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Ahighly enantioselective L-menthyl acetate esterase was purified to homogeneity from Burkholderia cepa-
cia ATCC 25416, with arecovery of 4.8% and a fold purification of 22.7. The molecular weight of the esterase
was found to be 37 kDa by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The N-terminal
amino acid sequence was “MGARTDA”, and there was no homology in contrast to other Burkholderia
sp. esterases. This enzyme preferentially hydrolyzed short-chain fatty acid esters of menthol with high
stereospecificity and high hydrolytic activity, while long-chain L-menthyl esters were poor substrates.
Considered its substrate specificity and N-terminal sequence, this esterase was concluded as a new enzyme
belonging to the carboxylesterase group (EC 3.1.1.1) of esterase family. The optimum temperature and pH
for enzyme activity using racemic menthyl acetate as substrate were 30°C and 7.0, respectively. The
esterase was more stable in the pH range of 7.0-9.0 and temperature range of 30-40°C. Hydrolytic activ-
ity was enhanced by Ca?*, K* and Mg?*, but completely inhibited by Hg?*, Cu?*, ionic detergents and

phenylmethylsulfonyl fluoride (PMSF) at 0.01 M concentration.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Optically active L-menthol and its derivatives are widely used
in pharmacy and food industry [1-3]. Menthol has 8 isomers and
among them only L-menthol or (1R,2S,5R)-menthol exhibits phar-
macological activity and pleasant taste and odor, while the other
isomers not only are biologically inactive but also show unpleasant
taste and odor, such as mouldy and bitter taste [4]. Nonetheless,
the synthetic menthols are always produced as racemic mixtures.
Therefore, the kinetic resolution of an optically pure L-enantiomer
form is urgently required.

The kinetic resolution of racemic menthol has mainly been con-
ducted by physical and chemical methods, such as the asymmetric
synthesis of an L-enantiomer [5] or the use of chiral chromatog-
raphy and stereoselective crystallization [6,7]. However, these
methods entail expensive manufacturing processes and are com-
plex for industrial application. The use of biochemical processes
for the preparation of an optically active L-menthol from its cor-
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responding racemic compound using biocatalysts from a microbial
origin has recently drawn much attention. There have been a few
studies on the lipase-catalyzed resolution of pL-menthol to give
chiral L-menthol, such as Wu et al. [8] used Candida cylindracea
lipase stereoselective esterification resolution racemic menthol in
n-hexane using acid anhydrides as acylating agents, Vorlova et al.
[9] obtained optically pure L-menthol by hydrolyzing pL-menthyl
benzoate using Candida rugosa lipase. However, the enzymes used
have limited substrate scope and operational stability, or the level
of the enantiomeric excess was unsatisfactory for the demands of
large-scale production.

Burkholderia cepacia esterase/lipase has proven to be useful
as a biocatalyst for obtaining enantiomerically pure compounds,
in particular primary and secondary alcohols and their esters
[10-13]. In our previous work, a strain named B. cepacia ATCC
25416 had been isolated in our laboratory [14]. It could hydrolyze
0.05M pr-menthyl acetate to L-menthol in aqueous reaction sys-
tem with optical purity of 96% and conversion of 50% within
20h. In addition, it also exhibited high reaction capacity and good
operational stability and was shown to be a potentially useful
biocatalyst for the preparation of L-menthol. So it is important
to reveal and characterize the key hydrolase with the activity
of enantioselective hydrolysis of racemic menthyl eaters. In gen-
eral, bacterial hydrolases include esterase (EC 3.1.1.1) and lipase
(EC 3.1.1.3) [15]. Moreover, the hydrolases (esterase/lipase) are
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usually very complicated in their molecular structure, and their
properties are various according to their sources, so there are
some difficulties in hydrolases purification. Many methods about
extracellular esterases/lipases purification from Burkholderia sp.
have been reported [16-20], but few were about intracellular
esterases/lipases.

We here purified the key hydrolase from B. cepacia ATCC 25416
whole cells by ammonium sulfate precipitation, butyl-Sepharose,
DEAE-Sepharose, and Superdex G-75 column chromatography. The
catalytic properties of the enzyme were also investigated for the
development of a practical enzymatic process.

2. Experimental parts
2.1. Materials

L-Menthol, bL-menthol, a-naphthyl acetate and Fast Blue B were
purchased from Sigma Chemical Co. (St. Louis, MO) at 99% purity
or higher. Butyl-Sepharose, DEAE-Sepharose, Superdex G-75 and
standard proteins (Mr of 14,400, 20,100, 31,000, 43,000, 66,200
and 97,400) were purchased from Pharmacia (Shanghai, China).
pL-Menthyl formate, pL-menthyl acetate, bL-menthyl propionate,
pL-menthyl butyrate, bL-menthyl caprylate, and pL-menthyl ben-
zoate were prepared in our lab with 99% GC purity or higher. The
other chemicals used in this work were of analytical grade from
local sources.

2.2. Microbial strain and cultivation

B. cepacia ATCC 25416 was cultivated aerobically at 30°C for
48h in an optimized medium containing 2.27% (w/v) glucose,
1.83% (w/v) peptone, 1.58% (w/v) beef extract, 0.42% K;HPOy,4, 0.02%
MgS04-7H,0, 0.01% CaCl; and 0.5% NaCl (pH 7.0).

2.3. Purification of L-menthyl acetate hydrolase

(a) Preparation of crude cell extract. After incubation, the micro-
organism cells were collected by centrifugation at 10,000 x g
for 15 min and washed twice with physiological saline (0.85%
NacCl), then 10 g cells (wet weight) were suspended in 30 mL
of buffer A (0.05M potassium phosphate, pH 7.0, containing
0.1% Triton X-100). The addition of 0.1% Triton X-100 was essen-
tial to prevent activity loss and decrease hydrophobicity of the
enzyme preparation [20,21]. All the purification steps were per-
formed at 0-4 °C and potassium phosphate buffer was used as a
standard buffer. The suspension was sonicated for 10 min at 4 °C
to disrupt cells, and the cell debris was removed by centrifu-
gation at 20,000 x g for 10 min. Solid ammonium sulfate was
added with stirring to the supernatant to give 50% saturation.
After 1 h, the active precipitate was collected by centrifugation
at 20,000 x g for 10 min and dissolved in 30 mL of buffer A, and
the solution was dialyzed overnight against a 30-fold volume of
buffer B (0.05 M potassium phosphate, pH 7.0, containing 0.1%
Triton X-100 and 0.8 M ammonium sulfate).

(b) Butyl-Sepharose hydrophobic chromatography. The dialyzed
enzyme solution was applied to a Butyl-Sepharose (Pharma-
cia) column (1.6 cm x 20 cm) which had been pre-equilibrated
with buffer B. The enzyme was eluted with a linear gradient
of 0.8-0M ammonium sulfate in buffer A, with a flow rate of
1.2 mL/min. Protein concentration was estimated by measuring
the absorbance at 280 nm. Enzyme activity in eluted fractions
was determined by the standard procedure as described below.
Active fractions were pooled and concentrated by ultrafiltration
(Millipore 8050, USA), then dialyzed against buffer A.

(c) DEAE-Sepharose CL-6B column chromatography. The concen-
trated solution from step (b) was applied to a DEAE-Sepharose
CL-6B (Pharmacia) column (2.5cm x 30cm) pre-equilibrated
with buffer A. The column was washed with two bed volumes
of buffer A, and then the bound proteins were eluted with five
bed volumes of each of buffer A containing 0.1, 0.2, 0.3, 0.4, and
0.5 M NaCl. Active fractions eluted at 0.2 M NaCl were pooled
and concentrated by ultrafiltration (Millipore 8050, USA), then
dialyzed against buffer A.

(d) Superdex G-75 gel filtration chromatography. The concentrated
solution from step (c) was loaded on a Superdex G-75 (Pharma-
cia) column (1.6 cm x 60 cm) which had been pre-equilibrated
with buffer A and proteins were eluted at a flow rate of
1.0 mL/min with detection at 280 nm.

2.4. Protein assays

Protein concentrations were determined by the Bradford [22]
method using bovine serum albumin (BSA) as the standard. During
the chromatographic purification, the protein content of frac-
tions was routinely estimated by measuring the UV absorbance
at 280 nm. The molecular mass of the enzyme was determined by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). SDS-PAGE was performed on a slab gel containing 0.1% SDS
under reduced conditions according to the method of Laemmli [23].
Standard proteins (Mr of 14,400, 20,100, 31,000, 43,000, 66,200
and 97,400) were used as markers. For enzyme activity staining,
proteins were first renatured by incubation for 2 h in Triton X-100
solution (0.05 M potassium phosphate, pH 7.0, containing 1.0% Tri-
ton X-100). Next, the gel was incubated in a mixture of freshly
prepared solutions of a-naphthyl acetate and Fast Blue B [24,25]
(100 mL of 0.05M potassium phosphate (pH 7.0) containing 1 mL
of 60 mg/mL a-naphthyl acetate/acetone and 100 mg Fast Blue B).
In the presence of hydrolytic (lipase or esterase) activity, released
a-naphthol forms a violet complex with Fast Blue B. Staining was
terminated by incubating in 20% methanol and 10% acetic acid for
15 min.

N-Terminal amino acid sequence analysis was detected as fol-
lows: following SDS-PAGE, the purified proteins were transblotted
onto a PVDF membrane and stained with 0.1% Coomassie Brilliant
blue. The single band was cut out and subjected to N-terminal
amino acid sequence analysis in Shanghai GeneCore BioTechnolo-
gies Co., Ltd.

2.5. Enzyme activity assays

The enzyme activity was usually measured using pL-menthyl
acetate as substrate at 30°C and pH 7.0. A typical reaction was
described as follows: the enzyme solution (0.2 mL) was diluted with
0.8 mL of 0.05 M potassium phosphate buffer (pH 7.0). The reaction
was started by adding bL-menthyl acetate to a final concentration of
0.05 M. The mixture was incubated at 30 °C for 30 min in a rotatory
shaker at 200 rpm. At the end of reaction, both the alcohol produced
and the residual ester were extracted into 1 mL of ethyl acetate
and subjected to GC analysis. The specific activity was defined as
the amount of enzyme that catalyzed the formation of 1 wmol of
L-menthol per minute.

2.6. Substrate specificity of the purified enzyme

To investigate the substrate specificity of the enzyme, hydrolytic
reactions of a series of racemic menthyl esters were performed
in standard conditions. The enantioselective hydrolysis of various
racemic menthyl esters was carried out in 1 mL purified enzyme
solution with the substrate concentration of 0.05M at 30°C and
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Table 1
Purification of L-menthyl ester hydrolase from Burkholderia cepacia ATCC 25416

29

Purification step Total? activity (U) Protein® (mg)

Specific activity (U/mg)

Activity recovery (%) Purification factor (fold)

Crude extract 64.7 249
(NH4)2S04 precipitate 53.7 185
Butyl-Sepharose 20.8 21
DEAE-Sepharose 7.3 3.1
Superdex G-75 3.1 0.53

0.26
0.29
0.99
2.35
591

100 1
83 1.1
32 3.8
11 9.0

4.8 22.7

2 1unit: 1 wmol of L-menthol released per minute using racemic menthyl acetate as substrate.

b Proteins were estimated by Bradford method as described in Section 2.4.

pH 7.0 for 20 h. The remaining substrate and the alcohol produced
were analyzed by GC.

2.7. Effects of pH, temperature, metal ions and detergents or
inhibitors

The optimum pH of enzyme was determined at 30°C using
four different buffers: glycin-NaOH (pH 9-10), Tris-HCI (pH 8-9),
Ky;HPO4-KH,PO4 (pH 6—8) and CH3COOH—CH3COON3 (pH 5—6)
The pH stability was tested by preserving the enzyme in buffers
of various pH values at 30°C for 4h and the residual activity was
assayed (at pH 7.0) using 0.05 M racemic menthyl acetate as sub-
strate. The activity determined immediately before incubation was
defined as 100%.

The effects of temperature on activity and stereospecificity were
examined using 0.05 M racemic menthyl acetate as substrate at dif-
ferent temperatures in the range 25-60°C at pH 7.0. The thermal
stability of enzyme was checked at 35, 40, 45, 50, 55 and 60°C. The
enzyme was held in a 0.05 M potassium phosphate buffer (pH 7.0)
for 4h at the specified temperature. After cooling, the remaining
activity and the enantioselectivity were measured.

In order to study the effects of metal ions and detergents
or inhibitors on enzyme activity and enantiospecificity, purified
enzyme was pre-incubated with 1 or 10 mM of various metal ions
or detergents or inhibitors for 1h at 30°C and pH 7.0. Potassium
phosphate buffer was replaced by Tris-HCl buffer during these
experiments to prevent the precipitation of some metal ions. The
residual activity and the enantiospecificity were determined using
0.05 M pL-menthyl acetate as substrate.

2.8. GC analysis

The amounts of the produced menthol and the remaining men-
thyl esters were analyzed by CP3900 gas chromatography (Varian,
Inc., USA) equipped with a flame-ionization detector and a CP-
Chirasil-Dex CB column (25 m length, 0.25 mm i.d.) using Hy as a
carrier gas. The injector and detector were set at 270°C, respec-
tively. The column temperature was kept at 100 °C for 8 min, then
raised to 200°C at a rate of 4°C per min and finally kept at 200°C
for 10 min. Enantiomeric excesses of substrate (ees) and product
(eep), enantiomeric ratio (E-value) and conversion based on the GC
analyses were calculated as described by Chen et al. [26].

3. Results and discussion
3.1. Purification of the key esterase

The result of purification was summarized in Table 1. Dur-
ing the purification, the key esterase was found to have a strong
hydrophobicity, and detergent (Triton X-100) had no obvious influ-
ence on the activity of enzyme. Jaganathan and Boopathy [21]
had reported that Triton X-100 could prevent the esterase inac-
tivation by interacting with the acyl pocket hydrophobic region.

Fernandez-Lorente et al. [27] adopted Triton X-100 to reduce the
hydrophobicity of Aspergillus niger lipase on hydrophobic chro-
matographic column during enzyme purification. Therefore, 0.1%
Triton X-100 was adopted to prevent activity loss and decrease
hydrophobicity in the enzyme preparation. The highest hydrolytic
activity was found in the 50% ammonium sulfate fraction. Gupta
et al. have reviewed that most of hydrolases are hydrophobic in
nature, and the purification of hydrolases may best be achieved
by opting for hydrophobic interaction chromatography [28]. Con-
sidering the overall enzyme yields and purity, we employed a
butyl-hydrophobic chromatography after ammonium sulfate pre-
cipitation. In the Butyl-Sepharose hydrophobic chromatography,
the enzyme was eluted out at 0.2 M ammonium sulfate. Follow-
ing ion exchange and gel filtration chromatography, the specific
activity of this enzyme was greatly enhanced and 0.53 mg esterase
was obtained from 249 mg of crude extract. An overall 22.7-fold
purification was achieved, with an activity recovery of 4.8% from
the crude cell extract after four steps. The specific activity of the
purified esterase was 5.91 units mg~! protein with racemic menthyl
acetate as substrate.

After four steps, the purified enzyme seemed to be homoge-
neous because it migrated as a single band on SDS-PAGE. Then the

(a) (b)
M A B C
—
——
—
—

Fig.1. (a) SDS-PAGE profiles with Coomassie Brilliant blue stain of different stages of
purification. M: protein marker, 14, 31,43, 66 and 97 kDa; (A) after butyl-Sepharose;
(B) after DEAE-Sepharose; (C) after Superdex G-75 and (b) activity staining of the
renatured enzyme after SDS-PAGE.
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Table 2
The N-terminal amino acid sequence of different Burkholderia sp. esterase/lipase

Esterase source

N-terminal amino acid sequence

Function

Burkholderia cepacia ATCC 25416 esterase MGARTDA Hydrolysis of L-menthyl acetate

Burkholderia sp. YY62 [20,29] MDFYDANETRHPEQR Hydrolysis of tert-butyl esters

Burkholderia gladioli [30,31] MTAASLDP Stereoselective hydrolysis of linalyl acetate

B. cepacia ST-200 [32] APADNYAATR Hydrolysis long-chain fatty acid esters of cholesterol
B. cepacia DSM 3959 LipA [33] AAGYAATRYPIILVHGLSGTDK mn.s.

Burkholderia sp. 383 [34] MTRPTFNGTE Esterase/lipase/thioesterase

Burkholderia sp. 383 [34] MTEPTPAVFI hydrolase, o/ family

Burkholderia cenocepacia HI2424 [35] MNHTDPHTVA hydrolase, a/f3 family

Burkholderia cenocepacia AU 1054 [36] MIQPTPVVFI hydrolase, /3 family

Burkholderia pseudomallei 1710b [37] MLAPLAFAAL chlorogenate esterase

n.s.: not specified.

proteins in the gel were renatured by incubation for 2 h in Triton X-
100 solution (0.05 M potassium phosphate, pH 7.0, containing 1.0%
Triton X-100). The key enzyme which had hydrolytic ability for L-
menthyl acetate was judged by activity staining with a-naphthyl
acetate as substrate. The molecular weight of the purified hydro-
lase was estimated to be 37 kDa by SDS-PAGE (Fig. 1). The first 7
N-terminal residues of this hydrolase were identified as NHy-M-G-
A-R-T-D-A by N-terminal amino acid sequence analysis. There was
no homology with other Burkholderia sp. esterase/lipase (shown in
Table 2). In addition, the source of the purified esterase was very
different from those of hitherto known L-menthyl ester hydrolases
(Table 3). Therefore, the esterase purified in this work may be a new
enzyme for L-menthyl ester hydrolysis considering the microbial
source and the N-terminal sequence.

3.2. Substrate specificity of the purified esterase

Hydrolytic activities of the purified esterase were checked
towards 0.05M various fatty acid esters of menthol at 30°C and
pH 7.0 (Table 4). As shown in Table 4, with the increase of the car-
bon chain length of the fatty acids, the specific activity decreased,
and only 8.7% conversion was detected with DL-menthyl caprylate.
The highest conversion was measured on racemic menthyl acetate.
The stereospecificity for racemic menthyl esters was L-enantiomer
form under the experiment conditions. There was a clear decrease
for the stereospecificity with the increase of the number of carbon
atoms. In the comparison, the substrates in this work all have very
low solubility in aqueous system. The enzyme hydrolysis rate was
mainly influenced by oil-water interfacial area between enzyme
and water. Compared with this, the physical state of the substrates
may be minor factors. These results suggested that the esterase
purified from B. cepacia ATCC 25416 is a short-chain fatty acid esters
hydrolase, and belongs to the carboxylesterase group (EC 3.1.1.1).

Table 3
The hitherto known esterase/lipase acting on L-menthyl ester

Enzyme source Substrate ee,  Reference

Burkholderia cepacia ATCC >99%
25416 esterases
Gloeophyllum sepiarium IFO
6267 esterases
Rhodotorula-Minuta Var
Texensis esterases
Ochrobactrum anthropi
esterases

Recombinant Candida rugosa
lipase LIP1

pL-Menthyl acetate

DpL-Menthyl acetate n.s. Yamada et al. [38]

pL-Menthyl succinate  >99% Omata et al. [39]

DL-Menthyl acetate ns. Murase et al. [40]

pL-Menthyl benzoate >99% Vorlova et al. [9]

n.s.: not specified.

3.3. Effects of pH and temperature on activity, enantioselectivity
and stability of the purified esterase

Temperature and pH have some serious effects on the activ-
ity and stability of the enzyme. The purified enzyme was stable
between pH 7.0 and 9.0 during incubation at 30 °C for 4 h, and lost
most of its activity and stereospecificity at pH values lower than
6.0 or higher than 10.0. The optimum pH was 7.0 at which the
enzyme was stable and the E-value was high (Fig. 2). The opti-
mum pH range of the purified esterase was slightly wider than
that of B. cepacia ATCC 25416 whole cells [14]. In whole cells, the
results of bL-menthyl acetate hydrolysis were determined by the
interactions of many enzymes. The enzymes in whole cells were
complicated compared to the purified enzyme, and a small change
of pH might cause great effects on the activity and the enantiose-
lectivity of some enzymes besides the key esterase. In addition, the
enzyme showed the maximum activity on racemic menthyl acetate
at 30°C, and retained 50% of its maximum activity after incuba-

Table 4
Hydrolysis of various racemic menthyl esters by the purified enzyme
Substrate Primary structure  eep (%) Conversion (%) E-value
pL-Menthyl formate HCOO/Q 97.7 48.4 281
pL-Menthyl acetate CH3COO/9 97.2 49.7 280
DL-Menthyl propionate CZHSCOO/Q 96.5 48.6 182
pL-Menthyl butyrate C;h,CO0 /9 90.5 29.3 29
pL-Menthyl caprylate C7H15COO/9 77.8 8.7 9

? i
pL-Menthyl benzoate /Q 90.4 328 31

o

The reactions were conducted in 1 mL potassium phosphate (0.05 M, pH 7.0) buffer
at 30°C for 20 h with 0.05 M corresponding substrate. All assays were performed in
duplicates and average values were taken.
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Fig. 2. Effects of pH on the enzyme activity (a) and stability (b) as determined
with pL-menthyl acetate at 30°C. (a) Relative enzyme activity (O) and enantiose-
lectivity (a) were assayed under various pH conditions. (b) Enzyme solution was
incubated for 4h under various pH conditions, and the residual activity () and
enantioselectivity (o) were determined.

tion for 4h at 40°C and pH 7.0. Most activity was lost when the
enzyme was incubated for 4 h at 45 °C. Moreover, the enzyme was
completely inactivated after 4 h incubation at 55°C. This showed
that this enzyme was quite heat-labile. The enantioselectivity of
the purified esterase changed little at the temperature range of
25-60°C (Fig. 3), while the enantioselectivity of B. cepacia ATCC
25416 whole cells was more temperature sensitive [14] because of
the complexity of the enzymes in whole cells.

3.4. Effects of metal ions or chelator on activity and
enantioselectivity of the purified esterase

Many hydrolases are known to require metal ions [41,42]. The
effects of some typical metal ions on esterase activity and enantios-
electivity were investigated at pH 7.0 and 30 °C. As shown in Table 5,
CaZ*, K* and Mg?* had a stimulating effect on the esterase activity,
and with the rise of Ca2*, K* or Mg2* concentration, the esterase
activity increased. Especially, Ca2* had almost 150% enhancing
effect on the activity of the enzyme at the concentration of 0.01 M.
CaZ* is known to promote the hydrolytic activity of some kinds
of esterases/lipases [43,44]. Similarly, the esterase activity could
be increased to almost 1.4 times or 1.2 times when 0.01 M K* or
Mg2* was used. However, the activity of purified esterase was inhib-
ited markedly by some metal ions such as Ba2*, Zn2*, Co%*and Fe3*,
no hydrolytic activity was detected when 0.01 M Cu?* or Hg2* was

used. In general, esterases/lipases are strongly inhibited by Hg2* (a
thiol group inhibitor), which is due to the proximity of the SH group
to the catalytic and interfacial binding site but spatially remote from
the catalytic site [45]. The chelating agent EDTA had no clearly inhi-
bition on the enzyme activity, which indicated this esterase was not
ametalloenzyme. Little influence was observed for most metal ions
or EDTA on the enantioselectivity toward racemic menthyl acetate
in the case of the enzyme activity existence. The results indicated
that the metal ions could influence the active site but not change
the conformation of the enzyme.

3.5. Effects of detergents or inhibitors on activity and
enantioselectivity of the purified esterase

Detergents or inhibitors can influence esterase/lipase activity
and enantiospecificity by changing the conformation or altering
interface characters between esterase/lipase and substrate [21,46].
The effects of different detergents and inhibitors on the hydrolysis
activity and enantioselectivity of the purified esterase were system-
atically investigated using racemic menthyl acetate as substrate at
30°Cand pH 7.0 (Table 6). The enzyme was strongly inhibited (100%
inhibition for menthyl acetate hydrolysis) by 0.01 M ionic deter-
gents such as cetyltrimethyl ammonium bromide (CTAB), sodium
deoxycholate (SDC) and sodium dodecyl sulfate (SDS). On the other
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Fig. 3. Effects of temperature on the enzyme activity (a) and stability (b) as deter-
mined with pL-menthyl acetate at pH 7.0. (a) Relative enzyme activity (O) and
enantioselectivity (o) were assayed at the temperatures indicated. (b) Enzyme solu-
tion was incubated for 4 h at the temperatures indicated, and the residual activity
(O) and enantioselectivity (a) were determined at 30°C.
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Table 5
Effects of different metal ions on activity and enantioselectivity of the purified
enzyme

Metal ion Concentration (mM) Residual activity (%) E-value
Control 100 >100
Na* 1 98 >100
10 106 >100
K* 1 117 >100
10 136 >100
Mn?* 1 93 >100
10 92 >100
Ca?* 1 123 >100
10 148 >100
Hg?* 1 N.D. N.D.
10 N.D. N.D.
Cu® 1 39 >100
10 N.D. N.D.
Zn* 1 49 >100
10 17 >100
Mg 1 112 >100
10 116 >100
Ba%* 1 79 >100
10 25 >100
Co?* 1 46 >100
10 9 >100
Fe3* 1 61 >100
10 11 >100
A+ 1 100 >100
10 98 >100
EDTA 1 103 69
10 101 11

Residual activity (%) was the pL-menthyl acetate hydrolytic activity obtained after
incubating the enzyme with various metal ions at 30°C for 1h compared to the
control. N.D.: not detected. All assays were performed in duplicates and average
values were taken.

Table 6
Effects of detergents and inhibitors on activity and enantioselectivity of the purified
enzyme

Detergents or inhibitors Concentration Residual E-value
(mM) activity (%)
Control 0 100 >100
Triton X-100 1 99 78
10 102 65
Tween 80 1 101 49
10 97 43
Cetyltrimethyl ammonium 1 64 60
bromide
10 N.D. N.D.
Sodium dodecyl sulfate 1 79 33
10 N.D. N.D.
Sodium deoxycholate 1 86 47
10 N.D. N.D.
Phenylmethylsulfonyl 1 17 19
fluoride
10 N.D. N.D.
3-Mercaptoethanol 1 106 >100
10 103 >100
Dithiothreitol 1 97 >100
10 101 85

Residual activity (%) was the pL-menthyl acetate hydrolytic activity obtained after
incubating the enzyme with various inhibitors or detergents at 30°C for 1h com-
pared to the control. N.D.: not detected. All assays were performed in duplicates and
average values were taken.

hand, a serine enzyme inhibitor, phenylmethylsulfonyl fluoride
(PMSF) completely inhibited the enzyme activity at 0.01 M con-
centration, which suggested that this esterase belongs to the class
of serine hydrolases. This was similar to the findings of Magbool et
al. [47]. The nonionic surfactants (Triton X-100 and Tween 80) and
the reducing agent like dithiothreitol (DTT) and (3-mercaptoethanol
had no significant inhibiting or stimulating effect on specific activ-
ity. There was some descent with the E-values when the inhibitors
or detergents were used, except DTT and [3-mercaptoethanol at low
concentration.

4. Conclusions

We had purified a highly enantioselective L-menthyl ester
hydrolase from B. cepacia ATCC 25416. This esterase was an intra-
cellular enzyme. Its molecular weight was 37 kDa. The N-terminal
sequence was “MGARTDA”, which showed no homology with other
Burkholderia sp. esterase/lipase. The enzyme specifically liberated
short chain fatty acids from menthyl esters. The optimum tem-
perature and pH were 30°C and 7.0, respectively. This esterase
was characteristically stable at 30-40°C and pH 7.0-9.0. Enzyme
activity was stimulated by Ca2*, K* and Mg?*, and inhibited by
Ba2*, Zn?*, Co%*, Fe3*, Cu2* and Hg?*. Additionally, the enzyme was
strongly inhibited by ionic detergents and PMSF but not affected
by nonionic surfactant and reducing agent. The enantioselectivity
was not influenced by metal ions but decreased in the presence
of inhibitors or detergents. The effects of metal ions and deter-
gents/inhibitors on enzyme activity were the same as those of most
reported esterases/lipases. The PMSF inhibition showed that the
key enzyme was a serine hydrolase. Considered the characteristics
and N-terminal sequence and the microbial source, the purified
enzyme might be a new carboxylesterase (EC 3.1.1.1) for stereospe-
cific hydrolysis of short acyl chain pL-menthyl esters to prepare
optically pure L-menthol or its derivatives.

Acknowledgements

The authors wish to thank the Program for Changjiang Scholars
and Innovative Research Team in University (PCSIRT) (No.IRT0532),
the Ministry of Education, PR China, under the Program for New
Century Excellent Talents in University (NCET04-0498), the Pro-
gram of Introducing Talents of Discipline to Universities (111-2-06),
and the National High Technology Research and Development Pro-
gram of China (“863” Programs) (No. 2008AA10Z304).

References

[1] H. Oertling, A. Reckziegel, H. Surburg, H.J. Bertram, Chem. Rev. 107 (2007) 2136.
[2] G.F. Wayne, G.N. Connolly, Nicotine Tob. Res. 6 (2004) 43.
[3] Y. Morimoto, Y. Wada, T. Seki, K. Sugibayashi, Biol. Pharmacol. Bull. 25 (2002)
134.
[4] L-L. Gatfield, J.-M. Hilmer, U. Bornscheuer, R. Schmidt, S. Vorlova, US
2002182674, 2002.
[5] S. Akutagawa, Topics Catal. 4 (1997) 271.
[6] Y.T.Lin, H.L. Wu, H.S. Kou, S.M. Wu, S.H. Chen, ]. Chromatogr. A 1087 (2005) 223.
[7] K. Hamasaki, K. Kato, T. Watanabe, Y. Yoshimura, H. Nakazawa, A. Yamamoto,
A. Matsunaga, ]. Pharm. Biomed. Anal. 16 (1998) 1275.
[8] W.-H. Wu, C.C. Akoh, R.S. Phillips, Enzyme Microb. Technol. 18 (1996) 536.
[9] S. Vorlova, U.T. Bornscheuer, I. Gatfield, J.M. Hilmer, H.J. Bertram, R.D. Schmid,
Adv. Synth. Catal. 344 (2002) 1152.
[10] K. Faber, Biotransformations in Organic Chemistry, 3rd ed., Springer, Berlin,
1997.
[11] R.D. Schmid, R. Verger, Angew. Chem. Int. Ed. 37 (1998) 1609.
[12] K. Laumen, M.P. Schneider, J. Chem. Soc. Chem. Commun. (1988) 598.
[13] RJ. Kazlauskas, U.T. Bornscheuer, Biotransformation 1, Biotechnology, 2nd ed.,
Wiley-VCH, New York, 1998, p. 37.
[14] L. Yu, Y. Xu, X. Wang, X. Yu, ]. Mol. Catal. B: Enzym. 47 (2007) 149.
[15] F. Rosenau, K.E. Jaeger, Biochimie 82 (2000) 1023.
[16] H. Dong, S.J. Gao, S.P. Han, S.G. Cao, Biotechnol. Appl. Biochem. 30 (1999) 251.
[17] M.Kordel, B. Hofmann, D. Schomburg, R.D. Schmid, ]. Bacteriol. 173 (1991) 4836.



L. Yu et al. / Journal of Molecular Catalysis B: Enzymatic 57 (2009) 27-33 33

[18] T. lizumi, K. Nakamura, T. Fukase, Agric. Biol. Chem. 54 (1990) 1253.

[19] G.C. Terstappen, AJ. Geerts, M.R. Kula, Biotechnol. Appl. Biochem. 16 (1992)
228.

[20] S.H. Yeo, T. Nihira, Y. Yamada, Biosci. Biotechnol. Biochem. 62 (1998) 2312.

[21] L.Jaganathan, R. Boopathy, Indian J. Biochem. Biophys. 35 (1998) 142.

[22] M.M. Bradford, Anal. Biochem. 72 (1976) 248.

[23] U.K. Laemmli, Nature 227 (1970) 680.

[24] N. Krebsfanger, K. Schierholz, U.T. Bornscheuer, ]. Biotechnol. 60 (1998) 105.

[25] U.Bornscheuer, O.W. Reif, R. Lausch, R. Freitag, T. Scheper, F.N. Kolisis, U. Menge,
Biochim. Biophys. Acta: Gen. Subj. 1201 (1994) 55.

[26] C.S. Chen, Y. Fujimoto, G. Girdaukas, C.J. Sih, J. Am. Chem. Soc. 104 (1982) 7294.

[27] G.Fernandez-Lorente, C. Ortiz, R.L. Segura, R. Fernandez-Lafuente, ].M. Guisan,
J.M. Palomo, Biotechnol. Bioeng. 92 (2005) 773.

[28] R. Gupta, N. Gupta, P. Rathi, Appl. Microbiol. Biotechnol. 64 (2004) 763.

[29] S.H. Yeo, T. Nihira, Y. Yamada, J. Gen. Appl. Microbiol. 44 (1998) 147.

[30] A. Schlacher, T. Stanzer, 1. Osprian, M. Mischitz, E. Klingsbichel, K. Faber, H.
Schwab, ]. Biotechnol. 62 (1998) 47.

[31] U.G. Wagner, E.L Petersen, H. Schwab, C. Kratky, Protein Sci. 11 (2002) 467.

[32] Y. Takeda, R. Aono, N. Doukyu, Extremophiles 10 (2006) 269.

[33] S.Jorgensen, K.W. Skov, B. Diderichsen, J. Bacteriol. 173 (1991) 559.

[34] A. Copeland, S. Lucas, A. Lapidus, K. Barry, ]. Detter, T. Glavina, N. Ham-
mon, S. Israni, S. Pitluck, P. Chain, S. Malfatti, M. Shin, L. Vergez, ]J. Schmutz,
F. Larimer, M. Land, N. Kyrpides, A. Lykidis, P. Richardson, 2007, web:
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=YP_371282.

[35] A. Copeland, S. Lucas, A. Lapidus, K. Barry, ]. Detter, T. Glavina del
Rio, N. Hammon, S. Israni, S. Pitluck, P. Chain, S. Malfatti, M. Shin, L.
Vergez, ]. Schmutz, F. Larimer, M. Land, L. Hauser, N. Kyrpides, E. Kim, J.

LiPuma, C. Gonzalez, K. Konstantinidis, J. Tiedje, P. Richardson, 2007, web:
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=YP_833812.

[36] A. Copeland, S. Lucas, A. Lapidus, K. Barry, J. Detter, T. Glavina del Rio,
N. Hammon, S. Israni, E. Dalin, H. Tice, S. Pitluck, P. Chain, S. Malfatti, M.
Shin, L. Vergez, ]. Schmutz, F. Larimer, M. Land, L. Hauser, N. Kyrpides, A.
Lykidis, J. LiPuma, K. Konstantinidis, J. Tiedje, P. Richardson, 2007, web:
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=YP_623122.

[37] D. Woods,W. Nierman, 2007, web: http://www.ncbi.nlm.nih.gov/entrez/
viewer.fcgi?db=protein&val=YP_337516.

[38] H.Yamada, Y. Tani, J. Hiratsuka, JP 56015690, 1981.

[39] T. Omata, N. Iwamoto, T. Kimura, A. Tanaka, S. Fukui, Eur. ]J. Appl. Microbiol.
Biotechnol. 11 (1981) 199.

[40] H. Murase, K. Yoshikawa, Y. Tominaga, A. Sugihara, T. Muro, Y. Shimada, JP
2299584, 1990.

[41] R.B. Labuschagne, A. van Tonder, D. Litthauer, Enzyme Microb. Technol. 21
(1997) 52.

[42] Y. Kojima, M. Yokoe, T. Mase, Biosci. Biotechnol. Biochem. 58 (1994) 1564.

[43] M.R. Yu, S.W. Qin, T.W. Tan, Process Biochem. 42 (2007) 384.

[44] M.R. Sulong, R. Abd Rahnian, A.B. Salleh, M. Basri, Protein Expr. Purif. 49 (2006)
190.

[45] A.N.A. Aryee, B.K. Simpson, R. Villalonga, Enzyme Microb. Technol. 40 (2007)
394.

[46] K. Watanabe, T. Matsunaga, T. Kimura, T. Funahashi, S. Yamaori, Y. Shoyama, 1.
Yamamoto, Biol. Pharm. Bull. 28 (2005) 1743.

[47] Q.A. Magbool, S. Johri, L. Verma, S. Riyaz-ul-Hassan, V. Verma, S. Koul,
S.C. Taneja, R. Parshad, G.N. Qazi, Biotechnol. Appl. Biochem. 36 (2002)
227.


http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi%3Fdb=protein%26val=YP_371282
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi%3Fdb=protein%26val=YP_833812
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi%3Fdb=protein%26val=YP_623122
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi%3Fdb=protein%26val=YP_337516
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi%3Fdb=protein%26val=YP_337516

	Purification and properties of a highly enantioselective l-menthyl acetate hydrolase from Burkholderia cepacia
	Introduction
	Experimental parts
	Materials
	Microbial strain and cultivation
	Purification of l-menthyl acetate hydrolase
	Protein assays
	Enzyme activity assays
	Substrate specificity of the purified enzyme
	Effects of pH, temperature, metal ions and detergents or inhibitors
	GC analysis

	Results and discussion
	Purification of the key esterase
	Substrate specificity of the purified esterase
	Effects of pH and temperature on activity, enantioselectivity and stability of the purified esterase
	Effects of metal ions or chelator on activity and enantioselectivity of the purified esterase
	Effects of detergents or inhibitors on activity and enantioselectivity of the purified esterase

	Conclusions
	Acknowledgements
	References


