Enzyme and Microbial Technology 82 (2016) 51-57

ENZYME AND
MICROBIAL EM I
TECHNOLOGY

Bt iors

Contents lists available at ScienceDirect

Enzyme and Microbial Technology

journal homepage: www.elsevier.com/locate/emt

Selective production of 1-monocaprin by porcine liver
carboxylesterase-catalyzed esterification: Its enzyme kinetics and
catalytic performance

@ CrossMark

Kyung-Min Park?, Jong-Hyuk LeeP”, Sung-Chul Hong?, Chang Woo Kwon?, Minje Jo?,
Seung Jun Choi¢, Keesung Kim ¢, Pahn-Shick Chang®¢-*

3 Department of Agricultural Biotechnology, Seoul National University, Seoul 151-921, Republic of Korea

b Research Institute of Food and Biotechnology, SPC group, Seoul 137-887, Republic of Korea

¢ Department of Food Science and Technology, and Department of Interdisciplinary Bio IT Materials, Seoul National University of Science and Technology,
Seoul 139-743, Republic of Korea

d Institute of Advanced Machinery and Design, School of Mechanical and Aerospace Engineering, Seoul National University, Seoul 151-742, Republic of Korea
¢ Center for Food and Bioconvergence, and Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul 151-742, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Received 17 April 2015

Received in revised form 4 August 2015
Accepted 21 August 2015

Available online 28 August 2015

Keywords:

Porcine liver carboxylesterase
Esterification

Reverse micelles
1-monocaprin

Enzyme kinetics

Porcine liver carboxylesterase (PLE) belongs to carboxylesterase family (EC 3.1.1.1) as a serine-type
esterase. The PLE-catalyzed esterification of capric acid with glycerol in reverse micelles was investigated
on the catalytic performance and enzyme kinetics. The most suitable structure of reverse micelles was
comprised of isooctane (reaction medium) and bis(2-ethylhexyl) sodium sulfosuccinate (AOT, anionic
surfactant) with 0.1 of R-value ([water]/[surfactant]) and 3.0 of G/F-value ([glycerol]/[fatty acid]) for the
PLE-catalyzed esterification. In the aspect of regio-selectivity, the PLE mainly produced 1-monocaprin
without any other products (di- and/or tricaprins of subsequent reactions). Furthermore, the degree of
esterification at equilibrium state (after 4 h from the initiation) was 62.7% under the optimum conditions
at pH 7.0 and 60°C. Based on Hanes-Woolf plot, the apparent Ky, and Vin,x values were calculated to be
16.44 mM and 38.91 wM/min/mg protein, respectively.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Medium chain fatty acids (MCFAs) including caprylic (C8) and
capric (C10) acids has unique metabolic pathways distinct from
long chain fatty acids (LCFAs). In the intestinal mucosa, MCFAs
are absorbed directly into the portal circulation and transported
to the liver for rapid metabolism by [(3-oxidation. LCFAs, on the
other hand, are incorporated into chylomicrons and transported
via the lymphatic system, allowing for expensive accumulation in
adipose tissue [1]. Medium-chain glycerides, which are comprised
of aglycerol backbone and one, two, or three MCFAs, have been used
as components of infant feeding formulas and nutritional supple-
ments for patients with malabsorption caused by digestive diseases
or intestinal disorder [2,3]. In terms of additional functionalities
for food-processing, 1-monocaprin (glyceryl monocaprate), a GRAS
(generally recognized as safe) food additive, has garnered much
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attention because of its preservative effect against broad spectrum
of microorganisms and emulsifying ability [4-6].

Industrial-scale production of medium-chain glycerides has
been performed through chemical glycerolysis between glycerol
and medium-chain fatty acids, employing inorganic catalysts (e.g.,
calcium hydroxide) at high temperatures (220-250°C) [7]. This
process, however, requires high energy consumption and also may
cause unexpected changes in physicochemical properties of the
products, which has encouraged the development of alternative
methods using enzymes under mild conditions without aforemen-
tioned disadvantages.

It has been reported enzyme-catalyzed synthesis for the
efficient production of various medium-chain glycerides, such
as 1-monocaprin and 1,3-dicaproyglycerol [8,9]. The previous
approaches were based on the sequential process which needs sep-
aration (and/or purification) steps for certain substance (i.e., desired
product) after synchronous synthesis of medium-chain glycerides
including mono-, di-, and triacylglycerols. In this process, how-
ever, it is extremely difficult to obtain abundant monoacylglycerols
because of subsequent conversions of the produced monoacylglyc-
erols into di- and triacylglycerols, which has been regarded as a
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major obstacles in the aspect of selective synthesis of monoacyl-
glycerols (e.g., 1-monocaprin production).

On the other hand, because of the unique characteristics of lipid-
catalyzing enzyme reaction between hydrophilic enzymes and
hydrophobic substrates, the selection of reaction medium is a main
factor affecting the conversion yield and efficiency. Among several
proposed systems, reverse micelles have been received attention
as a favourable approach. The structure of reverse micelles con-
sists of an aqueous micro-domain (polar phase, core) facing the
polar heads of the surfactant that surrounds this core and interacts
with the bulk organic solvent (non-polar phase), whichis supported
by hydrophobic interactions [10]. This reaction system provides a
variety of advantages, such as simple control on reaction variables
and enormous interfacial area where the enzymatic reaction occurs
[11,12]. Furthermore, it was recently revealed that the encapsu-
lation of enzymes in reverse micelles increased the deactivation
energy (E4e) and led to the enhancement of thermal stability (i.e.,
resistance to heat-induced denaturation) [13].

Porcine liver carboxylesterase (PLE) has the consensus sequence
motif Gly-Glu-Ser-Ala-Gly in its lipolitic active site, which belongs
to a serine-type esterase [14]. For decades, PLE has been mainly
utilized as a hydrolase to produce various carboxylic acids, alco-
hols, and diol derivatives, and showed high regio-selectivity and
stereo-specificity which make them attractive biocatalysts for the
production of pure organic compounds [15-17]. Based on the
preliminary screening for several commercial enzymes, such as car-
boxylesterases (EC 3.1.1.1) and lipases (EC 3.1.1.3), PLE produced
1-monocaprin to the much higher level among all enzymes tried,
indicating that PLE was the most suitable enzyme for the selective
production of 1-monocaprin. Therefore, the primary purpose of this
study was to determine optimum conditions and kinetic parame-
ters of the PLE-catalyzed esterification for the selective production
of 1-monocaprin.

2. Materials and methods
2.1. Chemicals and reagents

The lyophilized powder of PLE with a reported catalytic activity
of >15 units/mg solid (one unit is equivalent to the hydrolysis of
1 wmole of ethyl butyrate to butyric acid and ethanol per minute
at pH 8.0 at 25°C) was purchased from Sigma-Aldrich Co. (St.
Louis, MO, USA). Standard compounds for the quantitative anal-
ysis of the HPLC (JASCO LC-2002, Tokyo, Japan) such as capric
acid, 1-monocaprin, 2-monocaprin, 1,2-dicaprin, 1,3-dicaprin,
tricaprin, and glycerol were purchased from Sigma-Aldrich
Co., Bis (2-ethylhexyl) sodium sulfosuccinate (AOT), dimyris-
toyl phosphatidylcholine (DMPC), dipalmitoylphosphatidylcholine
(DPPC), cetyltrimethylammonium bromide (CTAB), Triton X-100
(Sigma-Aldrich Co.), and polyethylene glycol 6000 (Wako Pure
Chemical Industry Ltd., Osaka, Japan) were used as surfactants to
formreverse micelles. AOT was purified according to the method of
Tamamushi and Watanabe [18], and dried over P,O5 under reduced
pressure. Acetone, benzene, cyclohexane, heptane, n-hexane, and
isooctane, all of HPLC-grade (Honeywell Burdick & Jackson Inter-
national, Inc., Muskegon, MI, USA), were stored over a Type 4A
molecular sieve (8-12 mesh, Sigma-Aldrich Co.), filtered prior to
use, and tested for selection as a proper organic reaction medium
in reverse micelles with 50 mM of surfactant. Water content was
determined with a Karl-Fisher moisture meter (CA-200, Norwood,
NJ, USA). All other chemicals were of analytical grade.

2.2. Preparation of reverse micelles

Predetermined amounts (0.16 units/mL of reactant) of PLE
in buffer solution (10mM Clark and Lubs buffer, pH 7.0) and

capric acid (0-100 mM as the final concentration) were added to
the organic solvent containing glycerol (100 mM) and surfactant
(50 mM), and then the mixture was vortex-mixed for 60s to form
clear micellar solution. The desired initial water content and glyc-
erol concentration were defined as the R-value, which indicates
the molar ratio of water to surfactant ([water]/[surfactant]), and
the G/F-value (|glycerol]/[fatty acid]), respectively. Clear micellar
solution without turbidity could be generated under the experi-
mental conditions within the range of 0 to 200 mM glycerol. The
Type 4 A molecular sieve with a concentration of 20% (w/v) against
the reactant was subsequently added to remove water during the
esterification.

2.3. Analysis of PLE-catalyzed esterification

The esterification by PLE in reverse micelles was conducted
using capric acid and glycerol as two kinds of substrates. A screw-
cap vial was filled with 5 mL of selected surfactant-organic solvent
solution containing capric acid, and the final concentrations of
surfactant and capric acid were adjusted to 50mM and 33 mM,
respectively. The desired amount of glycerol containing water and
PLE was injected into the screw-cap vial, and the PLE-catalyzed
esterification was initiated by vortex-mixing until the mixture
became clear. The final concentrations of buffer, surfactant, capric
acid, and glycerol were adjusted to 10, 50, 33, and 100 mM, respec-
tively (unless otherwise specified).

A sample of 0.4 mL was taken from the reaction mixture at pre-
determined intervals. The equal volume of acetone was added to
the sample in a test tube, and the test tube was shaken vigor-
ously for 2.0 min. Thereafter, an aliquot of 10 wL was applied to
HPLC for further analysis. A blank was prepared by the same pro-
cedure as described above except the use of thermal-deactivated
PLE. Esterification-quenched samples were analyzed with a HPLC
(Jasco LC-2002, Tokyo, Japan) equipped with a silica-based Luna
C18 column (5pwm, 4.6 x 150 mm; Phenomenex Inc., Torrance,
CA, USA) and a refractive index detector (RID-2031, JASCO corp.,
Tokyo, Japan) at a 0.8 mL/min flow rate. The mobile phase was
acetonitrile/2-propanol/acetic acid (15/3/1, v/v/v). Each peak in the
HPLC chromatogram was identified by comparison of its retention
time (R;) with those of 2-monocaprin (R; = 1.64 min), 1-monocaprin
(1.71 min), capric acid (2.36 min), 1,3-dicaprin (4.65min), 1,2-
dicaprin(5.31 min), and tricaprin (12.36 min) standards. One unit of
enzyme for the esterification was defined as the amount of PLE that
reacted 1 pmol of capric acid/min under the assay condition. All
of the data were the average of triplicate samples and were repro-
ducible within +10%. The degree of esterification was defined by the
following equation, and calculated from the peak areas integrated
by Borwin software (ver. 1.21, JASCO Corp.):

Degree of esterification (%)

Concentration of capricacid reduced at termination of esterification

- - - — x 100
Concentration ofcapric acid at initial time

The amount of protein was determined using the method
described by Bradford [19].

2.4. Optimization of the esterification conditions

Various concentrations of capric acid solution in 100 mM glyc-
erol were prepared to provide G/F-values between 1.0 and 9.0
in the presence of PLE with 0.16 units/mL of reactor. The appro-
priate amounts of water in the range of R-values from 0 to 1.0
were evaluated in the selected organic solvent medium contain-
ing 50mM of surfactant. PLE-catalyzed esterification in reverse
micelles was evaluated by varying the enzyme concentration
(2-8 mg protein/mL), pH (3-13), and temperature (20-70°C). The
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Fig. 1. HPLC chromatograms at initial time (a) and after termination (b) of the PLE-
catalyzed esterification employing glycerol and capric acid as substrates.
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Fig. 2. Time course of PLE-catalyzed esterification exerted by the change of degree
of esterification (%) and capric acid unreacted (mM).

kinetic parameters of PLE-catalyzed esterification were calculated
from Hanes-Woolf equation by determining the reduction rate of
the substrate, capric acid. The substrate concentration used in the
determination of kinetic parameters was 10-60 mM. The kinetic
study was run under optimum conditions.

Table 1
Relative catalytic efficiency of the PLE-catalyzed esterification in reverse micelles
employing different surfactants and organic solvents.

Chemicals Relative activity (%)
Surfactants AOT 100.0
Dimyristoylphosphattidylcholine 12.0
Dipalmitoylphosphatidylcholine 8.5
Triton X-100 6.4
Polyethylene glycol 6000 0.0
Cetyltrimethylammonium bromide 0.0
Organic solvents  Isooctane 100.0
Acetone 18.0
Benzene 8.4
Cyclohexane 13
n-Hexane 0.0
Heptane 0.0

*The PLE reaction was executed for 2 h at pH 7.0 and 60°C in the reverse micelles of
R-value 0.1 and G/F-value 3.0.

3. Results and discussion

3.1. Time course of PLE-catalyzed esterification in AOT/isooctane
reverse micelles

Based on quantitative analysis using HPLC, the typical time
course was shown in Fig. 1 and Fig. 2. The PLE-esterification
between glycerol and capric acid produced only 1-monocaprin
without any other products such as dicaprins and/or tricaprins
during the entire reaction (Fig. 1). Therefore, it was revealed that
PLE could be favorable for the selective production of pure 1-
monocaprin without further separation process. The degree of
esterification proportionally increased to 58.2% for the 2 h reac-
tion, and was maintained at ~60% after 4 h (Fig. 2). The maximum
degree of esterification was 62.7% at 4 h and the initial velocity of
PLE-catalyzed esterification was 2.69 x 102 units/mg protein/mL
reactor for 2 h. With respect to time course of PLE-catalyzed ester-
ification, the degree of esterification did not increase but gradually
attenuated after 2 h. This is likely due to the reduced capric acid
level, which causes an increase in the G/F-value, and because
the deficiency of donor molecules relative to acceptor molecules
decreased the esterification velocity.

3.2. Selection of surfactant and organic medium for the
esterification

Because of the structural uniqueness of surfactants, they can
locate the interfacial membrane between immiscible liquids, and
stabilize two-phase systems. Therefore, the surfactant used to form
the reverse micelles is one of the main factors to control the
micelle size, percolation rate through materials of surfaces, and
the interaction among nanodroplets [20]. With six kinds of surfac-
tants, the relative activities were evaluated to select the suitable
surfactant for the PLE-catalyzed esterification in reverse micelles
(Table 1). The highest esterification activity of PLE could be found
in the reverse micelles formed by AOT. The relative activities of the
reverse micelles formed by DMPC, DPPC, and Triton X-100 were
12.0, 8.5, and 6.4%, respectively, compared to those formed with
AOT. Esterification rarely occurred in the reverse micelles com-
posed of polyethylene glycol 6000 or CTAB. It is well-known that
the surfactants with around 1 of packing parameter are typically
assembled to multilamellar- or cylinder-form vesicles in polar and
nonpolar solvents [21]. The packing parameters of DMPC and DPPC
are around 1, indicating that DMPC and DPPC could not form the
stable spherical micellar structures enable to encapsulate PLE into
the interior region. This would be the reason for the low relative
activities of PLE in the vesicles formed by DMPC and DPPC.
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Fig. 3. Optimization of R-([water]/[AOT]) (a) and G/F-([glycerol]/[capric acid]) (b)
values for the PLE-catalyzed esterification in 50 mM AOT/isooctane reverse micelles.

In reverse micelles, organic solvents affect the stability and
initial velocity of encapsulated biocatalysts and solubilization of
substrate(s), droplet size, and inter-droplet interaction [10]. [sooc-
tane, acetone, benzene, cyclohexane, n-hexane, and heptane were
evaluated for their effect on enzyme-catalyzed esterification, as
they are frequently used as the organic media for various enzyme-
catalyzed reactions. Water-miscible solvents such as ethanol and
methanol which cannot form reverse micelles with an aqueous
phase were not considered [8]. AOT which displayed the greatest
PLE activity in reverse micelles was used for formation of reverse
micelles with the various organic solvents. The effect of the organic
solvent on PLE-catalyzed esterification in the reverse micelles is
summarized in Table 1 (the bottom). Isooctane was the most effec-
tive organic solvent for PLE-catalyzed esterification of glycerol and
capric acid in the reverse micelles. Acetone, benzene, and cyclo-
hexane showed very low relative activities, 18.0, 8.4, and 1.3%,
respectively. However, no enzyme activity was detected in the
reverse micelles prepared with n-hexane and heptane. Therefore,
AOT and isooctane were selected as the surfactant and organic
reaction medium, respectively, to characterize PLE-catalyzed ester-
ification in the reverse micelles. This combination was consistent
with previous reported results [22].

3.3. Optimization of R- and G/F values for the esterification in
reverse micelles

The R-value dominantly regulates the size of aqueous micro-
domain entrapping the enzyme and affects the stability of the
entrapped enzyme, which indicates the degree of hydration of the
reverse micelles [23]. For this reason, it has been utilized to evaluate
the dependence of enzyme activity on the water content. In order
to determine the effect of R-value on PLE-catalyzed esterification in
the reverse micelles, R-values were varied from 0 to 1.0 by changing
the ratio of water concentration to 50 mM AOT in isooctane solu-
tion to minimize the possible denaturing effect of the surfactant
on the enzyme [24]. The maximum reduction rate of capric acid
was obtained from the optimal amount for activation of PLE for an
esterification, but not for hydrolysis reaction (Fig. 3-a). At low R-
values (0 to 1.0), the conversion rate increased dramatically with
the increment of the R-value. However, at an R-value of >0.1, the
data showed a low reduction rate of capric acid compared with that
at an R-value of 0.1. In particular, PLE-catalyzed esterification was
not found at an R-value of >0.8.

The water in reverse micelles can be classified as immobilized
(below 2.0), hydrated (4.0 to 10.0), or free (above 10.0) state,
depending on the R-value [25]. In this study, the optimized R-value
for PLE-catalyzed esterification was 0.1, much lower than 2.0. As
described above, in reverse micelles with a very low R-value, the
AOT exists in a distorted state because of water deficiency in the
point of rotational isomerism of surfactant molecules, and it is dif-
ficult to form a micelle sphere including a water-pool to hydrate
enzymes. Thus, PLE is suspected to be solubilized inside of glycerol-
AOT micelle spheres in AOT/isooctane-reverse micelles following
the induced-fit model, one of three models of solubilization of pro-
tein molecules suggested by Martinek et al. [26]. In this model,
the size of the inner cavity of glycerol-AOT micelles can increase
in order to solubilize the enzyme. The other two models are the
water-shell and fixed size models, which require enough water at
an R-value of >2.0 to form a water-surfactant micelle sphere. At low
R-values, the micro-viscosity of the micellar water is higher than
that of the bulk solution [27,28]. Therefore, the maximum activity
of PLE in esterification of capric acid and glycerol in the low R-value
state may be explained by a reduction in the competition between
glycerol and water molecules and by the elimination of sponta-
neous fluctuations of protein structure, which disturb the catalytic
conformation in aqueous solution [26].

During enzyme-catalyzed synthesis, the ratio of donor to
acceptor is an important factor to achieve high productivity and
determine product composition. In esterification of glycerol with
fatty acids catalyzed by PLE, the fatty acid acts as a donor and glyc-
erol acts as an acceptor. The G/F-value can usually be controlled
by varying the concentration of glycerol to a fixed concentration
of fatty acid. To maximize the synthetic efficiency in synthesis
reactions such as esterification, a higher concentration of accep-
tor than of donor is generally required due to competition of
acceptor molecules with solvent molecules, such as water, at an
intermediate state. However, the amount of water was limited
to an R-value of 0.1 in this study. Simultaneously, the concentra-
tion of glycerol in the aqueous phase of the reverse micelles was
fixed to minimize the possibility of unexpected and undesirable
structural changes in the reverse micelles. The concentration of
capric acid was thus varied as a constant concentration of glycerol.
The effect of a G/F-value between 1.0 and 9.0 was estimated by
decreasing the concentration of capric acid to 100 mM glycerol. As
shown in Fig. 3-b, degree of esterification at 2 h of reaction time
was proportionally increased with the increase in the G/F-value
from 1.0 to 3.0. However, increasing the G/F-value to >3.0 did not
further increase the degree of esterification and decreased dras-
tically reduction rate of capric acid. Finally, the maximum levels
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of esterification degree (58.2%) and capric acid reduction velocity
(26.92 wM/min/mg protein) could be obtained from 3.0 of G/F-
value. Therefore, the optimum G/F-value was determined as 3.0
and identical to that of carboxylesterase from Calotropis procera R.
Br. [8].

3.4. Characteristics of PLE-catalyzed esterification in
AOT/isooctane reverse micelles

General characteristics of PLE-catalyzed esterification were
investigated by determining the effects of the enzyme concentra-
tion (2.0-8.0 mg/mL), pH (3-13), and temperature (20-70°C) on
the esterification in reverse micelles. The degree of esterification
at 2h was measured and gradually increased from 44.9 to 58.2%
at enzyme concentration of 2.0 and 6.0 mg/mL, respectively. How-
ever, increasing the enzyme concentration to >6.0 mg/mL could not
increase the degree of esterification any more (Fig. 4-a). Thereafter,
6.0 mg protein/mL reactor was employed as the optimum concen-
tration of enzyme for the further study. The dependence of PLE
activity on pH was shown as a bell-shaped curve in Fig. 4-b, and
the highest value was observed at pH 7.0 with 60°C. PLE showed
<20% activity at a pH of <5.0 and >10.0 compared with that at an
optimum pH. The optimum pH 7.0 was slightly closer to a neu-
tral pH compared with pH 8.0, the optimum pH for hydrolysis of
p-nitrophenyl acetate in an aqueous system [29]. It is thought that
a neutral pH is advantageous for solubilizing PLE in the reverse
micelles, including the anionic surfactant AOT, as determined by
the induced-fit model. The effect of temperature on PLE-catalyzed
esterification was investigated at temperature from 20 to 70 °C. As
illustrated in Fig. 4-c, PLE activity increased proportionally with
function from 20 to 60 °C, but dropped at 70 °C. The highest degree
of esterification was achieved at 60°C after 2 h reaction. There-
fore, 60°C was determined to be the optimum temperature for
PLE-catalyzed esterification. Temperature plays an important role
in enzyme-catalyzed reaction. Increases of reaction temperature
make a low viscosity of the reaction mixture. The low viscosity has a
potential to increase the rate of interaction between substrates and
enzyme molecules, thereby enhancing enzymatic activity [30]. The
Arrhenius equation has been widely used as a model to determine
the temperature dependence of the reaction rate [31]. The acti-
vation energy (E,) of the esterification reaction in AOT/isooctane
reverse micelles calculated from the Arrhenius plot [Eq. (1)] was
relatively low, 7.75 kcal/mol (inserted in Fig. 4-c), when compared
with 8.40 kcal/mol reported in a two-phase system for a similar
temperature range [32]. The difference might be caused by the
increased interfacial area between PLE molecules solubilized in the
glycerol pool containing a very small amount of water (core in the
reverse micelles) and capric acid (substrate) solubilized in isooc-
tane (continuous phase in the reversed micellar system). Therefore,
we reconfirmed that the AOT/isooctane reversed micellar system
could be efficient and suitable for the enzyme-catalyzed esterifica-
tion because it enhanced the collision factor between the enzyme
and substrate molecule.

Ea /1
Ink=1nA- — [ = 1
< (1) (1)
where k is the rate constant, A the pre-exponential factor, E; the
activation energy, R the gas constant, and T the absolute tempera-
ture.

3.5. Determination of kinetic parameters

PLE-catalyzed esterification in reversed micellar system fol-
lowed Michaelis-Menten kinetics. And Hanes-Woolf plot of
([capric acid]/initial velocity) versus [capric acid] gave a straight
line as shown in Fig. 5. Kinetic parameters of Michaelis-Menten
equation could be calculated from Hanes-Woolf equation [Eq. (2)]
of the esterification activities. To determine the kinetic parameters,
PLE-catalyzed esterification was conducted in the reverse micelles
at R-value of 0.1, G/F-value of 3.0, pH 7.0, and 60 °C with 6 mg/mL
PLE. The apparent Ky, and Vinax obtained from least square analysis
were 16.44 mM and 38.91 wM/min/mg protein, respectively. And
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the specific activity of the enzyme for the esterification in reversed
micellar system, which means the initial velocity exerted by 1 mg
protein of the enzyme, was determined as 2.69x102 units/mg
protein/mL reactor.

[S1_ 1 Kin
— = Sl +
v Vmax[ !

2
VlTlElX ( )
where [S] is the concentration of a substrate, V the initial velocity,
Vimax the maximum velocity, and K;;; the substrate concentration at
which half of Vijgx.

4. Conclusion

The reversed micellar system for PLE-catalyzed esterification
was established with AOT (surfactant) and isooctane (reaction
medium). Among surfactants applied, the surfactants having the
ability to form the stable spherical micellar structures showed the
high catalytic efficiency of the PLE-catalyzed esterification, indi-
cating that these surfactants were enabled to encapsulate PLE into
the interior region. PLE was most suitable enzyme to selectively
produce 1-monocaprin from capric acid and glycerol in the reverse
micelles. It was revealed that R-value was a significant factor to
make PLE esterification reaction specific and G/F-value also an
important factor toreach the high degree of esterification. Although
the significant factors affecting PLE activity were revealed, the way
how these factors affected PLE activity is unclear. Therefore, to
account for how glycerol behaviors in the reverse micelles, not as
a substance, and what makes esterification specific in the reverse
micelles under the established condition, not hydrolysis specific,
the experiment should be conducted to provide the concrete evi-
dence for above questions.

Acknowledgements

This research was financially supported in part by High Value-
added Food Technology Development Program (313021-3) by the
Ministry of Agriculture, Food and Rural Affairs, Republic of Korea,
and in part by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Sci-
ence, ICT & Future Planning (NRF-2013R1A1A2074378), Republic
of Korea.

References

K.-M. Park et al. / Enzyme and Microbial Technology 82 (2016) 51-57

[1] K. Mumme, W. Stonehouse, Effects of medium-chain triglycerides on weight
loss and body composition: a meta-analysis of randomized controlled trials, J.
Acad. Nutr. Dietet. 115 (2015) 249-263.

[2] Y.-M. Dong, Y. Li, H. Ning, C. Wang, ].-R. Liu, C.-H. Sun, High dietary intake of
medium-chain fatty acids during pregnancy in rats prevents later-life obesity
in their offspring, ]. Nutr. Biochem. 22 (2011) 791-797.

[3] J. Wang, ].-C. Yu, W.-M. Kang, Z.-Q. Ma, Superiority of a fish oil-enriched
emulsion to medium-chain triacylglycerols/long-chain triacylglycerols in
gastrointestinal surgery patients: a randomized clinical trial, Nutrition 28
(2012) 623-629.

[4] K.M. Park, S.-Y. Lim, M.S. Chung, D. Kang, Y.J. Choi, ]. Lee, et al., Effect of
1-monocaprin addition on the emulsion stability and the storage stability of
mayonnaise, Food Sci. Biotechnol. 19 (2010) 1227-1232.

[5] S. Skulason, W.P. Holbrook, H. Thormar, G.B. Gunnarsson, T. Kristmundsdottir,
A study of the clinical activity of a gel combining monocaprin and
doxycycline: a novel treatment for herpes labialis, ]. Oral Pathol. Med. 41
(2012) 61-67.

[6] H. Thormar, H. Hilmarsson, Glycerol monocaprate (monocaprin) reduces

contamination by E. coli and Salmonella enteritidis on hard surfaces, Food

Control 25 (2012) 505-510.

K. Yang, Y. Bi, S. Sun, G. Yang, S. Ma, W. Liu, Optimisation of

novozym-435-catalysed esterification of fatty acid mixture for the

preparation of medium-and long-chain triglycerides (MLCT) in solvent-free

medium, Int. J. Food Sci. Technol. 49 (2014) 1001-1011.

K.M. Park, O.T. Kwon, S.M. Ahn, ]. Lee, P.-S. Chang, Characterization and

optimization of carboxylesterase-catalyzed esterification between capric acid

and glycerol for the production of 1-monocaprin in reversed micellar system,

New Biotech. 27 (2010) 46-52.

D.A. Sanchez, G.M. Tonetto, M.L. Ferreira, Enzymatic synthesis of 1,

3-dicaproyglycerol by esterification of glycerol with capric acid in an organic

solvent system, J. Mol. Catal. B-Enzym. 100 (2014) 7-18.

[10] N.M. Correa, ].J. Silber, R.E. Riter, N.E. Levinger, Nonaqueous polar solvents in
reverse micelle systems, Chem. Rev. 112 (2012) 4569-4602.

[11] M. Bernardo, R. Pacheco, M.L.M. Serralheiro, A. Karmali, Production of
hydroxamic acids by immobilized Pseudomonas aeruginosa cells: Kinetic
analysis in reverse micelles, ]. Mol. Catal. B-Enzym. 93 (2013)

28-33.

[12] K.M. Park, C.W. Kwon, S.J. Choi, Y.-H. Son, S. Lim, Y. Yoo, et al., Thermal
deactivation kinetics of pseudomonas fluorescens lipase entrapped in
AOT/isooctane reverse micelles, J. Agric. Food Chem. 61 (2013) 9421-9427.

[13] S.-C. Hong, K.-M. Park, Y.-H. Son, H.-S. Jung, K. Kim, S.J. Choi, et al.,
AOT/isooctane reverse micelles with a microaqueous core act as protective
shells for enhancing the thermal stability of chromobacterium viscosum
lipase, Food Chem. 179 (2015) 263-269.

[14] J. Arpigny, K. Jaeger, Bacterial lipolytic enzymes: classification and properties,
Biochem J. 343 (1999) 177-183.

[15] K. Faber, Biotransformations in Organic Chemistry: A Textbook, Springer,
2011.

[16] K. Drauz, Enzyme Catalysis in Organic Synthesis: A Comprehensive
Handbook, John Wiley & Sons, 2012.

[17] M.E. Smith, S. Banerjee, Y. Shi, M. Schmidt, U.T. Bornscheuer, D.S. Masterson,
Investigation of the cosolvent effect on six isoenzymes of PLE in the
enantioselective hydrolysis of selected «, a-disubstituted malonate esters,
ChemCatChem 4 (2012) 472-475.

[18] B. Tamamushi, N. Watanabe, The formation of molecular aggregation
structures in ternary system: aerosol OT/water/iso-octane, Colloid Polym. Sci.
258 (1980) 174-178.

[19] M.M. Bradford, A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding,
Anal. Biochem. 72 (1976) 248-254.

[20] M.A. Biasutti, E.B. Abuin, ].J. Silber, N.M. Correa, E.A. Lissi, Kinetics of reactions
catalyzed by enzymes in solutions of surfactants, Adv. Colloid Interface Sci.
136 (2008) 1-24.

[21] R. Nagarajan, Molecular packing parameter and surfactant self-assembly: the
neglected role of the Surfactant Tailj, Langmuir 18 (2002) 31-38.

[22] N. Gerhardt, S. Dungan, Time-dependent solubilization of IgG in
AOT-brine-isooctane microemulsions: role of cluster formation, Biotechnol.
Bioeng. 78 (2002) 60-72.

[23] M. Jiménez, J. Escribano, F. Gandia-Herrero, S. Chazarra, J. Cabanes, F.
Garcia-Carmona, et al., Characterization of patatin esterase activity in
AOT-isooctane reverse micelles, Biotechnol. Progr. 18 (2002) 635-640.

[24] C.M. Carvalho, J. Cabral, Reverse micelles as reaction media for lipases,
Biochimie 82 (2000) 1063-1085.

[25] A. Goto, H. Yoshioka, M. Manabe, R. Goto, NMR spectroscopic study on the
dissolution of water in sodium bis (2-ethylhexyl) sulfosuccinate/toluene
solution, Langmuir 11 (1995) 4873-4875.

[26] K. Martinek, N. Klyachko, A. Kabanov, Y.L. Khmelnitsky, A. Levashov, Micellar
enzymology: its relation to membranology, Biochim. Biophys.
Acta-Biomembr. 981 (1989) 161-172.

[27] S. Andrade, S. Costa, Fluorescence studies of the drug Piroxicam in reverse
micelles of AOT and microemulsions of Triton X-100, Progr. Colloid Polym.
Sci. 19 (1996) 5-200.

[28] M. Hasegawa, T. Sugimura, Y. Suzaki, Y. Shindo, A. Kitahara, Microviscosity in
water pool of Aerosol-OT reversed micelle determined with
viscosity-sensitive fluorescence probe, auramine O, and fluorescence
depolarization of xanthene dyes, J. Phys. Chem. 98 (1994) 2120-2124.

17

[8

19


http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0020
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0025
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0030
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0035
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0040
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0045
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0050
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0055
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0080
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0085
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0095
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0100
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0105
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0140

K.-M. Park et al. / Enzyme and Microbial Technology 82 (2016) 51-57 57

[29] S.Lange, A. Musidlowska, C. Schmidt-Dannert, ]. Schmitt, U.T. Bornscheuer, [31] M. Peleg, M.D. Normand, M.G. Corradini, The Arrhenius Equation Revisited,
Cloning, functional expression, and characterization of recombinant pig liver Crit. Rev. Food Sci. Nutr. 52 (2012) 830-851.
esterase, Chembiochem 2 (2001) 576-582. [32] D. Luna, A. Posadillo, V. Caballero, C. Verdugo, F.M. Bautista, A.A. Romero,

[30] T. Salmi, E. Paatero, P. Nyholm, Kinetic model for the increase of reaction et al., New biofuel integrating glycerol into its composition through the use of
order during polyesterification, Chem. Eng. Process. 43 (2004) 1487-1493. covalent immobilized pig pancreatic lipase, Int. J. Mol. Sci. 13 (2012)

10091-10112.


http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30049-1/sbref0160

	Selective production of 1-monocaprin by porcine liver carboxylesterase-catalyzed esterification: Its enzyme kinetics and c...
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Preparation of reverse micelles
	2.3 Analysis of PLE-catalyzed esterification
	2.4 Optimization of the esterification conditions

	3 Results and discussion
	3.1 Time course of PLE-catalyzed esterification in AOT/isooctane reverse micelles
	3.2 Selection of surfactant and organic medium for the esterification
	3.3 Optimization of R- and G/F values for the esterification in reverse micelles
	3.4 Characteristics of PLE-catalyzed esterification in AOT/isooctane reverse micelles
	3.5 Determination of kinetic parameters

	4 Conclusion
	Acknowledgements
	References


