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Improved production of (S )-ketoprofen ester hydrolase by a mutant
of Trichosporon brassicae CGMCC 0574
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Abstract An efficient screening method following UV
mutagenesis yielded a high frequency of improved mu-
tants of Trichosporon brassicae CGMCC 0574, a wild-
type esterase-producer capable of enantioselectively
hydrolyzing the ethyl ester of ketoprofen [2-(3-benzoyl-
phenyl) propionic acid]. The mutant had an activity 1.8-
fold higher than the wild type and was stable in its
enzyme production for ten serial transfers. As the best
single carbon source, isopropanol improved the specific
activity of the enzyme 5-fold; and this did not result
from the effect of cell permeabilization. An 18-h culture
grown on a medium containing 0.5% glucose plus 0.5%
isopropanol produced 3-fold as much esterase as a cul-
ture grown on 1% glucose.

Keywords Ketoprofen ester Æ Enantioselective
hydrolysis Æ Esterase Æ Mutagenesis Æ Carbon source
optimization

Introduction

As a member of the 2-arylpropionic acids that represent
an important group of non-steroidal anti-inflammatory
drugs, ketoprofen [2-(3-benzoylphenyl) propionic acid]
exhibits a pharmaceutical activity which reduces inflam-
mation and relieves pain mainly with its (S)-enantiomer,
while its (R)-enantiomer can be used as a toothpaste
additive to prevent periodontal diseases [4]. Therefore, it
is desirable to obtain optically pure (S)- or (R)-ketopro-
fen from the chemically synthesized racemic mixture,
using kinetic resolution [13] or chiral inversion [15].

Among many of the efforts made in biocatalytic
resolution to obtain optically pure ketoprofen, com-
mercial enzymes were frequently used as biocatalysts.
Although different strategies have been proposed to
enhance the activity and enantioselectivity of existing
commercial enzymes, including optimization of reac-
tion conditions [11, 12], modification of the substrate
and/or enzyme [3, 10], improvement of the mass
transfer in the reaction [18] and purification of enzyme
preparations [14], these cumbersome processes may
increase the operational difficulty and process cost.
Additionally, in many cases, it is very difficult to find a
commercial enzyme with both satisfactory enantiose-
lectivity and activity for the kinetic resolution of some
unnatural substrates, such as ketoprofen. Therefore, it
is an effective alternative to isolate from a broader
diversity of microorganisms in soil samples, using
the target substrate or its derivatives as sole carbon
source and to catalyze the reaction directly using whole
cells.

In our previous report [16], a yeast strain, Tricho-
sporon brassicae CGMCC 0574, was successfully iso-
lated for the enantioselective hydrolysis of ketoprofen
ethyl ester to prepare the optically pure (S)-ketoprofen.
However, the activity of T. brassicae CGMCC 0574,
like most other wild-type strains, was not satisfactory in
meeting the needs of industrial application. Aside from
the strategies of cell permeabilization and fermentation
optimization, strain improvement by genetic manipula-
tion is also an important means for increasing the pro-
duction of target enzymes or metabolic products.
Random mutagenesis followed by a suitable screening
method represents the classic route for this purpose. For
instance, a mutant showing 5- to 7-fold higher cellulase
activity compared with the wild type of Penicillium
occitanis was isolated after seven rounds of mutagenesis
with UV light, ethylmethanesulfonate and N-methyl N¢-
nitro N-nitrosoguanidine [8]. However, to our
knowledge, there is no report on improved mutants of
the esterase producer for enantioselective hydrolysis of
the racemic ketoprofen ester.
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In this work, a simple and efficient screening proce-
dure following UV mutagenesis was established to pro-
vide a high frequency of positive mutants of the esterase
producer, T. brassicae CGMCC 0574. One of the mu-
tants increased its esterase activity on the ethyl ester of
(S)-ketoprofen by 1.8-fold, even when the organism was
grown on the original medium (10 g glucose/l, 5 g pep-
tone/l, 5 g yeast extract/l). Its genetic stability served as
our motivation to optimize the medium to improve en-
zyme production. As a carbon source for the growth of
the mutant, isopropanol led to a pronounced increase
(as much as 5-fold) in the specific activity of the keto-
profen ester hydrolase. In the meantime, enzyme pro-
duction increased 3-fold after 18 h of culture when
glucose and isopropanol were jointly used as the carbon
source.

Materials and methods

Chemicals

Racemic ketoprofen was kindly donated by Xi’nan Pharmaceutical
Factory, Chongqing, China. The ethyl ester of ketoprofen was
prepared following the method described by Hernaiz et al. [7]. The
structure of the ethyl ester was confirmed by 1H-NMR (500 MHz,
CDCl3), showing dppm values of 7.40-7.85 (m, 9H, ArH), 4.08-4.18
(m, 2H, –OCH2–), 3.79 (q, 1H, J=7.18 Hz, –CH(CH3)COOH),
1.50 (d, 3H, J=7.18 Hz, CH3–CH(COOH)–), 1.22 (t, 3H,
J=7.12 Hz, CH3–CH2O). All other chemicals were obtained
commercially and were of analytical grade.

Microorganism, media and culture conditions

The wild-type T. brassicae CGMCC 0574 was described elsewhere
[16]. The strain was identified at the Institute of Microbiology, The
Chinese Academy of Sciences (Beijing, China), and is currently
deposited in the China General Microbiological Culture Collection
Center (Beijing). The strain was grown on GM medium (5 g pep-
tone/l, 5 g yeast extract/l, 10 g glucose/l). Medium for strain
enrichment (EM) contained (per liter): 2 g (NH4)2SO4, 2 g
K2HPO4, 0.5 g NaCl, 0.5 g MgSO4Æ7H2O and ketoprofen ethyl
ester at a final concentration of 1% (w/v), which was added to the
medium as either an ethanol solution or a Tween-80 emulsion. The
medium used for optimizing the carbon sources contained (per li-
ter): 5 g peptone, 5 g yeast extract and 10 g each of the carbon
sources to be tested. Cultivation was carried out on a rotary shaker
at 30 �C and 180 rpm. The initial concentration of substrate in
both enrichment culture and bioconversion was 10 mM, unless
otherwise specified.

UV mutagenesis and strain selection

The cell suspension of the three best mutant strains obtained from a
round of mutagenesis was exposed to UV light (20 W at 20 cm) for
3 min. After being cultured in the dark, the cell suspension sub-
jected to mutagenesis was inoculated into 20 ml of EM. After two
rounds of enrichment cultivation, the culture broth was diluted and
spread on agar plates of EM supplemented with substrate emulsion
(final concentration 10 mM) and agar (2.0%). Colonies with large
clear halos were picked and inoculated into test-tubes containing
GM for activity assay. Strains showing a high esterase activity were
further subjected to a second round of screening. The activities of
strains from the first and second screenings were compared with
that of the wild-type strain.

Analytical methods

Concentrations of ketoprofen and its ethyl ester were determined
by HPLC, using a Lichrosorb RP-18 (200·5.0 mm, 10 lm) reverse
phase column. The UV detector was set at 254 nm and the mobile
phase was composed of methanol and water (85:15 by volume) at a
flow rate of 0.8 ml/min.

The enantiomers of ketoprofen were analyzed by a chiral HPLC
column (Chiracel OJ, 250·4.6 mm; Daicel Co., Japan) which was
eluted with hexane:2-propanol:acetic acid (90.0:10.0:0.1 by volume)
at 1.0 ml/min and detected at 254 nm. The retention times of (S)-
and (R)-ketoprofen ethyl esters and (R)- and (S)-ketoprofen
were 9.5, 10.0, 13.0 and 17.4 min, respectively. The enantiomeric
excess of product (eep) was defined as the ratio: [(S))(R)]/
([(S)+(R)]·100%, where (R) and (S) are the concentrations of (R)-
and (S)-enantiomers, respectively. The enantiomeric ratio (E-value)
was calculated using the following equation [2], where x represents
the conversion ratio of ester hydrolysis: E=ln[1)x(1+eep)]/
ln[1)x(1)eep)].

Isopropanol treatment of resting cells

Cells from 10 ml of 15-h culture broth were harvested by centri-
fugation at 30,000 g for 10 min and washed once with 0.85% NaCl
solution. The washed cells were then permeabilized by resuspend-
ing them in 2 ml of potassium phosphate buffer (KPB, 50 mM,
pH 8.0) containing 2% (v/v) isopropanol. After incubation on a
shaker at 120 rpm and 30 �C for 10 h, the culture broth was cen-
trifuged at 30,000 g for 10 min. The cells collected were washed
with saline before they were used for enzyme assay.

Enzyme assay

Cells harvested from 10 ml of culture broth were re-suspended in
2 ml of KPB (50 mM, pH 8.0) containing 10 mM ketoprofen ethyl
ester and 0.5% (w/v) Tween-80. The mixture was incubated at
30 �C and 120 rpm for 1 h; and then the residual substrate and its
hydrolytic product were extracted with the same volume of ethyl
acetate. The extract was directly subjected to HPLC analysis. One
unit of hydrolytic activity was defined as the amount of enzyme
that catalyzed the hydrolysis of ketoprofen ethyl ester to release
1 lmol ketoprofen/min under the conditions above.

Results and discussion

Results of UV mutagenesis

Although genetic methods such as directed evolution
have been used to get the desired mutant [1], UV
mutagenesis followed by an efficient screening method
still plays an important role in improving the production
capacity of many industrial microbial strains. First, a
duration of 180 s was determined as the mutagenesis
time at a certain UV power (20 W) and exposure dis-
tance (20 cm) in order to achieve an inactivation of 75–
80%, which was considered beneficial for the generation
of genetically stable mutants with suitable variant fre-
quency [19].

In fact, a suitable screening method rather than the
mutagen is often the key to getting the desired strains. In
this work, a fast and efficient screening method was
successfully established, in which two rounds of enrich-
ment cultivation with the ketoprofen ethyl ester as the
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sole carbon source resulted in a significantly increased
frequency of positive mutants. Among all the strains
tested, the percentage of positive mutants (mutants with
over 1.5-fold higher activity than the wild type) was
higher than 11%. Since there was no other report about
screening mutants of ketoprofen ester hydrolase-pro-
ducers, we were unable to evaluate the relative effec-
tiveness of this procedure. In a similar case, among
thousands of microbial strains tested, 28 were selected to
determine their potential for ketoprofen ethyl ester-
hydrolyzing activity from 40 strains showing esterase
activity [9]. In this work, the high frequency (>11%) of
positive mutants was considered to be due to three
possible reasons. First, as described in our previous
publications [5, 16], the alternative use of Tween-80 and
ethanol as additives during the enrichment culture may
help to exclude strains which might utilize the additives
(ethanol, Tween-80). In addition, before being plated,
two rounds of enrichment culture with ketoprofen ester
as the sole carbon source may efficiently limit the growth
of negative mutants and multiply positive mutants.
Therefore, a higher frequency of positive strains was
obtained from the culture spread on agar plates con-
taining EM. However, the two rounds of enrichment
culture could allow some siblings to be spread on the
same plate, which might artificially increase the ratio of
positive variants. Finally, several generations of prolif-
eration were actually experienced during the repeated
enrichment culture before the strains were picked up.
This may contribute to a genetic stability of selected
strains higher than that of the ones isolated immediately
after UV mutagenesis.

After three rounds of UV mutagenesis, in which the
top 3–5 high-producers from the previous round were
used as the starting strains for the next round, several
strains were selected and subjected to the final screening.
Meanwhile, the E values of the strains with the highest
activities were also checked using chiral HPLC
(Table 1). Strain 4-3-1-3 rather than strain 5-20-1 was
finally selected for further investigation, due to its higher
enantioselectivity.

Genetic stability of the selected strain

Many mutants face the problem of genetic instability
due to reverse mutations. Therefore, the genetic stability
of strain 4-3-1-3 in enzyme production was evaluated by
assaying its enzyme activities after ten transfers on
slants. As a result, the activities measured ranged from
1.73- to 1.96-fold (an average of 1.8-fold) greater than
the wide type, which suggests the mutant was genetically
stable. The results above indicate that mutation did take
place in the mutant, although more direct proof from
molecular information on the DNA sequence needs to
be provided from future research.

Effects of the carbon source

A suitable growth condition is essential to ensure that
the mutant expresses enzyme fully. In this section,
optimizing the carbon source was used to improve the
growth condition. A variety of carbon sources, including
alcohols, monosaccharides, polysaccharides and fatty
acid esters, were evaluated for their capacity to support
cell growth and enzyme production. As shown in
Table 2, glucose was the best carbon source to support
cell growth, but it seriously limited enzyme production.
The other carbon sources produced similar cell masses,
while the short-chain alcohols, ethanol and glycerol, led
to the highest specific activities, which were about 1.5-
fold higher than that of the glucose-grown culture. No
significant enhancement of enzyme productivity was
observed in the case of oleic acid, which was previously
reported as a good inducer for lipase production by
Candida rugosa [6]. In order to clarify the effect of the
lower alcohols on enzyme production, n-propanol and
isopropanol were tested further. As shown in Table 2,
when isopropanol was used as the carbon source, the

Table 1 Esterase activity and enantioselectivtiy (E) of the wild type
and the mutant strains. The enzyme activity of the mutants was
compared with the wild type. E values were determined using the
following equation [13]: E=ln[1)x(1+eep)]/ln[1)x(1)eep)], where
x represents the conversion ratio of ester hydrolysis and eep is the
enantiomeric excess of product. n.d. Not determined

Strain Relative enzyme activity (%) E

Wild type 100 n.d.
4-12-1 95 n.d.
4-12 97 n.d.
5-17-2-6 103 n.d.
5-17 142 n.d.
4-3-1-1 152 n.d.
4-3 165 n.d.
4-3-1 165 n.d.
1-2-3 166 27.0
4-3-1-3 199 31.0
5-20-1 211 21.1

Table 2 Effect of carbon source on the growth and enzyme pro-
duction of mutant 4-3-1-3. Cells were grown in 50 ml medium
containing 5 g peptone/l, 5 g yeast extract/l and 10 g/l of each
carbon source tested, at 30 �C, 180 rpm. Of the 50 ml culture
broth, 10 ml were used for determination of cell dry weight and
another 10 ml were used for enzyme assay. Cultures grown on the
medium with glucose as the carbon source were used as the control.
The letters a and b indicate that the data were obtained from two
different batches of culture

Carbon source Cell dry mass Production Specific activity
(g/l) (units/l) (units/g)

Glucosea 4.5±0.5 2.6±0.2 0.6±0.1
Ethanola 2.7±0.0 2.4±0.1 0.9±0.0
Glycerola 2.5±0.1 2.1±0.3 0.9±0.1
Tween-80a 3.0±0.6 2.4±0.2 0.8±0.2
Dextrina 3.4±0.1 2.6±0.1 0.8±0.0
Sucrosea 3.8±0.5 2.4±0.1 0.6±0.1
Oleic acida 2.4±0.5 1.9±0.1 0.8±0.2
Glucoseb 5.0±0.1 2.2±0.1 0.4±0.0
Ethanolb 2.8±0.4 3.1±0.3 1.1±0.2
n-Propanolb 2.1±0.3 3.2±0.2 1.5±0.2
Isopropanolb 1.5±0.0 3.3±0.1 2.2±0.1
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esterase specific activity of strain 4-3-1-3 was enhanced
as much as 5-fold, although cell growth was consider-
ably limited.

To obtain maximal enzyme production, the effects of
glucose and isopropanol concentrations on the cell
growth and enzyme production were investigated.
Table 3 shows that, while the cell mass increased with
the concentration of glucose, enzyme productivity de-
creased significantly, suggesting that enzyme expression
was markedly repressed by glucose. Variations in iso-
propanol concentration did not show significant effects
on either cell mass or enzyme production. Therefore,
combining glucose with isopropanol as the carbon
source was considered favorable for both cell mass and
enzyme production. This may enhance the total enzyme
production. Thus, different concentrations of glucose
plus isopropanol at a 1:1 (w/w) ratio were also investi-
gated (data not shown). The cell mass increased with the
increase in the total amount of carbon source, but en-
zyme production reached its maximum at the combi-
nation of 0.5% glucose with 0.5% isopropanol. When
the time-course of enzyme production was further
investigated (Fig. 1), the highest enzyme production (ca.

8.5 units/l) was observed at 18 h. It was 3-fold higher
than that given by cells grown on the original GM.

Mechanism of the isopropanol effect

In our previous work, we reported that isopropanol, as
an efficient permeabilizer, led to a significant enhance-
ment (310%) in the activity of the esterase of T. brassi-
cae CGMCC 0574 [17]. This result motivated us to find
out whether the improved enzyme production with iso-
propanol as the carbon source was due to the effect of
permeabilization. The data in Fig. 2 show that per-
meabilized resting cells from glucose-grown culture in-
creased the enzyme activity by 20%, compared with
untreated cells, while over 3-fold enhancement in the
specific activity of enzyme was observed when the cul-
ture was grown with isopropanol as the carbon source.
Therefore, it is clear that the improvement in enzyme
production in the isopropanol-grown culture of mutant

Table 3 Comparison of isopropanol with glucose as carbon sour-
ces at different concentrations. Cells were grown in 50 ml medium
containing 5 g peptone/l and 5 g yeast extract/l with different
concentrations of glucose or isopropanol added as the carbon

source, at 30 �C, 180 rpm. Of the 50 ml culture, 10 ml were used
for the determination of cell dry weight and another 10 ml were
used for the enzyme assay

Carbon source Concentration Cell dry weight Production Specific activity
(%) (g/l) (units/l) (units/g)

Glucose 0.5 3.4±0.3 2.7±0.4 0.8±0.1
Glucose 1.0 6.0±0.1 2.6±0.2 0.4±0.0
Glucose 2.0 6.1±0.1 2.8±0.1 0.4±0.0
Isopropanol 0.5 1.3±0.0 3.2±0.1 2.6±0.1
Isopropanol 1.0 1.4±0.0 3.5±0.4 2.5±0.3
Isopropanol 2.0 1.3±0.0 3.5±0.1 2.7±0.1

Fig. 1 The profile of cell growth and esterase production of mutant
strain 4-3-1-3 in medium with both 0.5% isopropanol and 0.5%
glucose as carbon sources. Triangles Production of enzyme, squares
dry cell weight, L liters, U units of enzyme activity

Fig. 2 Effect of isopropanol treatment on the specific activity of
cultures grown on different carbon sources. Gluc. Glucose (1.0%),
Isop. isopropanol (1.0%), Gluc.+Isop. glucose (0.5%) and isopro-
panol (0.5%) used jointly as the carbon source. Full, 100%
productivity corresponded to the specific activity (5 units/g cells) of
isopropanol-treated cells collected from the culture grown on
medium containing isopropanol. White columns Resting cells, black
columns isopropanol-treated cells
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strain 4-3-1-3 did not result from the effect of permea-
bilization. It is worth noting that the effect of isopro-
panol permeabilization on mutant strain 4-3-1-3 was not
as significant as it was on the wild-type T. brassicae
CGMCC 0574.
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