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Abstract

A gene from Bacillus pumilus expressed under its native promoter was cloned in Escherichia coli. Recombinant B. pumilus esterase
(BPE) affects the kinetic resolution of racemic mixtures such as unsubstituted and substituted 1-(phenyl)ethanols (E ~ 33-103), ethyl
3-hydroxy-3-phenylpropanoate (E ~ 45-71), trans-4-fluorophenyl-3-hydroxymethyl-N-methylpiperidine (E ~ 10-13) and ethyl 2-
hydroxy-4-phenylbutyrate (E ~ 7). The enzyme is composed of a 34-amino acid signal peptide and a 181-amino acid mature protein
corresponding to a molecular weight of ~19.2 kD and pI ~ 9.4. 3-D the structural model of the enzyme built by homology modelling
using the atomic coordinates from the crystal structure of B. subtilis lipase (LipA) showed a compact minimal o/f} hydrolase fold.
© 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Production of enantiopure organic compounds is
assuming increasing importance for chemical and phar-
maceutical industries [1-7]. Enantiopure pharmaceuti-
cals accounted for 36% of the US $410 billion market
in 2001 and was expected to grow by >9% average an-
nual growth rate between 2002 and 2005 [8]. One of
the efficient options to carry out asymmetric synthesis
for enantiomerically pure or enriched organic com-
pounds is through the use of biocatalysts. Large num-
bers of microorganisms or the enzymes derived from
them have been employed for the production of opti-
cally active compounds by means of kinetic resolution
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or stereo-specific chemical transformations [9-12] and
efforts to find new biocatalysts and their applications
continue [13,14]. Similarly, we have reported a number
of enantioselective biotransformations of drugs or drug
intermediates utilizing either commercial lipases/ester-
ases or our own isolated microorganisms and enzymes
derived from them [15-18]. In most cases, however,
the microbial enzymes are expressed at low levels in wild
isolates. Therefore, an approach which allows the pro-
duction of an enantioselective enzyme for a reaction of
choice at an affordable cost would be appropriate, hence
cloning and over expression becomes imperative. Mod-
eration of substrate selectivity can be achieved by sub-
jecting the selected genes to site-specific mutagenesis or
by random/directed evolution. These molecular tech-
niques have been used to modify stereoselectivity as well
as other properties of enzymes [19]. Hence, identifica-
tion, cloning and hyper expression of the gene encoding
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the enzyme of choice is often required. In this paper, we
describe the molecular cloning, nucleotide sequencing
and expression of a stercoselective esterase gene from
B. pumilus (DBRL-191) isolated from a soil sample ob-
tained from Northwest Himalayas and deposited in the
culture collection of RRL Jammu (India). Characteriza-
tion of the protein sequence, the biochemical properties,
and homology modelling to elucidate the 3D-structure
of B. pumilus esterase (BPE) are described.

2. Materials and methods
2.1. Chemicals
Prepacked phenyl-Sepharose CL-6B, Mono S col-

umns were obtained from Amersham Pharmacia Biotech
(USA). Tris base, acrylamide, SDS, bromophenol blue,

Table 1

protein markers for Native and SDS-PAGE, grades
for polyacrylamide gels, dithiothreitol (DTT), B-mercap-
toethanol, lysozyme, ampicillin, isopropyl B-p-thiogalac-
toside (IPTG), phenylmethylsulphonyl fluoride (PMSF)
and agarose were obtained from Sigma chemical
(USA), Triton X-100, p-nitrophenyl esters such as ace-
tate, butyrate, palmitate, laurate, stearate, caprylate,
caproate and triacetin, tributyrin, tristearin, triolein,
olive oil, gum arabic, a-naphthyl acetate and fast blue
RR were obtained from Himedia, Pvt. Limited, Bombay.
Oligonucleotide primers, deoxynucleotides 7ag polymer-
ase, T7 and SP6 promoter sequences, T4-DNA ligase
and restriction endonucleases were purchased from Bio
Basics Inc. Canada and Amersham Pharmacia Biotech
(USA). All other chemicals for growth media used for
this work were obtained from Glaxo (Qualigens), New
Delhi and E. Merck, Germany. HPLC grade solvents
were purchased from E. Merck/Glaxo (Bombay). Chiral

Hydrolysis of racemic acylates/esters of different substrates by native and recom. BPE*?

Entry  Esterase Structure Subs.: biocat.  Time (h)  Conv. (%)  Subs. conc (g/L)  Conf prod.h ee (%) E°
1 Native QCOCH, 5:1 8 16 40 R 93¢ 32
Recom. pure ©A 8 17 40 R 94¢ 39
2 Native OCOCH,  5:1 8 34 40 R 96° 80
Recom. pure O)\ 8 36 40 R 96° 100
MeO
3 Native QCOCH, 5:1 8 31 40 R 95°¢ 59
Recom. pure /Of\ 8 30 40 R 95¢ 69
Cl
4 Native QCOCH;, 5:1 8.0 33 40 R 95°¢ 62
Recom. pure /@)\ 8.0 35 40 R 96¢ 98
F
5 Native QCOCH, 5:1 8.0 35 40 R 90° 33
Recom. pure <oj©)\ 8.0 33 40 R 92° 39
[e]
6 Native QCOC,H, 1:2 10.5 41 30 R 914 45
Recom. pure O}K/COOEt 10.5 42 30 R 944 70
7 Native Me 1:3 36.0 42 200 3RA4AS 76° 12
Recom. Pure N 36.0 33 200 3R A4S 75¢ 10
25\ *CH,0COCH,
F .
8 Native OH 1:0.6 46.0 71 40 R 72{ 6.8
70 40 R 68f 6.8

Recom. pure O/\)\COOEt 46.0

Reaction temperature 25 °C.

(S

[N

g
h

E calculated according to Chen et al. [40].

! Enriched ester.

Reaction medium 0.1 M phosphate buffer pH 7.0 (substrate 1-6) pH 6.5 (substrate 7).

ee% measured on Chiracel OD-H chiral column using hexane:isopropanol (90:10) mobile phase (0.6 ml/min).

ee% measured on Chiracel OD-H chiral column using hexane:isopropanol (95:05) mobile phase (0.6 ml/min).

ee% measured on Chiradex column using methanol:water:triethyl amine (1:1:0.01) mobile phase (0.8 ml/min).

ee% determined by comparison of optical rotation with known optical value [«]p—8.4 (c 1.15, EtOH, R-ester ee ~ 99%).

Absolute configuration determined on the basis of sign of specific rotation.
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columns (S,S)-Whelk-O1, (Lichro Cart 250-4, 5 um),
Chiradex (E-Merck) and Chiralcel OD-H (Diacel,
Japan) were used to monitor the enantiomeric purity of
the resolved compounds. Substrates 1-5 (Table 1) were
prepared by Grignard reaction of the corresponding
aldehydes in near quantitative yields. Compound 6 (Ta-
ble 1) was prepared by hydrogenation of the commer-
cially available ethyl benzoylacetate (Pd/C 5%, 50 psi)
and purification by column chromatography over silica
gel using 2% ethyl acetate in n-hexane to give racemic
mixture (85% yield) and compound 8 (Table 1) was pre-
pared from commercially available ethyl 2-oxo-4-phen-
ylbutyrate by the procedure described for compound 6
after column chromatography over silica gel and elution
with dichloromethane:ethyl acetate (4:1) to obtain race-
mic 8 (65% yield). The compound 7 (Table 1) was pro-
cured from Cadilla Health Care (Ahmedabad, India) as
a research sample. The racemic derivatives of 7 were pre-
pared by allowing racemic 7 to react with respective alka-
noic anhydride at room temperature and after the
completion of the reaction, the contents concentrated
on rotavapor followed by chromatography over neutral
alumina with n-hexane: ethyl acetate (97:3) as eluent to
give respective acyl esters (90-95% yield). The chemical
structures of all the synthesised compounds were charac-
terised by spectral analysis.

2.2. Bacteria, plasmids and media

The bacterial strain B. pumilus (DBRL-191) was iso-
lated from one of the selected soil collection sites in
Northwestern Himalayas, India. Different microbiologi-
cal methods and 16S rRNA gene typing were used to
identify the strain. The DBRL-191 strain served as the
source for genomic DNA. E. coli JM110 (Promega, Mad-
ison, USA) and E. coli BL21(DE3)pLacl (Novagen,
USA) were used as cloning and expression hosts. Plasmid
pGEMS5Z (Promega, Madison, USA) and pETBlue-2
(Novagen, USA) were used as cloning and expression
vectors. DBRL-191 was grown overnight at 30 °C in
LB medium consisting of 1% (w/v) tryptone, 0.5% (w/v)
yeast extract and 0.5% (w/v) NaCl at pH 7.2 for genomic
DNA preparation. Plasmid DNAs were isolated using a
nucleospin plasmid isolation kit (Qiagen). Transforma-
tion of E. coli with recombinant plasmids was performed
by electroporation using Gene pulsar (Bio Rad).

2.3. Cloning and sequencing of the esterase gene

Genomic DNA was prepared by the method developed
by Pitcher et al. [20]. Genomic DNA from DBRL-191 was
completely digested with HindIII and ligated with Hin-
dITI-digested/dephosphorylated pPGEMS5Z vector. The li-
gated mixture was used to electro-transform E. coli
(JM110). Out of about 5000 colonies, a colony forming

a clearing zone on tributyrin-LB plates containing ampi-
cillin 100 pg ml~! and streptomycin 50 pg ml~' was
selected. Recombinant plasmid designated as pGEM-
Bpest was purified from the transformant and the insert
DNA sequence determined on a 310-ABI-PRISM Genet-
ic Analyzer (Perkin—Elmer, USA) using Big Dye sequenc-
ing kit (Applied Biosystems Inc.). Gene prediction was
performed by DNASTAR using Megalign software and
signal peptide analysis [21] Compute pI/MW [22-24]
and CLUSTAL W [25].

The nucleotide sequence of the B. pumilus (DBRL-
191) esterase gene in pGEM-Bpest plasmid was
deposited in the Genbank sequence database under the
Accession Number AY494714.

2.4. Construction of expression plasmids

Primer design software in EXPASY website was used
to construct primers. A pair of degenerate primers was
designed carrying sites for Nde I at the 5’ end (immedi-
ately upstream of mature protein) of the BPE gene and
Xho 1 at its 3’ end. The primers used were forward 5’
GGG CAT ATG GCT GAR CAY AAY CCN and re-
verse 3’ GGG CTC GAG ATT CGT ATT CTG TCC.
Pfu polymerase was used for PCR with pGEM-Bpest
DNA as the template. The PCR conditions were as fol-
lows: initial denaturation step at 94 °C for 3 min, 30 cy-
cles at 94 °C for 30s, annealing at 55°C for 1 min,
extension at 72 °C for 1 min, except for the final cycle
where extension proceeded for 10 min. The PCR product
was resolved in a 1% (w/v) agarose gel, and the 648 bp
DNA fragment was recovered with GenElute gel DNA
extraction kit (Sigma—Aldrich). The purified DNA frag-
ment was ligated into Eco RV-cleaved pETBlue-2,
according to the manufacturers recommendations, then
electro-transformed into E. coli BL21 (DE3) pLacl and
plated on LB media containing 50 ug ml~"' carbenicillin
and 34 pg ml~! chloramphenicol. The clone containing
the correct insert encoding mature protein was identified
by restriction enzyme analysis and denoted as pET-
Bpest.

A single colony containing pET-Bpest was grown in
100 ml LB medium containing 50 pg ml~" carbenicillin
and 34 pgml~' chloramphenicol to an ODggy of 0.8.
IPTG was added to the culture to 1 mM and incubation
continued at 30 °C for 4-6 h. Cells were harvested by
centrifugation at 5000xg for 10 min at 4 °C, resuspended
in 50 mM Tris HCI buffer (pH 7.0) containing 1 mM
DTT, 2mM EDTA and 100 mM ammonium sulphate
for 30 min, followed by disruption in MSE 20 kHz ultr-
asonicator at 4 °C for 5 min with intermittent cooling to
release intracellular proteins. The cell-free extract was
centrifuged at 15,000xg for 20 min to remove cell debris,
and the extract assayed for enzyme activity and stored at
—20 °C.
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2.5. Purification of recombinant esterase

Protein was estimated spectrophotometrically by the
Bradford method using Bovine serum albumin (BSA)
as standard [26]. The enzyme was salted out by ammo-
nium sulfate precipitation (25-65% saturation) and puri-
fied on FPLC (Amersham Pharmacia Biotech) using
phenyl-Sepharose followed by Mono S column. Native
and SDS-PAGE was performed according to the meth-
od of Laemmili [27].

2.6. Enzyme assays

Agar diffusion assay was followed using tributyrin as
substrate [28]. Detection of lipase activity was performed
by the Rhodamine B plate assay [29]. Esterase activity was
quantitatively assayed by titrimetry, using tributyrin as
substrate [30]. One unit of enzyme activity was expressed
as the amount of enzyme that releases 1 umol of titreable
fatty acid per min. For the estimation of enzyme activity
using different p-nitrophenyl esters as substrates, 20 pl en-
zyme was added to 880 pl of 0.1 M potassium phosphate
buffer, pH 8.0 containing 0.1% (w/v) gum arabic and 0.2%
(w/v) deoxycholate. After 3 min incubation at 37 °C, the
reaction was initiated by adding 100 ul of substrate
(8 mM) solubilised in acetonitrile. The reaction was
stopped by addition of 0.5 ml 3 M HCI. The reaction mix-
ture was centrifuged for 10 min and the supernatant
mixed with 2 M NaOH and the ODy,( recorded. Enzyme
activity was also directly located on polyacrylamide gel
zymogram by the method of Gabriel [31].

2.7. Enantioselectivity assay

Pure substrates thus obtained were incubated with
the enzyme in sodium phosphate buffer (0.1 M) pH 7.0
and continuously stirred at ambient temperature. Pro-
gress of the enzymatic hydrolysis at various substrates
(1-7; Table 1) was monitored by periodic withdrawal
of an aliquot from the assay mixture, extraction with
ethyl acetate (HPLC grade ) and its analysis on chiral
HPLC columns (Chiralcel-OD-H/Chiradex) as well by
TLC run on silica gel 60F,s4 plates (Merck) or Alumin-
ium oxide 60F,s4 (neutral) plates (Merck).

In the case of the resolved substrate 8, enantiomeric
excess and absolute configuration was determined on
the basis of sign of specific rotation (Perkin—Elmer 241
Polarimeter) and its comparison with reported values
in the literature.

2.8. Enzymatic hydrolysis of racemic acylates of
secondary alcohols and drug intermediates using native
and recombinant enzyme

Two sets, each comprising of racemic acylates of sub-
strates 1-7 (1 mmol), were suspended in sodium phos-

phate buffer (0.1 M) pH 7.0, and to one set was added
native BPE and to the other set was added recombinant
BPE at specified pH and temperature in a ratio given in
Table 1. The pH of the reaction mixture was maintained
by a pH stat with 0.5 N NaOH. 25 pl sample aliquots
were extracted with a mixture of HPLC grade ethyl ace-
tate (100 pl) and hexane (400 pl). The samples were cen-
trifuged at 6000g and the organic layer filtered through
20 uM filter and analysed on HPLC using Chiralcel-
OD-H column, with mobile phase n-hexane:2-propanol
(90:10) at a flow rate 0.6 ml min~" for chiral secondary
alcohols (1-5) (Table 1). For compound 6 (Table 1) as
a substrate, n-hexane:2-propanol (90:05) was used as
the mobile phase at a flow rate of 0.8 mlmin~! and
25 °C using a PDA detector. For the isolation of the bio-
transformed products (after the completion of the enzy-
matic reaction) of compounds 1-6, the contents were
extracted with ethyl acetate, concentrated in vacuo and
the products charged on silica gel column using a gradi-
ent of n-hexane:ethyl acetate to separate the resolved
hydrolysed product and the optically enriched acyl ester
in overall yields of 70-93%. The enantiomeric excess of
resolved 7 (Table 1) was determined on a Chiradex chiral
column using methanol:water (50:50) as the mobile
phase at flow rate 0.8 ml min~'. For the isolation of
transformed products after the completion of the reac-
tion, the contents were separated by extraction with
dichloromethane to remove enriched acylate and the
aqueous portion was concentrated to dryness, then
redissolved in dichloromethane:methanol mixture
(19:1) and purified through a neutral alumina column
after elution with a gradient of dichloromethane: meth-
anol mixture to provide enriched (—)-alcohol (yields
85-90%).

2.9. Enzymatic hydrolysis of racemic ethyl
2-hydroxy-4-phenylbutyrate (8) using native and
recombinant enzyme

Racemic 8 (1 mmol) in sodium phosphate buffer
(0.1 M) was incubated in the presence of native and re-
combinant BPE separately while maintaining pH 7.0
with 0.5 M NaOH. In this case, the hydrolysis reaction
was continued up to ~70% conversion (Table 1). There-
after, the contents of the reaction were adjusted to pH 5.0
and extracted with ethyl acetate, the organic layer
washed with water, dried over anhydrous sodium sul-
phate and concentrated to give crude bio-products which
on column chromatography over silica gel and elution
with a gradient of dichloromethane:ethyl acetate affor-
ded the transformed products in overall yields of 70—
73%.

The enantiomeric excess of (R)-ester and (S)-acid of 8
were determined on the basis of their optical rotation
values with those reported in the literature.
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2.10. Homology modelling of BPE

A molecular model was developed for BPE using the
technique of comparative homology modelling with the
help of Molecular Operating Environment (MOE) soft-
ware. The template structure used for development of
the homology model was the resolved X-ray structure
of B. subtilis lipase LipA with Protein database entry
code 116W [32].

3. Results and discussion

3.1. Cloning and nucleotide sequencing of BPE esterase
gene

The B. pumilus strain DBRL 191 produces an enan-
tioselective ester hydrolase (BPE), which is capable of
enantioselectively hydrolysing the esters of chiral auxil-
laries, drug intermediates of fluoxetine, paroxetine
(anti-depressant) and angiotensin converting enzyme
inhibitor (Table 1). Since the activity of secreted ester
hydrolase was not stable in the medium, probably owing
to proteolytic degradation, cloning of the gene encoding
BPE in a suitable host was attempted. A genomic library
of DBRL-191 was constructed in E. coli (JM110) using
pGEMS5Z as the vector. Screening of the library led to
the selection of a clone which after 24 h incubation
formed a clear halo on LB plate due to hydrolysis of tri-
butyrin. The transformant also produced orange fluo-
rescence under UV on Rhodomine B plates with
triolein as substrate indicating lipolytic activity of the
clone. The recombinant plasmid (pGEM-Bpest) isolated
from the transformant had an approximately 1.0 kb in-
sert. Sequencing of the cloned DNA fragment indicated
one major open reading frame of 648 bp, which encodes
a polypeptide of 215 amino acids. BLAST [33] search
showed that the recombinant enzyme displayed bio-
chemical and structural features common to alkali-toler-
ant lipases belonging to the Bacilli lipase subfamily 1.4
of family I with 80-95% similarity at the amino acid le-
vel [32,34,35]. The computer data analysis of the se-
quence suggests that BPE is a basic protein with
pl ~9.44 and a molecular mass of mature enzyme

~19-20 kD, which is in agreement with the properties
of alkali-tolerant lipases of Bacilli.

3.2. Expression and purification of BPE

For the expression of mature enzyme in E. coli,
recombined expression vector pET-Bpest was trans-
formed into E. coli BL21 (DE3)pLacl. The construct un-
der the control of the T7 promoter was inducible with
IPTG. Esterase activity was present in the cytosolic frac-
tion of clone BL21/pET-Bpest. Inhibition of growth was
observed for recombinant expressing the heterologous
protein. Compared with the specific activity of
1.8 Umg ! protein with the wild strain, the esterase
expression increased by >5-fold in BL21 (DE3)pLacl
(10.0 Umg ™' crude protein). Esterase expression was
observed in the cytosolic fraction only and no inclusion
bodies were found.

Mature BPE from pGEM-Bpest was purified over
850-fold to obtain a specific activity of 1533 Umg~!
protein (Table 2).

3.3. BPE catalysed resolution of racemic acylateslesters
of some important drug intermediates/chiral auxillaries

Both native and recombinant BPE were used for the
enantioselective hydrolysis of racemic esters of some
important drug intermediates or auxiliaries with the pur-
pose of detecting any significant variation in their reac-
tivity and stereoselectivity profiles. It was observed that
in the resolution of racemic alkylacyl esters of secondary
alcohols (1-5 Tablel), the cell-free extracts for wild and
recombinant strains displayed high selectivity for acetyl
derivatives (ee ~ 92-97%) and moderate to low selectiv-
ity for the higher homologues furnishing R alcohols.
The presence of different substituent groups in the phe-
nyl ring did not influence the reactivity or stereoselectiv-
ity to any appreciable extent. On the other hand,
acylates of racemic 6 (Table 1) underwent facile hydro-
lysis with high selectivity for butyrate as compared to
acetate and propionate thus furnishing R enriched prod-
ucts (ee ~ 91-95%). Although there are two hydrolysa-
ble groups present in 6 (Table 1), BPE displayed
preference for acyl esters leaving the carboxy ester in-

Table 2

Purification of recombinant BPE

Fractions Total activity (U) Total protein (mg) Specific activity (U/mg) Purification (fold) % Yield
Cell free extract 3071 1708 1.8 1 100
25-65% ammonium sulfate 2350 62.4 3.8 2 76.50
precipitation.

Phenyl-Sepharose 1482 8.9 166.5 93 48.25
Mono S 550 0.36 1533 851 17.90

Activity is expressed as unit equivalents of fatty acids generated per min from tributyrin.
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Fig. 1. (a) 13% SDS-PAGE of BPE. Lane 1, MW markers; lane 3,
partially purified enzyme; lane 4, stained for activity. (b) 11% SDS-
PAGE of purified BPE. Lane 1, MW markers; lane 2, purified enzyme.

tact. The enzyme also facilitated the hydrolysis of acy-
lates of 7 (Table 1), showing preference for acetate, thus
furnishing required (3R, 4S)-enantiomer of 75.6% enan-
tiopurity. The rate of reaction as well as selectivity was
poor for propionate and Dbutyrate derivatives
(ee < 10%). It should be mentioned here that only a
few enzymes have reportedly displayed the capability
of resolution of paroxetine intermediate 7 [36-38].
BPE also displayed the capacity to resolve racemic 8
(Table 1), displaying moderate selectivity for S-isomer
leaving the required R-ester of 70-72% ee after 71—
72% conversion. From these studies it is evident that
there are no significant differences in activities/selectivity
between native or recombinant BPE. BPE therefore of-
fers an opportunity to develop a biocatalyst bearing
broad substrate specificity with applications for indus-
trial-scale kinetic resolutions of racemic mixtures of va-
lue. The results of these BPE-catalysed reactions are
summarized in Table 1, wherein the typical selectivity
data for different substrates have been included.

3.4. Characterization

SDS-PAGE analysis indicated that purified recombi-
nant BPE is a monomer with a molecular mass of
~20 kD (Fig. 1(a) and (b)). The enzyme is optimally ac-
tive at pH 9.0 and 37 °C and fairly stable up to 40 °C.
BPE belongs to the family of serine hydrolases as it
was completely inhibited by serine reactive agent PMSF
(2 mM), which is true for most of the known microbial
ester hydrolases.

3.5. Substrate specificity of BPE
The substrate specificity for the recombinant esterase

was studied with p-nitrophenyl fatty acid esters of vari-
ous chain lengths and natural triglycerides. The highest

hydrolysis rates were obtained with p-nitrophenyl buty-
rate (C4) and p-nitrophenyl caproate (C6), which exhib-
ited relative activities of 90% and 100%, respectively. p-
nitrophenyl esters of lauric (C12), palmitic (C16) and
stearic (C18) exhibited relative activities of 25-45%.
Similarly, the highest ester hydrolytic rates were ob-
tained with substrates like triacylglycerides with C4-
C6 chain lengths. The profile of substrate specificity sug-
gests the presence at its active site of a hydrophobic
binding pocket able to accommodate optimally short-
and medium-length acyl chains. However, long chain es-
ters (C12—-C18) were hydrolysed as well, albeit at a lower
rate.

3.6. Structure elucidation of BPE

A three dimensional structural model of BPE was
proposed by homology modelling using the atomic coor-
dinates from the crystal structure of B. subtilis lipase
(LipA) [32]. This structure showed a similar o/f hydro-
lase fold common to all ester hydrolases, but with the
absence of a region of non-polar residues in the form
of a lid. The active-site residues Ser77, Aspl33 and
His156 constitute the catalytic triad of BPE. Alignment
of the secondary structure elements of BPE and LipA
showed a similar structure with a single compact domain
that consists of six B-sheets, surrounded by five a-heli-
ces. A superimposition of the BPE three-dimensional
model with the 3D-structure of LipA from B. subtilis re-
vealed a relative mean standard difference of 0.54 °A for
the 181 aligned amino acid residues (data not shown).
The 3D-structure of the two superimposed models ap-
peared similar with no hydrophobic lid present and
the active site solvent exposed. Ala most likely replaced
Gly75 in the conserved pentapeptide G-X-S-X-G
around the active site Ser77. The primary sequence
showed that most of the non-homologous residues are
placed away from the nucleophile Ser77 and are not
clustered at one place (Fig. 2). In the core of BPE, in
place of the Val96 and Leul34 present in LipA, 11e96
and Met134 residues could be located. Although LipA
and BPE are of similar size and their hydrophobic sur-
faces around the active site are similar, significant differ-
ences in their preferences for natural and synthetic
substrates and with respect to enantioselective hydro-
lytic profile (data not shown) might be due to the varia-
tions in amino acids at the surface of the molecules.
Crystallographic and molecular-modelling studies in
the literature have shown that small differences affected
by a few amino acid substitutions are able to greatly af-
fect the enzyme enantioselectivity [39]. The fact that
BPE can be easily expressed and purified from E. coli
makes the enzyme a very interesting candidate for opti-
misation by site-specific mutagenesis or directed evolu-
tion to produce a modified enzyme with the desired
selectivity.
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Fig. 2. Sequence alignment of Bacillus subtilis Lip A (upper line) and Bacillus pumilus (DBRL-191) esterase (lower line). Non-identical residues are

boxed in black and the catalytic triad residues are highlighted in green and marked by arrows.
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