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This study investigates the effects of the treatments (substrate analogue imprinting
and ionic liquid coating) on the catalytic activity and thermostability of lipase from Bur-
kholderia cepacia in the transesterification of vinyl acetate with benzyl alcohol. The
catalytic activity was significantly enhanced when the lipase was coated with a Brij
56-based ionic liquid or surfactant Brij 56. Notably, the ionic liquid coating had a great-
er effect than the imprinting treatment. The activity of the ionic liquid-coated lipase was
over 50 times greater than that of the free lipase. Additionally, after incubation at 90 °C
for 2 hours, the residual activity of the ionic liquid-coated lipase was about twice those
of the other lipases. These findings demonstrate that the ionic liquid coating substantially
improved both the reactivity and thermostability of the lipase compared to the native lipase.
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Introduction

Lipases are widely distributed in animals,
plants, and microorganisms. However, current ap-
plied research predominantly focuses on microbial
lipases, except in the fields of medicine and phar-
macology. This is due in part to microbial lipases’
ability to stably express their functions without the
need for cofactors, as well as their ease of purifica-
tion. The industrial production of microbial lipases
has been explored across various fields, leading to
the development of efficient production technolo-
gies and the purification of numerous types of mi-
crobial lipases. Comparative studies have demon-
strated the diversity of lipases due to differences in
their sources, potentially expanding the range of li-
pase applications'. Among the lipases from various
sources, the lipase from Burkholderia cepacia is
widely recognized and commercially available,
known for its thermal resistance and tolerance to a
wide range of solvents and short-chain alcohols?®. Its
primary application is in transesterification reac-
tions in hydrophobic organic solvents 2.

One method for the activation of enzymes in
organic solvents is imprinting, which involves lyo-
philizing lipase loaded with a substrate analogue to
form a lipase-substrate analogue complex, followed
by the removal of the substrate analogue®. This pro-
cess helps maintain the lipase in an active confor-
mation. In aqueous solutions, the active sites of li-
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pases are covered by a flexible region or “lid”.
Interfacial activation by organic solvents or amphi-
philes can induce the lid to open, making the active
site accessible*. Imprinted lipases typically exhibit
much higher activity than their unimprinted coun-
terparts.

Previous studies have investigated the effects
of imprinting on the reactivity and thermostability
of lipases from Candida rugosa®’ and porcine pan-
creas® in the esterification and transesterification
reactions in organic solvents. The effect of imprint-
ing on esterification has also been reported for im-
mobilized Burkholderia cepacia lipases®'°. For in-
stance, the relative activity of imprinted lipase
incubated at 60 °C showed no decline after an ini-
tial period, indicating a significant improvement in
its thermostability. In contrast, the relative activity
of free lipase decreased to 0.53 after 4 hours’. How-
ever, these studies on the thermostability of imprint-
ed lipases were qualitative rather than quantitative.

Another method for activating enzyme function
in organic solvents proposed recently involves coat-
ing the enzyme with an ionic liquid. Several studies
have reported on sucessful ionic liquid-coating of
lipases from Burkholderia cepacia. Lee et al. re-
ported a significant increase in enantioselectivity
and activity in the transesterification reaction by li-
pase coated with their prepared ionic liquids' .
Itoh et al. systematically studied various ionic lig-
uids suitable for lipase coating and explored their
properties in transesterification reactions using ion-
ic liquid-coated lipases'*'®. One of the ionic lig-
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uid-coated lipases they prepared is now commer-
cially available. Furthermore, ester synthesis' and
ring-opening polymerization® by ionic liquid-coat-
ed lipases from Candida antarctica have also been
reported. However, these studies focused primarily
on synthetic organic chemistry and lacked quantita-
tive treatment.

In this study, we quantitatively investigated the
effects of substrate analogue imprinting and ionic
liquid coating on the catalytic activity and thermo-
stability of Burkholderia cepacia lipase in the trans-
esterification of vinyl acetate with benzyl alcohol.

Experimental methods

Materials

Lipase from Burkholderia cepacia (Amano Li-
pase PS, 534641, >30,000 U g, Sigma-Aldrich) and
an ionic liquid (1-butyl-2,3-dimethylimidazolium
poly [oxyethylene (10)] cetyl sulfate) — coated li-
pase (B3028, Tokyo Chem. Ind. Co.) prepared from
Brij 56 and Amano Lipase PS were used throughout
the experiments. A lipase coated with surfactant
Brij56 (polyoxyethylene (10) cetyl ether, Sigma-Al-
drich) was also employed for comparison. Vinyl ac-
etate and benzyl alcohol served as substrates in the
transesterification reactions. The solvents used for
the transesterification included benzene, toluene,
ethylbenzene, cyclohexane, hexane, diphenyl ether,
and isooctane were. These solvents are commonly
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used in organic solvents-based transesterifications.
Hexane, used in the imprinting process, was dried
with 3 A molecular sieves prior to use. All reagents
were of analytical grade and used without further
purification.

Imprinting of lipases

The imprinting of the native lipase and the ion-
ic liquid-coated lipase with propionic acid as the
imprint molecule allowed the method previously
described in references®®. Lipase (500 mg) was dis-
solved in 9 c¢m? of a phosphate buffer (pH 7). A
solution of propionic acid (3.5 mmol) and Tween 80
(1000 mg) was prepared in 10 cm’ of ethanol. To
the lipase solution, 1 cm® of acid solution was add-
ed, and the mixture was incubated for 20 min at
room temperature. The solution was then freeze-
dried, and the resulting powder was washed with
hexane to remove the acid. The resultant lipases
were filtered and dried in vacuo. The same imprint-
ing procedure was applied to the ionic liquid-coated
lipase.

lonic liquid-coated lipase

A commercial ionic liquid-coated lipase was
used for the experiment. For comparison, a Brij 56-
coated lipase was prepared following a similar pro-
cedure to that used in a previous report on ionic
liquid-coated lipases'®. Fig. 1 summarizes the vari-
ous lipase pretreatments used in this study.

lid

lonic liquid- or surfactant-coated Lipase

l . commercially available product

Fig. 1 — Schematic diagram of lipase pretreatment process
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Transesterification

The transesterification reaction with vinyl ace-
tate and benzyl alcohol was used as a model reac-
tion to assess the effects of ionic liquid coating and
imprinting. The reactions were initiated by adding
1.0 mg of lipase powder to 1 mL of organic solvent
containing both substrates (vinyl acetate and benzyl
alcohol) in vials at 50 °C, and stirring at 1000 rpm.
At regular intervals over 120 minutes, the vials
were removed from the thermomixer (Comport, Ep-
pendorf), immediately centrifuged, and the extent
of the reaction was determined by measuring the
benzyl acetate concentration using HPLC. The initial
experimental conditions were set at a vinyl acetate
concentration of [VA] = 300 mmol dm= and benzyl
alcohol concentration of [BA] = 300 mmol dm>.
Reactivity was defined as a relative value based on
the conversion rate of free lipase after 30 minutes.

Thermostability of lipase

The lipases were incubated in isooctane at 90
°C. After the prescribed incubation period, the sub-
strate solution was added, and the reaction was car-
ried out at 50 °C and 1000 rpm for 30 min. Samples
were collected to measure lipase activity, and resid-
ual activities were defined as the ratio of the initial
reaction rates of the incubated lipases to those with-
out incubation.

Residual activity, a, is given by the following
equation based on reversible first-order deactivation
kinetics?’:

a,—a

lf_—a°°=exp{—(kd +k, )i} (1)
where k,and k_are lipase deactivation and refolding
rate constants, respectively, a_ is the residual activ-
ity at equilibrium and ¢ is the elapsed time.

Analysis

Standard solutions of benzyl acetate were used
to prepare the calibration curves. The concentra-
tions of benzyl acetate in the organic solutions were
determined by HPLC (Shimadzu LC-10ADvp) with
a Wakosil-II SC18AR column and an eluent solu-
tion (acetonitrile:water = 1:1) as a mobile phase
(0.6 cm® min!). Esters were identified using a UV
detector set at 255 nm (Shimadzu SPD10AV).

Results and discussion

Effect of pretreatment on transesterification
The effect of various lipase pretreatments, such

as imprinting of free lipase, ionic liquid-coating,
and imprinting of ionic liquid-coated lipase in the
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Fig. 2 — Effect of lipase pretreatment (imprinted, ionic liq-
uid-coated, and imprinted ionic liquid-coated) on conversion of
transesterification in cyclohexane: Vinyl acetate concentration
= benzyl alcohol concentration = 300 mmol dm™

transesterification reaction between vinyl acetate
and benzyl alcohol was investigated. Fig. 2 shows a
typical example of the conversion changes over
time during the transesterification reaction using
untreated (free) lipase and pretreated (imprinted,
ionic liquid-coated, and imprinted ionic liquid-coat-
ed) lipases. The pretreatments resulted in a signifi-
cant increase in conversion rate. After 2 hours, the
conversions reached constant values regardless of
the type of pretreatment applied. This indicated that
the lid of the lipase was open in all the pretreatment
cases, as shown in Fig. 1. Interestingly, imprinting
of the ionic liquid-coated lipase had no positive ef-
fect on reaction activity. The effect of pretreatment
on the relative reactivity at 30 min in hexane using
free lipase is shown in Fig. 3. The activity of the
ionic liquid-coated lipase was more than 50 times
higher than that of the free lipase. Transesterifica-
tion reactions of secondary alcohols with vinyl ace-
tate in diisopropyl ether catalyzed by ionic lig-
uid-coated lipase have been reported'®. The ionic
liquid-coated lipase showed a 500- to 1000-fold
acceleration effect on a few secondary alcohols with
naphthalene rings, while the acceleration for most
other secondary alcohols ranged between 1- to 98-
fold. In the previous report®, there is no example
using primary alcohols, but the degree of accelera-
tion was 15-fold with 1-phenylethanol. It was found
that even primary alcohols provide sufficient accel-
eration in transesterification reactions. The lipase
coated with surfactant Brij-56, a component of ion-
ic liquid, also showed high activity. The imprinted
lipase significantly enhanced activity, although it
was less effective than the coated lipase. Fig. 4
shows the relationships between the relative activi-
ties of the free and ionic liquid-coated lipases and
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Fig. 3 — Effect of lipase pretreatment (imprinted, ionic lig-
uid-coated, and Brij 56 coated) and solvent on relative activity
of transesterification. Vinyl acetate concentration = benzyl al-
cohol concentration = 300 mmol dm.
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Fig. 4 — Relationship between transesterification activity of
free and ionic liquid-coated lipases and solvent hydrophobicity.
Vinyl acetate concentration = benzyl alcohol concentration =
300 mmol dm.

the hydrophobicity of the solvents (log P). The rel-
ative activity increased roughly linearly with in-
creasing log P values, which differs from previous
report using this lipase where the transesterification
reaction between the vinyl acetate and the 2-o-ben-
zylglycerol preferred solvents with lower log P val-
ues?', and that the esterification reaction between
lauric acid and dodecanol was not significantly de-
pendent on the log P of the solvent®. Generally, the
catalytic activity of lipase increases as the substrate

(log P = 1.1 for benzyl alcohol, 0.3 for 2-0-benzyl-
glycerol) and the solvent hydrophobicities decrease
because of the preferential-partitioning behavior of
the substrate between the reaction medium and the
active sites of the lipase. Esterification and transes-
terification catalyzed by lipases are known to fol-
low the Ping-Pong mechanism®. The lipase picks
up an acyl-group from the vinyl acetate, forms a li-
pase-acyl complex and releases vinyl alcohol. This
acyl-enzyme then reacts with benzyl alcohol to
form benzyl acetate, and the lipase returns to its
original state. Previous studies have focused on the
relationship between the reactivity and the hydro-
phobicity of substrates with acyl groups, in which
case the alcohol substrate was not hydrophobic.
Therefore, when a hydrophobic alcohol component
is used as in this study, a more hydrophobic envi-
ronment is considered suitable for the reaction be-
tween the acyl enzyme and the alcohol.

Effect of lipase pretreatment on its thermostability

Fig. 5 shows the time course of residual activi-
ties of lipases in cyclohexane at 90 °C. Due to their
excellent heat resistance?, neither free nor pretreated
lipase showed deactivation within 2 hours with in
the temperature range of 50 — 70 °C. Therefore, for
this study, the incubation temperature was set at a
high level of 90 °C. In all lipase formulations, en-
zyme activity gradually decreased at 120 min and
then remained constant, suggesting that enzyme de-
activation followed first-order reversible kinetics.

When the hydrolysis reaction in water is used
as an indicator of lipase activity, the deactivation of
lipase from Burkholderia cepacia follows irrevers-
ible first-order kinetics?*. Moreover, when the trans-
esterification reaction in dichloromethane is used to
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Fig. 5 — Thermostability of pretreated lipases (imprinted,
ionic liquid-coated, and Brij 56 coated) at 90 °C in isooctane.
Solid lines were calculated using Eq. (1).
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Table 1 — Parameters in the lipase deactivation kinetics based on Equation (1) at 90 °C in isooctane

90 °C Native Imprinted IL-coated Brij 56-coated
a, 0.156+0.034 0.159+0.037 0.296+0.045 0.0861+0.0589
10% k, (min™") 1.76+0.17 5.29+0.65 1.67+0.23 1.58+0.19
10% k_(min™") 0.326+0.105 0.989+0.336 0.702+0.213 0.149+0.022

evaluate the activity of the immobilized lipase from
Burkholderia cepacia, its authors recommend an ir-
reversible series model for the deactivation of this
lipase, which is not very different from the results
obtained with irreversible first-order kinetics®. This
may arise because lipase exposure to the nonpolar
organic phase prevents complete deactivation due to
a more stable, open form of the catalytically active
site than in water®.

The parameters, &k, k_and a_ included in Eq. (1)
were calculated for the data in Fig. 5 using Sigma
Plot 14.0, with the results shown in Table 1. The
calculated lines (solid) are in good agreement with
the experimental results, confirming the validity of
the model in Eq. (1). Fig. 5 shows that the thermo-
stability of the imprinted lipase decreased, which
corresponds to a three-fold increase in the deacti-
vation constant k, compared to the other lipases in
Table 1.

Although the inactivation kinetics have not
been analyzed, the thermostability of the immobi-
lized lipase from Burkholderia cepacia has been
reported to increase by imprinting®!?, whereas, in
this study, the thermostability of the free lipase con-
versely decreased by imprinting. This difference
may be attributed to the greater rigidity of the exter-
nal backbone in immobilized lipase molecules'.

This differs from the findings with porcine
pancreas lipase®, where the effect was attributed to
the origin of the lipase. On the other hand, there
was no significant difference in the deactivation
constants of the free lipase, the Brij 56-coated li-
pase and the ionic liquid-coated lipase, as shown in
Fig. 5 and Table 1. The residual activity of the ionic
liquid-coated lipase after 2 hours was about twice
as high as that of the other lipases. The fact that the
ionic liquid-coated enzyme does not lead to com-
plete inactivation may be a major advantage.

Conclusions

This study investigated the effects of imprint-
ing and ionic liquid-coating on the catalytic activity
and thermostability of Burkholderia cepacia lipase
in transesterification reactions in organic solvents.
Both imprinting and ionic liquid-coating signifi-
cantly enhanced catalytic activity, although no syn-
ergistic effect between the ionic liquid coating and

imprinting was observed. The effect of the former
outstripped that of latter. The transesterification ac-
tivity between vinyl acetate and benzyl alcohol in-
creased with greater hydrophobicity of the solvent,
contrary to previous reports. Furthermore, the ther-
mostability of the lipases at 90 °C was greatly en-
hanced by coating the lipase with Brij 56 and ionic
liquid. On the other hand, imprinting notably re-
duced the thermostability of the lipase, although the
thermostability of the porcine pancreas lipase was
enhanced by imprinting. The effect of imprinting
was also found to be dependent on enzyme origin.
As a result, the ionic liquid-coated enzyme showed
improved transesterification activity and thermosta-
bility.
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