal di-
ols are important intermediates in the pharmaceutical
and agrochemical industries. Several methodologies
have been explored in order to prepare these chiral
compounds such as using the salen manganese1)

direct oxidation of oleˆnic compound into a chiral
epoxide. Some cobalt-salen catalysts2) have also been
found active in the hydrolytic kinetic resolution of
racemic epoxides.

Apart from using complex metal catalysts, there
are also some biocatalytic methods to produce these
chiral compounds; for example, alkene epoxidation
by monooxygenases3) and chloroperoxidases.4) One
of the most promising biocatalytic ways for the syn-
thesis of such chirons is by using epoxide hydrolases.

Epoxide hydrolases (EHs) are ubiquitous enzymes
which can hydrolyze an epoxide to its corresponding
vicinal diol with good to excellent enantioselectivity.
EHs can be found from various sources such as
mammals,5) plants,6) insects7) and various microor-
ganisms.8–10) Most EHs studied have been of mam-
malian origin due to their important role in the
detoxiˆcation process of xenobiotics and especially
aromatic systems.11) However, their application to
asymmetric synthesis is severely hampered by their
low availability.

In contrast, many EHs of microbial origin have re-
cently been identiˆed.12,13) They seem to be one of the
most promising tools for asymmetric synthesis, espe-
cially when using whole cells from a microbial cul-
ture, since these organisms can be incubated on a
large scale. In this study, we investigated the possibil-

ity to achieve enantioselective hydrolysis of o-
nitrostyrene oxide with whole cells of A. niger
CGMCC 0496. Strain CGMCC 0496 of A. niger is
available from China General Microbiological Cul-
ture Collection Center (Institute of Microbiology, the
Chinese Academy of Sciences, Beijing, China) and
was formerly named A. niger 5450.14)

o-Nitrostyrene oxide and its corresponding diol are
useful intermediates for the production of phar-
maceutical15) and agricultural16) products. They have
recently been used to prepare photosensitive deriva-
tives of biologically active compounds which can be
studied in a complex system such as a living cell,17)

but the use of their optical form has been seriously
hampered because no e‹cient way has existed to ob-
tain them with high enantiomeric excess. The best
results obtained have been a 46z yield with 89zee18)

for chiral o-nitrostyrene and a 37z yield with 47z ee
for the corresponding diol19) in previous reports. In
the course of our work, the kinetic resolution of o-
nitrostyrene oxide was studied as shown in Fig. 1 by
using EHs in the cells of A. niger CGMCC 0496.

The strain of A. niger CGMCC 0496 was main-
tained on an agar slant which contained K2HPO4

(1.0 gWl), KCl (0.5 gWl), MgSO4・7H2O (0.5 gWl),
FeSO4・7H2O (0.01 gWl), fructose (10 gWl), corn steep
(15 gWl), and agar (3 gWl) at pH 6.8–7.0. It was
cultivated on a medium20) of K2HPO4 (1.0 gWl), KCl
(0.5 gWl), MgSO4・7H2O (0.5 gWl), FeSO4・7H2O
(0.01 gWl), fructose (10 gWl), corn steep liquor (15 gWl)
and tap water, at pH 6.8–7.0. Large-scale growth of
the cultures was achieved by a two-stage process. The
medium 100 ml in a 500-ml ‰ask was ˆrst inoculated
and then cultured for 20 h. In the second stage,
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Table 1. Kinetic Resolution of O-Nitrostyrene Oxide by A. niger CGMCC 0496 under Various Conditions

Reaction
Reaction

time
(min)

Weight of
substrate

(mg)

Weight of
biomassa)

(g)

Yield of
epoxideb)

(z)

E.e. of
epoxidec)

(z)

Yield of
diolb)

(z)

E.e. of
diol
(z)d)

Ie) 55 100 20 33 85 42 —
II 68 100 20 34 98 38 À99
III 88 100 10 50 59 40 95
IV 360 100 10 45 74 41 96
V 170 200 10 52 58 42 96
VI 68 100 20 42 84 — —

a) In all cases, wet cells were suspended in 100 ml of a 0.1 M sodium phosphate buŠer (pH 8).
b) Isolated yield.
c) E.e. of epoxides were determined with a chiral OD column (0.46 mmq×25 mm) and an eluent of hexane:2-propanol＝9:1 vWv at a ‰ow rate of 0.7 mlWmin.
d) E.e. of diols were determined with a chiral OJ column (0.46 mmq×25 mm) and an eluent of hexane:2-propanol＝9:1 vWv at a ‰ow rate of 0.7 mlWmin.
e) I was carried out at 309C, and the others at 259C.
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1000 ml of the medium (in a 5-liter ‰ask) was inocu-
lated with 5z of the ˆrst-stage seed culture. The sec-
ond stage lasted for 72 h. In both stages, the cultures
were grown on a shaker maintained at 309C and
100 rpm. A. niger cells were harvested by centrifuga-
tion (Hitachi CR20B2) at 7,000 rpm and 59C for
30 min, before being washed twice with 100 ml of a
0.1 molWl phosphate buŠer (pH 8.0). The racemic
substrate was prepared according to the literature.21)

The reaction was carried out at 309C, and when an
appropriate degree of conversion have been reached,
the reaction was stopped. The unreacted epoxide was
recovered in a 33z yield with 85zee.

Expecting an improvement in the enantioselectivi-
ty, we lowered the temperature to 259C. Although
this change may reduce the activity of the EH, and
prolong the time for resolution. It also reduce the
in‰uence by other nucleophilic groups in the
microorganisms which may aŠect ring-open of the
epoxides.22)

Biomass (20 g wet) of the A. niger CGMCC 0496
fungus was suspended in a 500-ml three-necked,
round-bottomed ‰ask which was ˆlled with 100 ml of
a 0.1 M sodium phosphate buŠer (pH 8). The ‰ask
was equipped with a mechanical stirrer while keeping
the temperature at 259C. Epoxide (±)-1 (100 mg)
was added to the suspension as a solution in DMF
(5 ml), and the mixture was stirred at 600 rpm. The
course of bioconversion was monitored by TLC. Af-
ter 68 min, when the conversion had reached an ap-
propriate degree, the reaction was stopped by adding
50 ml of ethyl acetate.

The mycelia were ˆltered oŠ, and the fungal cake
was washed with ethyl acetate. The aqueous phase
was saturated with sodium chloride and then extract-
ed three times with ethyl acetate. The combined the
organic layer was dried with Na2SO4, and the solvent
was removed. Flash chromatography (petroleum
etherWEtOAc, gradient from 4:1 to 1:1) of the residue
gave (S )-1, 35 mg (35z yield), [a]D

19.5 „107.2 (c＝
1.7; CHCl3), e.e.＝98z sthe absolute conˆguration
was established by analogy with the spectroscopic

behavior of (S )-styrene oxidet;18) and (R )-2, 43 mg
(39z yield), [a]D

19.5 +53.4 (c＝1.1, EtOH) slit.19) [a]D20

+9 (c 0.8, MeOH) for 47ze.e. (R )t, e.e.À99z.
The enantiomeric excess of the residual epoxide was
determined by an HPLC analysis in a chiral OD
column (0.46 mmq×25 mm) with an eluent of
hexane:2-propanol＝9:1 vWv at a ‰ow rate of
0.7 mlWmin. The enantiomeric excess of the diol
product was determined by an HPLC analysis in a
chiral OJ column (0.46 mmq×25 mm) with an eluent
of hexane:2-propanol＝9:1 vWv at a ‰ow rate of
0.7 mlWmin.

The results conˆrmed our prediction that the enan-
tioselectivity of A. niger CGMCC 0496 would be en-
hanced at the lower temperature.

Reducing the ratio of the biocatalystWsubstrate
(wWw) was next attempted, and reactions III, IV
(10 gW100 mg) and V (10 gW200 mg) were carried out.

According to Table 1, the best reaction choice was
II, using 20 gW100 mg of wet biomass to substrate at
259C. After 68 min, both the epoxide and diol could
be recovered with very high enantiomeric excess and
high isolated yield. Using a higher ratio of substrate
to cells slowed the rate of the reaction. Even after a
prolonged incubation, such as for 6 h, e.e. of the
residual epoxide by reaction IV did not reach 90z.
This may probably have been due to product inhibi-
tion.23) In order to ˆnd more evidence to conˆrm our
prediction, reaction VI was carried out. The condi-
tions for VI followed those for II, except for adding
7 mg of diol (R, e.e.À98) to the substrate. We found
that more residual epoxide was obtained when the
reaction was stopped at the same time as that for
reaction II, so product inhibition must be considered
during the resolution procedure.

Comparing with the results for ractions II, III, IV
and V, it can be seen that the ratio of substrate to
cells was an important factor for biohydrolysis to
overcome product inhibition. To our surprise, e.e. of
the diols from reactions III, IV and V was lower than
that from II, and we cannot ascribe this decrease in
enantioselectivity to spontaneous substrate hydroly-
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sis, because no hydrolysis was apparent in a blank
test even after 7 hrs. The lower enantioselectivity of
the reaction may probably have been due to modiˆ-
cation of the enzyme enantioselectivity by product in-
hibition, which suggests that the enantioselectivity
could be enhanced or decreased due to product inhi-
bition kinetics.24)

The results of our work show that outstanding
resolution of o-nitrostyrene oxide could be achieved
by whole cells of the A. niger CGMCC 0496 fungus
with careful selection of the reaction temperature and
biocatalystWsubstrate ratio. Product inhibition was
found when the ratio biocatalystWsubstrate ratio for
the resolution was reduced.
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