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Abstract

A newly isolated gene from Ralstonia sp. M1, encoding an esterase, was cloned in Escherichia coli and its nucleotide sequence deter-
mined. The 1.6 kb insert revealed one complete open reading frame, predicted to encode an esterase (320 aa, 34.1 kDa) with a p/ of 9.86.
EstR contained a putative oxyanion hole H*G?’, a conserved pentapeptide G'>HSLG!?” and a conserved catalytic His?®® and Asp??’.
The EstR sequence shared 64-70 and 44-48% identity with the hydrolases/acyltransferases from Burkholderia strains and from Ralstonia
strains, respectively, 44 and 38% identity with the lactone-specific esterase from Pseudomonas fluorescens and Mesorhizobium loti, respec-
tively. The esterase EstR was expressed with a high level of 41 mg/g wet cells. The Ni-NTA-purified esterase EstR showed an optimal
activity in the temperature range 60-65°C and pH range 7.5-9.0 towards p-nitrophenyl caproate. The enzyme was found to be highly
resistant to many organic solvents especially induced by ethanolamine. Metal ions showed slight effect on esterase activity. The inhibitor
phenylmethanesulfonyl fluoride inhibited strongly the esterase. Triton X-45 induced the activation of EstR, but other detergents slightly
to strongly decreased or completely inhibited. Among tested p-NP esters, caproate was the most preferential substrate of this esterase.

© 2006 Elsevier Inc. All rights reserved.
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The o/f hydroxylase superfamily consists of esterases
and lipases primarily characterized by their common fold
(o/ B hydroxylase fold), which is central, predominantly par-
allel B sheet flanked by a-helical connections. These
enzymes also share a characteristic sequence motif,
GXSXG, for most esterases and lipases, called the “nucleo-
philic elbow” [1,2]. The serine is embedded in this motif,
and ester hydrolysis is mediated by a nucleophilic attack of
the active serine on the carbonyl of the substrate in a
charge-relay system with the two other amino acid residues:
aspartic acid and histidine [1]. These amino acid residues
constitute a catalytic triad in the specific order (serine—
aspartic acid-histidine) in the polypeptide chain [3-6]. So
most of the esterases and lipases resemble lipases and serine
proteases in hydrolytic mechanism.
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Esterases and lipases are carboxylic ester hydrolases (EC
3.1.1). Whereas lipases (EC 3.1.1.3) display high activity
towards water-insoluble or emulsified substrates with long-
chain fatty acids, the carboxylesterases (EC 3.1.1.1) show
highest activity towards water-soluble or emulsified esters
with relatively short fatty acid chains. Structural studies
revealed that this difference is caused by the absence or
presence of a “lid” structure, which is responsible for the
interfacial activation of lipase [4,6,7].

Esterases and lipases are widely distributed in all king-
doms of life. They have been identified in a wide range of
organisms and several of these have been cloned. Besides
lipases, different esterases have been identified and cloned
from various microbial strains including Pseudomonas
[8,9], Bacillus [10,11] and Acinetobacter [12,13].

Microbial esterases and lipases are found to be rela-
tively resistant to organic solvents [14], and thus they are
important catalysts for region- and enantioselective reac-
tions in organic synthesis, among the most important
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groups of biocatalysts in biotechnology. Esterases and lip-
ases have been used successfully in organic synthesis of
optically pure substances. A Pseudomonas esterase dis-
played high activity and enantioselectivity to (S)-ketopro-
fen ethyl ester [15]. An esterase from Arthrobacter
globiformis was used in the resolution of ethyl chrysanthe-
mate derivatives [16,17], which are key compounds during
the synthesis of pyrethrin insecticides. A Bacillus carboxy-
lesterase has been used for stereospecific resolution of
R,S-naproxen esters to S-naproxen [18], which is an
important anti-inflammatory drug, and a p-nitrobenzyl
esterase was genetically engineered to synthesize cephalo-
sporin-derived antibiotics [19].

Several Ralstonia species were already reported to pro-
duce lipolytic enzymes [20-23]. In previous studies, we iso-
lated a novel lipase/chaperone gene pair from Ralstonia sp.
M1, analyzed genes and characterized physicochemical
properties of the recombinant proteins [22]. In this study,
we characterized another gene from Ralstonia sp. M1
encoding a lipolytic enzyme, expressed the ORF in Esche-
richia coli and characterized the recombinant lipolytic
enzyme.

Materials and methods
Chemicals and agents

p-Nitrophenyl esters were purchased from Sigma, and
Bacto-tryptone and yeast extract were from Difco.
Restriction enzymes, calf intestinal alkaline phosphatase
and T4 ligase were supplied by Roche. The DNA Gel-
Extraction Kit and Ni-NTA-matrix were from Qiagen.
PCR mix and miniprep solutions were purchased from
Bioneer. All other reagents were of analytical grade unless
otherwise stated.

Plasmids, bacterial strains, and culture conditions

The clone M1-81 from the genomic DNA library con-
structed from the strain Ralstonia sp. M1 [23] was used for
sequencing and isolation of the esterase gene estR. Esche-
richia coli XL1 blue containing the pUC19-derived plasmid
pUM1-81 was grown routinely in LB medium with ampicil-
lin (100 pg/ml) at 37°C. The vector pET22b* (Invitrogen)
and E. coli BL21 cells were used to overexpress the esterase
gene estR under the control of the T7 promoter, which is
inducible by IPTG.

DNA manipulations

Plasmid DNA isolation was carried out according to
the instruction of Bioneer. DNA fragments and PCR
products were excised from a 0.8% agarose gel and puri-
fied as described by Qiagen. DNA sequencing was per-
formed by Genotech. Escherichia coli BL21 was
transformed using electroporation method as described
previously [23].

pEStR m PelB EstR HHis H T7Ter>
Fig. 1. Expression vector pEstR derived from the expression vector
pET22b* for E. coli BL21 system. The inserts and restriction sites used for
cloning are given. T7Pro, T7 promoter; PelB, PelB signal peptide; EstR,
mature esterase; His, 6-histidine tag.

Plasmid construction and subcloning

To overexpress the esterase in E. coli, pET22b" vector
was used. The 963-bp ORF encoding the esterase from Rals-
tonia sp. M1 was amplified from the plasmid pUM1-81 by
PCR with the forward primer EstRF 5'-GGCCATGGTC
CAGACCGTCCTGAT-3', which introduces an Ncol site
containing the start codon (ATG instead of the original
GTG) and the reverse primer EstRR 5'-GGAAGCTTGG
CTGACGCGGCGGCTTC-3', which provides a HindlIII
site immediately upstream of the stop codon (TAG). The
PCR product was digested with Ncol™ HindIIl and ligated
to pET22b™ linearized with the same enzymes, resulting in
pEstR (Fig. 1), in which the estR gene is under the control of
the T7 promoter and is inducible with IPTG; the plasmid
also carries the ampicillin resistance marker, and provides a
signal peptide at the 5’ end and a 6xHis tag fused to the 3’
end of the ORF. The esterase EstRhis encoded by the plas-
mid pEstR consists of the pe/B leader, the ORF for the ester-
ase and a sequence encoding the 6x His tag. Other standard
recombinant DNA techniques were carried out as described
by Sambrook et al. [24].

Gene expression

The recombinant esterase EstR was expressed in E. coli
BL21 transformants containing pEstR as described previ-
ously [23].

Enzyme purification and estimation of protein concentrations

The fusion form FEstRhis carrying a C-terminal 6xHis
tag was expressed in E. coli. To purify the esterase EstR, the
cells (~200mg wet weight) from a 50-ml culture in LB
medium was harvested by centrifugation, and suspended in
I ml of 5mM imidazole buffer (pH 8.0). After ultrasonic cell
disintegration (three bursts of 1 min each at 1min inter-
vals), the cell suspension was centrifuged at 10,000g at 4°C
for 15min. The cell supernatant was applied to Ni-NTA
column (Qiagen) according to the manufacturer’s recom-
mendation. The esterase EstR solution was used for charac-
terization study. Protein concentrations were determined
by Bradford method with Bio-Rad protein assay kit.

Esterase activity estimation
Esterase activity towards p-NP esters (acetate, propio-

nate, caproate, caprylate, myristate and palmitate) was car-
ried out as described previously [22].
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GATCCGCGCCGGCAAGGCGTCGATCGCCACCGATGARATCGCCCGCTTCACTCCCGCCGGCCTGCAGCTCARGAGCGGCGAGCATCTCGATGCAGACGTGGTCGTCACGGCCACGGGGCT 120
CARGCTGAAGGTGCTGGGTGGGGCGTCCATCAGCGTCGACGGACGTGCGGTGAACCTGGCTGACACCGTGTCCTACAAGGGCATGATGTACAGCGGCGTGCCGAACCTGGCGTCGTCGTT 240

5 CGGCTACACCAACGCGTCGTGGACGCTCAAGGCCGAGCTGATCGCGCAGTACGTGTGCCGGCTGCTGARCCACATGCGCTCGGGCGGCTTCGACACCTGCATGCCGCGTCTGGACGATGA 360
GGCCATGGGCCGCGAGCCGGCCGTCGATCTGACGTCGGGCTATATCCAGCGTGCTGCCAGCATCCTGCCARAGCAGGGCACGAAGCAGCCGTGGAAGTCGTATCAGAATTACGCGCGTGA 480
Primer Rme8lF

CCTGATGATGCTGAAGTTCGGCTCGCTGGCTGACAGCGCCATGCAGTTCGAGCGCCGCGCGCAACCGATGGGCGCGGCACAAGCCGCTTAACGTCACGGGGGCATCGTGATCCAGACCGT 600
-35 -10 VI 0 T v 5

10 ————— Rme---->
CCTGATTGCCGTCGCGCTCGTGATCGCAGCGCCGGTGGCGTTCACCTT TGTCATCGCACGGCGCGTAACCAAGGCGTTTCCGCCCGAAGGCAAGTTCATCGATATCGGGGCCGACCGCGT 720
L I AV ALYV I AAPVYVAFTFUV IARTERTYTTZ KA ATFT PZPETGTZ KTFTIDTITGA ATDRV 45
ACACTACACCGACCGCGGCCAGGGTCCTGCCATCGTGTTCGTGCATGGCCTATGCGGARACCTGCGCARCTTCGCCTACCTCGATCTGGAGCGGCTGGCGCARTCGCACCGCGTGATCGT — 840
15 HY T DURGOQGU©POATIUV U FVvV(EGEGLOCCGNTLI RNTFEFATYTLUDTLTET RTILIA ATZGQSHTZ RV I V 85
GATCGACCGGCCCGGCTCCGGACGCTCGCTGCGCGGGGCGGCCTCGACGGCGAACATATACGCGCAGGCACGCACAGTCGCCCAGTGCATCCARAAACTGGGCCTCGACCAACCGGTGCT — 960
I DR PGS GRSLRGAA ASTA ANTITYA AO QA ATRTVYVAG® QT CTIGOQE KTELGTLDOQP V L 125
20 GGTCGGGCACTCGCTGGGCGGEGCgATCGCgCTGGCGGTGGGGCTGAATCALCCGCAGTCGGTTCGTCGGCTTGCGCTCGTTGCGCCGCTCACGCACAACGAGCACGCGCCGCCCGGTGE 1080
vV G HEIL G G A I AL AV GL NHU?POQQ SV RI RU LA ATLUVAUPLTHNEUHA AU®PUZP G A 165
GTTCAAGGGCTTGGCGTTGACGTCGCCGCTGECGCGCAGGCTGGTGTCGTGGACGCTGGCCGTTCCGCTGTCGATCCTCAACTCGCGCARGGCGATTGCAGCCGTGTTTGCGCCCGAGGE 1200
25 F K GLATLTSPLARTERTLV Y SWTILAT VT P?PTZLSTIILNST RTEKA ATILIHAHBATVYVTEATPTE A 205
CATGCCGGAGGATTTCCCGTTCARGGGCGGCGGCCTGCTGGGGCTGCGTCCGCACGTGTTCTATGCGGCATCGTCGGATCTCGTGGCCGCGCCGGAAGACCTGCCCGACATGGRACGCCG 1320
M P E D F P F K G GG GG L L G L R P HV F YA AS S DU LV A AP EDTL P DM E R R 245
CTATGCCTCGATGACGGTGCCCGTCGACGTGCTGTACGGCCGGGGCGACCGCATCCTGAACGTCARGCGCCAGGGCGAAGCGCTCAAGCAGAAGCTCGAGCGCGTGAACCTGCGGGTGGT 1440
30 YASMTVPVDVLYGRG@RILNVKRQGEALKQKLERVNLRVV285

Primer Rme81R
TGACGGCGGGCACATGCTGCCCGTGACGCAGCCCGCGCTGACGACGGACTGGATACTCGGTGTGGCCGCCGCGGTGCCCATACAAGCCGAAGCCGCCGCGTCAGCCTAGCCGCGCCGCAC 1560
D G G[E]M . P Vv T QPATLTTTDWTITLGVYVAA AR AV VT PTIOQATETA ATA AHA S A * 320
35 Ccagatc 1567

Fig. 2. Nucleotide sequence of the M1-81 insert and deduced amino acid sequence of EstR from Ralstonia sp. M1. Amino acids are aligned with the first
nucleotide of each codon. Potential promoter regions (—10, —35) are labeled and underlined. The putative EstR signal sequence is underlined beneath the
amino acid sequence. The conserved Ser, His and Asp are boxed. Putative oxyanion hole residues are depicted by a rhombus. Stop codons are marked with

an asterisk. The sequence has been deposited in GenBank Accession No. AY320282. Bold marked letters, primer sequences for expression.

Effect of pH, temperature, organic solvents, detergents and
metal ions on esterase activity

To determine the effect of various factors, I0mM p-NP
caproate was used as a substrate.

The optimum temperature for the enzyme activity was
measured at pH 8.0 and at various temperatures from 25 to
90°C. The optimum pH for the enzyme activity was mea-
sured at 55°C and in 0.1 M (acetate, phosphate or Tris—
HCI) buffers at different pH values 4.0-11.0.

The effect of detergents, organic solvents and metal ions
or inhibitors on the esterase activity was determined by
incubating the enzyme for 30min at 30°C in 0.1 M Tris—
HCIl buffer (pH 8.0) containing 0.2, 1 and 5% (w/v) of deter-
gents; 10 and 30% (v/v) of organic solvents; and 0.1, 1 and
10mM of metal ions or inhibitors, respectively. After treat-
ment, the activity of the esterase mixture was determined at
pH 8.0 and 55°C using p-NP caproate as a substrate.

All measurements were carried out three times and from
these values the average value was taken.

Gel electrophoresis

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)!
was carried out as described by Laemmli [25] with Bio-Rad
equipment. SDS-PAGE was usually performed on gels
containing 12.5% (w/v) acrylamide according to the manu-
facturer’s recommendations.

U Abbreviations used: SDS-PAGE, SDS-polyacrylamide gel electropho-
resis; ORF, open reading frame; PMSF, phenylmethanesulfonyl fluoride.

DNA and amino acid sequence alignments

Sequence alignments were constructed and analyzed
using the program Megalign DNAStar.

GenBank Accession numbers

The GenBank Accession No. for MI1-81 sequence
described in this paper is AY320282.

Results

Analysis of the esterase-encoding gene estR from Ralstonia
sp. M1

The halo-forming colony M1-81 on 1% tributyrin agar
plate was detected from the genomic DNA library con-
structed from the strain Ralstonia sp. M1 [23] and further
analyzed on 1% tricaprylin agar plates to distinguish ester-
ases from lipases. The colony M1-81 did not show any
activity on 1% tricaprylin after 2 days incubation at 37°C.
The insert M1-81 in the plasmid pUMI1-81 (pUCI19™ insert
M1-81) was sequenced (Fig. 2). Analysis of the M1-81
insert (1.6kb) revealed a single open reading frame (ORF)
of 963bp (positions 587-1549) (Fig.2). Based on the
homologies of the deduced amino acid sequences, this ORF
encoded a putative esterase (320 aa) with the deduced
molecular weight of 34kDa and used GTG as a start
codon. The G*C content of estR was 67.6%. Upstream of
estR is a putative transcription initiation site with a -10
region CTTAAC (position 564-568) and a -35 region CTG-
ACA (position 510-515).
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Analysis of the sequence of EstR

The deduced amino acid sequence for EstR (34.1 kDa) is
shown in Fig. 2. The presence of the semi-conserved active-
site pentapeptide, Gly-His-Ser-Leu-Gly (positions 103—
107), in the N-terminal region of the protein provided sup-
port for the identification of EstR as a member of esterases/
lipases. On the basis of sequence comparisons with the lac-
tone-specific esterase protein from Pseudomonas fluores-
cens, it can be concluded that Ser'®, His?® and Asp237
comprise the catalytic triad. His**Gly®’ forms a putative
oxyanion hole (Fig. 2).

Sequence comparison of EstR with other esterases

An alignment of the EstR sequence with corresponding
sequences from other bacterial esterases (DNAStar) was
used to construct the phylogenetic tree depicted in Fig. 3.
The results revealed that EstR from Ralstonia M1 displays
highest identity (64-70%) to corresponding ones from
Burkholderia strains (Table 1), 38-44% identity to the lac-
tone-specific esterases from P. fluorescens and Mesorhizo-
bium loti, and 45-48% identity to esterases from Ralstonia
strains. The active site pentapeptide GHSLG is entirely
conserved throughout these esterases.

Expression and purification of the esterase

To overexpress the recombinant esterase in E. coli, the
expression plasmid pEstR containing the esterase gene

PepB
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Fig. 3. Phylogenetic analysis of the esterases, based on the comparison of
deduced amino acid sequences of the mature proteins. The phylogenetic
tree was constructed using the DNAStar program. The following
sequences were obtained from GenBank: PepB (peptidase from Burk-
holderia pseudomallei K96243, Accession No. YP_111976); HydB (hydro-
lase from B. mallei ATCC 23344, YP_104940); AtfB4 (hydrolase/
acyltransferase from B. cepacia R18194, ZP_00217547); AtfB8 (hydrolase/
acyltransferase from B. cepacia R1808, ZP_00222665); EfhB (ethyl feru-
late hydrolase from B. cepacia, AAV9I7951); LseP (lactone-specific ester-
ase from P. fluorescens, AAC36352); EstP (esterase from P. fluorescens,
CAC34851); AtfRm (hydrolase/acyltransferase from Ralstonia metallidu-
rans CH34, ZP_00023622); EstR (esterase from Ralstonia sp. M1, this
study, AY320282); LseM (lactone-specific esterase from M. loti,
NP_102005); AtfRe (hydrolase/acyltransferase from Ralstonia eutropha
IMP134, ZP_00202627).

Table 1
Comparison of the sequences of the M1 esterase EstR with corresponding
sequences from GenBank

Esterase-producing Protein %  Accession No.
strain

B. pseudomallei K96243 Pepidase 69.6 YP_111976

B. mallei ATCC 23344  Hydrolase 69.6 YP_104940

B. cepacia R18194
B. cepacia R1808
B. cepacia

P. fluorescens

Hydrolase/acyltransferase 66.2 ZP_00217547
Hydrolase/acyltransferase 65.5 ZP_00222665
Ethyl ferulate-hydrolase ~ 63.9 AAV97951
Lactone-specific esterase  44.3 AAC36352

P. fluorescens Putative esterase 41.6 CAC34851
R. metallidurans CH34  Hydrolase/acyltransferase 44.6 ZP_00023622
Ralstonia sp. M1 Esterase —  AY320282

Ralstonia eutropha
JMP134
Mesorhizobium loti

Hydrolase/acyltransferase 48.1 ZP_00202627

Lactone-specific esterase  37.8 NP_102005

under the control of T7 promoter was constructed (Fig. 1).
The esterase EstR was expressed from this plasmid in E.
coli BL21 at a level of 41 g protein per gram (wet weight) of
cells (Fig. 4, lane 2). EstR was purified by Ni-NTA chroma-
tography. SDS-PAGE analysis showed only a single band
(Fig. 4, lane 3). The molecular mass determined by SDS—
PAGE (Fig. 4, lanes 2 and 3) was in good agreement with
that calculated (34.1 kDa).

Substrate specificity

To determine the substrate specificity, the esterase EstR
activity towards p-NP esters of different carbon chain
length was measured spectrometrically at 405nm (for C2—
C8 acyl group) and 420 nm (for C14-C16 acyl group) at pH
8.0 and 55°C. Among p-NP esters, the esterase EstR dis-
played the highest activity towards p-NP caproate (C6 acyl
group) and fixed as 100%. The typical profile of chain
length specificity of this esterase towards p-NP esters is

kDa B kDa

97 |*
66 S

45

31

22

14

Fig. 4. SDS-PAGE of the overexpressed and Ni-NTA purified, tagged
esterase EstR in E. coli BL21. Proteins were stained with Coomassie Bril-
liant Blue. Lane M, size standards (molecular weights indicated in kDa);
lane 1, lysate of E. coli pEstR cells before IPTG induction; lane 2, lysate of
E. coli pEstR cells before IPTG induction; lane 3, Ni-NTA-purified ester-
ase EstRhis.
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Table 2
Activity® and substrate specificity of esterase from Ralstonia sp. M1

Substrate Specific activity Relative activity (%)
(units/mg protein)

p-Nitrophenyl acetate 18.3 18

p-Nitrophenyl propionate 53.1 51

p-Nitrophenyl caproate 104.5 100

p-Nitrophenyl caprylate 67.5 65

p-Nitrophenyl myristate NDP —

p-Nitrophenyl palmitate NDP —

? The esterase activity was measured by spectrophotometric assay with
10 mM of p-nitrophenyl ester as a substrate and 20 pg of the purified ester-
ase EstR at pH 8.0 and 55 °C.

b ND, not detected under specified conditions.

shown in Table 2. The activity towards p-NP myristate
(C14 acyl group) and palmitate (C16 acyl group) was not
detected under the specified conditions. The activity of the
esterase EstR towards p-NP acetate (C2 acyl group), propi-
onate (C3 acyl group) and caprylate (C8 acyl group) was
18, 51 and 65% of that towards p-NP caproate, respectively.

Effect of temperature on esterase activity

The optimum temperature of the esterase EstR was
investigated using p-nitrophenyl caproate (C6 acyl) as a
substrate at pH 9.0. The maximum temperature was 60 °C
for hydrolysis of p-nitrophenyl caproate (Fig. 5). The ester-
ase activity increased very gradually from 51% at 25°C to
the maximum of 100% at 60°C and then decreased also
gradually to 41% at 85°C. The esterase is most active from
45 to 65°C (86-100%). This esterase belongs to thermo-
active enzymes.

Effect of pH on esterase activity

The optimum activity of the esterase EstR was investi-
gated at 55°C using p-nitrophenyl caproate as a substrate
with a pH range from 4.0 to 11.0 (Fig. 6). The esterase
showed maximum activity at pH 9.0. The relative activity
increased very gradually from 8% at pH 4.0 to 58% at pH
7.0, then it remained relatively constant at 86-100% in a pH

120
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Relative Est activity [%]
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25 35 45 55 65 75 85

Temperature [°C]

Fig. 5. Effect of temperature on the esterase activity. The activity of 20 ug
of the purified esterase EstR was measured by spectrophotometer with
10 mM p-nitrophenyl caproate as a substrate at pH 8.0 and various tem-
peratures 25-90 °C.
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Fig. 6. Effect of pH on the esterase activity. The activity of 20 pg of the
purified esterase EstR was measured by spectrophotometer with 10 mM p-
nitrophenyl caproate as a substrate at 55 °C and various pH 4.0-11.0.

range from 7.5 to 9.0. When pH exceeded 9.0, the autohy-
drolysis was higher than the values measured at pH 9.0 and
values of samples added with the enzyme. So, the residual
activity could not be evaluated.

Effect of organic solvents on esterase activity

The effect of 10 and 30% (v/v) of organic solvents (Table
3) on esterase activity was investigated by incubating the
esterase EstR for 30min at 30°C in 0.1 M Tris—HCI buffer
(pH 8.0). In general, the esterase EstR from Ralstonia sp.
M1 was very resistant to most organic solvents tested,
except for 1- and tert-butanol. No significant effect on ester-
ase EstR was detected after incubation with 10 and 30% of
organic solvents for 30 min with these organic solvents, the
esterase activity decreased or increased by up to 32% and
up to 16% in comparison with the control sample without
treatment, respectively. However, ethanolamine stimulated
the esterase EstR strongly. The addition of 10 and 30% of
ethanolamine increased the activity 6- to 15-fold, respec-
tively. In contrast to other organic solvents, the addition of

Table 3
Effect of organic solvents on esterase activity®

Solvent Remaining activity (%) at concentration (%) of
10 30
Methanol 98 110
Ethanol 100 104
Isopropanol 90 90
1-Butanol 19 14
tert-Butanol 86 22
Dichloromethane 116 78
Ethyl acetate 86 69
Acetonitrile 90 99
Acetone 88 68
Ethanolamine 569 1482
Hexane 99 88
DMSO 87 96
DMFA 96 97

% Twenty micrograms of the purified esterase EstR was incubated in
0.1 M Tris buffer, pH 8.0 at 30 °C for 30 min with 10 or 30% (v/v) of differ-
ent solvents. The esterase activity was measured by spectrophotometric
assay with 10 mM of p-nitrophenyl caproate as a substrate at pH 8.0 and
55°C.
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Table 4
Effect of metal ions and inhibitors on esterase activity®

Compound Remaining activity (%) at concentration (mM) of
0.1 1 10
CaCl, 88 87 96
CuCl, 91 93 85
FeCl, 88 73 83
MgCl, 101 87 90
MnCl, 94 95 92
SnCl, 92 100 110
ZnCl, 85 87 80
DEPC 96 88 90
EDTA 105 101 85
PMSF 77 80 17

% Twenty micrograms of the purified esterase EstR was incubated in
0.1 M Tris buffer, pH 8.0, at 30 °C for 30 min with 0.1, 1, or 10 mM of
different metal ions or inhibitors. The esterase activity was measured by
spectrophotometric assay with 10 mM of p-nitrophenyl caproate as a sub-
strate at pH 8.0 and 55 °C.

10 and 30% of 1-butanol and 30% of tert-butanol inhibited
the esterase strongly. The residual activity remained around
20% in comparison to the control sample.

Effect of ions and inhibitors on esterase activity

The effect of 0.1, 1 and 10mM of various metal ions was
determined by incubating the esterase EstR for 30 min in
0.1 M Tris—HCI buffer, pH 8.0. In general, all assayed metal
ions showed no significant effect on the esterase EstR activ-
ity (Table 4). The addition of 0.1, 1 and 10 mM of the metal
ions increased and decreased the esterase activity slightly
by up to 27 and 10%, respectively (Table 4). No significant
effect of the typical lipase/esterase inhibitors on the esterase
EstR activity was detected except for 10mM of PMSF
(phenylmethanesulfonyl fluoride) with a decrease of 83%.

Effect of detergents on esterase activity

The effect of 0.2, 1 and 5% (w/v) of detergents including
Tween 80, Tween 60, Tween 40, Triton X-100, Triton X-45
and SDS was measured by incubating the esterase Es¢R for
30min at 30°C in 0.1 M Tris—HCI buffer, pH 8.0. The addi-

Table 5
Effect of detergents on esterase activity®

Detergent Remaining activity (%) at concentration (%) of
0.2 1 5

Tween 80 107 94 55
Tween 60 110 87 75
Tween 40 101 90 52
Triton X-100 97 71 42
Triton X-45 260 396

SDS 0 0 0

% Twenty micrograms of the purified esterase EstR was incubated in
0.1 M Tris buffer, pH 8.0 at 30 °C for 30 min with 0.2, 1 or 5% (w/v) of
different metal ions or inhibitors. The esterase activity was measured by
spectrophotometric assay with 10 mM of p-nitrophenyl caproate as a sub-
strate at pH 8.0 and 55 °C.

tion of 0.2% (w/v) of Tween 80, Tween 60 and Tween 40
induced the esterase activation slightly (Table 5). The ester-
ase activity increased by 1-10%. The addition of 1% of
these detergents decreased the esterase activity slightly by
up to 13%. However, the addition of 5% of these detergents
decreased the activity by up to 48%. Triton X-100 showed
an inhibitory effect on the esterase activity. The esterase
activity decreased by 3-58% when incubating with 0.2-5%
of Triton X-100. However, Triton X-45 stimulated the
esterase strongly. The activity increased to 2.6-4-fold in
comparison with the control sample. In contrast to other
detergents, SDS showed a complete inhibition on the ester-
ase activity.

Discussion

Previously we reported the isolation of a lipase/chaper-
one gene pair from Ralstonia sp. M1, sequencing, analysis
and expression in E. coli, in vitro refolding and character-
ization of physicochemical properties [22,23]. In this study,
we further described another lipolytic enzyme from Ralsto-
nia sp. M1: gene cloning, sequence analysis and expression
in E. coli and characterization of some biophysical proper-
ties.

Sequencing of the 1.6kb insert in the clone M1-81
revealed a single complete ORF, predicted to encode a lipo-
lytic enzyme EstR. Its deduced amino acid sequences (320
aa) exhibited a significant level of homology to the reported
sequences of a subset family of esterases from various
sources, mainly the genera Burkholderia (64-70% identi-
ties), Pseudomonas (42-45% identities) and Ralstonia (48%
identities). Similar to other reports on related gene coding
for esterases, the ORF of Ralstonia sp. M1 esterase utilized
GTG as a start codon rather than ATG [8,26]. A relatively
high G*C content (67.6%) was found in the predicted ORF,
a typical feature of Pseudomonas and Burkholderia chromo-
somes [27].

The EstR preprotein is predicted to contain a putative
24-residue leader peptide, which is cleaved to form a 296-
amino acid (31.7 kDa) mature protein with a pZ of 9.86 [28].

The ORF of Ralstonia sp. M1 esterase had a consensus
motif P-V-L-V-G-H-S-L-G-G. According the ProSite data-
base [29], the lipase family also containing acetylcholine
esterases, has a consensus motif of [LIV]-x-[LIVFY]-[LIV-
MST]-G-[HYWV]-S-x-G-[GSTAC] (S is the active site resi-
due) [30]. Whereas the active site motif for the esterases is
F-[GR]-G-x(4)-[LIVM]-x-[LIV]-x-G-x-S-[STAG]-G (S is
the active site residue) [5]. Comparison of these motifs
yielded that the motif for esterase EstR is contained in the
lipase motif, not in esterase motif. This confirmed the motif
for lipases is also contained in the esterase motif and vice
versa [31].

Both lipolytic enzymes, esterases/lipases, show activity
towards p-nitrophenyl esters, but different profiles. The
lipase LipA from Raltonia sp. M1 showed the highest
activity towards p-NP caprylate (C8 acyl group), but also
activity towards p-NP myristate (C14 acyl group) and
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palmitate (C16 acyl group) [22]. However, the esterase EstR
also from this strain exhibited the highest activity towards
p-NP caproate (C6 acyl group), but no activity towards p-
NP esters of C!'* or C'® acyl group was detected. Further,
the esterase EstR did not show any activity towards triglyc-
erides (data not shown). Other esterases from Pseudmonas
sp. KCTC 10122BP, Acinetobacter sp. strain No. 6, showed
the highest activity towards p-NP acetate among tested p-
NP esters [8,12]. The esterase from Aeropyrum pernix K1
had activity also against p-NP esters of C'?, C'® and C'8
acyl group and highest activity against p-NP caprylate [32].

One of the important characteristics required for appli-
cations in detergent formulations and biotransformations
is that the enzyme should be active at high temperature and
alkaline pH range. The esterase EstR from Ralstonia sp. M1
had a temperature optimum at 60-65°C and pH ranging
from 7.5 to 9.0. The residual activity could not be evaluated
at pH 10.0-11.0 due to higher autohydrolysis than maxi-
mum activity at pH 9.0 and addition of EsfR. The lipase
LipA from the same strain Ralstonia sp. M1 showed a max-
imum activity also at high temperature 55-60°C and alka-
line pH 10.75 [22]. The optimal reaction temperature
reported here is lower than that of the esterases from A.
pernix K1 (90°C) [32] and from Archaeoglobus fulgidus
(80°C) [33], and higher than that of the esterases from
Aspergillus ficuum (40-45 °C) [34] and from Fusarium oxy-
sporum (45 °C) [35]. However, the esterase EstR from Ralto-
nias sp. M1 exhibited a pH optimum higher than these
esterases from A. pernix K1 (pH 8.0) [32] and from F. oxy-
sporum (pH 7.0) [35].

Similar to the lipase LipA from the same strain Ralstonia
sp. M1 [22], EstR showed a very high resistance against
organic solvents. In general, most organic solvents stimu-
lated the activation of the lipase LipA as well as the wild-
type enzyme from Ralstonia sp. M1 and had no effect on the
esterase EstR. Ethanolamine induced both the lipase and
esterase activation and increased the activity strongly by
threefold [22] and 6-15-fold, respectively. 1-Butanol
showed an obvious inhibitory effect on the esterase EstR
and lipase LipA activity, the residual activity decreased to
one-half and one-fifth in comparison to the control sample.

Tested ions showed the same effect on Ralstonia sp. M1
lipase and esterase activity, the residual activity increased
or decreased slightly in both cases. The addition of the che-
lating agent EDTA decreased the lipase activity, indicating
that EDTA accesses the putative Ca’* binding site and
removes ions [22], whereas no effect on the esterase activity
was found. The addition of DEPC inhibited both the lipase
and esterase slightly. The inhibition by histidine residue
modifier DEPC suggests the possibility of histidine residues
being involved in catalysis as well. PMSF indicated also an
inhibitory effect on both lipase LipA [22] and esterase EstR
activity, and is expected to inhibit lipase/esterase as they
contain a serine as part of the catalytic triad.

Detergents induced the lipase activation, and the
remaining activity increased up to three times. Whereas
only Triton X-45 increased the esterase residual activity up

to four times and other detergents showed a slight increase
or moderately inhibitory effect. The addition of 1% (w/v) of
SDS increased the lipase LipA activity strongly by one-half
[22], whereas inhibited the esterase EstR completely.

The recombinant EstR from Ralstonia sp. M1 is an alka-
line, thermo-active and highly organic-solvent-resistant and
detergent-inducible esterase. These important features ren-
der the recombinant esterase EstR very attractive for bio-
technological applications.

Acknowledgments

This work has been supported partly by VNB04/B05
project (Vietnamese Ministry of Science and Technology
MOST). We gratefully acknowledge a grant for equipment
from the International Foundation of Science (Sweden,
2005).

References

[1] D. Ollis, E. Cheah, M. Cygler, B. Dijkstra, F. Frolow, S. Franken, M.
Harcel, S.J. Remington, 1. Silman, The o/f hydrolase fold, Protein
Eng. 5(1992) 197-211.

[2] M. Nardini, B.W. Dijkstra, o/ Hydrolase fold enzymes: the family
keeps growing, Curr. Opin. Struct. Biol. 9 (1999) 732-737.

[3] D. Blow, More of the catalytic triad, Nature 351 (1990) 694-695.

[4] L. Brady, A.M. Brazozowski, Z.S. Derewenda, E. Dodson, G. Dodson,
S. Tolley, J.P. Turkenburg, L. Christiansen, B. Huge-Jensen, L. Nors-
kov, L. Thim, U. Menge, A serine protease triad forms the catalytic
centre of a triacylglycerol lipase, Nature 343 (1990) 767-770.

[5] M. Cygler, J.D. Schrag, J.L.. Sussman, M. Harel, I. Silman, M.K. Gen-
try, B.P. Doctor, Relationship between sequence conservation and
three-dimensional structure in a large family of esterases, lipases, and
related proteins, Protein Sci. 2 (1993) 366-382.

[6] F.K. Winkler, A. D’Arcy, W. Hunziker, Structure of human pancre-
atic lipase, Nature 343 (1990) 771-774.

[71 A.M. Brzozowski, U. Derewenda, Z.S. Derewenda, G.G. Dodson, D.M.
Lawson, J.P. Turkenburg, F. Bjorkling, B. Huge-Jensen, S. Patkar, L.
Thim, A model for interfacial activation in lipases from the structure of
a fungal lipase-inhibitor complex, Nature 351 (1991) 491-494.

[8] GJ. Kim, E.G. Lee, B. Gokul, M.S. Hahm, D. Prerna, G.S. Choi, Y.W.
Ryu, H.-S. Ro, B.H. Chung, Identification, molecular cloning and
expression of a new esterase from Pseudomonas sp. KCTC 10122BP
with enantioselectivity towards racemic ketoprofen ethyl ester, J. Mol.
Catal. B: Enzym. 22 (2003) 29-35.

[9] GJ.Kim, G.S. Choi, J.Y. Kim, J.B. Lee, D.H. Jo, Y.W. Ryu, Screening,
production and properties of a stereospecific esterase from Pseudomo-
nas sp. S34 with high selectivity to (S)-ketoprofen ethyl ester, J. Mol.
Catal. B: Enzym. 17 (2002) 29-38.

[10] A. Glieder, M. Pressnig, A. Schmidt, T. Stanzer, A. Reisner, H.
Schwab, Cloning, expression and characterization of a new 2-Cl-pro-
pionic acid ester hydrolase from B. subtilis, J. Mol. Catal. B: Enzym.
19-20 (2002) 237-245.

[11] J.Y. Kim, G.S. Choi, Y.J. Kim, Y.W. Ryu, G.J. Kim, A new isolate
Bacillus stearothermophilus JY 144 expressing a novel esterase with
high enantioselectivity to (R)-ketoprofen ethyl ester: strain selection
and gene cloning, J. Mol. Catal. B: Enzym. 18 (2002) 133-145.

[12] T. Suzuki, T. Nakayamab, T. Kurihara, T. Nishino, N. Esaki, A cold-
active esterase with a substrate preference for vinyl esters from a psy-
chrotroph, Acinetobacter sp. strain no. 6: gene cloning, purification,
and characterization, J. Mol. Catal. B: Enzym. 16 (2002) 255-263.

[13] H.E. Kim, LS. Lee, J.H. Kim, K.W. Hahn, U.J. Park, H.S. Han, K.R.
Park, Gene cloning, sequencing, and expression of an esterase from
Acinetobacter lwoffii 16C-1, Curr. Microbiol. 46 (2003) 291-295.



140 D.T. Quyen et al. | Protein Expression and Purification 51 (2007) 133—140

[14] R.D. Schmid, R. Verger, Lipases: interfacial enzymes with attractive
applications, Angew. Chem. Int. Ed. 37 (1998) 1608-1633.

[15] G.S. Choi, J.Y. Kim, J.H. Kim, Y.W. Ryu, G.J. Kim, Construction and
characterization of a recombinant esterase with high activity and
enantioselectivity to (S)-ketoprofen ethyl ester, Prot. Expr. Purif. 29
(2003) 85-93.

[16] M. Nishizawa, H. Gomi, F. Kishimoto, Purification and some proper-
ties of carboxylesterase from Arthrobacter globiformis: stereoselective
hydrolysis of ethyl chrysanthemate, Biosci. Biotechnol. Biochem. 57
(1993) 594-598.

[17] M. Nishizawa, M. Shimizu, H. Ohkawa, M. Kanaoka, Stereoselective
production of (+)-trans-chrysanthemic acid by a microbial esterase:
cloning, nucleotide sequence, and overexpression of the esterase gene
of Arthrobacter globiformis in Escherichia coli, Appl. Environ. Micro-
biol. 61 (1995) 3208-3215.

[18] W.J. Quax, C.P. Broekhuizen, Development of a new Bacillus car-
boxyl esterase for use in the resolution of chiral drugs, Appl. Micro-
biol. Biotechnol. 41 (1994) 425-431.

[19] J.C. Moore, F.H. Arnold, Directed evolution of a para-nitrobenzyl
esterase for aqueous-organic solvents, Nat. Biotechnol. 14 (1996)
458-467.

[20] C. Hemachander, N. Bose, R. Puvanakrishnan, Whole cell immobili-
zation of Ralstonia pickettii for lipase production, Process Biochem.
36 (2001) 629-633.

[21] C. Hemachander, R. Puvanakrishnan, Lipase from Ralstonia pickettii
as an additive in laundry detergent formulations, Process Biochem. 35
(2000) 809-814.

[22] D.T. Quyen, T.T.G. Le, T.T. Nguyen, T.K. Oh, J.K. Lee, High-level
heterologous expression and properties of a novel lipase from Ralsto-
nia sp. M1, Prot. Exp. Purif. 39 (2005) 97-106.

[23] D.T. Quyen, T.T. Nguyen, T.T.G. Le, HK. Kim, T.K. Oh, J.K. Lee, A
novel lipase/chaperone pair from Ralstonia sp. M1: analysis of the
folding interaction and evidence for gene loss in R. solanacearum,
Mol. Gen. Genom. 272 (2004) 538-549.

[24] J. Sambrook, E.F. Fritsch, T. Maniatis, Molecular Cloning: A Labo-
ratory Manual, Cold Spring Harbor Laboratory Press, New York,
1989.

[25] U.K. Laemmli, Cleavage of structure proteins during the assembly of
the head of bacteriophage T4, Nature 227 (1970) 680-685.

[26] Y.S. Kim, H.B. Lee, K.D. Choi, S. Park, O.J. Yoo, Cloning of Pseudo-
monas fluorescens carboxylesterase gene and characterization of its
product expressed in Escherichia coli, Biosci. Biotechnol. Biochem. 58
(1994) 111-116.

[27] CK. Stover, X.Q. Pham, A.L. Erwin, S.D. Mizoguchi, P. Warrener,
M.J. Hickey, F.S. Brinkman, W.O. Hufnagle, D.J. Kowalik, M. Lag-
rou, R.L. Garber, L. Goltry, E. Tolentino, S. Westbrock-Wadman, Y.
Yuan, L.L. Brody, S.N. Coulter, K.R. Folger, A. Kas, K. Larbig, R.
Lim, K. Smith, D. Spencer, G.K. Wong, Z. Wu, L.T. Paulsen, J. Reizer,
M.H. Saier, R.E. Hancock, S. Lory, M.V. Olson, Complete genome
sequence of Pseudomonas aeruginosa PAO1, an opportunistic patho-
gen, Nature 406 (2000) 959-964.

[28] H. Nielsen, J. Engelbrecht, S. Brunak, G. vonHeijne, Identification of
prokaryotic and eukaryotic signal peptides and prediction of their
cleavage sites, Protein Eng. 10 (1997) 1-6.

[29] K. Hofman, P. Bucher, L. Falquet, A. Bairoch, The PROSITE data-
base, its status in 1999, Nucl. Acids Res. 27 (1999) 215-219.

[30] C. Chapus, M. Rovery, L. Sarda, R. Verger, Minireview on pancreatic
lipase and colipase, Biochemie 70 (1988) 1223-1234.

[31] P. Fojan, P.H. Jonson, M.T.N. Peterson, S.B. Peterson, What distin-
guishes an esterase from a lipase: a novel structural approach, Bioche-
mie 82 (2000) 1033-1041.

[32] R. Gao, Y. Feng, K. Ishikawa, H. Ishikda, S. Ando, Y. Kosugi, S. Cao,
Cloning, purification, and properties of a hyperthermophilic esterase
from archaeon Aeropyrum pernix K1, J. Mol. Catal. B: Enzym. 24-25
(2003) 1-8.

[33] G. Manco, E. Giosue, S. D’Auria, P. Herman, G. Carrea, M. Rossi,
Cloning, overexpression, and properties of a new thermophilic and
thermostable esterase with sequence similarity to hormone-sensitive
lipase subfamily from the archaeon Archaeoglobus fulgidus, Arch.
Biochem. Biophys. 373 (2000) 182-192.

[34] H.J. Chung, S.M. Park, H.R. Kim, M.S. Yang, D.H. Kim, Cloning the
gene encoding acetyl xylan esterase from Aspergillus ficuum and its
expression in Pichia pastoris, Enzyme Microb. Technol. 31 (2002)
384-391.

[35] E. Topakas, H. Stamatis, P. Biely, D. Kekos, B.J. Macris, P. Christak-
opoulos, Purification and characterization of a feruloyl esterase from
Fusarium oxysporum catalyzing esterification of phenolic acids in ter-
nary water—organic solvent mixtures, J. Biotechnol. 102 (2003) 33-44.



	A novel esterase from Ralstonia sp. M1: Gene cloning, sequencing, high-level expression and characterization
	Materials and methods
	Chemicals and agents
	Plasmids, bacterial strains, and culture conditions
	DNA manipulations
	Plasmid construction and subcloning
	Gene expression
	Enzyme purification and estimation of protein concentrations
	Esterase activity estimation
	Effect of pH, temperature, organic solvents, detergents and metal ions on esterase activity

	Gel electrophoresis
	DNA and amino acid sequence alignments
	GenBank Accession numbers

	Results
	Analysis of the esterase-encoding gene estR from Ralstonia sp. M1
	Analysis of the sequence of EstR
	Sequence comparison of EstR with other esterases
	Expression and purification of the esterase
	Substrate specificity
	Effect of temperature on esterase activity
	Effect of pH on esterase activity
	Effect of organic solvents on esterase activity
	Effect of ions and inhibitors on esterase activity
	Effect of detergents on esterase activity

	Discussion
	Acknowledgments
	References


