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Abstract

The+y-isoenzyme of pig liver esterase (rPLE) was produced recombinantly by expresBichiapastoris. A comparison
of rPLE with commercial preparations of crude PLE revealed significant differences in the kinetic resolution of a series
of acetates of secondary alcohols. With rPLE substantially higher enantioselectivities were observed in the hydrolysis of
(R,9-1-phenyl-3-butyl acetateR(S)-1-phenyl-2-propyl acetatelR(S)-1-phenyl-2-pentyl acetate, and,§)-1-phenyl-2-butyl
acetate. For the first two compounds, also an inversed stereopreference was found. This change in substrate specificity can be
related to varying contents of theisoenzyme in commercial PLE preparations and the presence of further isoenzymes with
different properties.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction be shown that PLE consists of various isoenzymes,
which can differ considerably in their substrate
Lipases and esterases can be used as efficient biospecificity and also stereoselectivify,6]. The most
catalysts for the preparation of a wide variety of dominant fractions amenable by isoelectric focusing
optically pure compoundgl,2]. In the group of car-  are the so-calledxr- and vy-isoenzymes[7,8]. The
boxyl esterases, pig liver esterase (PLE) representsa-isoenzyme preferentially hydrolyzes methylbu-
by far the most important enzyme and numerous tyrate, whereas, thg-isoenzyme gxhibits specificity
examples for its efficient application in kinetic reso- for proline$3-naphthylamide[9]. Ohrner et al.[6]
lutions and de-symmetrizations can be fou3#]. did not only find an influence of the chain-length of
PLE is obtained by simple treatment of homoge- p-nitrophenyl esters on the activity of different PLE
nized pig liver tissue with an organic solvent. The fractions, but also a significant change in enantio-
resulting crude powder can contain beside PLE also selectivity in the hydrolysis of prostereogenic sub-
various other hydrolytic enzymes. Moreover, it could strates. In contrast, Jones and coworkers reported that
different isoenzymes show almost no differences in
_— the stereoselective hydrolysis of several monocyclic
* Corresponding author. Tel+49-3834-86-4367; .
fax: +49-3834-86-4346. and acyclic diesterfgL0].
E-mail address: bornsche@uni-greifswald.de (U.T. Bornscheuer). We have recently achieved the functional ex-
URL: http://www.chemie.uni-greifswald.debiotech pression of PLE in the yeadRichia pastoris [11].
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Biochemical studies confirmed that theisoenzyme

of PLE was cloned and expressed, as the recom-

binant esterase shows high specificity towards
proline3-naphthylamide, a typical substrate of this
isoenzyme (often also namedsubunit). Key to suc-
cess was the removal of an 18 amino acid N-terminal
sequence and of a four amino acid C-terminal putative
endoplasmic reticulum retention signal. Thus, we can
now produce recombinant PLE (rPLE) without inter-

fering influences of other isoenzymes and hydrolases.

The rPLE shows almost identical pH- and tempera-
ture profiles and a similar substrate specificity in the
hydrolysis of simple (achiral) esters and triglycerides
compared to non-recombinant PILEL].

Preliminary results revealed that rPLE shows strik-
ing differences in its stereoselectivity compared to
PLE from Fluka, Sigma or Roche (Chirazyme E1 and
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(R)-6, 20.2min; §-6a 24.8 min; R)-6a, 27.4 min.
The absolute configuration was based foon com-
parison with commercialR)-1a. In the case of and

4, the literature-knowri13] (R)-preference of lipase
from Burkholderia cepacia (Amano PS), for3, the
literature-known[14] (R)-preference of lipase from
Pseudomonas sp. (Amano AK), for6, (R)-preference

of the lipoprotein P (LPL 1J15] served as reference.
For 5, the absolute configuration was assigned from
the sense of optical rotation based on literature values
[16]. Commercial PLE preparations from Fluka (390
U/mg, based opNPA-assay), Sigma (176 U/mg) and
Roche (Chirazyme E1 (155U/mg), E2 (170 U/mg))
served as controls. Recombinant PLE (500 U/mg) was
produced by methanol induction in the ye&sthia
pastorisas describedl1].

E2) in the resolution of the acetates of some secondary2.2. Synthesis of (R,S)-1-phenyl-2-pentanol (5a)

alcohols[12]. In the present paper, we report on the
hydrolysis of further substrates of this type and at-
tempt to rationalize the results.

2. Experimental
2.1. General methods

1H NMR spectra were recorded at 300 MHZC
NMR spectra at 75MHz, in CDGI with tetram-
ethylsilane as internal standard. All chemicals and
acetatel were purchased at the highest purity avail-
able from Fluka. Acetate2{4, 6) were synthesized
from commercially available alcohol2d—4a, 6a)

Phenylacetaldehyde (10.6g, 90 mmol) was dis-
solved in 50 ml diethyl ether and added drop wise
to a solution of propylmagnesium chloride (10.3g,
50ml, 2M in diethyl ether). The reaction mixture
was stirred under heating for 2h and then cooled.
Next, ice and half concentrated HCI was added un-
til the precipitate dissolved. The organic layer was
separated and the aqueous layer was extracted twice
with diethyl ether. The ether layers were combined
and washed with saturated p&0O3;, NaHCG; and a
small amount of water. After drying over anhydrous
NaxSOq and evaporation of excess solvent, the prod-
uct was isolated by low pressure distillation (the frac-
tion containing the product was collected at 750 Torr,

using standard procedures as described below. Gasl62°C) giving 6.9g (42 mmol, 48%pa. 'H NMR
chromatographic analyses were conducted using a(300MHz; CDCE) 8 0.93 (t,/ = 6.9, 3H, —CHp),

heptakis-(2,89-methyl-3-O-pentyl)-R-cyclodextrin  (
25m x 0.25mm, Prof. W. A. Kbnig, University of
Hamburg, Germany), carrier gas: Hflame ionisa-
tion detector. Retention time4:(100°C isothermal):
(9-1 3.7min; ®)-1, 5.8 min; R)-1a 6.7 min; ©-1a,
7.6 min; 2 (80°C isothermal): §-2 13.9min; R)-2,
20.9 min; §-2a51.5 min; R)-2a 44.6 min;3 (100°C
isothermal): §-3 15.6 min; R)-3, 28.7 min; §-3a
19.1 min; R)-3a, 20.5 min;4 (75°C isothermal): §-4
26.5min; R)-4, 42.3min; §-4a 32.6 min; R)-4a,
34.2min; 5 (90°C, 30; 5°C, min; 110°C): (9-5:
29.1min and R)-5 30.4min; §-5a 37.3min; and
(R)-5a 38.3 min;6 (90°C isothermal): §-6 17.6 min;

1.42-1.51 (m, 4H, ~Cp+CHp-), 1.69 (s, 1H, —OH),
2.59-2.83 (m, 2H, Ph—Cj+H,-), 3.79-3.83 (m, 1H,
—CH,—H-OH), 7.18-7.32 (m, 5H, —Ph}3C NMR
(75MHz; CDCE) § 14.01, 18.88, 38.88, 44.01, 72.34,
76.58, 77.43, 126.33, 128.11, 128.45, 129.38, 138.64.

2.3. General procedure for the preparation of
acetates (2-6)

An amount of 40 mmol acetyl chloride were added
to 20 ml pyridine at 4C and the mixture was stirred
thoroughly. An amount of 40 mmol alcoh?d—6a was
added drop wise and the mixture was stirred for 20 h
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at RT. The mixture was extracted twice with ether, Table 1
twice with saturated sodium hydrogen carbonate solu- Enantioselectivities of different pig liver esterases in the kinetic
tion and the combined organic layers were dried over es0lution of RS-1-phenyl-1-propyl acetat2

anhydrous NgSOy followed by evaporation of excess PLE? Time Enantiomeric Conversio E°
solvent. The acetates were purified by silica gel chro- () excess )
matography (hexane:ethyl acetate5:1 (24, 6) or (Yee)® (%)
3:1 (5)). Chemical structures were confirmed by NMR  Recombinant 4 13 20 40 1.7
spectroscopy and elementary analyses. Fluka 1 21 28 43 2.2
(R,9-1-phenyl-1-propyl acetate (2): following the Sigma 05 17 19 48 17
Chirazyme E1 0.5 9 13 41 14

general procedure, 5.4 g d&®,§)-2a (40 mmol) yielded

3.1g of R9-2 (17.4 mmol, 43%). Chirazyme E2 0.5 18 27 40 21
(R9-1-phenyl-3-butyl acetate (3): 0.5 g of R,9)-3a 1n all the reactions, 0.5U (based phiPA-assay) were used.

(3 3 mmol) yielded 0569 OR 5)_3 (2 9 mmol 87%) b EnantioselectivityE was calculated according to Chen et al.
. . \ . , . [17].

(R,S)-l—phenyI-Z-propyI acetate (4): 5.4g of CIn all the cases, the product alcola had R)-configuration
(RS)-4a(40 mmol) yielded 6.5 g ofR,§)-4 (36.5 mmol, and the non-converted acetatgS)-configuration.
91%).
(R,9-1-phenyl-2-pentyl acetate (5): 3.28g of
(R,9-5a (20 mmol) yielded 1.02 g oR,S)-5 (4.9 mmol, function. In the case of 1-phenyl-1-propyl-acetate
25%). similar stereopreference and low enantioselectivities
(R,9)-1-phenyi-2-butyl acetate (6): 0.5 g of R,9-6a were found with all PLE preparations usethble J).
(3.3mmol) yielded 0.48 g oR,9-6 (2.5 mmol, 74%). In contrast, the $-alcohol was formed when rPLE
catalyzed the hydrolysis of aceta8eandE increased
2.4. Esterase-catalyzed kinetic resolution of the modestly (from 1.1 to 3.2 using commercial prepara-
acetates tions) to E = 6.3 with recombinant PLETable 2.
Interestingly, with Chirazyme E2 a similar reversal in

Acetatesl—6 were dissolved in sodium phosphate Stereopreference as for rPLE was observed. With ac-

buffer (pH 7.5, 50 mM) giving 1 ml of a 10mM so-  etate5 all PLEs showed$-preference and acceptable
lution. The hydrolysis was carried out in 1.5ml re- E-values can only be achieved with recombinant PLE

action vials in a thermomixer (Eppendorf) at 37. (E = 16.7) whilst all crude esterases gave unsatisfac-
For each reaction, 0.5 U pig liver esterase (based on atory optical purities £ = 1.3-2.1) (Table 3.
spectrophotometrip-nitrophenyl acetatepNPA) as- Fig. 1summarizes results in PLE-catalyzed hydrol-

say) was used. Reactions were terminated by extrac-Yses of acetates—6 arranged by increasing prefer-
tion with methylene chloride and the organic phases €nce for the §-enantiomer. For simplicity, only PLE
were dried over anhydrous sodium sulfate. The deter-
mination of enantiomeric purity and conversion was

. . able 2
performed by gas chromlatography. EnantloseleCt|V|ty Enantioselectivities of different pig liver esterases in the kinetic
E was calculated according to Chen ef#]. resolution of R,S)-1-phenyl-3-butyl acetat8
PLE® Time Enantiomeric Conversion EP
(h) excess (%)

3. Results and discussion (%ee)  (%ee)

Kinetic resolutions of six representative acetates of Elelc(ombi”am 025 3512R) ig © g gg
secondary alcohol4—6 by hydrolysis in phosphate Si:n?a 0.25 22% 25 (Gfg a7 21
buffer using recombinant PLE apd several crude COM- chirazyme E1I 05 259 29 R) 47 23
mercial preparations were studied. As already found chirazyme E2 025  1R) 2(9 43 11

Tor substrated, 4 and6 [12]' again enantios_eleCtiV' a1n all the reactions, 0.5U (based phlIPA-assay) were used.
ity E and stereopreference were markedly influenced b gpantioselectivitye was calculated according to Chen et al.
by the chain-length and the position of the hydroxyl [17].
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Fig. 1. Schematic presentation of enantioselectityand stereopreference of recombinant PlyEispenzyme) and commercial PLE
preparations from Fluka (Fluka, PLE) and Roche (Chirazyme E2).

preparations from Fluka and Roche (Chirazyme E2) only recombinant PLE preferentially hydrolyzes the
are compared with rPLE as here the largest differences (S)-enantiomer whilst commercial PLEs neither show
in stereoselectivity among the commercial prepara- a clear stereopreference nor satisfactory enantioselec-
tions were found. Linking this change in stereopref- tivities (Scheme 1Fig. 1).

erence with the position of the hydroxyl group shows  The significant changes in substrate specificities
a comparable pattern: at = 0, (R)-preference and  and enantioselectivities of recombinant PLE in com-
similar enantioselectivities for both acetafe® inde- parison to various crude commercial PLE prepara-
pendent of the PLE preparation occurredpat 1, tions can be attributed to the sole presence of the
v-isoenzyme in the recombinant esterase and varying
concentrations of it in the commercial ongkl].

Table 3
Enantioselectivities of different pig liver esterases in the kinetic
resolution of R,9-1-phenyl-2-pentyl acetaté OAc
PLE? Time Enantiomeric Conversion EP ©\Hg°‘c @J\R
(h)  excess (%) 1R
(Yoee)®  (Yee)© (F-36 (81,2
. rPLE OAc  \PLE .
Recombinant 2 69 78 47 16.7 buffer g Dbuffer OH
Fluka 03 24 26 48 21 on 02 :
Sigma 05 15 13 52 15 (RS)-1-6 ©/\R
Chirazyme E1 0.5 9 11 46 1.3 LR
Chirazyme E2 0.3 21 24 46 2.0 (S)-3a-6a (R)-1a, 2a
21n all the reactions, 0.5U (based phlIPA-assay) were used. 1: R=CHs 3:n=2 R=CH3 5:n=1, A= CHyCH,CH3
b EnantioselectivityE was calculated according to Chen et al. 2: R=CH,CHj 4:n=1,R=CHz 6:n=1, R= CHyCHg
[17].
CIn all the cases, the product alcoti had )-configuration Scheme 1. Stereopreference of the recombinant fidoenzyme

and the non-converted acetd@igR)-configuration. in the kinetic resolution of acetatds®6.



A. Musidlowska-Persson, U.T. Bornscheuer / Journal of Molecular Catalysis B: Enzymatic 19-20 (2002) 129-133 133

This was confirmed by determination of the activ- References
ity towards prolineB-naphthylamide—the specific
substrate of they-isoenzyme—and methyl butyrate,  [1] U.T. Bornscheuer, R.J. Kazlauskas, Hydrolases in Organic
which was reported to be cleaved preferentially by Synthesis—Regio and Stereoselective Biotransformations,
the a-isoenzyme. According to our experiments, Wiley-VCH, Weinheim, 1999. . . .

L. [2] K. Faber, Biotransformations in Organic Chemistry, Springer,
PLE from Fluka showed lowest activity towards Berlin. 2000.
prolinef3-naphthylamide and Chirazyme E2 the [3] J.B. Jones, Pure Appl. Chem. 62 (1990) 1445.
highest one. This observation might explain the pat- [4] S.J. Phytian, Esterases, In: H.J. Rehm, G. Reed, A. Puhler,
tern observed here for the six acetates investigated  P-J-W. Stadler, D.R. Kelly (Eds.), Biotechnology Series, vol.

; o : 8a, Wiley-VCH, Weinheim.
as preparations containing higher amounts of the [5] F. Bjorkling, J. Boutelie, S. Gatenbeck, K. Hult, T. Norin, P.

a-isoenzyme show highgr preference f&)-@lcohols Szumlik, Bioorg. Chem. 14 (1986) 176.
14 and lower selectivities towards th&){alcohols [6] K. Ohrner, A. Mattson, T. Norin, K. Hult, Biocatalysis 4
5-6 compared to recombinant PLE. (1990) 81.
[7] E. Heymann, W. Junge, Eur. J. Biochem. 95 (1979)
509.
. 8] W. Junge, E. Heymann, Eur. J. Biochem. 95 (1979
4. Conclusions []519_ 9 y (1979)
[9] E. Heymann, K. Peter, Biol. Chem., Hoppe Seyler 374 (1993)
It was shown in this study, that the presence of 1033.

various isoenzymes in commercial PLEs substantially [10] L.K.-P. Lam, C.M. Brown, B. deJeso, L. Lym, E.J. Toone,
effects the stereopreference and enantioselectivity in . > Jones, J. Am. Chem. Soc. 110 (1988) 4409. .

. [11] S. Lange, A. Musidlowska, C. Schmidt-Dannert, J. Schmitt,
the hydrolysis of a range of acetates of secondary U.T. Bornscheuer, Chem. Biochem. 2 (2001) 576.
alcohols. An efficient kinetic resolution cannot be [12] A. Musidlowska, S. Lange, U.T. Bornscheuer, Angew. Chem.
achieved with commercial pig liver esterases, but the Int. Ed. Engl. 40 (2001) 2851.
recombinanty-isoenzyme allows the production of [13] A.L. Gutman, D. Brenner, A. Boltanski, Tetrahedron: Asymm.

. - 4 (1993).
both enantiomers of aceta6eand of the remaining [14] K. Burgess, L.D. Jennings, J. Am. Chem. Soc. 113 (1991)

(R)-acetate ob. 6129.
[15] M.J. Kim, H. Cho, J. Chem. Soc. Chem. Commun. (1992)

1411.
Acknowledgements [16] U.P. Dhokte, P.M. Pathare, V.K. Mahindroo, H.C. Brown, J.

Org. Chem. 63 (1998) 8276.

. [17] C.S. Chen, Y. Fujimoto, G. Girdaukas, C.J. Sih, J. Am. Chem.
We thank the Konrad-Adenauer foundation (St. Au- Soc. 104 (1982) 7294.

gustin, Germany) for a stipend to A. Musidlowska-
Persson.



	Substrate specificity of the gamma-isoenzyme of recombinant pig liver esterase towards acetates of secondary alcohols
	Introduction
	Experimental
	General methods
	Synthesis of (R,S)-1-phenyl-2-pentanol (5a)
	General procedure for the preparation of acetates (2-6)
	Esterase-catalyzed kinetic resolution of the acetates

	Results and discussion
	Conclusions
	Acknowledgements
	References


