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Abstract—By rational purification of lipase OF on a mercurial affinity column three fractions were identified as responsible for
the improved enantioselectivity without compromising the total activity of the crude enzyme. These three portions of lipase OF
have remarkably different abilities to differentiate between the enantiomers of a-arylpropionic acids in the lipase catalyzed

hydrolysis of the corresponding esters. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

Lipase catalysis is a well established method to obtain
enantiomerically pure building blocks for the synthesis
of structurally complex molecules with controlled stereo-
chemistry.! Since most of the commercial lipases con-
tain several competing enzymes and additives,?> the
enantiorecognition of lipase has not been as accurate as
it should be. In fact, the enantioselectivity can be
boosted by increasing the purity of the enzyme.? Some
examples of improved lipase/esterase enantioselectivity
have been reported in the literature.* However, these
purification protocols are often laborious and involve
multiple steps resulting in low enzyme recovery. Previ-
ously, subtilisin and thiosubtilisin, with only one amino
acid difference, were easily separated® using a conve-
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nient method based on an agarose mercurial column.b
This method was therefore selected as a tool for the fast
separation of a crude lipase. As (S)-ibuprofen and
(S)-ketoprofen are non-steroidal anti-inflammatory
drugs, many kinetic resolutions of related compounds
were reported.®*7 Recently, we observed that crude
lipase OF® possessed significantly higher enantioselec-
tivity at pH 3 than pH 6 upon hydrolysis of ibuprofen
esters.’

Herein, we report the purification of lipase OF
isozymes on an agarose mercurial column and an
improved resolution procedure for the hydrolysis of
2-chloroethyl 2-phenylpropionate 1, ibuprofen 2-
chloroethyl ester 2 and ketoprofen 2-chloroethyl ester 3
by utilizing these isolated isozymes (Scheme 1).

2-chloroethyl, X = H
2-chloroethyl, X = Isobuty
2-chloroethyl, X = Benzoyl
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2. Results and discussion

An initial screening of crude lipase OF character was
performed on the hydrolysis of 2-chloroethyl a-arylpro-
pionates (Table 1). It was thought that the low enan-
tioselectivity could be due to contamination by other
hydrolases. It was therefore decided to use a purified
hydrolyze to facilitate the resolution process.

For the purification, a method based on an agarose
mercurial column for the separation of mercaptoprotein
and non-mercaptoprotein® was explored. Consequently,
crude lipase OF was purified and a schematic represen-
tation of the chromatogram is shown in Fig. 1. Three
fractions were obtained. The first fraction is named OF
I, followed by OF II and OF III, respectively. OF III
was bound to the mercurial column and eluted with
0.15 mmol of cysteine buffer at pH 7. Each fraction was
combined and lyophilized. Various portions of these
lyophilized powders (1.5 mg/mL) were used directly in
the same manner as above to examine the hydrolysis of
2-chloroethyl esters of 2-phenylpropionic acid, ibupro-
fen and ketoprofen. The best hydrolysis results of these
esters by lipase OF I was found at pH 6 (£>100). In
fact, OF I was also able to boost the enantioselectivity

for ketoprofen at pH 6 with an e.e. of 99.4% and
showed an E value of 397 (entry 10), which resembles
the results obtained from 2-propanol-treated CRL* or
CRL-CLECs (E=64).> At pH 3, lipase OF II demon-
strated a similar character to crude lipase OF. More-
over, both the e.ec. and E values were improved. As
shown in entry 12 of Table 2, an e.e. of 99.5% was
observed.

The lipase OF III has a preference for the (R)-enan-
tiomer. The hydrolysis of ketoprofen 2-chloroethyl ester
by lipase OF III was found to have the opposite
stereoselectivity” with good enantioselectivity at pH 8
(entry 21) (Table 3). It is quite possible that OF III is
still a mixture of several hydrolases. Further purifica-
tion of OF III could improve its enantioselectivity in
using it for other resolution processes.

3. Conclusion

We have shown that the lipase OF contains at least
three isozymes with different enantioselectivity. We
have discovered that separation on a mercurial column
can differentiate these lipases with a superior enantiose-

Table 1. Lipase OF catalyzed the hydrolysis of 2-chloroethyl a-arylpropionates®

Entry Enzyme Ester Ph Duration (h) E.e., (%) E.e., (%) Conversion (%) E,"°
1 Crude lipase OF 1 3 34 89.7(R) 87.9(S)° 51 47
2 Crude lipase OF 1 6 8 16.7(R) 4.7(S)® 31 1
3 Crude lipase OF 1 9 6 1.9(R) 3.5(S)° 36 1
4 Crude lipase OF 2 6 8 28.4(R) 50.2(S)° 46 5
5 Crude lipase OF 3 2.6 48 23.9(R) 91.9(S)4 21 30
6 Crude lipase OF 3 8 16 1.2(S) 42.7(R)¢ 12 3

2 Racemic 2-chloroethyl ester (0.05 mmol), 0.1 M phosphate buffer (2 ml) and crude lipase OF (1 mg) at 37°C.
® Determined by HPLC analysis on a chiralcel OD column with hexane:isopropanol:acetic acid =99:1:0.03.

¢ Determined by HPLC analysis on a chiralcel OD column with hexane:isopropanol:acetic acid =99:1:0.05.

4 Determined by HPLC analysis on a chiralcel OJ column with hexane:isopropanol:acetic acid =92:8:0.3.
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Figure 1. Chromatogram of purification of lipase OF on agarose mercurial affinity column.
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Table 2. Comparison of the enantioselectivity of lipase OF I and lipase OF II on the hydrolysis of 2-chloroethyl
a-arylpropionates at various pH

Entry Enzyme Ester pH Duration (h) E.e. (%) Ee., (%) Conversion (%) E,"
7 Lipase OF 1 1 3 48 0 0 0 0
8 Lipase OF I 1 6 104 20.4(R) 97.7(S) 24 104
9 Lipase OF I 2 6 20 46.6(R) 97.2(S) 40 137
10 Lipase OF 1 3 6 72 29.3(R) 99.4(S) 19 397
1 Lipase OF 1 3 8 7 8.6(R) 73.3(S) 7 7
12 Lipase OF II 1 3 36 30.7(R) 99.5(S) 24 576
13 Lipase OF 1I 1 6 40 88.6(R) 45.9(S) 40 7
14 Lipase OF II 2 6 20 39.8(R) 42.2(S) 51 4
15 Lipase OF 1I 3 3 56 19.1(R) 93.6(S) 20 36
16 Lipase OF II 3 8 20 42.71(R) 71.0(S) 45 9
Table 3. Enantioselectivity of lipase OF III in the resolution of 2-chloroethyl esters

Entry Enzyme Ester pH Duration (h) E.e. (%) E.e., (%) Conversion (%) E"°
17 Lipase OF III 1 3 48 0 0 0 0
18 Lipase OF III 1 75 18 0.5(S) 10.5(R) ) 1
19 Lipase OF 1III 2 6 20 23.4(R) 59.5(S) 33 5
20 Lipase OF III 3 2.6 72 0 0 0 0
21 Lipase OF III 3 8 96 92.3(S) 75.1(R) 58 23
lectivity compared to the crude enzyme. We have fur- 4. (a) Wu, S.-H.; Guo, Z.-W.; Sih, C. J. J. Am. Chem. Soc.

thermore identified the isozymes at different pH that
control, independently, the enantioselectivity and the
overall catalytic activity of the lipase.
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