Available online at www.sciencedirect.com

sclsncs@nlnEcTo

ELSEVIE Journal of Molecular Catalysis B: Enzymatic 22 (2003) 29-35

JOURNAL OF
MOLECULAR
CATALYSIS
B: ENZYMATIC

HVINO3 10N

www.elsevier.com/locate/molcatb

|dentification, molecular cloning and expression of
a new esterase froPseudomonasp. KCTC 10122BP with
enantioselectivity towards racemic ketoprofen ethyl ester

Geun Joong Kiri, Eun Gyo Leé, Boyapati Gokuf, Moon Sun Hahr,
Diwan Prern&, Gi Sub ChoP, Yeon Woo Ry, Hyeon-Su R, Bong Hyun Chung*

2 Laboratory of Integrative Biotechnology, Korea Research Institute of Bioscience and Biotechnology,
P.O. Box 115, Yusong, Taejon 305-600, South Korea
b Department of Molecular Science and Technology, Ajou University, San 5, Woncheon-dong, Paldal-gu, Suwon 442-749, South Korea

Received 5 November 2002; received in revised form 13 December 2002; accepted 13 December 2002

Abstract

Anewly isolated gene frofRseudomonasp. KCTC 10122BP, encoding an esterase with enantioselectivity towards racemic
ketoprofen (ac-ketoprofen) ethyl ester, was clonedischerichia coliand its nucleotide sequence determined. The deduced
amino acid sequence predicted an open reading frame (ORF) encoding a polypeptide of 381 amino acid residues (1143
nucleotides) with a calculated isoelectric point of pH 5.32 and molecular mass of 41,149 Da. The primary structure of the
enzyme exhibited a significant level of homology (>31%) with those of related enzymes from various sources and an extreme
homology (>81%) with five esterases from the geRgsudomonasThe enzyme was expressed at a high level in an active
formin the soluble fraction and purified to homogeneity by a successive chromatographic procedure. The purified enzyme was
determined to be a monomer, plus it exhibited a strict selectivity (>99%) and high activity (2360 units/mg-protein) towards
(9-ketoprofen ethyl ester.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords:Ketoprofen; Enantioselective; EsteraBspudomonasConversion

1. Introduction of ketoprofen is mainly exerted by an enantiomer
(mainly Sform), although the contaminating enan-
Non-steroidal anti-inflammatory drugs (NSAIDs) tiomer often has a very poor activity and unexpected
are a class of 2-arylpropionic acids that are widely side effects in vivg4]. Currently, ketoprofen is pro-
used for alleviating pain and inflammation associated duced in huge quantities by chemical synthesis and
with tissue injury[1]. Ketoprofen [R,9-2-(3-benzoyl- sold as a mixture of stereoisom¢s§. Therefore, con-
phenyl) propionic acid], an in vitro inhibitor of siderable efforts have been devoted to the enzymatic
prostaglandin synthesis, is one of the most prevalent synthesis of optically pure ketoprofen for pharma-
anti-inflammatory agents among NSAID2,3]. As cological purposes.
with other chiral drugs, the pharmacological activity =~ Two kinds of hydrolases (esterases and lipases)
with a high enantio- and regio-selectivity have been
* Corresponding author. Fax:82-42-860-4594. considered as potential catalysts in the chiral-specific
E-mail address:chungbh@kribb.re.kr (B.H. Chung). resolution of racemic ketoprofenrac-ketoprofen)
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ethyl ester[6-8]. A lipase from Candida rugosa Pseudomonasp. KCTC 10122BP was grown at
(CRL) has exhibited a relatively high activity to- 30°C in a nutrient broth (0.3% beef extract, 0.5% pep-
wards §)-enantiomerd9,10]. But, the enantioselec- tone) or TS media formulated previoudhi4]. Wild-
tivity of the enzyme towards the ethyl ester form of type and recombinark. coli cells were subcultured
(9-ketoprofen is insufficient when the enzyme is used regularly in a Luria—Bertani (LB) medium at 3T
under general conditiorj40]. In an effort to increase  with an appropriate amount of ampicillin (1Q@/ml).
the enantioselectivity of CRL, a novel two-step ace- Isopropyl{3-p-thiogalactopyranoside (IPTG) or 5-bro-
tone treatment method was attempted and successfullymo-4-chloro-3-indolylB-p-galactopyranoside (X-gal)
applied[9]. Recently, an esterase from a yeast strain was added to the culture media or solid plates when
Trichosporon brassica€GMCC 0574 has been iden- needed. The cell growth was determined by measuring
tified and shown high enantioselectivity to the ethyl es- the optical density at 600 nm using a spectrophotome-
ter form of (§-ketoprofer{11]. Interestingly, two new  ter. A tributyrin agar based on addition of tributyrin
esterases have been identified RsKetoprofen ethyl (1%, v/v) into the LB medium was prepared for the
ester-specific, one from a yeast straliteromyces primary screening of the recombinant clorj#4,15]
matriensisCGMCC 0573[12] and another from a
bacteriumBacillus stearothermophiludY144[13]. 2.2. Cloning of esterase gene from Pseudomonas
To isolate a novel esterase with a high specificity to sp. KCTC 10122BP
the hydrolysis of §-ketoprofen ethyl ester, the current
authors recently conducted a screening experimentand The chromosomal DNA was isolated froRseu-
isolated strain KCTC 10122BP (formerly S34 strain) domonassp. KCTC 10122BP using an isolation kit
that was taxonomically identified asRseudomonas  (Promega), partially digested withalBAl, and then
sp. [14]. Although the whole cell enzyme d®?seu- ligated with aBanHI-digested pUC119 vector. The
domonassp. KCTC 10122BP exhibited a strict selec- resulting constructs were transformed into the st
tivity towards §)-ketoprofen, the poor conversion rate coli DH5a by electroporation.
requires further improvement. The E. coli transformants were spread and grown
This study describes the cloning, overexpression, on agar plates in the presence of X-gal, then the
and characterization of a new esterase with a high ac- positive clones harboring the plasmid with the in-
tivity and strict stereoselectivity towards thg-keto- serted DNA were initially screened using a defective
profen ethyl ester fromPseudomonassp. KCTC a-complementation o-galactosidasgl6]. Next, the
10122BP. It would appear that this is the first re- positive clones that expressed an esterase and/or li-
port on an enzyme that has the potential for mass pase were further screened using a 1% (v/v) tributyrin
production of optically pure§)-ketoprofen from its agar plate and the formation of a clear zone around
corresponding racemic ethyl ester. the colony. After incubation at 3T for 24 h, those
clones exhibiting distinct activity were picked up and
re-spread on a fresh plate. The well-isolated colonies
were inoculated and cultivated in an LB medium at
2.1. Bacterial strains, plasmids, and culture 37°C for 24-30h, then harvested. The resulting pel-
conditions lets were subjected to an enzyme assay usaw
ketoprofen ethyl ester as the substrate. Those clones
Pseudomonasp. KCTC 10122BP, a previously iso-  showing a preference foSf-enantiomer with a high
lated strain with a high selectivity towardS){keto- conversion yield were finally screened and stored at
profen ethyl ester, was used as the esterase gene source 20°C for further analyses.
for the cloning experimentE. coli DH5« and BL-
21(DE3) were employed as host strains in the gene 2.3. DNA sequence determination
manipulation and protein expression, respectively. The
plasmids used for the cloning, subcloning, and protein  For nucleotide sequencing, the DNA fragment
expression were pUC119, pBluescript Il k§Strata- cloned within the selected strain harboring the plas-
gene), and pET22b (Novagen), respectively. mid pUC/EST1 was analyzed with a physical map

2. Materials and methods
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using restriction enzymes, and the fragments sub-

cloned into a pBluescript Il K$. The resulting plas-

31

with a gel filtration column (Superdex-75, Pharma-
cia). The flow rate of the mobile phase containing

mid, pBS/EST14, was used for the sequence analysis50 mM Tris—HCI and 150 mM NaCl was 0.5 ml/min.

as the template. Nested deletion sets of the 2.2 kb in-

sert from pBS/EST14 were constructed from the end,
generated by &lotl and Xbd double-cut of the mul-
ticloning site, in a unidirectional mode by digestion
with exonuclease lll. The derivatives generated with
different sizes of inserts were isolated, blunt-ended,

The column was calibrated using native protein mark-
ers (Amersham Pharmacia Biotech). A molecular
mass standard curve was established by plotting the
elution time or volume of the protein markers ver-
sus the known molecular masses on semi-log paper.
Based on an aliquot of each fraction eluted, the ho-

and subcloned for sequence analyses. Nucleotide se-mogeneity and activity were confirmed by sodium

quencing was performed on both strands using an dodecylsulfate-polyacrylamide gel

automatic sequencer (ABI Prism 377, Perkin-Elmer).
Double-stranded DNA or PCR-amplified fragments
were used as the template with either universal or

electrophoresis
(SDS-PAGE) and an enzyme assay, respectively.

2.7. Stereo- and substrate-specificity of esterase

synthetic primers when needed. The nucleotide se- EST-A
quence was reported to the GenBank and assigned

accession number AF380303.

2.4. Construction of expression vector pEESTa

The substrate specificity was analyzed based on
the ability to releasg-nitrophenol from various ester
compounddg18]. The purified enzyme was incubated
with 5mM ester derivatives in 3ml of a Tris—HCI

For high-level expression, the esterase gene wasbuffer (50 mM, pH 8.5) at 30C for 10 min, then the

PCR-amplified using dag DNA polymerase-premix
kit (QIAGEN) and set of synthetic primers, N-terminal
primer: B-GGGAATTTCCATATGCAGATTCAGG-
GACATTACGAGCTTCAATTC-3 and C-terminal
primer: 8-CCGCTCGAGTTACAGACAAGTGGCT-
AGTACCCGCGCCAG-3 The restriction sited\Ndd
andXhd, were introduced into the N- and C-terminal
primers, respectively. The amplified DNA fragment
(1.2 kb) was purified and subcloned into thidd/Xhad
sites of pET22b{). The resulting construct was des-
ignated pEESTa and confirmed by DNA sequencing.

2.5. High-level expression and purification of enzyme

E. coli BL21 (DE3) (Stratagen) was transformed
with pEESTa and the recombinant protein was ex-
pressed with various concentrations of IPTG at dif-

reaction rates were estimated by measuring the in-
crease in the absorbance at 410 nm.
Therac-ketoprofen ethyl ester, as a typical substrate
for chiral resolution, was prepared according to a gen-
eral method for esterification, based on a previous re-
port [9]. The hydrolyzing activity on the ketoprofen
ethyl ester was determined at 3D for 30—60 min
with the purified enzyme (1+43g) in 3ml of a re-
action mixture containing 50 mM Tris—HCI (pH 8.5),
0.3% Triton X-100, and 5mM of the substrate. The
reaction was stopped by the addition of four volumes
of ethanol and the precipitates removed by centrifuga-
tion. The resulting solution was then analyzed using
high performance liquid chromatograpli$4]. One
unit of enzyme activity was defined as the amount of
enzyme producing jtmol of ketoprofen per min un-
der the specified conditions. All the assays were car-

ferent temperature for the optimal expression. The re- ried out in triplicate and the mean values estimated.

combinant enzyme was purified to apparent homo-
geneity based on a previous report with slight modifi-
cations[17].

3. Results and discussion

2.6. Characterization of esterase from Pseudomonas 3.1. Cloning of esterase gene from Pseudomonas

sp. KCTC 10122BP

The molecular mass and oligomeric structure of

sp. KCTC 10122BP

The genomic DNA isolated fronPseudomonas

the enzyme were determined using an FPLC systemsp. KCTC 10122BP was partially digested with
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SawBAl (or Mbal) and the fragments (2-5kb) eluted [19-21] The amino acid sequence deduced from the
from the agarose gel. The resulting fragments were other open reading frame (ORF2), an incomplete open
ligated into theBanHI site of pUC119, and the con- reading frame that was truncated at its C-terminus and
structs transformed int&. coli DH5«. The resulting located downstream from ORF1, exhibited a high ho-
transformants were then spread directly on a tributyrin mology to probable outer membrane proteins. A sim-
plate or typical LB plate containing X-gal. In the lat- ilar sequence and genetic organization were also pre-
ter case, those colonies showing positive signals were viously reported as probable proteins in the completed
transferred to the selective plate by tooth-picking. genome sequence 8f aeruginosg21].

A single clone that exhibited a distinct clear zone

with no defective growth was obtained out of 3500 3.3. Characterization of esterase gene from
independent colonies. Pseudomonas sp. KCTC 10122BP

3.2. Physical map and sequence analyses The deduced amino acid sequence from the puta-
tive esterase of ORFL1 revealed an open reading frame
The plasmid DNA of the clone, screened and con- of 381 amino acid residues with a calculated molec-
firmed by the above steps, was isolated and then ana-ular mass of 41,149 kDa (GeneBank accession num-
lyzed with restriction endonucleasdsd. 1). The es- ber AF380303). The calculated molecular mass was in
terase activity was found to be associated with a 3kb good agreement with that determined by SDS-PAGE
insert, designated as pUC/ESTL1. Based on the restric-(data not shown). Similar to previous reports on re-
tion map, each fragment was subcloned and one car-lated gene coding for esterases, the ORF utilized GTG
rying a 2.2 kb insertXba—-Pst fragment) was found  as a start codon rather than AT®)]. In addition, pos-
to exhibit distinct esterase activity (pbUC/EST14). To sible sequences corresponding to typical elements of
identify a possible open reading frame (ORF) encod- Pseudomonapromoters[22] were also found in the
ing an esterase, the nucleotide sequence of the 2.2 kbupstream region of the predicted ORF. Finally, a rela-
insert from pUC/EST14 was completely determined tively high G+ C content (65%) in the ORFs, which is
and scanned on the GenBank database. An analysis ofa well-known feature oPseudomonashromosomes
the DNA sequence showed the whole size of the in- [21], was found in the predicted ORFs.
ert to be 2145 bp and revealed two distinct ORFs des- The BLAST search results showed a close re-
ignating an esterase and probable membrane proteinlationship between the KCTC 10122BP esterase
(Fig. 1). One of the open reading frames (ORF1) con- and a subset of esterase family enzymes. The best
sisted of 1146 bp, and its deduced amino acid sequencescores (81-90%) were observed with five enzymes,
exhibited a significant level of homology to the re- a probable (NE249738) and four identified esterases
ported sequences of a subset family of esterases from(AF228666, JC2091, A44832 and 2006221A) from
various sources, yet mainly the gendseudomonas  strains ofPseudomonasvhen conservative substitu-

Hind III Acc 1
Xba I| Sal I Sph I BamH I Pst I Kpn I

I |

pUC/EST1 |

pUC/EST14

—
ORF1 ORF2

Esterase a probable
membrane protein

Fig. 1. Physical map and genetic organization of DNA fragment cloned in pUC/EST1. Open arrows indicate the proposed direction and

extension of the putative ORFs.
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tions were considered. In particular, two enzymes, the (0. 25-0.4mM) (lane 6 irFig. 2). The esterase ap-
esterase EstA from thBseudomonap. [20] and a peared as a major band in the soluble fraction, and its
carboxyl esterase fromR. fluorescen$l6], displayed expression level reached about 5-8% of the total cel-
quite a high homology (90%) to KCTC 10122BP es- lular proteins. Approximately, 75% of the esterase was
terase. Accordingly, these results strongly suggest thatsoluble, plus, under these conditions, the enzyme ex-
the other five esterases may also be able to hydrolyzehibited a 110-130-fold increase in activity towards the
rac-ketoprofen ethyl ester intd=j- or (9-ketoprofen, (9-ketoprofen ethyl ester, compared to thatRsfeu-

although such activity has not yet been reported. domonassp. KCTC 10122BP. The other factors, such
as the host cells, induction time, and ester derivatives
3.4. High-level expression and purification added as an inducer, did not significantly improve the

solubility of the enzyme (data not shown).

To identify and characterize the enzyme encoded To investigate the biochemical properties of the es-
by the predicted gené. coli BL21 (DE3) cells with terase in detail, purification experiment was conducted
pEESTawas induced with 1 mM IPTG at 32 for 3 h. at 4°C. Using induced cells under predetermined con-
As shown inFig. 2, cell extracts of the recombinant ditions, the purification was carried out using a cell
E. coli showed a distinct protein band (>5%), corre- extract from 200 ml of a culture broth. As expected,
sponding to the size of the expected esterase. Howeverthe esterase activity was mainly detected in the super-
the soluble fraction was estimated to be abaB6% natant fraction, with a portion of the proteir:20%)
of the expressed enzyme, while the major portion was remaining as an insoluble aggregate in the cell pel-
detected in the insoluble fraction (lane 4Ff. 2). let. The crude extract was concentrated and subjected

In an attempt to increase the soluble fraction of the to a SDS-PAGE analysis. As shown fig. 3, a dis-
enzyme, the enzyme was expressed using various condinct band appeared on the SDS-PAGE (lane 2). Af-
centrations of IPTG at different temperatures. As a re- ter clarification by filtration, the crude cell extract
sult, a significant increase in the expression level in the was loaded onto an ion exchange chromatography col-
soluble fraction was observed when the enzyme was umn. The active fractions eluted with NaCl ranging
induced at 20C with a lower concentration of IPTG  from 0.25 to 0.35 M were collected, concentrated, and
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Fig. 2. SDS-PAGE analysis of high-level expression of esterade. iooli under different conditions. The protein samples were loaded
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H
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onto a 12% polyacrylamide gel under denaturing conditions, then the resolved bands were stained with Coomassie brilliant blue. Lane 1,

molecular weight markers; lane 2, whole cell extract 1@, lane 3, soluble fraction (3C); lane 4, insoluble fraction (3C); lane 5,
whole cell extract (20C); lane 6, soluble fraction (2@C); lane 7, insoluble fraction (2@C). Arrow indicates the esterase expressed.
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Fig. 3. SDS-PAGE analysis of esterase purified from successive Elution volume (mL)

steps. The protein samples were prepared fEbrooli cells grown

and induced at 20C. Lane 1, molecular weight markers; lane  Fig. 4. Gel-filtration chromatogram of esterase frBseudomonas

2, whole cell extract; lane 3, eluted fractions from ion exchange sp. KCTC 10122BP. The molecular mass of 43,000 Da was esti-
chromatography; lane 4, eluted fraction from gel filtration chro- mated from the elution profiles of standard protein markers.
matography. Arrow indicates the esterase purified.

This indicates that the quaternary structure of the en-
further resolved using a Sephacryl S-200-HR gel fil- zyme was monomerid{g. 4). No higher molecular
tration column. After this simple two-step procedure, weight aggregates or oligomeric structures result-
the esterase was purified to homogeneity judged from ing from non-specific interactions with the monomer
an SDS-PAGE gelRig. 3). The purification steps and  appeared under the current analytical conditions. Na-

recovery yields are summarized Table 1 tive gel electrophoresis and activity staining under
non-denaturing conditions also supported these results
3.5. Characterization of recombinant esterase (data not shown).

Concerning the substrate specificitable 2shows
The molecular mass and oligomeric structure of the specific activities of the purified enzyme towards
the enzyme were first determined by gel filtration
column chromatography (Superdex-75). The appar- 1aple 2
ent molecular mass was estimated to be 40—45 kDa Activity and substrate specificity of esterase frétseudomonas
from the gel filtration chromatography, which was sp. KCTC 10122BP
similar to that calculated from its primary structure. sypstrate Specific activly  Relative
(units/mg-protein)  activity (%)

Table 1 p-Nitrophenyl acetate 14700 38
Purification procedures and yields of esterase from recombinant P-Nitropheny! butyrate 38500 100

E. coli p-Nitrophenyl caprylate >5 >1

- — — — p-Nitrophenyl palmitate N.D. _
Step Total protein Specific activity ~ Purification Ketoprofen ethyl ester 2360 6
(mg) (units/mg-protein) fold

Crude extract 25.9 250 1.0 aThe enzyme activity was determined by adding the purified
lon exchange 5'3 950 3‘8 enzyme to a reaction mixture containing a 4-5mM substrate and
Gel-filtration 1 2 2300 9 1 3ml of a 50mM Tris—HCI (pH 8.0) buffer. One unit of enzyme

activity was defined as the amount of enzyme producipgndl
aThe activity was determined using the fractionated enzymes of product per min. The reaction products were analyzed either

under standard assay conditions (50 mM Tris—HCI (pH 8.0), 0.3% by HPLC or using a spectrophotometer.

Triton X-100). bN.D.: not detected under specified conditions.
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Fig. 5. HPLC chromatogram of chirally resolvef){ketoprofen. The reaction products resulting from the activity of the purified enzyme
were analyzed on a chiral column and identified with authentic samples.

various ester derivatives, includingac-ketoprofen [7] Q.M. Gu, C.J. Sih, Biocatalysis 6 (1992) 115.
ethyl ester. The enzyme was not able to catalyze the [8] Y.Y. Liu, J.H. Xu, Y. Hu, J. Mol. Catal. B: Enzym. 10 (2000)
two estersp-nitrophenyl palmitate ang-nitrophenyl 523.

e 9] M.G. Kim, E.G. Lee, B.H. Chung, Proc. Biochem. 35 (2000
caprylate. Under standard assay conditions (pH el 977 ' und ' (2000)

8.5 and 30C), the esterase exhibited the high- [10] s.H. Wu, ZW. Guo, C.J. Sih, J. Am. Chem. Soc. 112 (1990)
est activity towardsp-nitrophenyl butyrate (38,500 1990.

unit/mg-protein). The specific activity was calcu- [11] D. Shen, J.H. Xu, P.F. Gong, H.Y. Wu, Y.Y. Liu, Can. J.
lated to be as high as 2360 units/mg-protein for Microbiol. 47 (2001) 1101.

. [12] P.F. Gong, H.Y. Wu, J.H. Xu, D. Shen, Y.Y. Liu, Appl.
rac-ketoprofen ethyl ester, with an absolute stereose- Microbiol. Biotechnol. 58 (2002) 728.

lectivity towards §)-enantiomer Eig. 5, making the  [13] J.v. kim, G.S. Choi, Y.J. Kim, Y.W. Ryu, G.J. Kim, J. Mol.

enzyme to be one of the favorable catalysts for the Catal. B: Enzym. 18 (2002) 133.

production of @-ketopofen_ [14] G.J. Kim, G.S. Choi, J.Y. Kim, J.B. Lee, D.H. Jo, Y.W. Ryu,
J. Mol. Catal. B: Enzym. 17 (2002) 29.

[15] S.Y. Lee, J.S. Rhee, Enzym. Microb. Technol. 15 (1993)
617.

[16] J. Sambrook, E.F. Fritsch, T. Maniatis, Molecular Cloning:
A Laboratory Manual, second ed., Cold Spring Harbor
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