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Abstract New thermophilic and organic-solvent-tolerant Bacillus licheniformis S-86 strain
is able to produce two active and solvent-stable esterases. Production of type I and II
esterases was substantially enhanced when oils and surfactants were supplied as carbon
sources. Grape oil (0.1% v/v) and Tween 20 to 60 (0.1% v/v) had enhanced enzyme production
between 1.6- and 2.2-folds. Type II esterase was purified to homogeneity in a five-step
procedure. This esterase was purified 76.7-fold with a specific activity of 135 U mg .
Molecular mass of the enzyme was estimated to be 38.4 kDa by sodium dodecyl sulfate
polyacrylamide gel electrophoresis. Type II esterase was active mostly on esters with short
acyl chains, which allowed to classify the enzyme as a carboxylesterase with a K, of
80.2 mmol I ! and a Vi, of 256.4 pmol min ' mg ' for p-nitrophenyl acetate. Also, B.
licheniformis S-86 type II esterase displayed activity in presence of water-miscible organic
solvents at 50% concentration and stability after 1-h incubation.
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Introduction

Esterases (E.C. 3.1.1.1, carboxyl ester hydrolases) catalyze the hydrolysis of esters
composed of short-chain fatty acids, ester synthesis, and transesterification reactions [1].
Particularly, these enzymes have attracted considerable attention due to their ability to
synthesize new compounds of high commercial value, which can be used in food,
pharmaceutical, and chemical industries. Among useful reactions performed by esterases,
we can highlight the resolution of racemic mixtures by transesterification or enantiose-
lective hydrolysis of esters for obtaining optically pure compounds [2—4]. The majority of
these synthesis reactions are performed in organic media, where enzymes show unique and
attractive properties, such as changes in their enantioselectivity and substrate specificity,
and have the ability to conduct reactions that are suppressed in water environments [5]. In
addition, biotransformations in organic solvents offer other industrially attractive
advantages, such as the suppression of water-dependent side reactions, resistance to
bacterial contamination, and, in some cases, enhanced enzyme thermostability. However,
enzymes are generally not stable in the presence of organic solvents and are easily
denatured [6]. For this reason, biocatalysts that remain stable in the presence of organic
solvents could be very useful industrially.

Numerous studies have demonstrated that solvent-tolerant bacteria could produce
solvent-tolerant enzymes [7-10]. According to this, we had previously isolated a wild-
type organic solvent-tolerant bacillus strain, Bacillus licheniformis S-86, which produced
organic solvent-stable esterases [11]. B. licheniformis S-86 produced two different
molecular weight esterases detected by gel electrophoresis. One esterase activity was
inhibited by phenylmethylsulphonyl fluoride (PMSF) and named type I and could be
classified a serine-type enzyme. Contrariwise, PMSF has no effect on the other enzyme
activity (type II). Despite most organic solvents being toxic to microorganisms because of
their effects on cellular membranes [12], when this strain was cultivated in the presence of
some hydroxylic organic solvents, esterase production was higher than in the absence of an
organic solvent [13].

In this paper, we are describing some nutritional factors which affect the production of
the organic solvent-tolerant esterases produced by B. licheniformis S-86 and we are
reporting the results of the purification and partial characterization of type II esterase, a
non-sensitive PMSF enzyme.

Materials and Methods

Reagents

All reagent used in this work were of analytical or microbiological grade from Sigma (MO,
USA) or Merck (Darmstad, Germany).

Bacterial Strain and Culture Conditions

Growth and enzyme production experiments of B. licheniformis S-86 were carried out in a
synthetic medium (SM) containing (g 171): NaNOs;, 1.2; KH,PO,4, 3.0; K,HPO,, 6.0;
MgSO,4-7H,0, 0.2; CaCl,, 0.05; MnSO4-H,0, 0.01; ZnSO4 7H,0, 0.001; peptone, 2.50;
and yeast extract, 1.50 (pH=7.5). SM medium was supplemented or not with the following
oils (0.1 and 0.5% v/v): olive oil, soybean oil, corn oil, sunflower oil, and grape oil; and
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esters (0.1% v/v): polyoxyethylene sorbitan mono-laurate (Tween 20), polyoxyethylene
sorbitan mono-palmitate (Tween 40), polyoxyethylene sorbitan mono-stearate (Tween 60),
polyoxyethylene sorbitan mono-oleate (Tween 80), Sorbitan trioleate (Span 85), and
Tributyrin. B. licheniformis S-86 was grown in Erlenmeyer flasks (125 ml) containing 15 ml
of media at 50 °C for 48 h on a rotary shaker at approximately 3.3 Hz. The culture medium
was inoculated with an exponentially growing pre-culture prepared in the same medium at
50 °C (1x10® UFC ml'; 2% v/v). Growth was determined by measuring optical density at
560 nm (ODsg4) and correlated to colony forming units (CFU) in nutrient agar plates.

Esterase Production for Enzyme Purification

Esterase production was conducted in SM medium supplemented with maltose (10.0 g 1)
and olive oil (0.05%) at pH 7.5 in 400-ml airlift reactors at 50 °C for 48 h. The culture
medium was inoculated with an exponentially growing pre-culture prepared in the same
medium at 50 °C (1x10* UFC ml™'; 2% v/v). Culture supernatants were obtained by
centrifugation at 10,000xg for 15 min at 4 °C.

Enzyme Assays

Enzyme activities were determined in cell-free extracts by centrifuging the cultures.
Esterase activity was assayed by measuring the enzymatic hydrolysis of 0.92 mmol ! p-
nitrophenyl (pNP) ester of acetate to p-nitrophenol in a spectrophotometer at 400 nm
(Metrolab 1250, R. Corswant, Argentina) [14]. The extinction coefficient of p-nitrophenol,
7.17x10° I mol " ecm™' (*=0.9997), was determined at 400 nm of standard solutions of p-
nitrophenol in Tris—HCI buffer (30 mmol 1!, pH=7.0). The reaction mixture for standard
assay contained 60 pl Tris—HCI buffer (200 mmol "' pH 7.0), 30 ul of the enzyme
solution, and 305 pl of solvent—water mixtures. The enzyme reaction was started by adding
5 ul of 74 mmol "' pNP ester (dissolved in pure acetone) into the mixture and incubated at
37 °C for 15 min. PMSF (1.0 mmol 1) was added to reaction mixture to inhibit serine-type
enzymes. Total esterase activity was quantified without PMSF, and non-PMSF-sensitive
esterase was determined in presence of the inhibitor. The PMSF-sensitive esterase activity
was calculated from the difference between total and non-PMSF-sensitive esterase
activities. One enzymatic unit (EU) was defined as the amount of enzyme producing
1 pmol of p-nitrophenol in aqueous medium per minute.

Determination of Protein Concentration

Coomassie Blue G-250 reagent was used to determine sample protein content using bovine
serum albumin (fraction V) as standard [15].

Purification of Type II Esterase

Type 1II esterase was purified to homogeneity following a five-step procedure, which was
performed (unless was specified) at room temperature.

1)  Ammonium sulfate fractionation. (NH4),SO4 was added to the culture supernatant to
40% saturation. This solution was centrifuged at 15,000xg for 15 min at 0 °C, and the
pellet was discarded. The resulting supernatant was brought to 80% (NH,4),SO,4
saturation at 0 °C, and the precipitate was collected by centrifugation at 15,000xg for
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15 min at 4 °C. The precipitate was dissolved in 20 mmol "' phosphate buffer
(pH 7.0) and dialyzed against the same buffer at 4 °C.

2) Ultrafiltration. The concentrated enzyme solution was ultrafiltered in a 100-kDa cut-off
centrifugal filter device (Centricon, Millipore, MA, USA). This procedure was carried
out to eliminate a polymer that interfered with the following chromatographic steps.

3) Thermal treatment. Thermolabile proteins were eliminated by heating the enzyme
solution at 65 °C during 15 min and then centrifuging at 15,000xg for 15 min at 4 °C.
The resulting pellet containing denatured proteins was discarded.

4)  Hydrophobic interaction chromatography. (NH4),SO,4 was added to a final concentra-
tion of 1.7 mol 1! to the enzyme solution and loaded onto a column (diameter, 1.3 cm;
height, 11.0 cm) of Octyl-Sepharose 4 Fast Flow (GE, NJ, USA) equilibrated with
40 mmol 1! phosphate buffer (pH 7.0) containing 1.0 mol I"' (NH,),SO,. After the
column was washed with the same buffer, proteins were eluted with a discontinuous
gradient of (NH,),SO4 (from 1.0 to 0 mol 1"") in phosphate buffer at 1.0 ml min ' flow
rate. Collected fractions were dialyzed against 20 mmol 1! phosphate buffer (pH 7.0).

5) lon-exchange chromatography. The active fractions from the Octyl-Sepharose column
were applied onto a DEAE Sepharose CL-6B (GE) column (diameter, 0.9 cm; height,
9.5 cm) equilibrated with 20 mmol "' phosphate buffer (pH 7.0). Proteins were eluted
with a discontinuous gradient of NaCl (from 0.125 to 1.0 mol I"") in phosphate buffer
at a flow rate of 1.0 ml min ', Collected fractions were dialyzed against 20 mmol I"*
phosphate buffer (pH 7.0), and active fractions were concentrated by ultrafiltration
using a Centricon centrifugal filter device (Amicon, MA, USA) with a membrane of
10 kDa cut-off. The samples were then stored at —20 °C until used.

Electrophoresis

Polyacrylamide gel electrophoresis (PAGE) under non-denaturing conditions and sodium
dodecyl sulfate PAGE (SDS-PAGE) were carried out as described by Laemmli [16]. Gel
electrophoresis was performed in a Mini-PROTEAN 1I electrophoresis cell (Bio-Rad, CA,
USA). For both non-denaturing and SDS-PAGE, 8% (w/v) polyacrylamide gels were used.
Proteins were stained using the silver staining procedure [17]. Esterase zymograms were
performed in both native PAGE and in SDS-PAGE submerging the gels into 100 mmol 1"
Tris—HCI buffer (pH 7.0), containing 20.0 mg ml ' of «-naphtyl acetate/Fast Blue RR salt
at 45 °C for 20 min. Bands showing hydrolytic activity were detected by Fast Blue release.

Estimation of Molecular Mass

The molecular mass (M,) of denatured type II esterase was estimated by gel electrophoresis
(SDS-PAGE 8%). Rabbit muscle myosin (200.00 kDa), Escherichia. coli 3-galactosidasa
(116.25 kDa), rabbit muscle phosphorylase b (97.40 kDa), bovine serum albumin
(66.20 kDa), hen egg white ovalbumin (45.00 kDa), bovine carbonic anhydrase
(31.00 kDa), and soybean trypsin inhibitor (21.50 kDa) were used as molecular mass
standards (Bio-Rad). Proteins were stained by the silver staining method.

The M, of native type II esterase was also estimated by gel electrophoresis (SDS-PAGE
8%). This could be possible due to the stability of the enzyme in presence of SDS and 2-
mercaptoethanol. The electrophoresis was done in the same conditions but without heating at
100 °C the sample containing the purified enzyme. In this way, the type II esterase kept its
catalytic activity, and from the activity band, the M, of the native enzyme could be estimated.
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Determination of Kinetic Parameters

The effect of the substrate (pNP-acetate) concentration (range from 0.025 to 2.000 mmol
1" on the reaction rate was determined under the standard assay conditions (30 mmol !
Tris—HCI buffer, pH 7.0; 37 °C). The kinetic constants (K, and V},,,) with pNP-acetate
were estimated in the range 25 to 250 wmol I of substrate concentration by the
Lineweaver and Burk plot [18].

Substrate Specificity

Substrate preference of type Il esterase was determined spectrophotometrically (pH 7.0;
37 °C) using the following pNP esters (0.25 mmol I'Y): acetate (Cy), propionate (Cs),
butyrate (C,4), caproate (Cg), caprate (C,g), laurate (C;,), palmitate (C,¢), and estearate
(C13g). The activity towards pNP-acetate and propionate was measured in 30 mmol I"' Tris—
HCI buffer. Towards pNP-butyrate, caproate, caprate, laurate, palmitate, and estearate, the
reactions were carried out in the same buffer containing 0.35% (w/v) Triton X-100 and
0.8% (w/v) arabic gum and compared with the activity towards pNP-acetate in the same
experimental conditions. The results were expressed as a percentage of the esterase activity
measured with pNP ester of acetate which was set at 100% [14].

Effect of Water-Miscible Organic Solvents on Type II Esterase

The effect of water-miscible organic solvents in enzyme stability and activity was
investigated in 30 mmol 1! Tris—HCI (pH 7.0) containing 50% (v/v) organic solvent. The
activity of type II esterase in organic solvents was measured using pNP-acetate 0.25 mmol
1! as substrate at 37 °C. The enzyme activity in each organic solvent was compared with
the activity in water which was set at 100% [14]. Type II esterase stability was measured by
incubating the enzyme in the reaction mixtures at 28 °C for 1 h. After that, the enzyme
activity in each solvent was measured and compared with the initial activity (before the
incubation) in the same solvent, which was set at 100%. The respective extinction coefficients
in each organic solvent were 5.04 x 10* 1 mol ! ecm ! (methanol), 4.91x10% 1 mol ! cm™!
(ethanol), 3.45x10% 1 mol ' cm™' (1-propanol), 4.12x10° 1 mol™" ecm™! (2-propanol),
6.11x10° 1 mol ' em™' (ethylenglycol), 4.62x10* I mol ' cm ™' (1,3-propanediol), 5.44 x
10° 1 mol " em™" (propylenglycol), 6.64x10°> 1 mol ' em " (glycerol), 7.17x10° 1 mol ' cm™
(2,3-butanediol), and 4.78x10* 1 mol ' cm ™' [dimethyl sulfoxide (DMSO)].

Statistical Analysis

Determinations were made in duplicate, and results shown are the average of two or more
independent experiments. Data are represented by the mean+standard deviation. Analysis
of variance was performed on data sets using a significance of p values lower than 0.05.
Results and Discussion

Effect of Carbon Source on Esterase Production

In this work, different oils and esters (surfactants) were screened for their capacity to
support B. licheniformis S-86 growth and esterase production. As indicated in Tables 1, 2,
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Table 1 Effect of oils on esterase activity, protein concentration, and growth of B. licheniformis S-86 at 50 °C
during 48 h of growth.

Oils (0.1% v/v) Growth (UFC ml ' 10®) Protein (ug ml™') Esterase activity (U mg ") Yield index (fold)

Type 1 Type 11 Type I Type II
Control 1.39+0.07 12.6+0.7 2.30+0.42  2.23+0.33 1.0 1.0
Olive 2.07+0.11 14.4+0.4 3.08+0.38  2.11+0.28 1.3 0.9
Soybean 1.79+0.09 13.6+0.6 331035 2.46+0.18 1.4 1.1
Corn 2.82+0.15 22.1+0.4 3.09+031 2.38+0.18 1.3 1.1
Sunflower 1.79+0.10 14.6+0.6 3.30+£0.37  2.76+0.23 1.4 1.2
Grape 2.75+0.15 16.0+£0.4 3.82+0.41  3.48+0.38 1.7 1.6
Tributyrin 2.26+0.07 17.0+0.2 3.00+£0.32  2.44+0.28 1.3 1.1

Data represent the average+standard deviation.

and 3, higher biomasses regarding to the control medium (SM medium without carbon
source) were obtained at 48 h of growth with all the oil and ester substrates assayed.
Among the carbon sources tested for esterase production, grape oil (0.1%, v/v) and Tween
20 to 60 enhance the enzyme production between 1.6- and 2.2-fold above the control
medium (Tables 1 and 3). Tween 20 resulted the best inducer of type I esterase (2.0-fold),
whereas Tween 60 resulted the best for type II esterase (2.2-fold; Table 3). However,
enzyme production in microorganisms not only depends on the carbon source but also its
concentration [19]. When oils were tested in higher concentrations (0.5%, v/v), no increased
in the enzyme activity of type II esterase was observed, and only 1.2- to 1.3-fold increase in
esterase activity type I was observed in presence of grape, soybean, and olive oil (Table 2).

The mechanisms regulating biosynthesis of enzymes vary widely in different micro-
organisms. Despite this, similar results claiming that oils and surfactants enhance the
production of some hydrolases were previously reported [6, 20, 21]. In the case of
surfactants, they could improve esterase production acting as a carbon source, and/or they
could improve esterase secretion, increasing cell permeability and thereby facilitating the
export of proteins across the cell membrane [19]. The effects of surfactants in growth and
enzyme production have been studied in several microorganisms with different results [22].
Contrary to what is observed in B. licheniformis S-86, a low biomass of Candida rugosa
was observed when Tween 80 was the sole carbon source, suggesting a possible surfactant
toxicity [23].

Table 2 Effect of oils on esterase activity, protein concentration, and growth of B. licheniformis S-86 at 50 °C
during 48 h of growth.

Oils (0.5% v/v) Growth (UFC ml™' 10%) Protein (ug ml™") Esterase activity (U mg ') Yield index (fold)

Type I Type 11 Type I Type II
Control 1.39+0.07 12.6+0.7 2.30+0.42  2.23+0.33 1.0 1.0
Olive 2.24+0.12 19.4+0.2 2.95+£035 2.27+0.27 1.3 1.0
Soybean 2.14+0.13 16.4£1.0 2.75+£0.25  2.29+0.07 1.2 1.0
Com 3.17+0.17 22.3+1.2 237022 2.32+0.09 1.0 1.0
Sunflower 2.48+0.12 20.1+1.1 2.19+£0.19  2.40+0.18 0.9 1.1
Grape 3.13+0.18 21.9+1.4 2.73£0.13  2.35+0.12 1.2 1.0

Data represent the average+standard deviation.
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Table 3 Effect of surfactants on esterase activity, protein concentration, and growth of B. licheniformis S-86
during 48 h of growth at 50 °C.

Surfactant Growth Protein Esterase Activity Yield index
(0.1% v/v) (UFC ml " 10%) (ug ml™h) (Umg™") (fold)
Type 1 Type 11 Type 1 Type 11

Control 1.39+0.07 12.6+0.7 2.30+0.42 2.23+0.33 1.0 1.0
Tween 20 1.73+0.10 12.9+0.4 4.68+0.39 4.72+0.05 2.0 2.1
Tween 40 3.65+0.17 252+0.4 4.46+0.16 4.38+0.05 1.9 2.0
Tween 60 3.71£0.20 16.0+£0.4 4.48+0.45 4.89+0.53 1.9 22
Tween 80 1.80+0.09 19.7+0.4 2.33+0.27 2.39+0.10 1.0 1.1
Span 85 3.58+0.19 23.1+04 3.32+0.43 2.56+0.09 1.4 1.1

Data represent the average+standard deviation.

In a previous report, B. licheniformis S-86 was cultivated in SM medium supplemented
with 10 g I"! maltose [13]. The total esterase production in this medium at 48 h of growth
was approximately 54% lower than what is observed in the control medium (SM medium
without carbon source). This result suggested a repressive effect (like a catabolite
repression) on the esterase production. The inhibitory effects of various carbohydrates in
the production of cholesterol esterase by a Streptomyces sp. strain was investigated showing
similar results [24]. Catabolite repression was also reported in the synthesis of some
microbial lipases [6, 23].

Purification and Partial Characterization of Type II Esterase

Grape oil (0.1%, v/v) and Tween 20 to 60 gave the higher esterase yields. However, in
absence of maltose in the culture media, the stability of both esterases decreased in about
80% in presence of high concentrations of ammonium sulfate. Due to ammonium sulfate
fractionation methodology being selected as a purification step of type II esterase,
production of the enzymes was conducted in SM medium supplemented with 10 g 1
maltose.

Type II esterase was purified to homogeneity from the culture supernatant of B.
licheniformis S-86 after five steps of purification that included hydrophobic interaction and
ion-exchange chromatographies. The enzyme was purified 76.7-fold with a specific activity
of 135 EU mg ', which represented a 1.3% yield (Table 4). The purity was confirmed by
the presence of a single band on SDS-PAGE (Fig. 1). The M, of type II esterase was

Table 4 Purification of the type II esterase from B. licheniformis S-86."

Purification step Total activity ~ Total protein ~ Specific activity  Purification  Yield
Ly (mg) (Umg " (fold) (%)
Culture supernatant 84.93 48.165 1.76 1.0 100.0
Ammonium sulfate fractionation 20.74 9.765 2.12 1.2 244
Thermal treatment (65 °C) 15.18 8.760 1.73 1.0 17.9
Octyl-sepharose 1.69 0.084 20.09 11.4 2.0
DEAE-sepharose 1.08 0.008 135.00 76.7 1.3

?From 570 ml of culture supernatant

® Esterase activity against p-nitrophenyl acetate
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Fig. 1 SDS-PAGE (8%) of the 1 2 3

purified type II esterase from B. kDa

licheniformis S-86. a Protein a b
staining. Lane I, Molecular mass

standards; lane 2, purified type II 200.00 e

esterase (1 pg of protein). Pro-
teins were stained using the silver
staining procedure. b Activity
staining. Lane 3, purified type II

esterase (0.03 pg of protein; 116.25 i
nonheated sample). Esterase ac-
tivity was determined with o- 97.40 —
naphtyl acetate as substrate

66.20

45.00

-——
31.00
21.50

estimated to be 38.4 from the logarithmic plot of the molecular mass vs. the mobility of the
standard proteins on SDS-PAGE.

Type II esterase was stable in the presence of SDS and 2-mercaptoetanol in the
concentrations used in SDS-PAGE according to Laemmli. When the activity of type II
esterase was determined under standard conditions for SDS-PAGE, which included the
heating of the sample, the activity towards o-naphtyl acetate could not be detected due to
the protein denaturalization. However, if the enzyme solution, containing SDS and 2-
mercaptoetanol, was not heated at 100 °C before the SDS-PAGE electrophoresis, the
hydrolysis of «-naphtyl acetate could be observed (Fig. 2b). This property of the type II
esterase allowed estimating the M, of the native enzyme in 94.0 kDa. This result suggested
that the protein could be a dimer or trimer with subunits of 38.4 kDa. The difference
between the M, calculated for the native enzyme (94.0 kDa.) and that calculated using two
or three subunits (76.8 or 115.2 kDa, respectively) could be attributed to the fact that the
native protein does not migrate as a single polypeptide of equivalent M, [25]. Similar results
were reported for the esterase produced by Pyrobaculum calidifontis, which consisted of a
trimer with subunits of 34 kDa [26], and for the esterase of Bacillus circulans, also formed
by three monomers of 30 kDa [25]. In comparison with other well-known esterases, the M,
of type II esterase of B. licheniformis S-86 was similar to the M, of the thermostable
esterase of Bacillus acidocaldarius (37.5 kDa) [27] and to that of the BsubE and YbfK
esterases of Bacillus subtilis (32 kDa, each one) [28, 29] and BsteE esterase of Bacillus
stearothermophilus (31 kDa) [29]. However, the M, of type II esterase was also different
from that of other well-known esterases [30, 31].

The effect of the substrate concentration on the reaction rate of type Il esterase was
studied using the ester pNP-acetate (Fig. 2). The kinetic was Michaelian with linear
Lineweaver—Burk plot. The enzyme had a V., corresponding to 256.4 pmol of substrate,
hydrolyzed per minute for each milligram of enzyme, and a K, value of 8§0.2 wmol 1", This
lower value of K, indicates a great affinity of the enzyme for pNP-acetate. Higher values of
K., for pNP-acetate were obtained in other esterases from strains belonging to the Bacillus
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Fig. 2 Kinetic of type II esterase. a Rate of hydrolysis of p-nitrophenyl acetate (pNPA) in the range 25 to
250 pmol I"' performed at pH 7.0 and 37 °C. b In the inset, Lineweaver and Burk plot of type II esterase
activity towards pNPA

genus [14, 32-36], such as the esterase from B. acidocaldarius (124 pumol 1'') [27], or the
esterases Est25 of E. coli (1000 pmol 17") and Est3 of Sulfolobus solfataricus P2 [37, 38].

Table 5 shows the activity of type II esterase against various pNP esters having different
carbon chain lengths, from C, (acetate) to C;g (estearate). The activity of the enzyme
against other esters is shown relative to that against pNP-acetate. The highest hydrolytic
activity was found towards to pNP-acetate. However, a pronounced decrease in the activity
was observed from pNP-butyrate. This pattern of hydrolysis against pNP esters found in
type II esterase was similar to that observed in acetyl esterases [25] and in a cephalosporin
esterase of Rhodosporidium toruloides [39] and in other esterases produced by Bacillus

Table 5 Substrate specificity of the type II esterase.

p-Nitrophenyl ester Esterase activity (%)"
Acetate” 100.0+2.5
Propionate 88.3+6.3
Butirate 1.4+0.1
Caproate 0

Caprate 0

Laurate 0

Palmitate 2.6+£1.0
Estearate 0

 Data represent the average of three independent assays =+ standard deviation.

® Esterase activity with p-nitrophenyl acetate was set at 100%.
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strains [14, 33]. The substrate specificity observed in type II esterase corresponds with its
kinetics parameters against pNP-acetate.

Since esterases produced by B. licheniformis S-86 displayed high activity in 50%
hydroxylic-water solvent mixtures and were active at high temperatures (60—65 °C) [5, 11],
the isolated type II esterase resulted as a very attractive enzyme to study, which could be an
useful tool to use in organic synthesis and industrial biocatalysis.

The enzyme activity of type II esterase was measured in reaction mixtures containing
50% of water-miscible organic solvents (Table 6). These reaction mixtures were incubated
during 1 h at room temperature, and then the residual activity of the esterase was compared
with the initial activity in the same solvent. Activity was observed in all cases, and a
particularly high level of activity was found in 50% glycerol, ethylenglycol, and
propylenglycol. Also, in these solvents, the stability of the enzyme was high, similar to
that observed in water. We found that type II esterase retained more than 70% of its activity
after 1 h of incubation in the presence of all the solvents assayed with the exception of 2,3-
butanediol and 1,3-propanediol. Inclusive in solvents such as ethylenglycol, glycerol, and
methanol, the enzyme retained entirely its initial activity. The activity of type II esterase in
glycerol was higher than the activity measured for Bacillus atrophaeus SB-2 and B.
licheniformis SB-3 lipases in the same concentration of the solvent (10% and 30% residual
activity, respectively) [40]. And its stability was similar to that of the extremely stable
esterase Est of P. calidifontis. However, type Il esterase was much more active in 50%
methanol, ethanol, and 2-propanol than the last one [26]. Furthermore, the ability of type II
esterase to perform transesterification reactions was tested in an anhydrous organic solvent
such as n-hexane, using p-nitrophenyl acetate as acyl donor and the alcohols ethanol or
isoamyl alcohol. In these systems, the transesterification was shown by the p-nitrophenol
formation in the absence of water, which suggested the transfer of the acyl group from the
p-nitrophenyl ester to the alcohol (data not shown).

Table 6 Effect of water-miscible organic solvents on the activity and stability of type II esterase.

Organic solvent (50%) Relative esterase Activity (%)*
Activity® Stability®

Water 100 95.05+3.00
2,3-Butenodiol 26.70+2.33 63.97+5.20
DMSO 36.95+1.71 81.25+1.96
Ethanol 13.47+1.67 73.08+1.50
Ethylenglycol 79.46+5.03 98.21+6.13
Glycerol 90.19+4.00 98.67+9.71
Methanol 24.98+0.25 108.82+11.01
1-Propanol 6.85+0.90 130.76+13.02
2-Propanol 14.56+1.21 92.65+8.95
1,3-Propenodiol 4.06+0.30 45.00£7.07
Propylenglicol 60.20+2.70 87.75+2.30

? Data represent the average of three independent assays +standard deviation. Esterase activity was assayed
with p-nitrophenyl acetate at pH 7.0 and 37 °C.

® Esterase activity in water was set at 100%.

“Residual activity after 1 h incubation in 50% water-miscible organic solvents at room temperature.
Remaining esterase activity in each solvent was compared with the initial activity (before the incubation) in
the same solvent, which was set at 100%.
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Stability and activity in organic solvents are important when using enzymes for organic
synthesis. These features make type II esterase a very attractive enzyme for future
application in industrial biocatalysis.

As concluding remarks, esterase type Il from B. licheniformis S-86 can be synthesized in
a simple semi-synthetic medium containing oils (e.g., from agricultural wastes) and
detergents. The esterase type II has the advantage of being not sensitive to the irreversible
PMSF inhibitor and constituted by subunits which allow manipulating the biocatalysis
process by inducing the reversible dissociation of the enzyme. Also, the enzyme is showing
very low K, and high ¥}, for low molecular weight substrates, high thermoresistance, and
high biocatalytic activity in 50% organic—aqueous solvent mixtures indicating a great
potential for bioconversions. For this reason, further biochemical characterizations of this
enzyme and the study of synthesis reactions in non-aqueous media are being carried out in
our laboratory.

Acknowledgments The authors would like to thank E. Rodriguez for excellent technical assistance. The
financial support from Pew Charitable Trust (USA), CONICET (PIP 6203/06, Argentina) and ANPCyT (BID
N° 1728/ OC-AR) is gratefully acknowledged.

References

1. Bornscheuer, U. T. (2002). Microbial carboxyl esterases: classification, properties and application in
biocatalysis. FEMS Microbiology Reviews, 26, 73-81.

2. Vulfson, E. N., Halling, P. J., & Holland, H. L. (2001). Enzymes in non-aqueous solvents. Totowa, NJ,
USA: Humana Press.

3. Gupta, M. N., & Roy, L. (2004). Enzymes inorganic media: Forms, functions and applications. European
Journal of Biochemistry, 271, 2575-2583.

4. Panda, T., & Gowrishankar, B. S. (2005). Production and applications of esterases. Journal of Applied
Microbiology and Biotechnology, 67, 160-169.

5. Torres, S., & Castro, G. R. (2004). Non-aqueous biocatalysis in homogeneous solvent systems. Food
Technology and Biotechnology, 42, 271-277.

6. Rahman, R. N. Z. R. A., Baharum, S. N., Salleh, A. B., & Basri, M. (2006). Lipase: an organic solvent
tolerant enzyme. Journal of Microbiology, 44, 583-590.

7. Ogino, H., Miyamoto, K., & Ishikawa, H. (1994). Organic-solvent-tolerant bacterium which secrets
organic-solvent stable lipolytic enzyme. Applied and Environmental Microbiology, 160, 3884-3886.

8. Isken, S., Derks, A., Wolffs, P. F. G., de Bont, J. A. M, &, . (1999). Effect of organic solvents on the yield of
solvent-tolerant Pseudomonas putida S12. Applied and Environmental Microbiology, 65, 2631-2635.

9. Sellek, G. A., & Chaudhuri, J. B. (1999). Biocatalysis in organic media using enzymes from
Extremophiles. Enzyme and Microbial Technology, 25, 471-482.

10. Hiisken, L. E., Dalm, M. C. F., Tramper, J., Wery, J., de Bont, J. A. M., & Beeftink, R. (2001). Integrated
bioproduction and extraction of 3-methylcatechol. Journal of Biotechnology, 88, 11-19.

11. Torres, S., & Castro, G. R. (2003). Organic solvent resistant lipase produced by thermoresistant bacteria.
In S. Roussos, C. R. Soccol, A. Pandey, & C. Augur (Eds.) New horizons in biotechnology pp. 113—122.
Dordrecht, Netherlands: Kluwer Academic.

12. Sardessai, Y., & Bhosle, S. (2002). Tolerance of bacteria to organic solvents. Research in Microbiology,
153, 263-268.

13. Torres, S., Baigori, M. D., & Castro, G. R. (2005). Effect of hydroxylic solvents on cell growth, sporulation,
and esterase production of Bacillus licheniformis S-86. Process Biochemistry, 40, 2333-2338.

14. Baigori, M. D., Castro, G. R., & Sifieriz, F. (1996). Purification and characterization of an extracellular
esterase from Bacillus subtilis MIR-16. Biotechnology and Applied Biochemistry, 24, 7-11.

15. Sedmak, J., & Grossberg, S. (1977). A rapid, sensitive, and versatile assay for protein using Coomassie
brilliant blue G250. Analytical Biochemistry, 79, 544-552.

16. Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage
T4. Nature, 227, 680—685.

17. Oakley, B. R., Kirsch, D. R., & Morris, N. R. (1980). A simplified ultrasensitive silver stain for detecting
proteins in polyacrylamide gels. Analytical Biochemistry, 105, 361-363.



232 Appl Biochem Biotechnol (2008) 151:221-232

18. Lineweaver, H., & Burk, D. (1934). The determination of enzyme dissociation constants. Journal of the
American Chemical Society, 56, 658—666.

19. Silva, W. O. B., Mitidieri, S., Schrank, A., & Vainstein, M. H. (2005). Production and extraction of an
extracellular lipase from the entomopathogenic fungus Metarhizium anisopliae. Process Biochemistry,
40, 321-326.

20. Tsuboi, R., Komatsuzaki, H., & Ogawa, H. (1996). Induction of an extracellular esterase from Candida
albicans and some of its properties. Infection and Immunity, 64, 2936-2940.

21. Maia, M. M. D., Heasley, A., Camargo de Morais, M. M., Melo, E. H. M., Morais Jr, M. A.,
Ledingham, W. M., et al. (2001). Effect of culture conditions on lipase production by Fusarium solani in
batch fermentation. Bioresource Technology, 76, 23-27.

22. Corzo, G., & Revah, S. (1999). Production and characteristics of the lipase from Yarrowia lipolytica 681.
Bioresource Technology, 70, 173—180.

23. Dalmau, E., Montesinos, J. L., Lotti, M., & Casas, C. (2000). Effect of different carbon sources on lipase
production by Candida rugosa. Enzyme and Microbial Technology, 26, 657-663.

24. Nishimura, M., & Inouye, S. (2000). Inhibitory effects of carbohydrates on cholesterol esterase
biosynthesis in Streptomyces lavendulae H646-SY2. Journal of Bioscience and Bioengineering, 90,
564-566.

25. Kademi, A., Ait-Abdelkader, N., Fakhreddine, L., & Baratti, J. (2000). Purification and characterization
of a thermostable esterase from the moderate thermophile Bacillus circulans. Applied Microbiology and
Biotechnology, 54, 173-179.

26. Hotta, Y., Ezaki, S., Atomi, H., & Imanaka, T. (2002). Extremely stable and versatile carboxylesterase
from a hyperthermophilic archacon. Applied and Environmental Microbiology, 68, 3925-3931.

27. Manco, G., Di Gennaro, S., De Rosa, M., & Rossi, M. (1994). Purification and characterization of a
thermostable carboxylesterase from the thermoacidophilic eubacterium Bacillus acidocaldarius.
European Journal of Biochemistry, 221, 965-972.

28. Droge, M. I, Bos, R., & Quax, W. J. (2001). Paralogous gene analysis reveals a highly enantioselective
1,2- O-isopropylideneglycerol caprylate esterase of Bacillus subtilis. European Journal of Biochemistry,
268, 3332-3338.

29. Henke, E., & Bornscheuer, U. T. (2002). Esterases from Bacillus subtilis and B. stearothermophilus share
high sequence homology but differ substantially in their properties. Applied Microbiology and
Biotechnology, 60, 320-326.

30. Gobbetti, M., Fox, P. F., & Stepaniak, L. (1997). Isolation and characterization of a tributyrin esterase
from Lactobacillus plantarum 2739. Journal of Dairy Science, 80, 3099-3106.

31. Eggert, T., Pencreac'h, G., Douchet, L., Verger, R., & Jaeger, K.-E. (2000). A novel extracellular esterase
from Bacillus subtilis and its conversion to a monoacylglycerol hydrolase. European Journal of
Biochemistry, 267, 6459-6469.

32. Manco, G., Adinolfi, E., Pisani, F. M., Ottolina, G., Carrea, G., & Rossi, M. (1998). Overexpression and
properties of a new thermophilic and thermostable esterase from Bacillus acidocaldarius with sequence
similarity to hormonesensitive lipase subfamily. Biochemical Journal, 332, 203-212.

33. Meghji, K., Ward, O. P., & Araujo, A. (1990). Production, purification, and properties of extracellular
carboxyl esterases from Bacillus subtilis NRRL 365. Applied and Environmental Microbiology, 56,
3735-3740.

34. Owusuy, R. K., & Cowan, D. A. (1991). Isolation and partial characterization of a novel thermostable
carboxylesterase from a thermophilic Bacillus. Enzyme and Microbial Technology, 13, 158-163.

35. Giver, L., Gershenson, A., Freskgard, P. O., & Amold, F. H. (1998). Directed evolution of a thermostable
esterase. Proceedings of the National Academy of Sciences of the United States of America, 95, 12809—
12813.

36. Degrassi, G., Kojic, M., Ljubijankic, G., & Venturi, V. (2000). The acetyl xylan esterase of Bacillus
pumilus belongs to a family of esterases with broad substrate specificity. Microbiology, 146, 1585-1591.

37. Kim, S., & Lee, S. B. (2004). Thermostable esterase from thermoacidophilic archacon: purification and
characterization for enzimatic resolution of chiral compound. Bioscience, Biotechnology, and
Biochemistry, 68, 2289-2298.

38. Kim, Y., Choi, G., Kim, S., Yoon, G., Kim, Y., & Ryu, Y. (2006). Screening and characterization of a
novel esterase from a metagenomic library. Protein Expression and Purification, 45, 315-323.

39. Politino, M., Tonzi, S. M., Burnett, W. V., Romancik, G., & Usher, J. J. (1997). Purification and
characterization of a cephalosporin esterase from Rhodosporidium toruloides. Applied and Environmen-
tal Microbiology, 63, 4807-4811.

40. Bradoo, S., Saxena, R. K., & Gupta, R. (1999). Two acidothermotolerant lipases from new variants of
Bacillus spp. World Journal of Microbiology & Biotechnology, 15, 97-102.



	Production and Purification of a Solvent-Resistant Esterase from Bacillus licheniformis S-86
	Abstract
	Introduction
	Materials and Methods
	Reagents
	Bacterial Strain and Culture Conditions
	Esterase Production for Enzyme Purification
	Enzyme Assays
	Determination of Protein Concentration
	Purification of Type II Esterase
	Electrophoresis
	Estimation of Molecular Mass
	Determination of Kinetic Parameters
	Substrate Specificity
	Effect of Water-Miscible Organic Solvents on Type II Esterase
	Statistical Analysis

	Results and Discussion
	Effect of Carbon Source on Esterase Production
	Purification and Partial Characterization of Type II Esterase

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


