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The objective of this work was to select the most suitable procedure to immobilize lipase from Penicillium camembertii (Lipase
G). Different techniques and supports were evaluated, including physical adsorption on hydrophobic supports octyl-agarose,
poly(hydroxybutyrate) and Amberlite resin XAD-4; ionic adsorption on the anionic exchange resin MANAE-agarose and covalent
attachment on glyoxyl-agarose, MANAE-agarose cross-linked with glutaraldehyde, MANAE-agarose-glutaraldehyde, and epoxy-
silica-polyvinyl alcohol composite. Among the tested protocols, the highest hydrolytic activity (128.2 ± 8.10 IU·g−1 of support)
was achieved when the lipase was immobilized on epoxy-SiO2-PVA using hexane as coupling medium. Lipase immobilized by
ionic adsorption on MANAE-agarose also gave satisfactory result, attaining 55.6 ± 2.60 IU·g−1 of support. In this procedure,
the maximum loading of immobilized enzyme was 9.3 mg·g−1 of gel, and the highest activity (68.8 ± 2.70 IU·g−1 of support)
was obtained when 20 mg of protein·g−1 was offered. Immobilization carried out in aqueous medium by physical adsorption
on hydrophobic supports and covalent attachment on MANAE-agarose-glutaraldehyde and glyoxyl-agarose was shown to be
unfeasible for Lipase G. Thermal stability tests revealed that the immobilized derivative on epoxy-SiO2-PVA composite using
hexane as coupling medium had a slight higher thermal stability than the free lipase.

1. Introduction

Lipases (triacylglycerol acyl hydrolases EC 3.1.1.3) are
hydrolases that act on carboxylic ester bonds. The natural
physiologic role of lipases is the hydrolysis of triglycerides
into fatty acids and glycerol, but they can also catalyze
esterifications and interesterifications in nonaqueous media
[1–5]. A peculiarity mechanism action of lipases is the
interfacial activation. Most lipases have a α-helical oligopep-
tide structure covering their active site (lid or flap) and
making them inaccessible to substrates. In the absence of a
hydrophobic interface, the active site is secluded from the
reaction medium, and the enzyme is in the so-called “closed
conformation.” However, in the presence of a hydrophobic
interface (a drop of oil), the lipase changes its conformation
and exposes the catalytic site to the hydrophobic phase,
yielding the “open conformation” [6–9].

The limitations of the industrial use of lipases have been
mainly due to their high cost, which may be overcome by
immobilization techniques on solid supports. Immobiliza-
tion facilitates the separation of products and provides more
flexibility with enzyme/substrate contact by using various
reactor configurations. Moreover, immobilization on solid
supports may improve enzyme features, from stability to
selectivity [10–14]. Lipases have been immobilized by using
different protocols as physical adsorption on hydrophobic
and ionic exchange resins, covalent attachment on highly
activated supports and encapsulation in organic matrices
[15–22]. Covalent attachment of lipases on highly activated
supports (e.g., with epoxy or aldehyde groups) may promote
an intense rigidification of their three-dimensional structure.
The relative distances among all residues involved in the
covalent immobilization have to be maintained during any
conformational change induced by any distorting agent,
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for example, solvents and temperature [15–19]. Lipases can
be also purified, immobilized, and stabilized via interfacial
activation on hydrophobic supports. These enzymes are
strongly adsorbed onto hydrophobic interfaces through the
lid that covers their active site, recognizing these supports
as their natural substrate (hydrophobic oil interfaces). This
technique is easy, cheap, and allows facile recycling of the
support at the end of the life of the enzyme [9, 20–
22]. Enzymes can be also reversibly immobilized on ionic
exchange supports. Stability of lipases immobilized on these
supports can be significantly improved. After inactivation,
the enzymes, including lipases, can be also fully desorbed
from the support, and then the support can be reused for
several cycles [13, 23].

This work deals with the selection of a suitable procedure
to immobilize lipase from Penicillium camembertii (Lipase
G). In order to achieve this goal, different protocols such as
physical adsorption on octyl-agarose, poly(hydroxybutyrate)
(PHB), and amberlite resin XAD-4; ionic adsorption on
anionic exchange resin MANAE-agarose and covalent attach-
ment on glyoxyl-agarose, MANAE-agarose cross-linked
with glutaraldehyde, MANAE-agarose-glutaraldehyde, and
epoxy-silica-polyvinyl alcohol composite (epoxy-SiO2-PVA)
were tested.

Lipase G is a lipolytic enzyme preparation manufactured
by Amano Enzyme Inc. by a selected strain belonging to Peni-
cillium camembertii, which has unique substrate restricted to
mono- and diglycerides reacting mainly with medium-chain
molecules [24, 25]. This enzyme shows no activity towards
triacylglycerols such as tripropionin, tributyrin, trioctanoin,
and olive oil [26]. This lipase has a single polypeptide
chain consisting of 276 amino acid residues with two short
disulfide bridges (Cys36–Cys41 and Cys103–Cys106) and
molecular weight of 30 kDa. The catalytic triad of Asp, His,
and Ser, was conserved at positions 199, 259, and 145,
respectively [25]. Penicillium camembertii lipase has a natural
trend to form bimolecular aggregates by interaction between
the hydrophobic surfaces surrounding the active centers via
numerous hydrogen bonds and salt bridges [27]. This lipase
has shown consistent high production of monoglyceride
in the direct acylation of glycerol with fatty acids having
different chain lengths [18]. Although several reports have
been published using this lipase preparation [17, 18, 26],
data relating its immobilization and the performance of
the resulting immobilized derivative is still scarce in the
literature.

2. Materials and Methods

2.1. Materials. Penicillium camembertii lipase (Lipase G) was
purchased from Amano Enzyme (Nagoya, Japan), having
protein concentration of 10 mg·g−1 of powder and specific
activity of 85.9 ± 1.80 IU·mg−1 of protein. The lipase
preparation was used without further purification. Amberlite
resin XAD-4 was acquired from Fluka (Buchs, Swiss) and
poly(hydroxybutyrate) (PHB) from PHB Industrial S.A. (São
Paulo, Brazil). Agarose CL-6B (Sepharose CL-6B) and octyl-
agarose CL-4B (40 μmoL of octyl groups·mL−1 of gel) were
purchased from Pharmacia Biotech (Uppsala, Sweden). The

characteristics of supports used in the present work are
presented in Table 1. Glyoxyl-agarose (95 μmoL aldehyde·g−1

of support) was prepared as previously described [28].
MANAE-agarose was prepared as previously described [29].
MANAE-agarose-glutaraldehyde was prepared activating
MANAE-agarose with glutaraldehyde dimeric form as pre-
viously described [30]. Tetraethylorthosilicate (TEOS) was
purchased from Sigma-Aldrich Chemicals Co. (Milwaukee,
Wis, USA). Epichlorohydrin, hydrochloric acid (minimum
36%), and polyethylene glycol (PEG, molecular weight 1500)
were supplied by Reagen (Rio de Janeiro, RJ, Brazil). All other
reagents used were of analytical grade.

2.2. Preparation of Epoxy-SiO2-PVA. Polysiloxane-polyvinyl
alcohol hybrid composite was prepared by hydrolysis and
polycondensation of tetraethylorthosilicate (TEOS) accord-
ing to the methodology previously described [31]. The
reagents TEOS (5 mL), ethanol (5 mL), and polyvinyl alcohol
(PVA) solution 2% (w/v) (6 mL) were carefully mixed and
stirred for 5 min at 60◦C, followed by the addition of
0.1 mL of concentrated HCl in order to catalyze the reaction.
After 40 min, the solution was transferred to microwells
of tissue culture plates (disc shape) and kept at room
temperature until complete gel solidification (formation
of the interpenetrated network of SiO2-PVA). Then, the
spheres were ground in a ball mill to attain particles with
80 MESH (Tyler standard). Activation of SiO2-PVA particles
was carried out with epichlorohydrin 2.5% v/v at pH 7.0 for
1 h at room temperature, followed by exhaustive washings
with distilled water [17].

2.3. Immobilization Protocols

2.3.1. Physical Adsorption. 1.0 g of octyl-agarose CL-4B,
amberlite resin XAD-4, or PHB were soaked into 5 mL of
ethanol 96% (v/v) for 30 min, according to the methodology
described by Adlercreutz [32]. The supports were filtered and
incubated with 20 mL of 5 mmoL·L−1 buffer Tris-HCl pH 7.0
containing 0.25 mg protein·mL−1 for 24 h. The immobilized
derivatives were recovered by vacuum filtration.

2.3.2. Ionic Adsorption. Powder lipase preparation was dis-
solved in 10 mL of 2.5 mmoL·L−1 buffer Tris-HCl pH 7.0
and mixed with 1.0 g of MANAE-agarose under mild stirring
for 1 h at room temperature. MANAE-agarose was tested
by offering different protein loadings (5.0 to 30·0 mg·g−1

of support) to determine the support saturation. The
immobilized derivatives were recovered by vacuum filtration.

2.3.3. Covalent Attachment

In Aqueous Medium. Powder lipase preparation was dis-
solved in 10 mL of 100 mmoL·L−1 of bicarbonate buffer
pH 10.05 and mixed with 1.0 g of glyoxyl-agarose under
mild stirring for 1 h at room temperature. Immobilization
on MANAE-agarose-glutaraldehyde or SiO2-PVA compos-
ite previously activated with epichlorohydrin (epoxy-SiO2-
PVA) was performed by incubating 1.0 g of support in 10 mL
of buffer Tris-HCl (2.5 and 100 mmoL·L−1) pH 7.0 under
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Table 1: Characteristics of the tested supports for immobilizing Lipase G by different protocols.

Support Basic structure
Particle diameter

(μm)
Pore volume

(mL·g−1)
Surface area

(m2·g−1)

Amberlite XAD-4a Macroreticular cross-linked
aromatic polymer

490–690 0.500 ≥750

Octyl-agarose CL-4Bb Cross-linked agarose via stable
ether linkages, 4%

45–165 — —

PHBc Polyester 75–90 — —

SiO2-PVAd Polysiloxane-polyvinyl alcohol
hybrid matrix

175 0.275 461

Agarose CL-6Be Cross-linked agarose via stable
ether linkages, 6%

45–165 — 25

a
Rohm and Haas technical information.

bAmersham Pharmacia technical information.
CPHB industrial technical information.
dReference [17].
eReference [28].

mild stirring for 1 h at room temperature, offering protein
loading of 5 mg·g−1 of support. Immobilization by ionic
adsorption on MANAE-agarose followed by cross-linking
with glutaraldehyde was performed by incubating 1.0 g of the
immobilized lipase on MANAE-agarose in 9 mL of 1% (v/v)
glutaraldehyde solution in buffer Tris-HCl 5 mmoL·L−1 pH
7.0 at room temperature for 40 min under mild stirring. The
derivatives were then filtered and washed thoroughly with
Milli-Q water.

In Organic Medium. epoxy-SiO2-PVA composite (1.0 g) was
soaked into hexane under stirring (100 rpm) for 1 h at room
temperature. Then, excess of hexane was removed, and lipase
was added at a ratio of 1 : 4 gram of enzyme per gram
of support (2.5 mg of protein·g−1 of support). PEG-1500
was added together with the enzyme solution at a fixed
amount (100 μL·g−1 of support). Lipase-support system was
maintained in contact for 16 h at 4◦C under static conditions.
The immobilized derivative was filtered in nylon membrane
and rinsed thoroughly with hexane [31].

2.4. Determination of Hydrolytic Activity. Hydrolytic activi-
ties of soluble and immobilized lipases were assayed using
vinyl propionate as substrate, according to the methodology
described by Chahinian et al. [33]. One international unit of
activity was defined as the amount of enzyme that releases
1 μmoL of propionic acid per minute (1 IU) under the assay
conditions.

2.5. Determination of Protein. Protein was determined
according to the methodology described by Bradford [34]
using bovine serum albumin (BSA) as standard.

2.6. Immobilization Parameters. Immobilized protein (IP)
was calculated by determining the amount of protein dis-
appeared from the supernatant and comparing to the initial
protein concentration offered (mg·g−1 of support). Recov-
ered activity percentage (RA) was calculated by determining
the activity of the immobilized enzyme (apparent hydrolytic

activity) and comparing with the number of enzyme units
that disappeared from the supernatant (theoretically immo-
bilized).

2.7. Thermal Studies of Free and Immobilized Lipase. The
effect of temperature on the activity of free and immobilized
lipase was determined at temperature range from 25 to 60◦C.
For thermal stability tests, both free and immobilized lipase
preparations were incubated in buffer Tris-HCl pH 7.0 at
40 or 50◦C for 2 h. Samples were removed and assayed for
residual activity as previously described (hydrolysis of vinyl
propionate), taking an unheated control to be 100% active.

3. Results and Discussion

3.1. Immobilization Parameters for Lipase G on Different Sup-
ports and Protocols. Different protocols to immobilize Lipase
G on different supports were screened. All immobilization
procedures were carried out in aqueous medium, except
when epoxy-SiO2-PVA composite was used. For this matrix,
the lipase was immobilized in both aqueous and organic
media. Table 2 displays the immobilization parameters in
terms of immobilized protein (IP), hydrolytic activity (HA),
and recovered activity (RA) for each procedure evaluated.

The first methodology to be tested was the physical
adsorption on highly hydrophobic supports with different
characteristics such as octyl-agarose, PHB, and amberlite
XAD-4 (Table 1) to take advantage of the complex mecha-
nism of lipases as a tool that allows the immobilization via
hydrophobic interaction at very low ionic strength [9, 20,
21]. Lipases recognize these surfaces similarly to those of
their natural substrates (drops of oil), yielding immobilized
derivative with open and hyperactivated structures [9, 21].
However, Lipase G was not immobilized by selective adsorp-
tion at very low ionic strength on three different hydrophobic
supports tested, in agreement with data previously reported
using hydrophobic matrix polypropylene [35]. Under these
conditions, the aggregates of Lipase G formed by strong
interaction of hydrophobic pockets surrounding the active
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Table 2: Immobilization parameters for Lipase G on different supports and protocols.

Immobilization
protocols

Support Activating agent IP (mg·g−1) HA (IU·g−1) RA (%)

Ionic adsorption MANAE-agarose∗ none 4.52 ± 0.18 55.6 ± 2.60 14.2 ± 0.40

covalent
attachment

Glyoxyl-agarose∗ glycidol 4.30 ± 0.20 0 0

MANAE-agarose∗ glutaraldehydea 4.47 ± 0.12 0 0

MANAE-agarose∗ glutaraldehydeb 4.52 ± 0.18 31.2 ± 4.50 8.20 ± 0.80

MANAE-agarose∗ glutaraldehydec 4.05 ± 0.05 0 0

MANAE-agarose∗ glutaraldehyded 4.09 ± 0.08 0 0

Epoxy-SiO2-PVA∗ epichlorohydrind 3.00 ± 0.04 9.50 ± 0.30 4.00 ± 0.20

Epoxy-SiO2-PVA∗∗ epichlorohydrin 2.50 ± 0.02 128.2 ± 8.10 60.9 ± 5.30

IP: Immobilized protein; HA: hydrolytic activity; RA: recovered activity.
∗Immobilization in aqueous medium.
∗∗Immobilization in organic medium (hexane).
aCovalent attachment in 100 mmoL·L−1 buffer phosphate at pH 7.0.
bDerivative prepared by ionic adsorption cross-linked with glutaraldehyde solution.
cCovalent attachment in 100 mmoL·L−1 buffer Tris-HCl at pH 7.0.
dCovalent attachment in 2.5 mmoL·L−1 buffer Tris-HCl at pH 7.0.

site of lipase molecules in open conformation were not
displaced to monomeric form (dissociation of the dimmers).

The most common and easy protocol to perform
reversible immobilization of enzymes with an easy regen-
eration of the support is the ionic adsorption on anionic
exchange resins such as MANAE-agarose [13, 23]. Fig-
ure 1(a) shows the immobilization course of the lipase G
on MANAE-agarose by ionic adsorption. The procedure was
quite fast, and after 60 min of contact between support and
enzyme, the lipase immobilization was completed, resulting
in protein immobilization up to 87% which corresponded
to 4.52 ± 0.18 mg protein·g−1 and hydrolytic activity of 55.6
± 2.60 IU·g−1 gel. Immobilization of lipase from different
sources on MANAE-agarose by ionic adsorption has been
previously reported to decrease the activity of the enzyme
during immobilization procedure [20].

MANAE-agarose activated with dimmers of glutaralde-
hyde was used to immobilize Lipase G by covalent attach-
ment at pH 7.0. An attempt was made to increase the activity
recovered by evaluating the influence of the buffer (Tris-HCl
and phosphate) and ionic strength (2.5 and 100 mmoL·L−1)
on the immobilization course of Lipase G on MANAE-
agarose-glutaraldehyde. Figure 1(b) shows that for both
buffer solutions similar values for protein immobilized were
found (4.10 and 4.47 mg·g−1 of support by incubating Lipase
G in buffer Tris-HCl and phosphate, resp.). In this set of
experiments, no significant effect of the ionic strength Tris-
HCl buffer (2.5 and 100 mmoL·L−1) on the kinetic profile
of the lipase immobilization was also verified. Although it
has been shown that the use of amino compounds, such
as Tris-HCl buffer, decreases the immobilization rate of the
lipase preparation [36], for Lipase G this was not observed.
In addition, screening for a suitable buffer to be used in the
hydrolytic assay revealed that the highest hydrolytic activity
of Lipase G was detected when incubated in Tris-HCl (85.9
± 1.80 IU·mg−1 of protein), 6-fold higher than incubating
in buffer phosphate (13.7 ± 1.80 IU·mg−1 of protein).

After 30 min of incubation, approximately 80% of the
enzyme activity, corresponding to approximately 4.0 mg

of protein·g−1 gel, was immobilized. Although high-
immobilized protein was attained, using both protocols
(lipase covalent attachment on glyoxyl-agarose and MANAE-
agarose-glutaraldehyde), no hydrolytic activity was detected
on the resulted immobilized derivatives. Such immobilizing
protocols have probably led to the inactivation of the
enzyme. Covalent interaction is followed by the formation of
Schiff ’s bases (C=N double bond) between aldehyde groups
and lysine residues placed on the enzyme surface. This
type of interaction is likely to result in undesired mobility
restriction of the enzyme or even displacement of the active
site which may inactivate the lipase [20].

Multipoint covalent attachment of Lipase G on highly
activated glyoxyl-agarose was performed which rendered
a derivative with high-immobilized protein concentration
(Table 2). However, free and immobilized Lipase G activities
were completely inactivated when incubated at pH 10.05.

Covalent attachment of Lipase G ionically adsorbed on
MANAE-agarose, followed by cross-linking with glutaralde-
hyde, was also performed. As can be seen, the hydrolytic
activity of the immobilized derivative after cross-linking with
glutaraldehyde at low concentration (1% v/v at pH 7.0)
decreased from 55.6 ± 2.60 IU·g−1 to 31.2 ± 4.50 IU·g−1 of
support which can be attributed to the distortion effect of the
three-dimensional structure of the lipase after cross-linking
step.

Lipase G was also immobilized by covalent attachment
on epoxy-SiO2-PVA composite in aqueous medium (buffer
Tris-HCl pH 7.0). Epoxy-SiO2-PVA is a composite with
surface area of 461 m2·g−1, pore volume of 0.275 mL·g−1,
and particles diameter of 175 μm (Table 1). This composite
has been used extensively as a support for lipase from several
sources [17, 18, 31, 35]. In this procedure, 60% of the protein
initially offered was covalently attached, rendering maximum
protein loading of 3.00 ± 0.04 mg·g−1 of support and
hydrolytic activity of 9.50± 0.30 IU·g−1 of support (Table 2).
Under these conditions, independent of the tested support,
the immobilization of Lipase G in aqueous medium by
covalent attachment appeared to be unsuitable for obtaining
high-activity derivatives.
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Figure 1: Immobilization course for Lipase G on MANAE-agarose by ionic adsorption (a) and covalent attachment (b) on MANAE-agarose-
glutaraldehyde incubated in 100 mmoL·L−1 buffer phosphate pH 7.0 (open circle), 100 mmoL·L−1 buffer Tris-HCl pH 7.0 (open triangle),
and 2.5 mmoL·L−1 buffer Tris-HCl pH 7.0 (full triangle) and supernatant (full square).
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Figure 2: Influence of temperature on the hydrolytic activity of free
(�) and immobilized lipase G on epoxy-SiO2-PVA composite (�).

However, a different behavior was attained when the
lipase G was immobilized on epoxy-SiO2-PVA composite
by covalent attachment using hexane as coupling medium.
Under this condition, high hydrolytic activity (128.2 ±
8.10 IU·g−1 of support) was attained which corresponded to
60.9 ± 5.30% of recovered activity. This may be explained
by the dissociation of the dimmeric form of the lipase
in the presence of a nonmiscible solvent interface. Similar
results have been described by several researchers, indicating
a new trend in the use of organic apolar solvent as coupling
medium for lipase immobilization on different support types
[17–19, 22, 31, 35]. Immobilization of lipases from several
sources on activated supports using hexane as coupling

medium allows high retention of the catalytic activity
in biotransformation reactions. For example, lipase from
Burkholderia cepacia (BCL) immobilized on epoxy-SiO2-
PVA prepared by this methodology was found to have high
and stable activity in the synthesis of monoglycerides by
glycerolysis of babassu oil in packed-bed reactor with an
estimated half-life of 50 days [37]. However, such satisfactory
performance depends on the support nature and substrate
polarity. In the ester hydrolysis, for instance, Candida rugosa
immobilized in zirconium phosphate showed low stability
after successive hydrolysis batches by either desorption or
solubilization of the aggregates of enzymes in aqueous
medium [19]. The immobilization of Lipase G on activated
supports using hexane as coupling medium can be a very
attractive for further use in nonaqueous medium reactions
[18, 35].

Based on these results, the protocols that rendered
higher hydrolytic activities were selected for further studies.
Although the immobilization of Lipase G on MANAE-
agarose by ionic adsorption rendered lower hydrolytic activ-
ity (55.6 ± 2.60 IU·g−1 of support) than the immobilized
derivative on epoxy-SiO2-PVA (128.2 ± 8.10 IU·g−1 of
support), this methodology is expected of have potential to
thermal stabilization of the enzyme.

3.2. Maximum Protein Loading Immobilized on MANAE-
Agarose by Ionic Adsorption. To determine the maximum
protein loading that could be used in the immobilization
of Lipase G on MANAE-agarose by ionic adsorption, the
amount of protein offered to the support varied from 5 to
30 mg·g−1. Results are displayed in Table 3.

For the maximum protein loading (30 mg·g−1), 9.23 ±
0.10 mg of protein.g−1 of support was immobilized. The
highest activity (68.8± 2.70 IU·g−1 of support) was obtained
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Figure 3: Residual activity for free (�) and immobilized Lipase G on epoxy-SiO2-PVA composite (�) incubated at 40 (a) and 50◦C (b).

Table 3: Immobilization parameters for different lipase loadings
offered to MANAE-agarose.

Protein loading
(mg·g−1 of support)

IP (mg·g−1) HA (IU·g−1) RA (%)

5 4.52 ± 0.18 55.6 ± 2.60 14.2 ± 0.40

10 6.80 ± 0.50 59.2 ± 2.80 10.4 ± 0.60

15 9.38 ± 0.21 66.7 ± 4.60 8.45 ± 0.50

20 9.31 ± 0.16 68.8 ± 2.70 8.80 ± 0.20

30 9.23 ± 0.10 63.8 ± 4.60 8.20 ± 0.50

IP: immobilized protein; HA: hydrolytic activity; RA: recovered activity.

when 20 mg of protein·g−1 was offered. The recovered
activity decreased with the increase of the protein loading
for all derivatives. The value of this parameter decreased
from 14.2 ± 0.43% for the lowest lipase loading (5 mg·g−1

of support) to 8.22 ± 0.50% for the maximum offered
loading (30 mg·g−1 of support). The intrinsic velocity,
which would be measured in the absence of mass transfer
effects, is proportional to the enzyme loading. However,
when this loading increases, the rate-controlling step will
shift from the intrinsic reaction to pore diffusion, and an
intraparticle profile of substrate concentrations would cause
a reduction of the effectiveness factor of the biocatalyst beads.
In addition, the effective diffusion coefficient within the gel
may decrease even more in the presence of a high amount
of immobilized enzyme, due to a reduction of the porous
effective diameter caused by spatial hindrances [15, 16].

3.3. Thermal Studies of Lipase G Immobilized on Epoxy-
SiO2-PVA. The influence of temperature on the hydrolytic
activity of free and immobilized Lipase G was assessed in the
range from 25 to 60◦C on the vinyl propionate hydrolysis
(20 mmoL·L−1 buffer Tris-HCl pH 7.0). The optimum tem-
perature for both free and immobilized lipases was found to

be at 35◦C, as shown in Figure 2. Although no change on the
optimum temperature was verified, the immobilized lipase
had a slight higher hydrolytic activity in the range from 35
to 45◦C, indicating better stability of the three-dimensional
structure of the immobilized derivative. Such increase may
be explained by the change of the conformational integrity of
the enzyme structure upon covalent binding to the support
and can be considered as an important feature for a possible
industrial application because it allows to reduce substrate
viscosity, favoring high-yield process [18].

The thermal stability of the immobilized lipase was
evaluated by measuring the residual activity of lipase G
exposed to 40 (Figure 3(a)) and 50◦C (Figure 3(b)) in
100 mmoL·L−1 buffer Tris-HCl at pH 7.0 for 2 h. According
to Figure 3(a), the free lipase at 40◦C shows a half-life (t1/2)
of 25.6 min, whereas the half-life of the immobilized lipase at
this temperature was 43 min. These results are in agreement
with the hypothesis that the conformational flexibility of the
enzyme was reduced after immobilization. However, at 50◦C,
no difference was found between the curve profile for both
free and immobilized lipases (Figure 3(b)). Therefore, the
immobilization of the lipase on epoxy-SiO2-PVA led to a
slight increase of enzyme rigidity at 40◦C.

4. Conclusion

In this work, immobilizing procedures to stabilize Lipase
G were screened. Different protocols such as physical
adsorption, covalent attachment, and ionic adsorption were
tested. In aqueous medium, only the immobilization on
MANAE-agarose by ionic adsorption gave derivative with
satisfactory hydrolytic activity. Immobilization on epoxy-
SiO2-PVA by covalent attachment in organic medium was
shown to be the most promising protocol for immobilizing
Lipase G rendering a derivative with the highest hydrolytic
activity. The replacement of buffer by hexane was able to
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create a microenvironment favorable to the immobilization
of the lipase and that enhanced its thermal stability. The
immobilization of Lipase G on epoxy-SiO2-PVA composite
was shown to be a promising strategy for obtaining an active
and stable biocatalyst.
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